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PREDSLOV 

 

  Zborn²k kr§tkych vedeckĨch pr²spevkov vznikol ako vĨsledok iniciat²vy Chemick®ho ¼stavu 

SAV, v. v. i. a jeho vedeckĨch t²mov, ktor® pracuj¼ v oblasti ģivĨch vied a s¼ financovan® z n§rodnĨch 

zdrojov a zo zdrojov, ktor® boli pridelen® ¼speġnĨm projektom zo zahraniļia, najmª zo ġtruktur§lnych 

fondov EĐ. CieŎom je obozn§miŠ vedeck¼ komunitu s vĨsledkami vĨskumu, a tak vytvoriŠ platformu 

pre Ņalġiu perspekt²vnu spolupr§cu v oblasti pochopenia ġtrukt¼rnych a funkļnĨch aspektov 

biologickĨch procesov ģivĨch syst®mov. M§ prispieŠ k spoznaniu a zosilneniu spolupr§ce v r§mci 

regi·nu, pr²p. aj za jeho hranicami, vytvoriŠ neform§lnu spolupr§cu na ¼rovni uplatnenia 

technologick®ho pokroku multiomickĨch platforiem pri pochopen² vzniku chor¹b a ich prevencie. 

Organiz§tori chc¼ tĨmto poŅakovaŠ vġetkĨm prispievateŎom, ktor² sa podieŎali na pr²prave tohto 

zborn²ka a veria, ģe ¼speġn§ spolupr§ca bude pokraļovaŠ aj v nasleduj¼cich projektoch. 
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Đvod 

 

Mikrovezikuly s¼ extracelul§rne vezikuly, ktor® vznikaj¼ oddelen²m z bunkovĨch membr§n 

a uvoŎŔuj¼ sa do extracelul§rneho priestoru (do tkan²v, telesnĨch tekut²n a pod.). Nie je moģn® ich 

uniformne charakterizovaŠ a striktne definovaŠ na b§ze hustoty, veŎkosti, ļi tvaru (Simons a Raposo, 

2009). Bunky tvoria mikrovezikuly na uŎahļenie kontroly kvality nasyntetizovanĨch prote²nov na 

plazmatickej membr§ne a voŎn® mikrovezikuly pren§ġaj¼ sign§ly, prote²ny a RNA do susednĨch 

buniek. PodieŎaj¼ sa na mnohĨch fyziologickĨch procesoch, najmª poļas imunitnej signaliz§cie a pri 

r¹znych ochoreniach, najmª imunodeficienci§ch a rakovine. Z tohto d¹vodu predstavuj¼ novĨ 

a doposiaŎ nepreb§danĨ zdroj potenci§lnych biomarkerov. V prezentovanej pr§ci bol stavenĨ celkovĨ 

N-glykoprofil prote²nov obsiahnutych v izolovanĨch mikrovezikul§ch z krvn®ho s®ra.  

 

Materi§l a met·dy 

 

500 mikrolitrov s®ra, z²skan®ho homog®nnym zl¼ļen²m s®r 10 zdravĨch dospelĨch 

jednotlivcov (5 muģov a 5 ģien) do jednej reprezentat²vnej vzorky, bolo pouģitĨch na izol§ciu 

mikrovezik¼l prostredn²ctvom kitu Izon70 (Izon Science SAS, Franc¼zsko). Mikrovezikuly boli zo 

vzorky izolovan® frakcion§ciou podŎa pokynov vĨrobcu.  

Izolovan® mikrovezikuly boli podroben® tepelnej denatur§cii s pr²davkom SDS a po ochladen² 

na izbov¼ teplotu bola pridan§ peptid-N-glykozid§za F (Roche, Ġvajļiarsko). Vzorka bola inkubovan§ 

cez noc a uvoŎnen® glyk§ny boli izolovan® na por·znom grafitizovanom uhl²ku a predanalyticky 

derivatizovan® permetyl§ciou.  

Spektr§ boli nameran® na hmotnostnom spektrometri MALDI ultrafleXtreme II (Bruker, 

Nemecko) a porovnan® zo spektrami z²skanĨmi obdobnĨm sp¹sobom zo s®ra bez predch§dzaj¼cej 

izol§cie mikrovezik¼l (negat²vna kontrola).  

 

 



 

VĨsledky a diskusia 

 

UvedenĨmi postupmi bol stanovenĨ N-glykoprofil s®rovĨch mikrovezik¼l, ktorĨ obsahoval 

ġtrukt¼ry v rozmedz² pribliģne m/z 1,500-4,800. Spektrum, z²skan® analĨzou N-glyk§nov 

z mikrovezik¼l, porovnan® so spektrom z²skanĨm zo samotn®ho s®ra (negat²vnej kontroly), je 

zn§zornen® v Obr. 1.     

 

Obr.1: MALDI -TOF-MS spektrum permetylovanĨch N-glyk§nov, z²skanĨch ġpecificky 

z obsahu mikrovezik¼l (modr® spektrum), porovnan® s N-glykoprofilom s®rovĨch prote²nov. Spektr§ 

boli meran® v reflektr·novom pozit²vnom i·novom m·de, s pridan²m 2,5-dihydroxybenzoovej 

kyseliny ako externej matrice. 

 

 

V spektr§ch N-glykoprofilu obsahu mikrovezik¼l boli pozorovan® vĨrazn® sign§ly 

oligohex·zovĨch jednotiek, ktor® pravdepodobne nepoch§dzaj¼ z prote²nov, ale nach§dzaj¼ sa vo 

vezikul§ch vo voŎnej forme (kontaminanty). Okrem toho, niektor® N-glyk§ny boli ġpecificky 

pr²tomn® v mikrovezikul§ch vo vĨrazne zvĨġenĨch hladin§ch, a to najmª ġtrukt¼ry uveden® v Tab1. 

 P¹vod tĨchto N-glyk§nov nie je zn§my, preto Ņalġ²m krokom bude stanovenie proteomick®ho 

obsahu, pr²padne analĨza glykoprote²nov, izolovanĨch ġpecificky z mikrovezikulovĨch frakci².  
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Tab.1. Reprezentat²vne N-glyk§ny, pozorovan® v mikrovezikul§ch vo zvĨġenĨch hladin§ch 

porovnan²m so s®rom. 

 

Ġt¼dium obsahu mikrovezik¼l je m¹ģe viesŠ k objaveniu novĨch relevantnĨch a ġpecifickĨch 

biomarkerov r¹znych ochoren², najmª metabolickĨch ļi onkologickĨch. Ku dneġn®mu dŔu neboli 

pop²san® ģiadne glykobiomarkery, obsiahnut® vo vezikul§ch a preto ġt¼dium tejto problematiky 

predstavuje vysokĨ vedeckĨ potenci§l. V Ņalġ²ch krokoch sa budeme venovaŠ proteomickej analĨze 

obsahu mikrovezik¼l a z§verom bude korel§cia glykomickĨch a proteomickĨch d§t.     
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Introduction 

Bacillus sp. PDD-3b-6, bacterium isolated in cloud water, was a subject of our study for many 

years. Particularly, a biotransformation of sugars and other substances, usually encountered in the 

atmosphere by this microorganism. We have shown that on high glucose concentration this bacterium 

produces exo-polymeric compounds (Matulova, 2014). Here we evaluate results of in situ and in vivo 

incubations of this bacterium on low concentration of [1-12C]-D-glucose and [1-13C]-D-glucose, 

respectively. 

 

Material and methods 

In vivo 13C NMR: Bacterial suspension was diluted with Volvic water (with 10% of D2O) to obtain 

final volume 150ml. Suspension was placed into a tempered water bath (27Á) with oxygen perfusion. 

Equipment for in vivo NMR was set up (Fig. 1). Into 10 mm NMR sample tube a sealed capillary with 

benzene (external standard for chemical shift calibration) was inserted. After a perfusion stabilisation 

[1-13C]-Glucose (300 mg) was added into bacterial suspension and the first spectrum was registered. 

Subsequently a series of 13C NMR spectra were measured (each with 1 000 scans, overnight, 19.5h). 

Samples of bacterial suspension t3 and t24 were taken after 3 h and 24 h of incubation and centrifuged 

(3 min, 12 500 rpm). Supernatants and sediments containing cells were stored at -40ÁC until their 

detailed NMR analyses.  

 

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

 

Perchloric acid extract preparation: PCA extracts were prepared according Chorao et al. 2009. 

Briefly, cells (10 g wet weight) were quickly frozen in liquid nitrogen and thawed several times to 

ensure disruption of cells. Then 1 mL of 70 % (v/v) perchloric acid was added to the solution. 

Suspension was centrifuged (15 000 g, 15 min, 4 ÁC) to remove matter; supernatant pH was adjusted 



to 5.0 using KHCO3, followed by centrifugation (10 000 g, 10 min, 4 ÁC) to remove KClO4 and 

resulting supernatant was frozen in liquid nitrogen and freeze-dried. Freeze-dried material, containing 

non-volatile compounds, was re-dissolved in 2.5 ml of water containing 10 % (v/v) D2O, neutralized 

to pH 7.5 with 5 M KOH and buffered with 50 mM HEPES (4-(2-hydroxyethyl)-1-

piperazineethanesulfonic acid). Divalent cations (particularly Mn2+ and Mg2+) were chelated by 

addition of enough amounts of CDTA ranging from 50 to 100 mM depending on the sample. Chelating 

of paramagnetic cations is a prerequisite for obtaining sharp resonance signals during the NMR 

experiments. The main advantage of this technique is that during the cell disruption the proteins are 

eliminated from the sample and thus it is less complicated to observe the intracellular metabolites of 

sugar origin. 

 

Results and Discussion 

Fig. 2 Shows 13C NMR spectra of the in vivo monitoring of [13C-1]-glucose consumption by 

Bacillus sp. PDD-3b-6. Detailed analyses of in vivo 13C NMR spectra from kinetic of the [13C-1]-

glucose degradation and those of the supernatant samples t3 and t24 have shown that succinate, lactate 

and acetate were the most abundant metabolites. In the sample taken t3 the 13C label was incorporated 

only into lactate and acetate with an enrichment 29% and 16%, respectively. Succinate was not 

enriched (spectra not shown). However, in the 1H NMR spectra (Fig. 3A) of samples of cell extracts 

t3 and t24 prepared from broken cells in sediments, the diagnostic anomeric H1 NMR signal at ŭ 5.167 

ppm due to not labelled MBA is present. MBA was the dominant metabolite in the t24 sample. In cells 

MBA was found not 13C enriched. This fact suggests that its production is linked with internal 

processes of bacterial metabolism (or internal deposits of glucose) and its formation seems to be 

substrate independent. Fig. 3B shows a comparison of 1H NMR spectra of samples from incubation 

media on [13C-1]-glucose (96h - 13C Glc t96 and 89h- 13C Glc t89), and not labelled [12C-1]-glucose 

(39h - 12C Glc t39 and 63h - 12C Glc t63). In samples 12C Glc t39 and 12C Glc t63 the presence of the 

diagnostic MBA H1 singlet signal at ŭH1 5.167 ppm is evident, while in samples 13C Glc t96 and 13C 

Glc t89 this signal is absent/disappearing in noise. It means that no unlabelled MBA was excreted 

from cells. However, instead of the anomeric signal at ŭH1 5.167 a doublet signal, with chemical shift 

corresponding to ŭH1 5.167 of MBA. It was split due to an interaction with 13C1 (1JH1-
13

C 170.2 Hz) 

due to [13C-1]-glucose confirm the presence of 13C labelled MBA. We can deduce that in this case 

MBA should be synthetized extracellularly.  

Production of MBA by this bacterium was later discovered in incubation media on other sugar 

substrates ï on fructose, maltose, sucrose, turanose and trehalose. In all cases, the most important 

quantity of MBA was produced in time interval 39 ï 48 hours, in the case of turanose at 72 h of 

incubation. It was further degraded within 5 to 8 hours without its accumulation in incubation medium.  

 



 

Fig. 2 In vivo 13C NMR kinetic of [13C-1]-glucose degradation by Bacillus sp. PDD-3b-6. 

 

      

Fig. 3A  1H NMR spectra of Bacillus sp. PDD-3b-6 cell extracts taken from the incubation 

medium with [13C-1]-glucose at 3 and 24h of incubation. Fig. 3B 1H NMR spectra of samples taken 

from incubation media of Bacillus sp. PDD-3b-6 on [13C-1]-glucose (96h - 13C Glc t96 and 89h- 13C 

Glc t89), and [12C-1]-glucose (39h - 12C Glc t39 and 63h - 12C Glc t63). * - anomeric H1 signal of 

glucose is split into a doublet due to 1JH-C: blue from the substrate - labelled [13C-1]-glucose; pink ï 

from the product [13C-1]-glucose in MBA. Region of carbohydrates is shown only. 
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Introduction 

The capacity of microorganisms to biotransform low value and waste compounds to high 

added value products is a topic with wide industrial and environmental interests. Aldobionic acids 

(ABA), lactobionic (LBA), maltobionic (MBA) and cellobionic (CBA), are attractive due to their 

properties and numerous applications in different branches of industry, health sector or cosmetology, 

and their market is growing. ABA are prepared from corresponding disaccharides (lactose, maltose 

and cellobiose, respectively) by oxidation of the aldehyde group of the reducing end glucose to a 

carboxyl. Oxidation can be achieved by many ways; electro-chemically, chemically, through 

heterogeneous catalysis, enzymatically or by biocatalytic oxidation. Industrially used oxidation 

processes are tackling many problems such regeneration of costly metal catalysts (Pd, Au) or enzymes, 

impurities present in the form of residual solvents or metals, and random oxidation processes leading 

to a mixture of oxidized products (Vedovato et al. 2020). Separation techniques, inevitable to obtain 

pure products or a well-defined mixture, increase products costs. Selective biocatalytic oxidation by 

microorganisms can lead straightforward to a desired product. Bioproduction of lactobionic acid 

(LBA) is the most studied due to a cheap starting substrate for its production, which influence its 

emerging applications.  

Both MBA (Ŭ-D-glucopyranosyl-(1Ÿ4)-D-gluconic acid) and CBA (ɓ-D-glucopyranosyl-

(1Ÿ4)-D-gluconic acid) have similar physico-chemical properties as LBA. Due to its humectant 

properties and dermato-protective effect, MBA has important applications in dermatology and 

cosmetology, in the medical field due to its strong radical scavenging property it is used as a 

preservative for organs intended for transplantation, and recent studies revealed other health benefits 

(Tanabe et al. 2020; Suehiro et al. 2020, 2022). Demand for MBA on the market is growing due to its 

numerous applications in textile, oil and refining industry, for household cleaning products, in food 

industries for food preservation as well as in building industry. Depending on the application, different 

grades of MBA purity (cosmetic or industrial) are required. Cheaper MBA production solutions by 

bio-fermentation of low-cost substrates are also investigated, from high maltose corn syrup (Oh et al. 

2020a, 2022a) or waste cooked rice (Oh et al. 2022b).  

Some bacterial strains, most frequently affiliated with Pseudomonas, can directly oxidize 

lactose and maltose to LBA and MBA, respectively, and then use these sugars as carbon sources 

(Kluyver et al. 1951). Such reutilization of LBA and MBA as a source of carbon was not observed in 

B. cepacia indicating distinct functioning (Murakami et al. 2002).           

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

clouds (Genbank accession number DQ512741) has numerous metabolic properties of interest 

regarding sugar catabolism, contaminants such as herbicides (Durand et al., 2006), or volatile 
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compounds present in the atmosphere (Husarova et al. 2011). Special properties of Bacillus sp. PDD-

3b-6 were discovered during a screening of its capacity to metabolize carbohydrates on sucrose or 

high concentration of glucose were already described in Matulova et al. 2011 and Matulova et al. 

2014.  

 

Study of degradation of different sugars in pure water by Bacillus sp. PDD-3b-6 sugars 

resulted in a revelation of its capacity to biotransform some of these sugars to ABA. Here we describe 

MBA production by this bacterium in pure water on different sugar substrates, which were the only 

carbon source. 

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

Material and methods 

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

Results and Discussion 

The ability of Bacillus sp. PDD-3b-6 to degrade a variety of saccharides was studied by in situ 1H 

NMR spectroscopy (Matulova et al. 2014). Diverse saccharides were examined, including pentoses 

and hexoses, oligo- and polysaccharides as well as acyclic alditols. According degradation rates the 

tested substrates could be divided into 3 groups: i) substrates completely degraded within 24 ï 48 

hours of incubation; ii) slowly degraded substrates: their concentration slowly decreased, and only 

traces of substrates were present at the end of the incubation (96 - 128h); iii) substrates not degraded.  

In some cases, the presence of new metabolites with a disaccharide structure was observed. In 

sample taken after 4h incubation on maltose signals of new metabolite appeared at ŭH1 5.167 ppm. 

They became the only ones in the sample taken after 39h, used for detailed NMR analysis. It was 

identified as MBA (Table 1). MBA was further used by bacterium when all maltose was consumed.  

 

Table 1  NMR data of MBA and CBA in D2O at 25ÜC. 

Position H/C 1 2 3 4 5 6 6ô 

GlcŬ (1Ÿ4) 

MBA 

ŭH 5.167 3.586 3.768 3.46 3.93 3.85 3.80 
3JHH (Hz) 4.1 10.3 9.9 9.9 2.2 4.8 12.0 

ŭC 101.36 72.68 73.90 70.32 73.42 61.34 

GlcA 

ŭH  4.137 4.156 3.92 4.013 3.83 3.697 
3JHH (Hz)  2.6 6.2 3.4 3.8 7.7 11.9 

ŭC 179.35 73.60 73.35 83.30 73.37 63.1 

Glcɓ (1Ÿ4) 

CBA 

ŭH 4.62 3.34 3.50 3.40 3.45 3.90 3.72 

ŭC 105.68 76.10 78.23 72.16 76.10 63.27  

GlcA 
ŭH - 4.15 4.08 4.00 3.98 3.85 3.75 

ŭC 180.96 75.07 74.22 84.48 74.47 64.47  

 

COSY and HSQC spectra of the sample containing only MBA (on maltose at 39h) showed 

characteristic spectral patterns of cross peak signals due to MBA (Fig. 1, spectra C and F, respectively). The 

same spectral patterns were revealed in COSY and HSQC of samples on sucrose (ɓ-D-fructofuranosyl-Ŭ-D-

glucopyranoside) and turanose (Ŭ-D-glucopyranosyl-(1Ÿ3)-Ŭ-D-fructopyranose) giving an evidence about 

MBA formation also on these substrates. Screening of COSY and HSQC spectra of all samples, taken at 



different time intervals and for different sugars, was performed. Fig. 1 shows also as an example 

COSY (A, B, C) and HSQC (D, E, F) spectra of incubation media with fructose and glucose (Glc 39h; 

B, E). In these samples MBA was the only/nearly only metabolite, showing characteristic spectral 

patterns of MBA.  

 

 

Fig. 1 Characteristic MBA spectral pattern in COSY (A, B, C) and HSQC (D, E, F) spectra: incubation media 

of Bacillus sp. PDD-3b-6 with: fructose after 46 h of incubation (Fru, A and D, respectively);  glucose after 39 

h (Glc, B and D, respectively); maltose after 39 h (Malt, C and F, respectively). Colours: Green - acyclic part 

of the molecule (aglycon), violet ï cyclic part of the molecule (at the not reducing end).  

 

Six other strains of Bacillus spp. (B. amyloliquefaciens CIP 103256T*, B. cereus ATCC 

14579*, B. licheniformis ATCC 21733, B. megaterium DSM32*, B. sphaericus ATCC 10208*, B. 

subtilis CIP 52.65*) and Pseudomonas fluorescens CIP 69.13 have been tested under identical 

incubation conditions for their capacity to produce MBA from maltose. MBA was detected only in 

the incubation medium of Bacillus sp. PDD-3b-6 and P. fluorescens CIP 69.13.  

Fig. 2 shows structures of carbohydrate substrates (glucose, fructose, maltose, sucrose, 

trehalose, and turanose) on which Bacillus sp. PDD-3b-6 has the capacity to produce MBA. These 

sugars were directly transformed into MBA without any intermediate compound. On maltose, 

trehalose, sucrose and turanose the non-reducing glucose unit has an Ŭ-configuration. On cellobiose, 

with ɓ-configuration of the non-reducing glucose unit, bacterium produced CBA as the only 

metabolite present in the medium. Furthermore, biotransformation of lactose led only to a mixture of 



metabolites including LBA. These observations indicate that during syntheses of these ABA no 

cleavage of the inter-glycosidic linkage takes place.  

The main difference between disaccharide structures in Fig. 2 resides in the reducing end 

sugar: glucose in maltose and trehalose; fructose in sucrose and turanose. This indicates that different 

enzymes should be involved into their transformation into a gluconic acid to form MBA. However, 

the situation is different in trehalose as in its molecule two Ŭ-glucose units are C1-C1Ë inter-

glycosidically linked. Here, anomeric centres are blocked for an oxidation.  

Further studies are necessary to explain the mechanism of MBA production or type of enzymes 

involved in MBA production by Bacillus sp. PDD-3b-6. Nevertheless, the sugar metabolism study of 

Bacillus sp. PDD-3b-6 led to surprising information: the capacity of this bacterium to produce MBA 

on different sugars and CBA on cellobiose in pure water. Obtained results are of great 

biotechnological interest because of a simple process of MBA isolation and purification.  

 

 

  

 

Fig. 2. Sugars directly biotransformed to MBA by Bacillus sp. PDD-3b-6 in pure water.  
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Introduction 

Aldobionic acids (ABA), lactobionic (LBA), maltobionic (MBA) and cellobionic (CBA) are 

attractive in different branches of industry due to their interesting properties for numerous 

applications. Due to their similar structures they have similar physico-chemical properties.  

LBA (ɓ-D-galactopyranosyl-(1Ÿ4)-D-gluconic acid) takes an important place in food, 

medicine, cosmetics and chemical industries due to its metal chelating, moisturizing effect, 

biocompatibility, biodegradability, antioxidant, antimicrobial, and many other properties (Guti®rrez 

et al. 2012; Alonso et al. 2013). LBA is produced by many bacteria, but the screening for new LBA 

producing bacterial strains continues (Murakami et al. 2002; Lee et al. 2022, Han et al. 2022). For 

biotechnological largescale application of LBA production high yields are desirable and thus optimal 

incubation conditions are searched including genetical engineering methodologies (Alonso et al. 2013, 

2017; Sarenkova et al. 2018; Oh et al. 2020a, 2020b, 2022a, 2022b). Some research group deal with 

optimisation of CBA bioproduction from cheap cellulosic biomass conversion to cellobiose and its 

subsequent biotransformation to cellobionate (Zhou M et al., 2022; Industrial Crops and Products 

2022, 188:115650.). Some bacterial strains, most frequently affiliated with Pseudomonas, can directly 

oxidize lactose and maltose to LBA and MBA, respectively, and then use these sugars as carbon 

sources (Kluyver et al. 1951). Such reutilization of LBA and MBA as a source of carbon was not 

observed in B. cepacia indicating distinct functioning (Murakami et al. 2002).  

 

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

 

Material and methods 

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

   

Results and Discussion       

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

clouds (Genbank accession number DQ512741). It has numerous metabolic properties of interest 

regarding sugar catabolism, contaminants (Durand et al., 2006), or volatile compounds present in the 

atmosphere (Husarova et al. 2011). Particular were those observed on sucrose or high concentration 

of glucose in pure water (Matulova et al. 2011 and Matulova et al. 2014).  Study of sugar metabolism 

revealed further surprising information. The 1H, COSY and HSQC NMR spectral patterns enabled 

identification of MBA production in pure water on low concentration of glucose, fructose, maltose, 

sucrose, turanose and trehalose without any intermediate compound. However, when all substrate was 

exhausted MBA was further used by bacterium as a source of energy.  

 The rate of cellobiose biotransformation by Bacillus sp. PDD-3b-6 was similar as that 

of trehalose and maltose and it resulted in the CBA production. CBA was the only metabolite present 

in its incubation media after 46h (cellobiose was totally consumed by bacterium), and its signal 
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intensities in NMR spectra (Table 1) gradually decreased. They disappeared after 55 h. Lactose 

degradation was much slower than maltose and cellobiose. Signals of LBA (Murakami et al. 2002) 

appeared early (after 4 h), its amount increased slowly and reached a maximum after 22 h of 

incubation, then it remained constant and gradually disappeared after 55 h. However, LBA never 

remained the only metabolite in the medium. At the end of the incubation (96 h) only 35% of LB was 

degraded. These observations indicate that during syntheses of these ABA no cleavage of the inter-

glycosidic linkage takes place.  

 

Table 1  NMR data of CBA in D2O at 25ÜC, TSP-d4, 500MHz. 

Position H/C 1 2 3 4 5 6 6ô 

Glcɓ (1Ÿ4) 

CBA 

ŭH 4.62 3.34 3.50 3.40 3.45 3.90 3.72 

ŭC 105.68 76.10 78.23 72.16 76.10 63.27  

GlcA 
ŭH - 4.15 4.08 4.00 3.98 3.85 3.75 

ŭC 180.96 75.07 74.22 84.48 74.47 64.47  

 

The main structural difference between disaccharide transformed to MBA resides in the 

reducing end sugar: glucose in maltose and trehalose; fructose in sucrose and turanose. This indicates 

that different enzymes should be involved into their transformation into a gluconic acid to form MBA. 

However, the situation is different in trehalose as in its molecule two Ŭ-glucose units are C1-C1Ë inter-

glycosidically linked. Here, anomeric centres are blocked for an oxidation. Free gluconic acid was not 

identified in the incubation media. Not reducing end sugar in both, lactose and cellobiose, were in ɓ 

configuration and thus biotransformation led to LBA and CBA respectively. 

The sugar metabolism study of Bacillus sp. PDD-3b-6 led to surprising information: the 

capacity of this bacterium to produce MBA on different sugars and CBA on cellobiose in pure water.

 Obtained results are of great biotechnological interest because of a simple process of MBA 

and CBA isolation and purification. Rich enzymatic system of this bacterium is promising for a 

development of new strategies in biosynthesis of ABA. 

 

 

Fig. 1 Disaccharides directly biotransformed to ABA by Bacillus sp. PDD-3b-6 in pure water.  
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Đvod 

Nukle§rna magnetick§ rezonanļn§ spektroskopia (NMRS) je v s¼ļasnosti jednou z d¹leģitĨch 

kvantitat²vnych, kvalitat²vnych a zobrazovac²ch met·d, ktor§ otv§ra nov® perspekt²vy v diagnostike 

zn§mych ale i nezn§mych dediļnĨch  metabolickĨch ochoren². V 1H NMR spektre telovĨch tekut²n 

s¼ pr²tomn® sign§ly vġetkĨch metabolitov obsahuj¼cich prot·n. Spektrum poskytuje obraz 

(fingerprint) o ich zast¼pen² v zmesi a je odrazom ich koncentr§cie v ļase odberu vzorky. Najļastejġie 

analyzovanĨm je moļ, pretoģe jeho odber je najmenej invaz²vny.  

Spolupr§ca Chemick®ho ¼stavu SAV s Centrom dediļnĨch metabolickĨch por¼ch Oddelenia 

laborat·rnej medic²ny, NĐDCh v Bratislave prispela k verifik§cii a kvantifik§cii biomarkerov v moļi 

u pacientov s r¹znymi zriedkavĨmi ochoreniami. NMR spektroskopia zohr§va d¹leģit¼ ¼lohu 

v diagnostike niektorĨch dediļnĨch metabolickĨch ochoren². Met·da je nedeġtrukt²vna, rĨchla, 

nevyģaduje ġpeci§lnu ¼pravu vzorky a moģno ju povaģovaŠ za alternat²vny analytickĨ postup. Okrem 

identifik§cie pr²tomnosti biomarkera umoģŔuje aj stanovenie jeho mnoģstva. Z tohto d¹vodu je 

v s¼ļasnosti prakticky pouģ²van§ na stanovenie koncentr§ci² ġpecifick®ho biomarkera Glc4 

(gluk·zov®ho tetrasacharidu) v moļi pacientov s Pompe ochoren²m (Pakanov§ 2016, 2017 a 2019). 

AnalĨzy vzoriek moļu sa robia priebeģne podŎa potrieb lek§rov u pacientov s podozren²m na toto 

ochorenie, alebo u pacientov podstupuj¼cich enzymatick¼ substituļn¼ lieļbu (ERT). Do komplexn®ho 

zhodnotenia ¼speġnosti ERT vstupuje okrem klinick®ho stavu pacienta mnoho Ņalġ²ch faktorov, ku 

ktorĨm patr² aj stanovenie hladiny Glc4.  

 

Materi§l a met·dy 

Vzorky moļu anonymnĨch pacientov boli po odbere skladovan® pri -20 ÁC a rozmrazen® tesne 

pred NMR analĨzou; centrifugovan® pri 13000 g po dobu 5 min¼t. ZlyofilizovanĨ supernatant moļu 

(150 Õl) bol rozpustenĨ vo fosf§tovom pufri pH 7.4 (230 Õl) obsahuj¼ceho 0.9 mM DSS-d6 (3-

(trimethylsilyl)-1-propanesulfonic acid-d6 sodium salt) ako internĨ ġtandard. 
1H NMR spektr§ boli 

meran® pri teplote 60 ÁC v 3-mm kyvete na 600MHz spektrometri Bruker AVANCE III HDX 600 

MHz vybavenom inverznou kryo sondou CryoProbe TCI H-C/N-D-05-Z. Sign§l vody bol potlaļenĨ 

presatur§ciou sekvenciou presat. Koncentr§cia Glc4 bola vypoļ²tan§ relat²vne vzhŎadom na intenzitu 

sign§lu ġtandardu. 

 

 



VĨsledky a diskusia 

Pre Pompe ochorenie sa na vyhodnotenie koncentr§cie ġpecifick®ho tetrasacharidu Glc4 

vyuģ²va relat²vne dobre rozl²ġenĨ H1 anom®rny sign§l termin§lnej 1,6-viazanej gluk·zovej jednotky 

s chemickĨm posunom ŭ 4.957 ppm. Koncentr§cia Glc4 je z§visl§ od veku pacienta; najvyġġia je pri 

infantilnej forme, niģġia je pri juvenilnej forme Pompeho ochorenia a najniģġia je u dospelĨch 

jedincov (adultn§ forma). K vyhodnoteniu odozvy pacienta na ERT lieļbu prispieva aj inform§cia o 

exkr®cii Glc4. T¼ je moģn® stanoviŠ zatiaŎ len 1H NMR spektroskopiou. Obr. 1 ukazuje vĨvoj 

stanovenĨch Glc4 koncentr§ci² u vybranĨch pacientov.  

 

Obr.1: VĨvoj koncentr§ci² Glc4 v moļi pacientov s ochoren²m Pompe.  
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Đvod 

Vġetky bunky organizmu obsahuj¼ vo svojej ġtrukt¼re oligosacharidov® zloģky ï glyk§ny, 

podieŎaj¼ce sa na mnohĨch kŎ¼ļovĨch biologickĨch procesoch (ochrana, bunkov§ komunik§cia, 

diferenci§cia, ġtrukt¼rna funkcia, imunitn® reakcie). Zast¼penie celkovĨch glyk§nov (glyk·m) buniek 

sa men² v z§vislosti od stavu organizmu, ktorĨ m¹ģe byŠ ovplyvnenĨ mnoģstvom faktorov, ako je vek 

a starnutie organizmu, r¹zne ochorenia (napr. diabete mellitus, a rakovina), z§palov® reakcie a pod. 

[1]. Pre sledovanie zmien v glyk·me sme zvolili mezenchym§lne bunky ï fibroblasty, ktor® s¼ 

esenci§lnou s¼ļasŠou spojivovĨch tkan²v a org§nov. VŅaka produkcii tropokolag®nu (prekurzor 

kolag®nu) zohr§vaj¼ d¹leģit¼ funkciu najmª pri fyziologickej repar§cii tkan²v a regener§cii koģe [2]. 

Pozorovanie zmien v ġtrukt¼re glyk§nov buniek organizmov m¹ģe umoģniŠ bliģġie pochopenie 

funkci² glyk·mu pri jednotlivĨch ochoreniach, v naġom pr²pade pri vrodenĨch poruch§ch 

glykozyl§cie, ale aj pri stresovĨch a imunitnĨch reakci§ch organizmu [3]. 

V pr§ci prezentujeme optimaliz§ciu vĨberu vhodnej met·dy pre lĨzu buniek a n§sledn¼ 

izol§ciu glyk§nov z fibroblastov. Na identifik§ciu glyk§novĨch ġtrukt¼r z²skanĨch z fibroblastov bola 

vyuģit§ hmotnostn§ spektrometria MALDI-TOF MS. VĨsledkom pr§ce je optimalizovanĨ protokol 

pre izol§ciu glyk§nov z fibroblastov, ktorĨ bude Ņalej vyuģ²vanĨ pre ġt¼dium zmien glyk·mu 

v spojen² s vrodenĨmi poruchami glykozyl§cie. 

 

Materi§l a met·dy 

Na lĨzu buniek a z²skanie glykoprote²nov z fibroblastov boli vyuģit® tri met·dy: 

 

A) vyuģitie denaturaļnĨch vlastnost² moļoviny (10 mM urea/HEPES, pH 7,4), 

B) sonik§cia v hypotonick®om prostred² (20 mM HEPES-KOH, 0,25M sachar·za, pH 7,4), 

C) dezintegr§cia bunkovej membr§ny mrazom v deglykozylaļnom pufri (10 mM Tris-HCl, pH 7,5). 

 

N-glyk§ny boli vo vġetkĨch troch pr²padoch z²skan® enzymatickĨm ġtiepen²m (PNG§za F) 

glykoprote²nov fibroblastov, priļom boli n§sledne od inĨch biomakromolek¼l separovan® na SPE 

kol·nkach a modifikovan® permetyl§ciou na stabiliz§ciu N-glyk§nov. Na identifik§ciu glyk§novĨch 

ġtrukt¼r bol pouģitĨ MALDI-TOF/TOF hmotnostnĨ spektrometer Bruker UltrafleXtreme. VĨsledky 

boli vyhodnoten® v programe vyv²janom na oddelen² glykobiol·gie SAV ï matchMass.  
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VĨsledky a diskusia 

 

 

 

 

 

 

 

 

 

 

 

Obr. 1: Porovnanie met·d izol§cie na z§klade zast¼penia glyk§nov z²skanĨch danou met·dou. 

Izol§cia glyk§nov pomocou A) denaturaļnĨch vlastnost² moļoviny B) sonik§cie C) zmrazenia. 

 

 Pri optimaliz§cii met·d pre lĨzu fibroblastov a izol§ciu glyk§nov n§s zauj²malo predovġetkĨm 

spektrum (vysokoman·zov®, komplexn® a sialovan® glyk§ny) a mnoģstvo detegovanĨch glyk§nov, 

ktor® sa pri jednotlivĨch met·dach l²ġili. Celkovo sme identifikovali 43 r¹znych glyk§novĨch ġtrukt¼r. 

V pr²pade vyuģitia moļoviny ako denaturaļn®ho ļinidla na lĨzu buniek sa n§m podarilo identifikovaŠ 

najmenġie spektrum (18) glyk§novĨch ġtrukt¼r, zatiaŎ ļo pri vyuģit² sonik§cie (mechanickom rozbit² 

buniek), bol identifikovanĨ vªļġ² poļet  glyk§nov ï 23, s vyġġou variabilitou. Najġirġiu ġk§lu a 

mnoģstvo (33) glyk§novĨch ġtrukt¼r sme detegovali pri pouģit² dezintegr§cie bunkovĨch membr§n 

mrazom. 

Na z§klade z²skanĨch vĨsledkov sa ako najvhodnejġia met·da uk§zala lĨza fibroblastov 

prostredn²ctvom naruġenia bunkovĨch membr§n mrazom. Touto met·dou sa n§m podarilo z²skaŠ 

nielen najvyġġ² poļet glyk§nov, no tieģ najġirġie spektrum glyk§nov ï od vysokoman·zovĨch po 

komplexn® sialovan® glyk§ny, ktorĨch zast¼penie bolo pri zvyġnĨch dvoch met·dach niģġie.   
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Đvod 

Alfa-manozid·za (AM) je ultravz§cne lyzoz·mov® ochorenie s autoz·movo reces²vnou dediļnosŠou. 

Odhadovan§ prevalencia je 1:500000 aģ 1:1000000. Pr²ļinou ochorenia je zn²ģen§ enzĨmov§ aktivita 

lyzoz·movej Ŭ-manozid§zy (EC 3.2.1.24) v d¹sledku heterog®nnych mut§cii v MAN2B1 g®ne. Ŭ-

manozid§za v lyzoz·moch katalyzuje hydrolĨzu manozidovĨch vªzieb v degradaļnej dr§he N-

viazanĨch oligosacharidov glykoprote²nov. Medzi klinick® pr²znaky patria poruchy sluchu, ment§lna 

zaostalosŠ, imunodeficiencia a zn²ģen® motorick® funkcie [1, 2]. Nedegradovan® vysokoman·zov® 

oligosacharidy (Man2-GlcNAc ï Man9-GlcNAc) sa akumuluj¼ vo vġetkĨch tkaniv§ch a s¼ 

detegovateŎn® v moļi alebo krvnom s®re, napr. tenkovrstvovou chromatografiou (TLC), 

vysoko¼ļinnou kvapalinovou chromatografiou (HPLC) alebo hmotnostnou spektrometriou (MS) [1, 

3, 4]. 

CieŎom pr§ce bola kvantifik§cia ġpecifickĨch oligosacharidovĨch biomarkerov alfa-manozid·zy 

v moļi ġtyroch pacientov a urļenie zmeny ich hlad²n medzi jednotlivĨmi odbermi.  

Materi§l a met·dy 

Ekvivalent moļu obsahuj¼ci 10 Õg kreatin²nu bol zriedenĨ ultraļistou vodou na 1 ml. Vzorky boli 

n§sledne preļisten® pomocou kol·n pre extrakciu na pevnej f§ze (SPE) Supelclean LC-18 a n§sledne 

Supelclean ENVI-Carb PGC. Elu§t z kol·n bol vysuġenĨ vo v§kuovom centrifugaļnom 

koncentr§tore. Oligosacharidy boli fluorescenļne oznaļen® 2-aminobenzamidom (2-AB) 5 Õl zmesi 

5 mg 2-AB, 30 Õl Ŏadovej kyseliny octovej, 70 Õl dimetylsulfoxidu (DMSO) a 6 mg 

kyanob·rohydridu sodn®ho. Po trojhodinovej inkub§cii pri 65ÁC boli vzorky zbaven® nadbytoļnej 

znaļky pomocou HILIC SPE platne Strata NH2 (55 Õm, 70 ¡, 50 mg). Elu§t bol vysuġenĨ vo 

v§kuovom centrifugaļnom koncentr§tore a rozpustenĨ v 100 Õl ultraļistej vody. 

Oligosacharidy boli kvantifikovan® pouģit²m HPLC (Thermo Accela; Thermo Fisher Scientific, USA)  

s fluorescenļnou detekciou (Dionex UltiMate 3100; Thermo Fisher Scientific, USA) podŎa Haniĺ et 

al. [5] pri teplote 60ÁC, excitaļnej vlnovej dŌģke 250 nm a emisnej vlnovej dŌģke 430 nm. Pouģit§ bola 

gradientov§ el¼cia dvoch mobilnĨch f§z: MF A: acetonitril, MF B: 100 mmolĿdm-3 mravļan am·nny 

(pH 4,0).  Oligosacharidy boli kvantifikovan® podŎa pl¹ch pr²sluġnĨch p²kov na z§klade kalibraļnĨch 

kriviek 2-AB znaļenej maltotetra·zy a maltohex·zy v rozsahu 5-250 nmolĿdm-3  pomocou softv®ru 

Chromeleon 7.2.10 (Thermo Fisher Scientific, USA).  
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VĨsledky a diskusia 

Vo vġetkĨch vzork§ch boli pomocou HPLC-FLD detegovan® a kvantifikovan® charakteristick® 

oligosacharidy Man2GlcNAc-Man9GlcNAc a vyjadren® ako s¼ļet ich koncentr§ci² v 

Õmol oligosacharidov/mmol kreatin²nu (Obr. 1). Profil oligosacharidov, ako aj ich hladiny s¼ v s¼lade 

s publikovanou literat¼rou [6, 7, 8]. Vo vzork§ch vġetkĨch pacientov boli detegovan® zmeny v ļase. 

U dvoch pacientov klesla hladina celkovĨch oligosacharidov, u jedn®ho pacienta hladina postupne 

r§stla a jedn®mu pacientovi prudko vzr§stla a n§sledne poklesla koncentr§cia oligosacharidov. 

Pouģit§ met·da m¹ģe byŠ aplikovan§ pri monitoringu priebehu alfa-manozid·zy, nakoŎko hladiny 

oligosacharidov reflektuj¼ klinickĨ stav pacienta a z§vaģnosŠ ochorenia [9]. 

 

Obr.1: Zmeny v hladin§ch celkovĨch vysokoman·zovĨch oligosacharidov v moļi pacientov. Vzorky 

pacientov s¼ odl²ġen® farebne. 
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Silver-containing nanocomposite thin-films were deposited using the High Target Utilization 

Sputtering technique (HiTUS) by simultaneous sputtering of Ag target and polymerization of 

hexamethyldisiloxane (HMDSO) vapors in radiofrequency plasma. The presence of silver in form of 

nanoclusters was confirmed by X-ray diffraction and transmission electron microscopy. The silver content in 

the films under investigation decreases with increasing HMDSO monomer partial pressure. Addition of silver 

leads to a steep decrease of organosilicon polymer density, decrease of bonded carbon content and increase 

of oxygen content bonded in silanol groups (SiOH). The increase of silver content leads to more intensive 

fragmentation of polymer chains and changes the Si-O-Si backbone of polymer matrix from suboxide structure 

typical for organosilicon polymers towards nanoporous inorganic silicon oxide cage structure. Silver 

incorporation changes the plasma polymerized HMDSO the same way as transition from ñsoftò to ñhardò 

plasma conditions. 

 

 

INTRODUCTION  
Silver nanoparticles (AgNPs) exhibit significant bactericidal, bacteriostatic, antiviral, and antifungal action  on 

various pathogenic microorganisms, yeast fungi, and viruses thanks to the Ag+ ions released in the media from the large 

specific surface area of nanoparticles [1]. However, passivation of nanoparticlesô surface can be observed in natural 

environments even in the case of AgNPs because of the presence of HS- and halide ions that create an insoluble sulfide 

Ag2S and a silver halide shell, which limits further dissolution of silver through conventional route [2], [3]. As a result, 

antibacterial properties of AgNPs degrade, and biofilms can develop on their surface. On the other hand, the metallic silver 

demonstrates weak mechanical properties, such as low hardness and poor adhesion to most surfaces. The adhesion issues 

of AgNPs in free form prepared by various technologies are even more evident. Thus, AgNPs by themselves cannot be 

considered as a self-sustaining functional coating. On the other hand, hard plasma polymers, including plasma polymerized 

organosilicon compounds, have been recognized for several decades for their unique properties, biocompatibility and 

widespread use in modern biomedical applications [4]. They exhibit strong adhesion to various surfaces, including flexible 

organic materials, and can serve simultaneously as a supporting amorphous matrix for metal NPs and as a functional 

barrier for adjusting the silver ion release. The potential of RF plasma polymerized hexamethyldisiloxane (HMDSO) as a 

barrier for adjusting the silver ion release from AgNPs was studied in detail by N. Alissawi et al. [5]. The first silver-

containing plasma polymer composite films prepared in a one-step continuous process were reported by H. Biederman et 

al. [6]. N-hexane was used as a precursor for the amorphous a-C:H matrix and an unbalanced DC magnetron with a 

metallic silver target as an Ag source. P. Hl²dek et al. studied composite Ag/C:H:N films deposited by means of an 

unbalanced magnetron operated in a gas mixture of nitrogen and n-hexane and controlled the surface properties of the 

resulting films by varying the nitrogen content [7]. Fourier transform infrared spectroscopy (FTIR) was used for detail 

study of chemical bonding and ageing effects in nitrogen doped amorphous carbon matrix a-C:H:N. Saulou et al. prepared 

composite thin films containing silver nanoclusters embedded in an organosilicon matrix by means of plasma-enhanced 

chemical vapor deposition (PECVD) onto stainless steel in order to prevent microbial adhesion by combining the anti-

adhesive potential of the organic matrix with the broad-spectrum antimicrobial properties of silver. This was assumed to 

be related to Ag+ progressive release from the embedded nanoparticles into the surrounding medium and was confirmed 

by ICP-MS measurements [8]. The authors presented a brief study of Ag incorporation influence on the chemical bonding 

in organosilicon amorphous matrix by FTIR and reported silver favored methyl incorporation in the film network. The 

similar study of Ag-DLC nanocomposite films prepared by dual-targets HiPIMS was published recently by Wang et al. 

[9]. 
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Grill and Neumayer presented a detailed study of structure and chemical bonding in plasma polymerized 

tetramethylcyclotetrasiloxane films with various content of organic carbon using FTIR [10]. Dakroub et al. used FTIR 

technique to study the influence of discharge power to HMDSO vapor flow rate ratio on the structure of plasma 

polymerized HMDSO (pp-HMDSO). In the current paper we present a deeper view into the chemical bonding in 

organosilicon polymer matrix of Ag containing nanocomposites obtained by High Target Utilization Sputtering (HiTUS). 

 

EXPERIMENTAL  
Silver-containing plasma polymerized organosilicon nanocomposite films were deposited using novel sputter 

deposition technique HiTUS (High Target Utilization Sputtering) on c-cut sapphire and single crystal Si wafer substrates 

in PQL (Plasma Quest Limited) S500 laboratory coater equipped with MKS RPG-50 pulsed DC power supply for target 

biasing and MKS elite 600 RF Plasma Generator for substrate biasing. Combination of pulsed DC target bias with remotely 

generated dense RF ICP plasma ensures stable deposition process with minimal target poisoning and arcing while 

depositing the non-conductive plasma polymerized coatings. HMDSO (hexamethyldisiloxane) monomer used as a 

precursor for organosilicon amorphous matrix was introduced from preheated stainless steel flask through heated Pfeiffer 

UDV 040 gas dosing valve. The HMDSO vapor pressure in the deposition chamber was manually regulated to maintain 

the stable total pressure monitored by MKS Baratron capacitive gauge. The deposition chamber was evacuated to base 

pressure below 3Ĭ10-3 Pa before the deposition. The substrates were plasma etched before deposition with 300 W of RF 

power applied to substrate holder during 5 min. period. No additional heating of substrates was performed. The 

temperature of substrates increased above 120 C during this step and was self-maintained around 100 C from plasma 

heating during the following deposition process. The deposition time was set to 10 min. 

Tescan Vega SEM equipped with Oxford Instruments INCAx-act EDS analyzer was used for measurement of 

the deposited films chemical composition. The samples for TEM investigation were prepared by short deposition of the 

thin films with thickness around 20 nm on the TEM-LC200CUCC continuous ultrathin carbon film coated copper grids. 

No plasma etching was applied before the deposition. Instead, the copper grids were preheated to 100 C to achieve the 

deposition conditions of the thicker samples. Microstructural investigations were performed with a probe-corrected 

FEI/Thermofisher Scientific Titan Themis 300 transmission electron microscope in scanning mode (STEM) at a 200 kV 

accelerating voltage equipped with an EDS system (Super-X). The probe convergence angle was set to 17.5 mrad for 

imaging applications. Scanning micrographs were acquired simultaneously by 3 detectors: DF2, DF4, HAADF. X-ray 

diffraction measurements were performed using PANalytical X'Pert PRO difractometer with copper anode in symmetrical 

Bragg-Brentano and in grazing incidence configurations. For X-ray reflectivity configuration we have utilized parabolic 

X-ray mirror providing quasi parallel narrow primary beam and narrow slits between sample and detector. Williamson-

Hall method was utilized to determine the average size of silver nanoclusters. 

FTIR spectra were collected using Shimadzu IR Tracer-100 FTIR single beam spectrophotometer in 

transmission mode at room temperature in the range from 350 to 7900 cm-1 with a 4 cm-1 resolution and 45 scans. Both 

sample types deposited on sapphire and Si substrates were measured to cover the maximal spectral range. Additional 

thick films were deposited on the single crystal Si substrates to investigate the small absorption peaks. The deposition 

time was fixed to 60 min. that lead to 10-14 Õm thick films. The substrate background was subtracted from spectra 

during measurement in native spectrometer software. Collected spectra were processed in Fityk software.[11] The 

absorbance was corrected by the films sickness. 

 

RESULTS AND DISCUSSION 
The chemical composition of the films under investigation was varied in a wide range by changing the HMDSO 

monomer partial pressure (pHMDSO) in the deposition chamber while power applied to Ag target was fixed at 500 W. Ag-

free reference organosilicon polymer film was obtained at pHMDSO= 0.2 Pa and zero target power. The concentration of 

silver in the deposited nanocomposite films decreases with HMDSO pressure increasing while the deposition rate 

nonlinearly increases. Carbon and oxygen content in the organosilicon polymer matrix increases with Ag content 

increasing. The similar but steeper increase of carbon content is observed in Ag-free films prepared at the same values of 

HMDSO pressure. Ag incorporation leads to a shift of carbon curve to the lower values and decrease of its steepness. 

Thus, the decrease of carbon content can be concluded as a pure effect of silver incorporation while increase of carbon 

content with increasing Ag concentration is caused rather by change of monomer partial pressure. 

XRD studies indicate that the silver present in form of metallic nanoclusters. Transmission electron microscopy 

confirms the 2-phase nanostructure of the deposited thin-film nanocomposites based on Ag nanoclusters embedded into 

amorphous plasma polymerized hexamethyldisiloxane (pp-HMDSO). The size of Ag nanoclusters evaluated from XRD 

increases with silver content increasing as well as the density of films obtained from XRR measurements. At the same 

time the density of organosilicon polymer matrix calculated from weight concentration of silver, XRR density, and metallic 

silver density decreases with increasing silver concentration. The decrease of polymer matrix density caused by silver 

incorporation is much steeper comparing with the decrease of XRR density of Ag-free pp-HMDSO films obtained at the 

same values of HMDSO partial pressure in the deposition chamber. 



To obtain additional information about structure features and chemical bonding in amorphous polymer matrix 

FTIR spectroscopy was utilized which is especially effective tool for analysis of organic plasma deposits. IR absorption 

spectra are severely distorted with interference fringes and strong background associated with scattering on Ag 

nanoclusters. While the interference fringes, observed mainly on the spectra of films on the silicon substrates, are 

suppressed with increase of silver content especially in the short-wavelength range of the spectrum, the increase of 

absorption background caused by scattering increases with wavenumber increase until saturation level defined by the 

limited dynamical range of the spectrometer. Before deconvolution of peaks the interference fringes should be removed 

from the analyzed spectra and baseline correction should be performed. Approach published in [12] was used for this 

purpose. As can be noticed, the half-sine shaped measurement artifacts can be still observed in the featureless regions due 

to possible deviations of refractive index ( 

Fig. 1). Assignment of peaks was done according to [10], [13] where are summarized results from numerous 

publications dedicated to FTIR spectroscopy of organosilicon polymers. In case of large deviation of peak position 

additional comparison was done with data from [14], [15]. 

 

 

 

Fig. 1. FTIR absorption spectra of pp-HMDSO (1), Ag6 (2), Ag1 (3) and Ag5 (4) films deposited onto single 

crystal silicon substrates after interference fringes and baseline removed. 

 
Wide absorption band between 3000 and 3700 cm-1 is attributed to O-H stretching in silanol groups (SiOH) as 

well as absorbed molecular water [16]. Its asymmetric shape needs fitting at least by 2 Gaussians. It is followed by weaker 

absorption feature in the range of 1500-1750 cm-1 associated with bending in H2O usually observed at ~1650 cm-1 [16]. 

The last one is rather affected by change of monomer vapor pressure in deposition chamber than addition of silver itself 

as can be seen from Fig.2.  

At the same time, a drastic increase of O-H stretching band is observed during increase of Ag concentration with 

maximum at 40 %at. It doesnôt correlate with intensity of absorbed molecular water bending mode and can lead us to 

assumption about formation of hydroxyl termination groups, hypothetically, on the surface of silver nanoclusters during 

growth of the film. This correlates well with Ag promoted increase of oxygen content in the studied films. Absorption 

band between 2800 and 3000 cm-1 is attributed to stretching vibrations in CHx groups and can be deconvoluted into 4 

modes corresponding to symmetric and antisymmetric stretching in CH3 and CH2 [10], [13]. In films under investigation 

this peak is located on the tail of O-H stretching absorption band and its shape can be severely affected by this 

superposition. Thus, the precision of its deconvolution is poor except antisymetric stretching mode in CH3 and only total 

area under this peak is analyzed in current study. The contribution of antisymmetric stretching mode in CH3 in CHx 

abrosption band is increased with increase of silver content (Fig.3). This can indicate on higher saturation of carbon 

termination groups with addition of silver even when film is grown in ñharderò plasma conditions with increased W/F 

ratio. 

 



 
 

 
 

Fig. 2. Peak area of O-H stretching band (1) and H2O 

bending band (2) vs. Ag concetnration. 

Fig. 3. Contribution of antisymmetric stretching mode in 

CH3 in CHx abrosption band vs. Ag concetnration. 

 

Absorption band observed between 2100 and 2300 cm-1 is attributed to the Si-H symmetric stretching in various 

Si environments (H-SiO3, H-SiO2Si, H-SiOSi) [10]. Addition of silver leads to rearrangement of observed modes and their 

peak intensities. While in pure pp-HMDSO reference film H-SiO2Si mode is dominant and accompanied with 2 times 

weaker H-SiOSi mode, the addition of silver leads to increase of H-SiOSi mode contribution and disappearing of H-SiO2Si 

at 40%at. of Ag. But Ag5 film deposited at pHMDSO = 1 Pa demonstrate appearance of H-SiO2Si mode and even H-SiO3 

additionally. Peak at ~1455 cm-1 indicates on presence of CH2 groups isolated from Si atoms but without any essential 

changes due to Ag incorporation. Absorption band at ~1406 cm-1 corresponds to antisymmertric bending of C-H3 in methyl 

terminated SiMex. Peak at ~1362 cm-1 is attributed to bending of C-H2 in Si-CH2-Si crosslinks. A slight increase of its 

intensity is observed with addition of silver. A shift to higher wavenumbers is caused rather due to decrease of monomer 

vapor pressure at constant discharge power and can indicate on more dense films with additional compressive stress. It is 

worth noting that the last 3 peak mentioned above are located close to each other and are more overlapped with increase 

of Ag content. Peak corresponding to the symmetric bending of C-H3 in SiMex groups observed at ~1263 cm-1 [10], [13] 

exhibits a slight shift to higher wavenumbers with increase of Ag concentration. Together with appearance of absorption 

peak at ~843 cm-1 related to antisymmetric rocking of CH3 in SiMe3 and decrease of absorption peak at ~806 cm-1 

attributed to antisymmetric rocking of CH3 in SiMe2 it can indicate on decrease of SiMe2 and increase of SiMe3 

simultaneously with increase of silver content in the studied films. A wide region of strong absorption observed between 

1240 and 520 cm-1 is composed from Si-O-Si peak (1000-1200 cm-1), H-Si-O bond bending at ~886 cm-1, antisymmetric 

rocking of CH3 in SiMe3 at ~843 cm-1 and antisymmetric rocking of CH3 in SiMe2 at ~806 cm-1, symmetric stretching 

vibrations in Si-O-Si groups of the SiO network at ~700 cm-1 [14], [15]. Its intensity increases with addition of silver but 

decreases with monomer vapor pressure decrease. In addition, an intense absorption band observed at ~970 cm-1 in Ag1 

film is attributed to symmetric stretching of Si-O-C bonds[13]. It shifts to higher wavenumbers and increases its intensity 

with increase of Ag concentration or decrease of monomer vapor pressure alternatively. As this absorption band isnôt 

observed in spectra of films with lower Ag concentration and in Ag-free film, it becomes impossible to distinguish the 

effect of silver incorporation and monomer vapor pressure change on Si-O-C bonds. The major contribution to peak at 

~886 cm-1 in the studied films can be attributed only to H-Si-O bond bending in which each silicon atom has three oxygen 

neighbors [10]. 

Si-O-Si band can be fitted using 3 main peaks that are attributed to antisymmetric stretching of Si-O-Si bond at 

different bonding angles. Peak at 1150-1160 cm-1 is attributed to larger angle SiïOïSi bonds in a cage structure with a 

bond angle of approximately 150Á [10]. It appears at 40%at. concentration of silver and increases with its increase. Peak 

between 1100 and 1050 cm-1 is assigned to network structure of silicon oxide with bonding angle ~144Á. In fully relaxed 

high-temperature stoichiometric silicon oxide it is observed at 1080 cm-1 and shifts to lower stretching frequencies in low-

temperature silicon oxides [17] and organosilicon plasma polymers [10]. Peak located in range 1000-1040 cm-1 is 

attributed to antisymmetric stretching of Si-O-Si bonds in silicon suboxide structure with bonding angle <144Á [17], [18]. 

Shift of Si-O-Si peak components to higher wavenumbers together with appearance of peak corresponding to vibrations 

in cage structure is observed with silver content increase. The contribution of each component (cage, network, suboxide) 

with silver content increase is present in Fig.4. 

The contribution of suboxide component decreases with addition of silver and decrease of monomer vapor 

pressure as well while contributions of network and cage structure components increase. The effects of silver incorporation 

and HMDSO vapor pressure decrease can be easily distinguished on the concentration curves of suboxide and network 



components as reference Ag-free film is obtained at the same monomer vapor pressure as film with 40%at. of silver. The 

influence of monomer vapor pressure has more significant effect than addition of silver but changes are similar. Thus, 

addition of silver changes the Si-O-Si skeleton from suboxide towards silicon oxide cage structure the same way as 

transition from ñsoftò to ñhardò plasma conditions. The transition from suboxide to network and cage structure is also 

confirmed by increase of oxygen content. The decrease of polymer matrix density can be caused by nanopores typical for 

cage structure. 

The ratio of total area under SiMe peaks to total area under Si-O-Si peaks decreases with silver content increase 

as well as with decrease of monomer vapor pressure (Fig.5) indicating the decrease of bonded carbon. Together with 

increase of total carbon content observed in EDS spectra it can be an evidence of unbonded amorphous carbon present in 

the polymer with decreasing HMDSO pressure as a result of hydrogen loss in CHx species in plasma and graphitization. 

At the same time contribution of SiMe3 termination groups increases with increase of silver content and decrease of 

monomer vapor pressure the similar way as reported by Saulou et al. [8]. This can be an evidence of increased HMDSO 

molecule fragmentation in plasma and crosslinking in the resulting organosilikon polymer matrix caused by addition of 

metal silver during films growth. Thus, addition of silver changes the organosilicon polymer matrix from soft PDMS-like 

plasma polymer to ñharderò plasma polymer with structure peculiarities more typical for inorganic non-stoichiometric 

SiOx films. 

 

 
 

 

Fig. 4. Contribution of cage (1), network (2) and 

suboxide (3) components into Si-O-Si absorption band 

vs. Ag concentration. 

Fig. 5. Ratio of SiMe to SiOSi area (1) and contribution of 

SiMe3 in total SiMe environments (2) vs. Ag concentration. 

 

The small peak at the long-wavelength edge of the FTIR spectrometer range between 440 and 460 cm-1 associated 

with bending of O-Si-O structural units and ring opening vibrations [10] is increased with increase of silver content and 

decrease of HMDSO vapor pressure as well. Thus, addition of silver acts the same way as decrease of monomer vapor 

pressure and leads to increased formation of -Si-O-Si-O- rings in the structure of organosilicon polymer matrix. 

Additionally, observed peak demonstrates red shift with Ag concentration increase that is the evidence of vibration 

frequency decrease caused by decrease of O-Si-O angle in ring structures due to decrease of rings average length. At the 

same time, FWHM of the observed peak is decreased with addition of silver but further increase is observed together with 

decrease of monomer vapor pressure. Thus, transition to ñhardò plasma conditions leads to larger variety of rings due to 

intensified fragmentation of HMDSO molecules and this effect becomes dominant over the effect of silver incorporation. 
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ABSTRACT:  

 In the end of 2019, the acute respiratory virus SARS Cov-2, became pandemic. Disease invoked the 

need for development of protective measures against the rapid spread among the people and prevention of 

infection, in the most serious cases, leading to death.  

 One of the possible solution is the use of PVD technology to coat the surface with antimicrobial element 

(Ag, Cu, Ti, é), specially in form of nanoparticles. Due to the higher volume to surface ratio, compared to 

conventional thin films, nanoparticle based thin films posses potentially higher chance for virus inactivation. 
In this paper, we focus on the preparation of thin films based on Ag nanoparticles embedded in an 

amorphous polymer matrix Si-O-C-H, using the High Target Utilization Sputtering (HiTUS) technology, where 

we investigate the influence of HMDSO amount (polymer matrix base) on adhesion and mechanical properties 

on different types of substrates.  
 

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

 

INTRODUCTION  

 Infamous Covid 19 disease is caused by rapidly spreading acute respiratory syndrome coronavirus. 

Until november of 2022, the total of more than 633 milion infection cases are known with 6.6 milion of 

confirmed deaths. Due to such sorrowful statistics, demand for developement of effective protective measures 

against spread and infection arise [1, 2].   
 Main disadvantage of current protective measures is time-limited protective effect and necessity for 

frequent replacement or frequent repeated disinfection. Solution to retain protective effect is the application of 

coatings based on antimicrobial elements (Ag, Cu, Ti, ...). It is widely known that silver posses strong 

antibacterial activity in combination with high biocompatibility [3, 4, 5]. Furthermore, literature shows that 

further increase in antimicrobial activity can be obtained by modification of thin film nanostructure ï 

preparation of nanoparticles (NPs) based thin film. As a result, NPs based thin film intrinsically exhibit higher 

surface to volume ratio than conventional thin film. Such NPs have been described to damage bacterial structure 

cell via prolonged release of Ag+ ions more effectively than conventional films. Due to high antimicrobial 

activity and low cytoxity Nps based thin films have been widely employed in medicine [4, 5]. Nowadays, 

different approaches are developed and investigated to find the most reliable, eco-friendly, stable, economically 

favorable method to produce NPs with sufficient adhesion on different types of substrates [6, 7]. 
 In our work, we investigate specific Physical Vapour Deposition (PVD) method ï High Target 

Utilization Sputtering (HiTUS). Here, we prepare Ag NPs embedded in organosilicon polymer matrix based 

on condensed Hexamethyldisiloxane (HMDSO). Thin films based on HMDSO are very well known for their 

superhydrophobic and adhesion improving properties [8]. Therefore, the effort is to prepare thin films with 

combination of excellent antimicrobial activity and hydrophobic behaviour with sufficient adhesion. However, 

in this work, main focus is dedicated to the investigation of an influence of amount of HMDSO on physical 

properties - the chemical composition, morphology, structure, adhesion and mechanical properties of NPs 

embedded in organosilicon polymer matrix. 
 

mailto:fiantok@fmph.uniba.sk


 

EXPERIMENTAL DETAILS  

 The samples were prepared by the technology of HITUS by sputtering from Ag (100 mm in Dia., 

99.95%) target and condensation of organosilicon compound HMDSO into polymer matrix. The substrates 

were mirror polished, ultrasonically and chemically (3 x 5 minutes in acetone, isopropyl alcohol and distilled 

water) cleaned c-cut sapphire (0001) and silicon (001) wafers (8 x 8 mm2), placed opposite to the center of the 

target, in the distance of approximately 25 cm. The base vacuum pressure was below 1 x 10-3 Pa for each of 

the deposition processes. Chamber was filled with Ar gas to total pressure of 0.65 Pa. Power density on the Ag 

target was set to constant 6.37 W/cm2 (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 Apreo 2) in combination with energy dispersive X-ray spectroscopy (EDS, INCA 

Oxford Instruments). Detailed investigation of nanostructure of the selected samples was conducted by 

scanning transmission electron microscopy (STEM, FEI Titan) operated at 200 kV. Phase analysis of the 

samples was carried out via X-ray diffraction (XRD) method in Bragg-Brentano geometry, using PANalytical 

XËPert diffractometer with Cu KŬ radiation. Hardness H and Youngós modulus E were measured using a 

nanoindenter Anton Paar NHT2 equipped with Berkovich diamond tip and determined via the Oliver and Pharr 

method [9]. During measurement, constant load of 0.5 mN was applied. The results were obtained by average 

over 16 measurements. Adhesion measurements were carried out using empirical method ï scratch test using 

Bruker equipped with Rockwell diamond tip, with increasing load up to 30 N and total distance of 3 mm as an 

average over 5 values at each sample. In this work, adhesion was defined as a critical load at which coating 

delamination occurs.   
 

RESULTS 

Elemental EDS analysis of the samples (TABLE I.) revealed strong influence of the partial pressure of 

HMDSO on the chemical composition. As it was expected, a gradual decrease in Ag amount can be seen at the 

expense of C, O and Si, by increasing partial pressure of HMDSO.  

 

TABLE I. Chemical composition of the samples from deposition series with different partial pressure of 

HMDSO (p(HMDSO)) during deposition, P/S(targ) is the power density on the Ag target. 

 

Chemical composition (at. %) 

 P/S(targ) = 6.37 W/cm2 

SAMPLE 

No p(HMDSO) (Pa) Ag O   Si  C  

SAMPLE 1 0.1 57.23 7.83 15.27 19.66 

SAMPLE 2 0.2 39.93 12.45 24.26 23.36 

SAMPLE 3 0.5 16.01 18.24 33.78 31.97 

 

 
As can be seen in fig. 1, in the diffraction pattern of the sample with highest amount of Ag, we identified 
reflexions belonging to cubic Ag (Fm-3m) phase. Amorphous backround from polymer matrix is not possible 
to identify without sufficient standard calibration. However, as was expected, increasing of HMDSO partial 
pressure results in decrease of Ag amount (table I) and leads to reduction of the intensity of all Ag reflexions.  
 
From the view of mechanical properties (fig. 1), increase of HMDSO partial pressure leads to increase in the 
values of hardness from HSAMPLE1 = 0.7 GPa to HSAMPLE3 Ґ нΦп DtŀΣ ¸ƻǳƴƎȰǎ ƳƻŘǳƭƛ ŦǊƻƳ 9SAMPLE1 = 16 GPa to 
ESAMPLE3 = 28 GPa and critical load for delamination Lc

SAMPLE1 = 8.1 GPa to Lc
SAMPLE3 = 21.9 GPa. In pure HMDSO 

matrix, no crack propagation was observed below load of 50 N.  
 



  
 

Fig. 1. XRD patterns of the as-dep samples from deposition series with different HMDSO partial pressure 
ǇόIa5{hύ ǿƛǘƘ ŎƻǊǊŜǎǇƻƴŘƛƴƎ  ƘŀǊŘƴŜǎǎ IΣ ¸ƻǳƴƎȰǎ ƳƻŘǳƭƛ 9Σ ŀƴŘ ŎǊƛǘƛŎŀƭ ƭƻŀŘ ǾŀƭǳŜ ŦƻǊ ŎƻŀǘƛƴƎ 

delamination Lc. 
 

 
Fig. 2. STEM planar view of sample 1, with EDS elemental composition 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. Moreover, elemental EDS analysis 

clearly confirmed chemical separation between Ag NPs and polymer matrix. 

 

 

 



CONCLUSION 

We verified the usage of the technology of HiTUS for preparation of silver nanoparticles based thin 

films embedded in polymer matrix based on Si-O-C-H. We showed that the HMDSO partial pressure has 

a significant role in resulting chemical composition. Based on the results from XRD and STEM, it has been 

shown that our films have crystalline character, exhibiting cubic (Fm-3m) Ag nanoparticles embeded in 

organosilicon polymer matrix. Moreover, increase of HMDSO partial pressure resulted in improvement of the 

mechanical properties, specifically increase in hardness and adhesion. Results were identical, independently on 

the substrate selection. We believe, there will be an optimal candidate between our samples with sufficient 

adhesion, hydrophopic and antimicrobial properties. However, these considerations have not been 

experimentally verified yet and call for further experiments. 
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Đvod 

Fyzik§lna depozicia z p§r (PVD) je suchĨ proces, ktorĨ umoģŔuje pr²pravu antibakteri§lnych 

Ag vrstiev bez produkcie vedŎajġ²ch tekutĨch produktov kontaminovanĨch Ag. Napriek tomu, ģe aj 

jednozloģkov® magnetr·nom napraġovan® Ag tenk® vrstvy maj¼ vĨraznĨ antibakteri§lny ¼ļinok [1], 

tak®to vrstvy nie s¼ vhodn® pre praktick® aplik§cie. KeŅģe ļist® Ag je mªkkĨ kov, jeho tenk§ vrstva 

by mala nedostatoļn¼ mechanick¼ odolnosŠ a vĨrazne obmedzen¼ vĨdrģ. Preto sa v s¼ļasnosti 

ġtuduj¼ kompozitn® povlaky Ag uloģen® v mechanicky pevnejġej matrici. TypickĨm pr²kladom je 

kompozit Ag nanoļast²c uloģenĨch v polym®rnej matrici HMDSO [2]. Tak§to technol·gia umoģŔuje 

zvĨġiŠ odolnosŠ povlaku a kontrolovaŠ rĨchlosŠ uvoŎŔovania Ag. 

ńalġ²m vhodnĨm kandid§tom na mechanicky odoln¼ matricu je diborid tit§nu, dobre zn§my 

ako supertvrdĨ materi§l s vynikaj¼cou chemickou stabilitou [3]. Okrem toho bolo preuk§zan®, ģe TiB2 

je biokompatibilnĨ materi§l [4]. Pridanie TiB2 do Ag sa ļasto sk¼ma pre aplik§cie v elektronike ako 

kontaktnĨ materi§l odolnĨ voļi elektrick®mu obl¼ku [5]. TakĨto materi§l vġak pozost§va prevaģne z 

Ag s koncentr§ciou TiB2 len niekoŎko percent a jeho antibakteri§lne vlastnosti neboli sk¼man®. V 

tejto pr§ci sme pripravili kompozitn® vrstvy Ag/TiB2 so ġirokĨm rozsahom koncentr§cie Ag od 0 do 

21.2 atom§rnych percent (at.%) a sk¼mali ich chemick®, mechanick® a antibakteri§lne vlastnosti. 

 

Materi§l a met·dy 

Kompozitn® vrstvy Ag/TiB2 sa pripravili magnetr·novĨm napraġovan²m z Ag a TiB2 terļov. 

VĨkon na TiB2 terļi bol udrģiavanĨ na 1000 W, vĨkon na Ag terļi bol nastavenĨ na 0, 10 , 20, 50, 

100 W. Zaf²rov®, krem²kov® a oceŎov® substr§ty K100 boli pred depoz²ciou ultrazvukovo ļisten® v 

acet·ne, izopropylalkohole a destilovanej vode. Na zvĨġenie adh®zie sa pouģila 150 nm hrub§ 

chr·mov§ vrstva. 

Prvkov® zloģenie sa analyzovalo energeticky disperznou r¹ntgenovou spektroskopiou (EDS, 

INCA Oxford Instruments). Kryġtalografick§ ġtrukt¼ra vybranĨch vrstiev bola analyzovan§ pomocou 
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rºntgenovej diffrakie (XRD, PANalitical X'Pert Pro) v symetrickom uspororiadan². Mechanick® 

vlastnosti boli meran® na Al2O3 substr§toch pomocou nanoindentora (Anton Paar NHT2) s pouģit²m 

Berkovichovho diamantov®ho hrotu a hŌbky vtlaļenia menġej ako 10% hr¼bky vrstvy. Koeficient 

trenia (COF) bol meranĨ tribometrom (Brucker UMT 2) v konfigur§cii ball-on-disk pri zaŠaģen² 5 N. 

Antibakteri§lny ¼ļinok sa analyzoval testom inhib²cie rastu E. coli vykonanĨm v 

mikrotitraļnej platniļke v objeme 300 ÕL s hustotou kult¼ry 1.5 x 106 buniek/ml. Ako kontrola bol 

pouģitĨ materi§l bez strieborn®ho povlaku. Po 3 hodin§ch inkub§cie pri 37 ÁC sa meral rast E. coli 

odļ²tan²m absorbancie pri 590 nm. Z²skan® hodnoty optickej hustoty sa pouģili na vyhodnotenie 

inhibiļn®ho ¼ļinku testovanĨch vrstiev. 

 

VĨsledky a diskusia 

Prvkov§ EDS analĨza ukazuje rast¼cu koncentr§ciu Ag vo vrstv§ch so zvyġuj¼cim sa 

vĨkonom na Ag terļi ako je zn§zornen® na obr. 1. Maxim§lna koncentr§cia Ag dosahuje 21.2 at.% 

pre vzorku pripraven¼ s vĨkonom 100 W na Ag terļi. 

Ġtrukt¼ra AgB2 nie je termodynamycky stabiln§ a preto sa neoļak§va tvorba tuh®ho roztoku 

AgyTi1-yB2. Namiesto toho sa oļak§va, ģe v matrici TiB2 sa vytvor² kovov§ Ag f§za, ļo bolo potvrden® 

aj pomocou XRD, ako je moģn® vidieŠ na obr. 2. DifrakļnĨ obrazec referenļnej TiB2 vrstvy (0 W na 

Ag terļi) ukazuje iba jedno difrakļn® maximum pri 44.5Á, ļo zodpoved§ (101) difrakcii hexagon§lnej 

f§zy TiB2. Vo vrstve obsahuj¼cej 21.2 at.% Ag sa objavuj¼ Ņalġie maxim§ pri 38.1Á, 44.4Á a 64.6Á 

zodpovedaj¼ce (111), (200) a (220) difrakcii kubickej Ag f§zy. Okrem toho pridanie Ag vedie k 

rozġ²reniu maxima TiB2 (101), ļo naznaļuje zjemnnie kryġtalickej ġtrukt¼ry. 

Tenk® vrstvy diboridu tit§nu s¼ zn§me svojou vysokou tvrdosŠ viac ako 40 GPa [6]. Ich 

koeficient trenia (COF) je vġak vysokĨ, ļo obmedzuje ich praktick® aplik§cie. Na druhej strane 

striebro m§ nizky COF a m¹ģe byŠ pouģit® ako tuh® mazivo. Vplyv Ag na COF v kompozite 

 

 

Obr.1Υ YƻƴŎŜƴǘǊłŎƛŀ ǎǘǊƛōŜǊŀ Ǿ !Ǝκ¢ƛ.2 ǾǊǎǘǾłŎƘ 

pre vzorky s ǊƾȊƴȅƳ ǾȇƪƻƴƻƳ ƴŀ !Ǝ ǘŜǊőƛΦ 

 

 

Obr.2: XRD skeny v symetrickom ɗ/2ɗ 

usporiadan² pre vzorky pripraven® s vĨkonom 0 

a 100 W na Ag terļi. 



 

Ag/TiB2 je zn§zornenĨ na obr. 3. M¹ģeme vidieŠ, ģe pridanie Ag do TiB2 vĨznamne zn²ģilo trenie 

pri koncentr§cii Ag nad 13.3 at.%. Celkovo sa COF zniģuje z 0.7 pre ļistĨ TiB2 na 0.3 pre 

kompozitn® Ag/TiB2 s 21.2 at.% Ag. V porovnan² s referenļnĨm TiB2 sa tvrdosŠ Ag/TiB2 s 21.2 

at.% Ag zn²ģila na 4.7 Ñ 0.3 GPa, ļo je vġak st§le viac ako tvrdosŠ napr²klad nehrdzavej¼cej ocele 

a oveŎa vyġġie ako u ļistej Ag vrstvy. 

Antibakteri§lny ¼ļinok vrstiev v porovnan² s nepovlakovanĨmi Si substr§tmi je zn§zornenĨ 

na obr. 3. Inhib²cia rastu dosahuje 52% aj pre referenļn¼ TiB2 vrstvu. Pridanie Ag vedie k zvĨġeniu 

antibakteri§lneho ¼ļinku, ktorĨ dosahuje maxim§lnu hodnotu 92% pri vrstve s 13.3 at.% Ag 

pripravenej s vĨkonom 50 W na Ag terļi. Uveden® hodnoty s¼ priemerom ¹smich meran². 

Obr. 3Υ YƻŜŦŦƛŎƛŜƴǘ ǘǊŜƴƛŀ ƻǇǊƻǘƛ ƻŎŜƯƻǾŜƧ ƎǳƭƛőƪŜ 

ǇǊŜ ǾǊǎǘǾȅ ǇǊƛǇǊŀǾŜƴŞ ƴŀ ƻŎŜƯƻǾƻƳ ǎǳōǎǘǊłǘŜ 

K100. 

Obr. 4Υ LƴƘƛōƝŎƛŀ Ǌŀǎǘǳ 9Φ /ƻƭƛ ǇǊŜ ǾǊǎǘǾȅ 

ǇǊƛǇǊŀǾŜƴŞ ƴŀ {ƛ ǎǳōǎǘǊłǘŜΦ 

 

 

Z§ver 

Pridanie Ag do TiB2 vedie k vytvoreniu nanokompozitu zloģen®ho z Ag ļast²c uloģenĨch 

v tvrdej matrici TiB2. Kompozit s obsahom Ag 21.2 at.% vykazuje zn²ģenĨ koeficient trenia 0.4 v 

porovnan² s 0.7 pre referenļn¼ vrstvu TiB2. Vzorka s najvyġġ²m antibakteri§lnym ¼ļinkom 92% 

obsahuje 13.3 at.% Ag a vykazuje tvrdosŠ 17.7 GPa. Napriek niģġej tvrdosti vĨsledn®ho povlaku 

je Ag/TiB2 st§le tvrdġ² ako nehrdzavej¼ca oceŎ, ļo naznaļuje zlepġen¼ odolnosŠ proti 

opotrebovaniu a zvĨġen¼ odolnosŠ antibakteri§lnych povlakov na b§ze striebra. 
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Introduction 

Metabolic syndrome (MetS) is a cluster of cardio metabolic risk factors and comorbidities 

conveying high risk of both cardiovascular disease [1] and type 2 diabetes mellitus (T2DM). The 

underlying aetiology of this clustering has been the subject of much debate [2]. Criteria for clinical 

diagnosis of MetS include elevated waist circumference, blood pressure (BP), levels of serum 

triglycerides and fasting glucose, and reduced levels of high-density lipoproteins (HDL) cholesterol 

[3]. Several studies, based on the clinical, patophysiological, genetic, translational or proteomic 

background of MetS were published [4-6], however, the effect of posttranslational modifications 

and their role in MetS still raises many questions. 

Thus, the basic experimental rat models might offer a reliable alternatives for studying 

MetS pathologies. Up to this date, little is known regarding the changes in N-glycans during MetS 

in rodents, but observed similarities between the glycomic profile of rat and human sera provided 

important selection criteria for choosing an appropriate animal model for pathological and further 

pharmacological studies [7]. Wistar rats (W) are an albino strain widely used in biological and 

medical research for their common attributes providing satisfactory scale-up outcomes for pre-

clinical predictions [8]. Spontaneously hypertensive rats (SHR) have been developed as animal 

models for human essential (idiopathic or primary) hypertensions [9-10]. 

The main goals of our pilot study were: i) to describe the glycoprofiles of two different rats 

strains; ii)  to evaluate their physiological and pathophysiological liaisons to the possible metabolic 

distrubances. 

 

Material and Methods 

All experimental procedures involving animals were approved by the Ethical Committee of 

the Institute of Experimental Pharmacology and Toxicology, Animal Health and Animal Welfare 

Division of the State Veterinary and Food Diet Administration of the Slovak Republic (the number 

of the permit 3635/14-221) and they conformed to Directive 2010/63/EU on protection of animals 

used for scientific purposes. Adult male W and SHR rats aged 15 weeks were from the Breeding 

Station of the Institute of Experimental Pharmacology and Toxicology (Dobra Voda, Slovakia). 

The rats had free access to water and food and were kept on 12h/12h light/dark cycle and housed 

5 animals per cage. Animals were divided into two experimental groups (n = 10 rats/group) and 

fed standard diet.  



The blood was collected from plexus chorioideus. ELISA diagnostics kits (Erba Lachema, 

CR) kits were used to determine the lipid profile from the blood serum. We measured levels of 

total cholesterol (CHOL), low-density lipoprotein (LDL), HDL, triacylglycerols (TAG) and 

glucose (Glu). The absorbances of the resulting colored compound was measured 

spectrophotometrically at 500 nm on LabSystems 352 Multiskan MS Microplate Reader 

(ThermoFisher Scientific, U.S.). 

The level of BP of the animals was measured by non-invasive tail-cuff pletysmografic 

approach [11]. 

The analyses of serum N-glycoprofile by MALDI-TOF/MS equipment were done as 

follows: 10 ɛl of serum was premixed with 40 ɛl 10 mM Tris, pH 7.5 + 0.1% SDS and incubated 

with dithiothreitol (DTT) and iodoacetamide (IAA) according to standard protein reduction and 

alkylation protocols [12]. To release the N-glycans, serum was incubated with 1 enzyme unit (U) of 

PNGase F (peptide-N-glycosidase F, Roche) at 37ÁC overnight. Isolation of N-glycans was 

performed by PGC SPE (100 mg Supelclean ENVI-Carb, Supelco) as described previously [13] by 

60% ACN + 0.1% TFA. To increase the signal intensities and stabilize the sialic acid, N-glycans 

were subjected to permethylation [14]. Permethylated N-glycans were analyzed by UltrafleXtreme 

MALDI TOF/TOF mass spectrometer (Bruker Daltonics) in reflectron positive ion mode with 20 

mg/ml DHB in 30% ACN + 1 mM NaOH as the matrix solution. Analyzed data were processed by 

FlexAnalysis (Bruker Daltonics) and GlycoWork Bench [15] software. Obtained MS and 

representative MS/MS spectra of free and permethylated N-glycans were compared and evaluated 

with a special focus on their N-glycan type.  

The data were statistically evaluated using GraphPad Prism 6 Software (La Jolla, USA). 

Data were expressed as means Ñ SEM. One-way analysis of variance (ANOVA) was used to 

evaluate the difference among all experimental groups (using the Bonferroni multiple comparison 

test). The level of  p < 0.05 was considered as statistically significant difference. The asterisks were 

used to mark significancy as follows: *p < 0.05; **  p < 0.01; ***  p < 0.001 when comparing SHR vs 

W rats. 

 

Results and Discussion 

First, the basal biochemical parameters of lipid profile and BP levels of two different rats 

strains from healthy individuals were compared. The corresponding data are registered in Tab. 1. 

The glucose level did not differ among the experimental animals W vs SHR, however, in all other  

 

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

 

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

W 6.86Ñ0.25 1.00Ñ0.11 1.56Ñ0.09 1.02Ñ0.03 0.52Ñ0.01 119.3Ñ1.4 

SHR 6.78Ñ0.23 0.47Ñ0.05***  1.19Ñ0.03***  0.87Ñ0.01***  0.41Ñ0.03**  191.5Ñ 1.7***  



parameters of lipid profile as well as BP level, there were observed significant changes in SHR 

group compared to W rats. Since, within chronic civilization diseases, e.g. MetS or T2DM, are 

multifactorial the key role in their development act not only the environment factors (diet, physical 

activity, stress, life style) but also genetic predispositions. Thus, the use of different rats strains 

provides the opportunity to elucidate the interrelation between glycosylation changes and the 

pathophysiological conditions involved that might be reflected also within their glycoprofiles 

[16,17]. 

Second, the acquisition and characterization of glycomic profiles derived from blood sera 

of two different rats strains from healthy individuals were done. N-glycoprofiling of serum samples 

from two different ratËs strains, led to the identification of more than 100 N-glycan structures. Out 

of them, accurately 38 relevant and most abundant N-glycan structures were selected. N-glycans 

were distributed in to the following structural classes according to their glycan type (values 

expressed as m/z that represents mass-to-charge ratio [M + Na]+): High mannosylated (High ï 

Man)  - 1579.8; 1783.8; 1988.1; 2192.2; 2396.4; Complex Bi-antennary (CïBi) ï 1865,9; 1981.9; 

2070.1; 2227.1; 2431.2; 2792.4; Complex Bi-antennary fucosylated (CïBiïFuc) ï 1590.8; 1835.9; 

2040.0; 2244.1; 2605.3; 2966.4; Complex Tri-antennary (CïTri) ï 2111.0; 2880.4; 3241.6; 3602.7; 

Complex Tri-antennary fucosylated (CïTriïFuc) ï 3415.7; 3776.8; Hybrid - 2186.1; 2390.2; 

2472.2; 2635.3; 2676.3; Hybrid fucosylated (Hybrid-Fuc) ï 2081.1; 2285.1; 2489.3; 2663.3; 

2807.4; 3837.4 and truncated sialylated (High ï Sial) N-glycans ï 3153.6; 3327.7; 3514.7; 3963.9. 

The relative intensities of N-glycans within different ratËs strains, sorted into groups according to 

their glycan type are displayed in Tab. 2.  

 

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

 

 

 

 

 

 

 

 

 

 

 

 

 

The comparison of the relative quantitative intensities of N-glycans between W and SHR 

strains, revealed the most significant changes in the contribution of High-Man and C-Tri-Fuc type 

of N-glycans. The relative proportion of all High-Man N-glycans in SHR rats was, on average, at 

half of the level of their presence in W group. Interstingly, there were not detected (ND) any of C-

Tri-Fuc or High-Sial N-glycans in W experimental group, while observed in SHR group. The level 

 
 

W 
 

SHR 
 

High-Man 38.83 Ñ 3.52 17.01 Ñ 2.67 ***  

C-Bi 29.46 Ñ 6.58 32.72 Ñ 3.48 

C-Bi-Fuc 17.08 Ñ 2.68 26.31 Ñ 3.22 * 

C-Tri  0.22 Ñ 0.18 2.48 Ñ 1.04 

C-Tri -Fuc ND 0.91 Ñ 0.19 ***  

Hybrid  8.39 Ñ 0.50 7.57 Ñ 0.80 

Hybrid -Fuc 6.02 Ñ 1.14 8.00 Ñ 0.97 

High-Sial ND 5.00 Ñ 1.72 * 

   



C-Bi-Fuc and High-Sial were noticeably higher in SHR compared to W.  That implies towards the 

respectable role of fucosylation and sialylation found in other studies as well [18,19]. The complex 

molecular bases of the glycomic changes are still under intensive research [20,21]. 

 Our findings support the importance of prospective research into glycosylation alterations in 

different rats strains [22]. These data of blood sera glycoprofiling in experimental animals might 

assume as a possible tool for basic research to test therapeutic perspectives within various 

civilization and metabolic diseases. Further impact on clinical studies tendencies might be 

considered. 
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Introduction 

The field of ageing research has been rapidly advancing in recent decades and it had 

provided insight into the complexity of ageing phenomenon [1,2]. The biological age of an 

individual is relevantly influenced by metabolic state of the body, which is, in turn, linked to a life 

style and nutritional habits [3]. Nutritional interventions been shown to provide health benefits, 

including the life prolonging effect, in a range of experimental animals [4]. The results of recent 

human studies show that e.g. mild caloric restrictions can have beneficial effects in humans [5,6]. 

Since the nutrition is an important and readily modifiable risk factor for disease prevention, many 

studies have consistently proven steady relationship between diet and health including in older 

adults [7-9]. The regulatory hormones of glucagon and glucagon-like peptide 1 (GLP-1), both play 

an important role in glucose homeostasis [10]. The plasminogen activator inhibitor type 1 (PAI-1) 

is the major determinant of fibrinolytic activity and its concentrations are elevated in obesity, type 

2 diabetes and metabolic syndrome [11].  

In order to investigate the potential alterations in glucose metabolism regulation within 

aging, the blood serum levels of glucometabolic hormones were assessed on offspring of Sprague 

Dawley (SD) rats. SD is an albino outbred rats strain widely used in biomedical research including 

toxicology and pharmacology for its common attributes providing satisfactory scale-up outcomes 

for pre-clinical predictions [12]. istarTo mimic the nutritional preferences of the western-style diet 

rich in high-fat, first we fed parental generation either with control (C) standard diet or high-fat 

diet (H, 1% cholesterol and 7.5% lard). Then, the type of diet continued within offspring 

generation: male SD rats were continously fed with either control standard (C-C) or high fat diet 

(H-H, 1% cholesterol and 7.5% lard) until adulthood, almost two years.  

The main goal of our study was to assess and evaluate the levels of glucometabolic 

hormones glucagon, GLP-1 and PAI-1 in aging offspring SD rats in respect of the administered 

nutritional differences with either standard or high-fat diets. 

 

Material and Methods 

All experimental procedures involving animals were approved by the Ethical Committee of 

the Institute of Experimental Pharmacology and Toxicology, Animal Health and Animal Welfare 

Division of the State Veterinary and Food Diet Administration of the Slovak Republic (the number 

of the permit 3693/19-221/3) and they conformed to Directive 2010/63/EU on protection of 



animals used for scientific purposes. SD rats were from the certified Breeding Animal Facility 

(Velaz, Czech Republic). The rats had free access to water and food and were kept on 12h/12h 

light/dark cycle and housed 5 animals per cage. Animals were divided into experimental groups (n 

= 10 rats/group). Parents animals (male and female) were fed with either control standard (C) or 

high-fat diet (H, 1% cholesterol and 7.5% lard) for 8 weeks prior mating, and then during pregnancy 

and lactation. Subsequently, the posterity continued in the type of parentËs diet so it was fed with 

either control standard (C-C) or high fat diet (H-H, 1% cholesterol and 7.5% lard) until adulthood, 

up to 21st month.  

The blood was collected from plexus chorioideus at the indicated time points of offspring 

life span (1st, 15th and 21st month). The serum levels of glucagon, GLP-1 and PAI-1 were 

thoroughly assessed by Multiplex magnetic beadïbased immunoassays on Bio-Plex 200 systems 

(Bio-Rad, U.S.). 

The data were statistically evaluated using GraphPad Prism 6 Software (La Jolla, USA). 

Data were expressed as means Ñ SEM. One-way analysis of variance (ANOVA) was used to 

evaluate the difference among all experimental groups (using the Bonferroni multiple comparison 

test). The level of  p < 0.05 was considered as statistically significant difference. When comparing 

C-C vs H-H rats at all of the selected time points, the asterisks were used to mark significancy as 

follows: *p < 0.05; ** p < 0.01; *** p < 0.001 and **** p < 0.001. For further comparisons the other 

types of symbols were used as listed here: # H-H: 15th vs 1st resp. C-C: 15th vs 1st; ã H-H: 21st vs 1st 

resp. C-C: 21st vs 1st; ^ H-H: 21st vs 15th resp. C-C: 21st vs 15th. 

 

Results and Discussion 

The assessment of glucometabolic hormones levels in blood serum of aging offspring SD 

rats were evaluated at specified time points such resembled the life span of rodents as follows: 1st 

month represented for pups, then 15th month constituted for adults animals and finally 21st month 

established for old ones. The appraisal of the acquired data was done in respect of the administered 

nutritional differences while fed either control standard or high-fat diet. The corresponding values 

are listed in Tab. 1.  

 

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

 

 

 GLP-1        Glucagon        PAI-1 

 (pg/ml) (pg/ml) (pg/ml) 

C-C-1st 235.5 Ñ 52.4 3780.9 Ñ 176.8 61.3 Ñ 4.9 

H-H-1st  359.4 Ñ 21.5 * 7137.7 Ñ 149.9 ****  534.7 Ñ 57.9 ****  

C-C-15th 247.3 Ñ 10.9 8975.1 Ñ 3493.6 #### 258.4 Ñ 18.4 ####  

H-H-15th 952.3 Ñ 96.7**** ###  25375.9 Ñ5291.7**** ####  1449.9 Ñ 44.8**** ####   

C-C-21st 193.7 Ñ 5.1 ^^^ 14402.5 Ñ 701.9 ãããã ^^^^ 921.1 Ñ 76.5 ãããã ^^^^  

H-H-21st  1953.4 Ñ 231.8**** ãããã ^^^ 23782.7 Ñ 859.0**** ãããã 3796.5 Ñ 247.2**** ãããã ^^^^  



When comparing H-H vs C-C experimental goups, at all selected time points (1st, 15th and 

21st months of age) there were remarkable shifts upwards within all of the measured parameters, 

namely glucagon, GLP-1 and PAI-1. Moreover, there was also obvious certain dynamics of glucose 

metabolims correlated with the age progression of W offspring rats: e.g. i) the level of  GLP-1 in 

H-H group was progressively increasing, correlating with the duration of the experiment, while in 

C-C group stays stable; ii) similarly the level of  PAI-1 in both C-C and H-H group were gradually 

increasing, correlating with the duration of the experiment; iii)  the level of glucagon dramatically 

increased when comparing H-H:15th vs 1st month of the experiment, then stays rigid, however while 

considering C-C group correlated along with the proceeding age of the animals.   

By monitoring nutrient-induced GLP-1 secretion over time during diet-induced obesity 

development in rats, Hira et al., showed  that GLP-1 secretion was enhanced in diet-induced obese 

rats compared with control rats [13]. Thus, the postprandial GLP-1 response is likely to play a 

protective role against glucose intolerance [14]. 

PAI-1 is closely related to the development of metabolic syndrome, glucose homeostasis 

impairment and lipid metabolism disbalances [15]. Recent studies showed that PAI-1 might 

contribute to the development of glucose intolerance, and have pro-atherogenic properties [16].  

  Our findings are in good agreement with studies supported the importance of the evaluation 

of glucometabolic hormones levels within pathophysiology of aging [17], especially when 

combined and potentiated with western-type diet rich in fat [18]. These data from long-term in vivo 

experiment on aging offspring of SD rats might possibly elucidate the glucose metabolism 

variations related to the nutritional preferences. Moreover, the further insights into mechanisms of 

senescense might be clarified with perspective towards the research of various civilization and 

metabolic diseases. Additional impact on clinical studies tendencies might be also considered. 
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Introduction 

Among the various synthesized hexahydro-pyridoindole derivatives, the compound (Ñ)-cis-

8-methoxy-2,3,4,4a,5,9b-hexahydro-1H-pyrido[4,3-b]indole-2-carboxylic acid ethyl ester 

(SMe1EC2) [1] has been subjected to several preclinical studies. In particular, it showed significant 

neuroprotective and antioxidant effects in the murine model of acute head trauma [2], rat 

hippocampal slices exposed to reversible hypoxia/low glucose [2, 3], brain cortex homogenates of 

young rats treated with Fe2+/ascorbic acid pro-oxidative system [4] and HT22 hippocampal 

neuronal cells subjected to high glucose [5]. Moreover, in our in vivo study, 8-week 

supplementation with SMe1EC2 showed a moderately enhancing effect on cognitive function in 

aged rats [6]. SMe1EC2 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 SMe1EC2 on the expression levels 

of antioxidant and anti-inflammatory mediators and pro-inflammatory markers in activated murine 

BV-2 microglial cells. 

 

Materials and Methods 

Cells were plated in a 6-well plate at the density of 60,000 cells/cm2, grown for 24 h followed by 

16h incubation in DMEM with LPS (2ɛg/ml) with or without SMe1EC2 (200mmol/l). Next, the 

cells were lysed in Cell Lysis Buffer (1X, Cell Signalling Technologies, Inc.) with 1mM PMSF 

and homogenized by passing 15 times through a 25G-needle followed by 20 min incubation on ice 

and centrifugation (12 000 rpm, 4ÁC, 15 min). Then, equal amounts (30ɛg) of proteins were 

denatured and separated by SDS-polyacrylamide gel electrophoresis. Next, proteins were 

transferred by Western blotting to the nitrocellulose membrane. Membranes were afterward 

blocked with 3 % BSA or 5 % non-fat milk in PBS-T (PBS with 0.1 % (v/v) Tween-20) for 2h and 

incubated with primary antibodies against inducible NO synthase (iNOS), cyclooxygenase-2 

(COX-2), heme oxygenase-1 (HOX-1) and ɓ-actin (Cell Signalling Technologies, Inc.) overnight 

at 4ÁC. After four washes with PBS-T, membranes were incubated with a secondary anti-rabbit 

horseradish peroxidase-conjugated antibody and detected using a western blotting luminol reagent. 

Densitometric analyses were performed by using ImageJ software. The levels of 15-deoxy-D12,14-

prostaglandin J2 (15-d-PGJ2) in the culture medium were analyzed using the commercial kit (Enzo 



Life Sciences) following the manufacturerôs protocol. Experiments were repeated minimally three 

times. All the values were expressed as mean Ñ standard error of the mean (S.E.M.). For multiple 

comparisons, p values were calculated using a one-way analysis of variances (ANOVA) with 

Tukeyôs post hoc analysis, where homogeneity of variances was met. Otherwise, Games-Howell 

post hoc analysis was used. 

 

Results and Discussion 

In our study, SMe1EC2 downregulated LPS-elicited proinflammatory iNOS expression 

(Fig. 1A, E) along with a significant increase in 15d-PGJ2 production (Fig. 1B) and mild 

enhancement of the levels of HO-1, an Nrf2-regulated phase II detoxifying enzyme with 

antioxidant and anti-inflammatory roles (Fig. 1A, C). Unpredictably, SMe1EC2 also enhanced 

the COX-2 levels induced by LPS treatment (Fig. 1A, D).  

 

 

 
Figure 1. The effect of SMe1EC2 on the expression levels of antioxidant and anti-inflammatory 

mediators and pro-inflammatory markers in LPS-activated murine BV-2 microglial cells. A: 

Representative Western blots of proteins HO-1, COX-2, and iNOS; B: 15-deoxy-D12,14-

prostaglandin J2 (15-d-PGJ2) levels measured by ELISA in culture medium. C, D, E: 

Densitometric analysis of proteins. Protein levels were normalized to ɓ-actin. ** *p < 0.001, **p < 

0.01, *p < 0.05 vs. control cells, ##p < 0.01, #p < 0.05 vs. LPS-stimulated cells; LPS ï 

lipopolysaccharide; CON ï control. 

 

In a paradox, COX-2 is also a well-accepted mediator of anti-inflammatory processes 

since it also plays a role in the resolution of inflammation and establishment of the acute 

inflammatory response [8]. COX-2 has been recognized as a pro-inflammatory enzyme 

promoting the synthesis of prostaglandin E2 (PGE2), an essential component of the inflammatory 

cascade [9]. Nevertheless, COX-2 was found to mediate the intracellular accumulation of 15d-

PGJ2, a cyclopentenone PG, which employs its anti-inflammatory activity through activation of 



peroxisome proliferator-activated receptor-g (PPAR-g) [10, 11] or by directly inhibiting NFkB 

activation by binding covalently to the IkB kinase [12]. Furthermore, COX-2 was shown to 

activate Nrf2, which in turn regulates the expression of antioxidant enzymes in activated 

inflammatory macrophages [13, 14]. Moreover, the results of Luo et al., 2015 pointed to a novel 

role of Nrf2 in inducing COX-2 expression through binding to promoter ARE in the absence of 

increased ROS in rat preglomerular vascular smooth muscle cells [15].  

15d-PGJ2 exerts protective properties in diverse cell systems [16]. It was reported to 

suppress the p22phox expression to protect against apoptosis of neurons in a PPAR-ɔ-dependent 

manner [17]. Also, 15d-PGJ2 induced negative regulator of ROS (NRROS) expression mediated 

through a PI3K/Akt-dependent FoxO1 and Sp1 phosphorylation and Nrf2 cascade suppressing 

ROS generation in astrocytes [18]. 

Thus, the enhancing effect of SMe1EC2 and potentially of other pyridoindole congeners 

on 15d-PGJ2 release can contribute to restoring intracellular redox homeostasis and suppressing 

inflammatory processes mediated by activated microglia in the CNS.   
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Đvod 

 Antimikrobi§lny efekt striebra (Ag) je dobre zn§my uģ viac ako 2000 rokov (Wesley, 2009). 

V s¼ļasnosti sa ako veŎmi perspekt²vna cesta v boji proti mikroorganizmom so zvĨġenou 

rezistenciou proti antibiotik§m ukazuje pr§ve vyuģ²vanie produktov s obsahom striebra, priļom 

striebro bolo zakomponovan® vo viacerĨch zdravotn²ckych komerļne dostupnĨch produktoch 

(Percival et al., 2005; Sievert et al., 2013). VeŎmi aktu§lnou sa stala ot§zka ochrany zdravia 

popul§cie proti v²rusu Coronavirus SARS-CoV-2, kedy prv® vĨsledky naznaļili, ģe aplik§ciou 

striebra na ochrann® pom¹cky sa dosiahol znaļnĨ viruc²dny efekt (Balagna et al., 2020). Aplikaļn® 

met·dy striebra na zdravotn²cky materi§l, pr²padne na veŎmi ļasto exponovanĨ materi§l vo 

verejnĨch priestoroch, so sebou prin§ġaj¼ ot§zku moģnej neģiad¼cej nadmernej expoz²cie striebra 

do prostredia, ļo by mohlo viesŠ k environment§lnym dopadom. Medzi najnebezpeļnejġie m¹ģeme 

zaradiŠ uģ pop²sanĨ efekt zvĨġenej rezistencie bakt®ri² proti striebru (Graves et al., 2015). S cieŎom 

objasniŠ antimikrobi§lny efekt striebra na rast mikroorganizmov a sledovaŠ jeho d§vku nevyhnutn¼ 

pre zachytenie inhibiļn®ho efektu sme v ġt¼di² ako modelovĨ organizmus vyuģili gram-negat²vnu 

bakt®riu Escherichia coli (E. coli). Materi§l, na ktorom boli aplikovan® molekuly striebra pomocou 

met·dy High Target Utilization Sputtering (HiTUS) (Mwema et al., 2021), bol kokultivovanĨ 

s bakt®riami E. coli, priļom sa sledovali rozdiely v rastovĨch krivk§ch sp¹soben® pr²tomnosŠou 

striebra, ļo n§sledne umoģnilo kvantitat²vne vyjadrenie inhibiļn®ho efektu pripraven®ho materi§lu. 

Materi§l a met·dy 

 V pr§ci bola ako modelovĨ organizmus vyuģit§ gram-negat²vna bakt®ria Escherichia coli 

DH5ŬFË/ gyrA96 (Nalr) recA1 relA1 endA1 thi-1 hsdR17 (rk-mk+) glnV44 deoR ȹ(lacZYA-

argF) U169 [ū80dȹ(lacZ)M15] (Woodcock et al., 1989). Bakt®rie boli kultivovan® v tekutom LB 

m®diu [1% (w/v) pept·n; 0,5% (w/v) kvasniļnĨ autolyz§t; 1,5% (w/v) NaCl] pri 37ÁC s trepan²m 

pri 180 rpm poļas noci. N§sledne bola noļn§ kult¼ra inokulovan§ do nov®ho LB m®dia 

a kultivovan§ do OD600 0,08 ï 0,12 (0,5 MFU). Takto pripraven§ suspenzia buniek bola pridan§ 

do 96-jamkovej mikrotitraļnej platniļky s testovanĨm materi§lom (krem²kov§ platniļka 5*8 

s nanesenĨm striebrom), pr²padne s kontrolnĨm materi§lom (krem²kov§ platniļka 5*8 mm) vo 

fin§lnej koncentr§ci² 1,5 * 106 buniek/ml a fin§lnom objeme 300 Õl. Meranie optickej denzity 

(OD600) prebiehalo kaģd¼ hodinu (1 ï 6 hod²n), v minim§lne 3 biologickĨch replik§toch. 

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


VĨsledky a diskusia 

 V pr§ci sme sa zamerali na potvrdenie antibakteri§lneho efektu molek¼l striebra 

aplikovanĨch na krem²kov¼ platniļku met·dou HiTUS prostredn²ctvom zostrojenia rastovĨch 

kriviek E. coli, priļom t§to met·da bola pouģit§ na stanovenie antimikrobi§lneho efektu vo 

viacerĨch publikovanĨch pr§cach (Bao et al., 2015; Priester et al., 2014; Geethalakshmi a Sarada, 

2013). Koncentr§cia bakt®ri² v tekutom LB m®diu (OD600) bola monitorovan§ priebeģne poļas 6 

hod²n kultiv§cie kaģd¼ hodinu (Obr. 1).  

 

 
Obr.1: Rastov§ krivka E. coli v pr²tomnosti krem²kovej platniļky s povlakom striebra (rad E. coli 

+ Ag) a bez striebra (rad E. coli). 

 

InhibiļnĨ efekt bolo moģn® preuk§zateŎne zachytiŠ uģ po jednej a dvoch hodin§ch 

inkub§cie, kedy sa vplyv pr²tomnosti striebra prejavil spomalen²m pr²rastku biomasy o pribliģne 

60%. Moģno povedaŠ, ģe v tomto ļase sa E. coli nach§dzala v lag-f§ze bunkov®ho cyklu, kedy eġte 

nedoch§dza k vĨrazn®mu deleniu buniek bakt®ri² (Bertrand, 2019). Vġeobecne uzn§van§ 

charakteristika lag-f§zy bunkov®ho cyklu hovor² o spusten² adaptaļnĨch mechanizmov bakt®ri² 

v novom prostred² a tieģ o tom, ģe bakt®rie s¼ poļas lag-f§zy metabolicky akt²vne (Rolfe et al., 

2012). Publikovan® ġt¼die popisuj¼, ģe vplyvom stresu sp¹soben®ho pr²tomnosŠou striebra sa 

bunky bakt®ri² ļasto dost§vaj¼ do tzv. ABNC ġt§dia (active but nonculturable), ļoho vĨsledkom je 

absencia schopnosti prejsŠ do exponenci§lnej f§zy rastu (Jung et al., 2008). Pri meran² optickej 

hustoty po 3 a 4 hodin§ch inkub§cie moģno pozorovaŠ, ģe bakt®rie v prostred² bez striebra postupne 

prech§dzaj¼ do exponenci§lnej f§zy rastu, avġak v pr²pade v pr²tomnosti striebra je pr²rastok 

biomasy o pribliģne 75% niģġ². K celkov®mu prechodu do ABNC f§zy vġak nedoch§dza a ļasŠ 
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buniek si zachov§va schopnosŠ deliŠ sa. Pri 5 a 6 hodin§ch kultiv§cie sa bunky v pr²tomnosti 

striebra zaļ²naj¼ vĨraznejġie deliŠ a aj v pr²tomnosti striebra doch§dza k prechodu do 

exponenci§lnej f§zy rastu. Inhib²cia pr²rastku biomasy medzi bakt®riami v prostred² s obsahom 

striebra a bez neho sa zniģuje pri 5 hodin§ch na 55% a pri 6 hodin§ch na 32%. Meran® hodnoty sa 

postupne dost§vaj¼ nad 1, takģe sa bl²ģia ku kvantifikaļn®mu limitu met·dy merania.  

Na z§klade tĨchto zisten² moģno pozorovaŠ, ģe vplyvom pr²tomnosti striebra v nastavenĨch 

podmienkach prostredia sa lag-f§za bunkov®ho cyklu E. coli predlģuje, priļom sa pravdepodobne 

samotn§ maxim§lna ġpecifick§ rĨchlosŠ rastu vĨrazne nemen². Podobn® zistenie bolo uģ pri E. coli 

publikovan® (Haque et al., 2017). T¼to hypot®zu bude potrebn® overiŠ sledovan²m vitality bakt®ri² 

v prostred² s obsahom striebra. 
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Đvod 

 Ot§zka zvyġovania rezistencie vl§knitĨch mikroskopickĨch fytopatog®nnych h¼b proti 

komerļne dostupnĨm fungic²dnym pr²pravkom sa v s¼ļasnosti st§va veŎmi aktu§lnou (Goffeau, 

2008). Preto je hŎadanie novĨch alternat²vnych pr²stupov ich kontroly a zneġkodnenia 

perspekt²vnou cestou vĨskumu novĨch materi§lov. Modern® techniky pr²pravy nanoġtrukt¼rnych 

materi§lov so zvĨġenou antifung§lnou aktivitou s¼ z tohto hŎadiska sŎubnĨm kandid§tom ġt¼dia 

v danej oblasti. Jedineļn® vlastnosti nanomateri§lov, najmª n§rast pomeru povrchu ġtrukt¼ry 

k celkov®mu objemu, v porovnan² s antimikrobi§lnymi agensmi vo forme i·nov alebo sol², ved¼ 

ļastokr§t k vĨrazn®mu zvĨġeniu antifung§lneho potenci§lu (Kanhed et al., 2014). Nanoļastice 

striebra (AgNP) sa vyznaļuj¼ vysokou chemickou stabilitou a boli viackr§t vyuģit® vo viacerĨch 

oblastiach priemyslu ako antimikrobi§lne agensy (Necula et al., 2009; Bernardo-Mazariegos et al., 

2019). Antifung§lny efekt AgNP je z§vislĨ od mnohĨch faktorov, akĨmi s¼ koncentr§cia striebra, 

ļas expoz²cie, veŎkosŠ nanoļast²c, morfol·gia fytopatog®nnej vl§knitej mikroskopickej huby. Pri 

vysokĨch d§vkach striebra, ktor® by sa mohlo uvoŎniŠ do ģivotn®ho prostredia m¹ģe d¹jsŠ aj 

k negat²vnemu ovplyvneniu prospeġnej mikrofl·ry (Vera-Reyes et al., 2022). Zn²ģenie 

koncentr§cie striebra m¹ģe byŠ efekt²vnou cestou vytv§rania produktov urļenĨch na ochranu 

zdravia Ŏud² a potrav²n (Zhao et al., 2021). CieŎom ġt¼die bola charakteristika troch typov 

pripravenĨch nanoļast²c striebra s r¹znou intenzitou expoz²cie striebra na nosn¼ krem²kov¼ 

ġtrukt¼ru so zameran²m na pop²sanie ich inhibiļn®ho vplyvu na kl²ļiace sp·ry vl§knitej 

mikroskopickej huby Trichoderma harzianum v in vitro podmienkach. 

 

Materi§l a met·dy 

 

 Vl§knit§ mikroskopick§ huba Trichoderma harzianum CCM F-340 (Ļesk§ sb²rka 

mikroorganismŢ, Brno) bola kultivovan§ na zemiakovo-dextr·zovom pevnom alebo tekutom 

m®diu (potato dextrose agar/broth; PDA/PDB) [2% gluk·za, 20% zemiakovĨ extrakt, pH 5,6; v 

pr²pade PDA 2% agar] (Mac Faddin, 1985). Po dvoch tĨģdŔoch kultiv§cie na PDA pri 25ÁC boli 

izolovan® sp·ry, ktor® boli inokulovan® do 300 Õl PDB s testovanĨm materi§lom vo fin§lnej 

koncentr§ci² 105 sp·r/ml. Kultiv§cia prebiehala v 96-jamkovej mikrotitraļnej platniļke 

s testovanĨm materi§lom (krem²kov§ platniļka 5*8 s nanesenĨm striebrom), pr²padne 

s kontrolnĨm materi§lom (krem²kov§ platniļka 5*8 mm). Kokultiv§cia s testovanĨm materi§lom 

prebiehala pri 25ÁC a 130 rpm poļas 18 hod²n. Po 18 hodin§ch kokultiv§cie bol meranĨ pr²rastok 

biomasy (OD600). Test inhib²cie rastu bol realizovanĨ v 3 biologickĨch replik§toch. 
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VĨsledky a diskusia 

 CieŎom pr§ce bolo zhodnotenie antifung§lneho potenci§lu pripravenĨch nanoġtrukt¼rnych 

materi§lov s obsahom striebra ukotvenĨch na krem²kovej matrici proti vl§knitej mikroskopickej 

hube Trichoderma harzianum.  

AgNP boli pripraven® pomocou klastrovacieho zdroja, priļom rozdiel medzi vzorkami bol 

vo vĨkonovom nastaven² Ag terļa. Pri najniģġom nastaven² vĨkonu 50 W (vzorka Ag dep 22) bolo 

moģn® pozorovaŠ inhibiļnĨ efekt na pr²rastok biomasy vl§knitej mikroskopickej huby 

Trichoderma harzianum na ¼rovni pribliģne 55%. ZvĨġen²m vĨkonu na Ag terļi na 100 W (vzorka 

Ag dep 20) a 200 W (vzorka Ag dep 21) sa preuk§zateŎne zvĨġila aj efektivita inhib²cie, kedy bola 

v porovnan² s kontrolnou vzorkou zaznamenan§ inhib²cia  94% (Ag dep 20), resp. 74% (Ag dep 

21) (Obr. 1). Moģno konġtatovaŠ, ģe rozdiely v sp¹sobe pr²pravy krem²kovĨch platniļiek s AgNP 

preuk§zateŎne ovplyvŔuj¼ antifung§lne vlastnosti pripravenej nanoļasticovej vrstvy, ļo koreluje 

s uģ publikovanĨmi ġt¼diami vplyvu AgNp na fytopatog®nne huby (Mahdizadeh et al., 2015; Zhao 

et al., 2021). Pri vzork§ch Ag dep 20 a Ag dep 21 ¼roveŔ inhibiļnej aktivity nekoreġponduje 

s nastaven²m vĨkonu na Ag terļi. D¹vodom tohto rozdielu je pravdepodobne rozdielna ¼roveŔ 

dostupnĨch AgNP, ktor® m¹ģu priamo reagovaŠ s kl²ļiacimi sp·rami Trichoderma harzianum 

(Pan§ļek et al., 2009). 

   

 
Obr.1: Rast vl§knitej mikroskopickej huby Trichoderma harzianum v pr²tomnosti 

krem²kovĨch platniļiek s povlakom striebra pripravenĨch tromi depoziļnĨmi met·dami (Ag dep 

20 ï Ag dep 22) v porovnan² s kontrolnou vzorkou (100% rast). 

 Zisten® rozdiely v efektivite inhib²cie pr²rastku biomasy vl§knitej mikroskopickej huby 

Trichoderma harzianum moģno jednoznaļne prip²saŠ rozdielom v pr²prave vrstvy AgNP. Moģno 

konġtatovaŠ, ģe pri zachovan² konġtantnej plochy s nanesenĨmi AgNP sa zvyġuje ¼roveŔ inhib²cie 

so zvyġovan²m vĨkonu klastrovacieho zdroja na Ag terļi. Najvyġġiu ¼roveŔ inhib²cie moģno 

sledovaŠ pri 100 W nastaven² Ag terļa. ZvĨġen²m vĨkonu na 200 W sa efektivita inhib²cie zn²ģila, 

ļo s veŎkou pravdepodobnosŠou sp¹sobilo zn²ģenie dostupnĨch AgNP schopnĨch reagovaŠ so 

sp·rami Trichoderma harzianum (Bocate et al., 2019). 
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Na z§klade z²skanĨch d§t o inhibiļnom efekte pripravenĨch AgNP na krem²kovĨch 

platniļk§ch m¹ģeme odporuļiŠ vyuģitie pripravenej vzorky Ag dep 20 s cieŎom testovania 

inhib²cie Ņalġ²ch vĨznamnĨch patog®nnych vl§knitĨch mikroskopickĨch hub§ch. 
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Đvod 

 

 V d¹sledku zvyġovania rezistencie patog®nnych mikroorganizmov proti konvenļnĨm 

antibiotickĨm prepar§tom je podŎa Svetovej zdravotn²ckej organiz§cie hŎadanie alternat²v ochrany 

verejn®ho zdravia jednou z najak¼tnejġ²ch ot§zok vĨskumu v tejto oblasti. Striebro je dobre 

zn§mym antimikrobi§lnym agensom, priļom v kombin§ci² s dostupnĨmi modernĨmi met·dami 

jeho aplik§cie na r¹zne beģne vyuģ²van® materi§ly je moģn® dosiahnuŠ sŎubn® vĨsledky v boji proti 

patog®nom so zvĨġenou rezistenciou voļi antibiotik§m (Bruna et al., 2021). Mechanizmus 

interakcie striebra s mikroorganizmom je postupnou kask§dou procesov ved¼cich k celov®mu 

kolapsu bunky. Pri kontakte doch§dza najprv k blok§ci² respir§cie, elektr·nov®ho transferu 

a prot·novej pumpy mikroorganizmu. Disrupcia bunkovej membr§ny n§sledne umoģŔuje prechod 

striebra do cytoplazmy bunky, kde doch§dza k Ņalġiemu poġkodeniu formovan²m komplexov 

striebra s nukleovĨmi kyselinami, tiolovĨmi skupinami enzĨmov a k zvĨġenej tvorbe reakt²vnych 

foriem kysl²ka (Gordon et al., 2010; Mijnendonckx et al., 2013). Jednou z ot§zok ġirġej 

vyuģiteŎnosti striebra je jeho moģn§ environment§lna toxicita a akumul§cia v prostred². Z tohto 

d¹vodu je nutn® presn® stanovenie obsahu striebra potrebn®ho k dostatoļnej biologickej kontrole 

patog®nneho organizmu pri s¼ļasnej najvyġġej moģnej elimin§ci² pr²padnĨch negat²vnych vplyvov 

na prostredie ļi zdravie ļloveka. Iba presn® analytick® met·dy s¼ schopn® poskytn¼Š inform§cie 

o koncentr§ci² striebra, keŅ je jeho zast¼penie v testovanej vzorke veŎmi n²zke (Iglesias a Torrent, 

2021). Met·da optickej emisnej spektrometrie s indukļne viazanou plazmou (ICP-OES) umoģŔuje 

rĨchle, rutinn® a najmª reprodukovateŎn® vĨsledky stanovenia obsahu striebra a Ņalġ²ch zloģiek 

v analyzovanej vzorke (S§skov§ et al., 2016; Reziĺ et al., 2022). 

 V pr§ci sme sa zamerali na stanovenie obsahu uvoŎnen®ho striebra met·dou ICP-OES 

z pripravenĨch vzoriek pomocou magnetr·nu a tieģ zhodnotenie ich inhibiļn®ho potenci§lu proti 

gram-negat²vnej bakt®ri² E. coli. 
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Materi§l a met·dy 

 V pr§ci bola ako modelovĨ organizmus vyuģit§ gram-negat²vna bakt®ria Escherichia coli 

DH5ŬFË/ gyrA96 (Nalr) recA1 relA1 endA1 thi-1 hsdR17 (rk-mk+) glnV44 deoR ȹ(lacZYA-argF) 

U169 [ū80dȹ(lacZ)M15] (Woodcock et al., 1989). Bakt®rie boli kultivovan® v tekutom LB m®diu 

[1% (w/v) pept·n; 0,5% (w/v) kvasniļnĨ autolyz§t; 1,5% (w/v) NaCl] pri 37ÁC s trepan²m pri 180 

rpm poļas noci. N§sledne bola noļn§ kult¼ra inokulovan§ do nov®ho LB m®dia a kultivovan§ do 

OD600 0,08 ï 0,12 (0,5 MFU). Takto pripraven§ suspenzia buniek bola pridan§ do 96-jamkovej 

mikrotitraļnej platniļky s testovanĨm materi§lom (krem²kov§ platniļka/polypropyl®nov§ vrstva 

5*8 s nanesenĨm striebrom), pr²padne s kontrolnĨm materi§lom (krem²kov§ 

platniļka/polypropyl®nov§ vrstva 5*8 mm) vo fin§lnej koncentr§ci²  1,5 *106 buniek/ml a fin§lnom 

objeme 300 Õl. Meranie optickej denzity (OD600) bolo realizovan® po 3 hodin§ch, v minim§lne 3 

biologickĨch replik§toch. 

AnalĨzy koncentr§cie striebra v jednotlivĨch vzork§ch sa uskutoļŔovali s pomocou 

optick®ho emisn®ho spektrofotometra ICP Thermo ICAP 7000 Dual (Thermo Fisher Scientific, 

Waltham, Massachusetts, USA), ktorĨ vyuģ²va indukļne viazan¼ plazmu. Na kalibr§ciu sa pouģil 

ġtandardnĨ roztok striebra (Sigma-Aldrich Production GmbH, Ġvajļiarsko) s koncentr§ciami 

striebra 49,7 mg.L-1; 4,97 mg.L-1; 0,497 mg.L-1 a 0,0497 mg.L-1 Na z§klade zostrojenej kalibraļnej 

krivky boli automaticky vyr§tan® koncentr§cie striebra v analyzovanĨch vzork§ch. 

 

VĨsledky a diskusia 

 CieŎom pr§ce bolo zhodnotiŠ obsah uvoŎnen®ho striebra pomocou met·dy ICP-OES 

a inhibiļnĨ potenci§l antimikrobi§lnej vrstvy pripravenej technol·giou magnetron upevnenej na 

krem²kovom (Si) a polypropyl®novom (PP) nosiļi. Na z§klade z²skanĨch d§t bolo moģn® 

pozorovaŠ rozdiely v obsahu striebra aj v inhibiļnej efektivite v z§vislosti od typu pouģit®ho nosiļa 

a dŌģky expoz²cie pri pr²prave vzoriek (Tian et al., 2013). Vzorka ļ. 1 pripraven§ 100 s expoz²ciou 

podŎa oļak§van² pri ICP-OES meraniach vyk§zala najvyġġ² obsah striebra 0,680 mg.L-1 pre 

krem²kovĨ nosiļ a 0,580 mg.L-1 pre polypropyl®novĨ nosiļ. Inhibiļn§ aktivita rastu E. coli sa 

pohybovala na pri krem²kovom nosiļi na ¼rovni 79% a pri polypropyl®novom nosiļi na ¼rovni 

67%. Zn²ģenie ļasu expoz²cie pri pr²prave vzorky ļ. 2 na 60s viedlo aj k zn²ģeniu obsahu 

nameran®ho striebra na 0,620 mg.L-1 (Si) resp. na 0,505 mg.L-1 (PP). Potlaļenie rastu E coli sa 

taktieģ zn²ģilo na 71% (Si), resp. 59% (PP), tento pokles vġak nebol preukaznĨ. Viacer® ġt¼die 

potvrdili, ģe inhibiļnĨ ¼ļinok je z§vislĨ najmª od tvaru pripravenĨch ļast²c (Gao et al., 2013; Liu 

et al., 2010). Ak sa pri vzork§ch nemen² technol·gia pr²pravy, ale len ļas expoz²cie, moģno 

oļak§vaŠ vysok¼ z§vislosŠ inhibiļn®ho ¼ļinku najmª od koncentr§cie striebra (Cheon et al., 2019). 

V pr²pade expoz²cie 22 s pri pr²prave vzorky ļ. 3 sa nameran® hodnoty obsahu striebra pomocou 

ICP-OES pohybovali ¼rovni 0,306 mg.L-1 (Si) resp. na 0,100 mg.L-1 (PP). InhibiļnĨ efekt 

pripravenĨch materi§lov sa preuk§zateŎne zn²ģil na ¼roveŔ 44% (Si), resp. 27% (PP) (Obr. 1). 

Moģno tieģ sledovaŠ trend zn²ģenej miery uvoŎŔovania striebra pri vġetkĨch vzork§ch 

aplikovanĨch na polypropyl®novom nosiļi, ļo s veŎkou pravdepodobnosŠou moģno prip²saŠ 

zvĨġenej odolnosti vrstvy aplikovanej na flexibilnom materi§li pri inkub§ci² s trepan²m (Ghorbani 

a Molaei, 2017). 

Porovnan²m obsahu uvoŎnen®ho striebra a inhibiļnou efektivitou medzi vzorkami pripravenĨmi 

rozdielnou dobou expoz²cie moģno zhodnotiŠ, ģe zn²ģenie doby expoz²cie na 60 s nemalo 



preuk§zateŎnĨ vplyv ani na schopnosŠ inhib²cie, ani na mieru uvoŎŔovania striebra. Zn²ģenie 

expoz²cie na 22 s viedlo k najmª pri polypropyl®novom nosiļi k vĨrazn®mu zn²ģeniu inhibiļnej 

aktivity. Na z§klade tohto zistenia moģno odporuļiŠ 60 s interval pr²pravy vrstvy s cieŎom 

dosiahnutia optim§lneho pomeru mnoģstva aplikovan®ho striebra a inhibiļn®ho potenci§lu 

materi§lu.Zn²ģenie expoz²cie na 22 s viedlo k najmª pri polypropyl®novom nosiļi k vĨrazn®mu 

zn²ģeniu inhibiļnej aktivity. Na z§klade tohto zistenia moģno odporuļiŠ 60 s interval pr²pravy 

vrstvy s cieŎom dosiahnutia optim§lneho pomeru mnoģstva aplikovan®ho striebra a inhibiļn®ho 

potenci§lu materi§lu. 

 

  
 

Obr.1: ICP-OES meranie obsahu striebra a inhibiļnĨ efekt testovanĨch vzoriek na rast E. 

coli. Si ï vrstva striebra na krem²kovej platniļke, PP ï vrstva striebra na polypropyl®novom 

nosiļi. 1 ï expoz²cia na Ag terļi 100 s, . 2 ï expoz²cia na Ag terļi 60 s, . 1 ï expoz²cia na Ag 

terļi 22 s 
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Đvod 

 

Poļas pand®mie ochorenia COVID- 19 sp¹sobenej koronav²rusom SARS-CoV-2 a jeho 

transmisiou v spoloļnosti sa stalo nevyhnutnosŠou rieġiŠ ot§zku spojen¼ s dezinfekciou povrchov, 

zariaden², ako aj ochrannĨch pom¹cok. Za ¼ļelom spomalenia prenosu respiraļnĨch ochoren² bolo 

vykonanĨch uģ viacero ġt¼di², ktor® sa zaoberali antimikrobi§lnym ¼ļinkom komplexu striebra 

a oxidu kremiļit®ho [1]. Technol·gia pr²pravy povrchov bola patentovan§ a vyuģ²va sa pri 

biomedic²nskych implant§toch [2], pr²rodnĨch a technickĨch text²li§ch [3,4], ļi filtroch [5]. 

Balagna a kol. [6] pop²sali aplik§ciu striebra na medic²nske ochrann® pom¹cky, priļom bol 

dosiahnutĨ znaļnĨ viruc²dny efekt. Ġt¼dia testuj¼ca ¼ļinok nanoļast²c striebra proti v²rusu chr²pky 

A (H1N1) potvrdila jeho antiv²rusovĨ ¼ļinok [7].  

V predloģenej ġt¼dii sa sledoval antiv²rusovĨ ¼ļinok striebornĨch ļast²c pripravenĨch pomocou 

met·dy High Target Utilization Sputtering (HiTUS) [8] proti niektorĨm modelovĨm v²rusom.  

 

Materi§l a met·dy 

 

Bunkov§ kult¼ra,  propag§cia v²rusov a sledovanie antiv²rusov®ho ¼ļinku 

Na stanovenie antiv²rusov®ho ¼ļinku bola pouģit§ RD(A) bunkov§ l²nia- derivovan§ z mal²gneho 

embryon§lneho rhabdomyosark·mu kultivovan§ v Eaglovom minim§lnom esenci§lnom m®diu 

s L-glutam²nom. Na stanovenie TCID50 bolo pouģit® riedenie 10
-9 v²rusovĨch ļast²c. 

Pouģit® v²rusy: Enterov²rusy- ļeŎaŅ Picornaviridae, gen·m tvor² jednovl§knov§ (ss) RNA 

¶ Poliov²rus typ 1 

¶ Poliov²rus typ 3 

¶ V²rus coxsackie A7 

Suspenzia v²rusovĨch ļast²c bola vystaven® ¼ļinku striebornĨch povlakov typ Ag 1, Ag 5 a Ag 6 

[8] v r¹znych ļasovĨch intervaloch - 30, 60, 90 min¼t. N§sledne, v²rusov§ suspenzia bola nanesen§ 

na bunkov® kult¼ry, ktor® sa inkubovali v ġikmĨch kultivaļnĨch sk¼mavk§ch v ġikmom stojane 

pod 5Á uhlom plochou-kultivaļnou stranou smerom dole. Bunkov® kult¼ry boli sledovan® po dobu 

5 dn² aģ do prirodzen®ho rozpadu buniek a vyġetren® v minim§lne dvoch pas§ģach. Do Ņalġej 

pas§ģe boli sk¼mavky z predch§dzaj¼cej kultiv§cie uchov§van® pri teplote ï20Á C Ñ3Á C. Ku 

kaģdej bunkovej kult¼re s inokulovanou v²rusovou suspenziou bola zaraden§ negat²vna kontrola 

(ļist§ bunkov§ monovrstva) a pozit²vna kontrola v²rusu (vit§lny v²rus na bunkovej monovrstve). 

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


VĨsledky a diskusia 

Testovan® strieborn® povlaky Ag 1, Ag 5 aj Ag 6 vyk§zali inhibiļnĨ ¼ļinok na selektovanĨch 

v²rusovĨch kult¼rach. V²rusov® kult¼ry Polio typ 1 aj Polio typ 3 boli citliv® na pr²tomnosŠ 

striebornĨch povlakov uģ po 30 min¼tovej expoz²cii a inhibiļnĨ efekt bol pozorovanĨ rovnako aj 

pri 60 a 90 min¼tovej expoz²cii pri oboch testovanĨch bunkovĨch pas§ģach. 

Podobne aj kult¼ra v²rusu Coxsackie bola citliv§ na vġetky 3 typy testovanĨch striebornĨch 

povlakov. V prvej bunkovej pas§ģi bola pozorovan§ neporuġen§ bunkov§ vrstva, t.j. v²rus bol 

inaktivovanĨ po vġetkĨch expoz²ci§ch striebra, ale v druhej bunkovej pas§ģi uģ bol pozorovanĨ 

cytopatickĨ efekt CPE po 30 min¼tovej expoz²cii. Po 60 a 90 min¼tovej expoz²cii uģ cytopatickĨ 

efekt pozorovanĨ nebol, v²rus bol inaktivovanĨ (Tab.1. a Tab.2).  

TabuŎka 1 

V²rus Ļas vystavenia v²rusov ¼ļinku striebornĨch povlakov  

 30 min¼t 60 min¼t 90 min¼t 

Poliov²rus typ 1 - - - 

Poliov²rus typ 3 - - - 

Coxsackie v²rus - - - 

Hodnotenie antiv²rusov®ho ¼ļinku striebornĨch povlakov na v²rusov® kult¼ry po 30, 60 a 90 min¼tovej expoz²cii 

v prvej pas§ģi: + (tvorba CPE, bez inhibiļn®ho ¼ļinku Ag), - (bez CPE, inhibiļnĨ ¼ļinok Ag) 

TabuŎka 2 

V²rus Ļas vystavenia v²rusov ¼ļinku striebornĨch povlakov  

 30 min¼t 60 min¼t 90 min¼t 

Poliov²rus typ 1 - - - 

Poliov²rus typ 3 - - - 

Coxsackie v²rus + - - 

Hodnotenie antiv²rusov®ho ¼ļinku striebornĨch povlakov na v²rusov® kult¼ry po 30, 60 a 90 min¼tovej expoz²cii v 

druhej pas§ģi: + (tvorba CPE, bez inhibiļn®ho ¼ļinku Ag), - (bez CPE, inhibiļnĨ ¼ļinok Ag) 

Podobne ako v uģ publikovanĨch ġt¼di§ch aj v naġich experimentoch sme potvrdili schopnosŠ 

striebra inaktivovaŠ niektor® v²rusov® kmene, konkr®tne Poliov²rus typ 1, Poliov²rus typ 3 

a Coxsackie v²rus. Antiv²rusovĨ ¼ļinok striebornĨch molek¼l nanesenĨch na krem²kovĨ povrch 

met·dou HiTUS je porovnateŎnĨ s inĨmi met·dami pr²pravy striebornĨch nanoġtrukt¼r [7]. 

Z²skan® vĨsledky naznaļuj¼ moģnosti vyuģitia tejto technol·gie a potenci§l striebornĨch 

nanoġtrukt¼r inaktivovaŠ Ņalġie vĨznamn® patog®nne v²rusov® kmene.  
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Introduction 

Vulvovaginal candidiasis is one of the most commonly reported female genital tract infections, 

affecting approximately 70ï75% of childbearing age women at least once during their lifetime. The fungal 

cell wall represents the important host-invader interface. Cell-wall polysaccharides represent biological 

response modifiers and the pathogen-associated molecular patterns and virulence factors. The most 

dominant cell-wall antigenic structures of Candida species as Ç-glucan, Ŭ- and Ç-mannans, glucomannan 

and other immunogenic polysaccharides are of particular relevancy for specific in vitro diagnosis and long-

term follow-up of the Candida infection. The vaginal mycobiome represents the part of human mycobiome 

and covers approx. 0.1% of all fungal constituents of total human microbiome. Approximately 75% of 

women suffer at least one episode of vulvovaginal candidiasis in their life and approximately 40-50% 

experienced a recurrence. In general, the factors associated with vaginal colonisation and developing of 

vulvovaginal candidiasis are multifactorial i.e. changes in the physiological mucosal flora, dysbiosis, 



pregnancy, active sexual life, systemic or intravaginal antibiotics therapy, oral contraceptive usage, estrogen 

therapy, hormone replacement therapy, diabetes mellitus type 2, cystic fibrosis, HIV, systemic 

immunosuppression, deteriorated local cell immunity, secondary  and primary  immunodeficiency, decrease 

of mannose binding lectin, allergy/atopy.  (Sobel,2007; Denning et al.,2018; Hrubiġko et al.,2003; Faria-

Gon­alves, 2020; Gon­alves, 2016; Kr¿ger et al., 2019; Hall and Noverr, 2017, Lines et al.2020, Ardizzoni 

et al.,) Recently, the studies of genetic predisposition to vulvovaginal candidiasis revealed polymorphism 

in the SIGLEC15 gene that was associated with RVVC (Jaeger et al.,2019).  The relationship between 

polymorphism in the NLRP3 gene, higher production of IL-1Ŭ , low IL-1Ra levels and persistent 

hyperinflammatory state in RVVC patients  has been studied (Rosati et al. 2020). Next, the association 

between Dectin-1 deficiency (Ferwerda et al.,2009), mannose-binding lectin codon 54 gene polymorphism 

(Wojitani et al., 2012; Nedovic et al., 2014), and interleukin-1 receptor antagonist gene polymorphism 

(Wojitani et al., 2012) and RVVC has been mentioned. The relationship between atopy/allergy and RVVC 

has been suggested by Bernstein (Bernstein et al., 2015) and Dondores (Dondores et al., 2018), based on 

the hypothesis that vulvovaginal candidiasis is an allergic reaction to the ability of Candida-specific IgE and 

prostaglandin E2 to inhibit vaginal cell-mediated immune response (Bernstein et al., 2015). 

 In this study we assessed the immunobiological activity of facultative pathogen Candida 

utilis cell glucomannan and its effectivity as in vitro serological marker for antibody testing. The 

novel serologic assay has been developed and optimized for C. utilis serodiagnosis. The 

comparison assays were performed to establish relationship between antibodies against C. utilis, 

C. albicans and S. cerevisiae main cell-wall antigens in patient sera.   

 

Material and methods 

The serological assays were performed in a patient cohort comprising 35 female participants (31.3 Ñ 5.2 

years) with atopy and a history of recurrent vaginal mycosis (Department of Clinical Immunology and 

Allergy, Oncology Institute of St. Elisabeth, Bratislava, Slovakia). 

Yeast strains C. glabrata CCY 26-20-1, C. albicans CCY 29-3-32, S. cerevisiae CCY 21-4-13 and 

C. utilis CCY 29-38-18 (all from Culture Collection of Yeasts, Institute of Chemistry, Center for 

Glycomics, Slovak C. glabrata CCY 26-20-1, C. albicans CCY 29-3-32, S. cerevisiae CCY 21-4-

13 cellular mannans were prepared and analysed as previously published (Peat, et al., 1961), C. 

utilis CCY 29-38-18 glucomannan has been isolated and characterised by Kogan et al. (Kogan et 

al.,1993). C. albicans glucan was also obtained from Dr. Kogan.   

ELISA assay and determination of specific anti-C. utilis CCY 29-38-18 glucomannan, anti-C. albicans CCY 

29-3-32 mannan and glucan, anti-C. glabrata CCY 26-20-1 mannan and anti-S. cerevisiae CCY 21-4-13 

mannan IgG, IgM and IgA antibodies were modified based on diagnostic kits Biogema a.s. Kosice. 

 

Results and discussion  

The present study reports the evaluation of unconventional opportunistic pathogen C. utilis cell 

wall glucomannan as serodiagnostic antigen and inducer of antigen specific antibody isotypes in 



the cohort of atopic female subjects with recurrent Candida vulvovaginitis. Statistically significant 

sera values of specific anti-glycan IgM and IgA class antibodies were revealed. The results are 

suggestive for efficient serological application of C.utilis glucomannan as in vitro disease marker 

and prospectively for follow-up of the specific long-term antimycotic therapy. Generally, the 

highest values within the concentration range have been determined for anti-glycan specific 

isotypes IgM and IgA, followed by specific IgG (Table 1). Specific IgM anti-C. albicans mannan 

and ɓ-glucan and anti-C. glabrata mannan exerted high degree of statistical significance (P < 

0.001), while sera values of specific IgM anti-S. cerevisiae mannan and anti-C. utilis glucomannan 

were lower, although statistically significant (P < 0.01). Next most profound reactive isotype has 

been IgA anti-C. albicans mannan and ɓ-glucan (P < 0.001), IgA anti-C. glabrata while anti-S. 

cerevisiae mannan and C. utilis glucomannan were produced to a lesser extent (P < 0.01). The 

specific IgG anti-C. albicans mannan and ɓ-glucan sera levels have been lower in comparison with 

IgM and IgA isotypes (P < 0.01). The determination of specific IgG anti-C. glabrata and anti-S. 

cerevisiae mannan and C. utilis glucomannan demonstrated the lowest levels of anti-glycan 

antibodies (P < 0.05). Evaluation of distribution of positive results revealed the majority of positive 

results over normal reference interval with IgM isotype antibodies against C. albicans ɓ-glucan 

and mannan, C. glabrata mannan, to lesser degree in the case of S. cerevisiae mannan and C. utilis 

glucomannan (Figure 1 and 2). 
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Fig.1. Serological profile of antiglycans IgG, IgA and IgM class antibodies. All data are presented as 

Mean Ñ 3SD. Serological tests were assayed in duplicate. Statistical significance of differences (one-way 

ANOVA, post-hoc BonferroniËs test) is expressed as: *** P < 0.001, ** 0.001 < P < 0.01, *0.01 < P < 

0.05.  
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Fig.2. Distribution of positive results of glycan-specific IgG, IgM and IgA class antibodies in study 

population. The cut-off values for diagnostic tests were calculated according to blood donorsË IgG/IgM/IgA 

anti-glycan antibodiesË values (averageÑ3SD). 

 

Tab.1. Concentration range (min and max values (UmL-1)) of specific anti-C. albicans, C. glabrata , S. 

cerevisiae, and C. utilis anti-glycan IgG, IgM and IgA antibodies in patient cohort. 

 

 C. albicans 

mannan 

C. albicans 

-̡glucan 

C. utilis 

glucomannan 

S. cerevisiae 

mannan 

C. glabrata 

mannan 

IgG 48.08 930.2 64.3 720.3 35.2 210.3 41.8 288.2 31.7 418.2 

IgA 53.54 1211.5 38.2 1851 25.8 268.1 34.7 332 32.6 559.3 

IgM 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 fungi-mediated local or systemic inflammation. As mentioned before, the main 

etiological agent of fungal vulvovaginal mycoses C. albicans accounts for 80-95% of all episodes of 

vulvovaginal candidiasis. The increase of non-albicans spp. (Mushi et al., 2019), and participation of the 



other yeasts as S. cerevisiae has been demonstrated (Sobel et al.,1993, Holland et al., 2003). Generally, the 

specific antibodies against critical fungal cell virulence factors might play important protective or 

therapeutic role. Several mechanisms of effective antibody protection as direct neutralization of fungi and 

fungal cell antigens, growth inhibition capacity, inhibition of exopolysaccharide cell release and biofilm 

formation were reviewed (Elluru et al., 2015). Antibodies are engaged in process of opsonophagocytosis, 

activation of complement cascade and participate in antibody-dependent cytotoxicity. Moreover, antifungal 

antibodies have an important role in immunomodulation and in preventing inflammation-mediated tissue 

damage (Casadevall and Pirofski, 2003 and 2012; Lionakis et al., 2017).  

The serologic analysis of anti-glycan antibodies in a cohort of atopic females with episodes of mycotic 

colpitis revealed, that the highest concentrations of anti-glycan antibodies are of IgM isotype, followed by 

IgA class antibodies (Figure 1, Table 1). Highest values resulted principally for C. albicans ɓ-glucan, 

followed by mannan, this order could be presumably associated with re-arrangement of ɓ-glucan masking 

in the cell wall of C. albicans  following morphoforms switch from yeast to filamentous growth associated 

with infection and ɓ-glucan exposure  (Goodridge et al., 2009). As concerned seropositivity (Figure 2) the 

majority of positive results over normal reference interval is observed with IgM isotype antibodies against 

C. albicans ɓ-glucan and mannan, followed by C. glabrata, to lesser extent in the case of S. cerevisiae 

mannan and C. utilis glucomannan (Table 1). The seropositivity of IgA isotype antiglycan antibodies 

reflected IgM trend. Detection of serum specific IgA antibodies to C. albicans in parallel with specific IgG 

in women with recurrent genital candidiasis has been evaluated (Tasic et al., 2003). The anti-Candida ɓ-

glucan and mannan and Saccharomyces mannan specific IgM prevalence in different patient cohorts with 

vulvovaginal mycosis was previously reported (Paulovicova et al. 2015; Paulovicova et al., 2017; 

Paulovicova et al., 2019). The increased specific IgM anti-mannan isotype antibodies over IgG-anti mannan 

isotype antibodies were recorded in candidemia patients (Meng et al., 2020).  
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Đvod 

PrudkĨ n§rast rezistentnĨch patog®nnych mikroorganizmov spolu s pomalĨm vĨvojom novĨch 

antibiot²k predstavuje veŎk® a celosvetovo rast¼ce zdravotn® riziko [1,2]. N§roļnou vĨzvou pre 

s¼ļasn¼ vedu je prevencia voļi mikrobi§lnym infekci§m sp¹sobenĨm najmª multirezistentnĨmi 

bakt®riami, ktor® s¼ spoloļne oznaļovan® ako ESKAPE patog®ny (Enterococcus faecium, 

Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas 

aeruginosa a druhy rodu Enterobacter) [3]. Hlavnou pr²ļinou vzniku a ġ²renia tĨchto 

multirezistentnĨch nozokomi§lnych patog®nov je intenz²vne a dlhodob®, ļasto aj neopodstatnen® 

pouģ²vanie antibiot²k naprieļ celĨm syst®mom zdravotnej starostlivosti [4].  

V poslednĨch rokoch sa ako potenci§lne antimikrobi§lne materi§ly zaļali sk¼maŠ kati·nov® 

polysacharidy [5]. Ich ¼ļinnosŠ z§vis² od r¹znych faktorov, akĨmi s¼: druh cieŎov®ho 

mikroorganizmu, hustota n§boja, rozpustnosŠ vo vode a ich veŎkosŠ. ZatiaŎ ļo ġtrukt¼ry s n²zkou 

m·lovou hmotnosŠou m¹ģu prenikn¼Š do bakteri§lnej bunky, polym®ry s vysokou m·lovou 

hmotnosŠou pravdepodobne vytv§raj¼ film na povrchu bunky, ļ²m inhibuj¼ transport ģiv²n [6]. 

Viacero ġt¼di² potvrdilo antimikrobi§lnu aktivitu kvarternizovan®ho chitoz§nu a Ņalġ²ch 

polysacharidov rastlinn®ho alebo mikrobi§lneho p¹vodu [7,8]. 

CieŎom tejto pr§ce bolo pripraviŠ kvarternizovan® dextr§ny r¹znej m·lovej hmotnosti a ġtudovaŠ 

ich antibakteri§lny ¼ļinok voļi meticil²n rezistentnej gram-negat²vnej bakt®rii Staphylococcus 

aureus (MRSA). 

 

Materi§l a met·dy 

Dextr§ny D10 a D500 (Pharmacia Fine Chemicals, Ġv®dsko), D70 (Biotika, Slovensko) a D2000 

(Biosynth Carbosynth, UK) s porovnateŎnĨm stupŔom vetvenia (3ï5%) a r¹znymi m·lovĨmi 

hmotnosŠami sme chemicky modifikovali kvarterniz§ciou s (3-chloro-2-hydroxypropyl) 

trimetylam·nium chloridom (CHPTAC; 72.0% vodnĨ roztok; TCI, Japonsko) za vodno-

alkalickĨch podmienok (NaOH:CHPTAC 1:1; 6 h; 60 ÁC) do pribliģne rovnak®ho stupŔa 

kvarterniz§cie (DSQ). DSQ sa stanovil na z§klade percentu§lneho obsahu dus²ka (%N) 

element§rnou analĨzou pomocou nasleduj¼ceho vzŠahu: 

DSQ = (162 Ĭ %N) / ((14 Ĭ 100) Ĭ (152 Ĭ %N))      



ĐspeġnosŠ kvarterniz§cie bola Ņalej sledovan§ NMR spektroskopiou v D2O (99.97% D) pri 65 ÁC 

pomocou Bruker AVANCE III HD 400 MHz (Bruker BioSpin, Nemecko) NMR spektrometra so 

ġirokop§smovou BB-(H-F)-D-05-Z Prodigy sondou chladenou tekutĨm dus²kom. Spektr§ boli 

nastaven® na sign§l intern®ho acet·nov®ho ġtandardu (2.225 ppm). 

Meticil²n rezistentnĨ S. aureus ZPM 24 (N§rodn® referenļn® centrum ï Zbierka kult¼r 

patog®nnych mikroorganizmov SZU, Slovensko) bol kultivovanĨ v pr²tomnosti kvarternizovanĨch 

dextr§nov (1000ï7.81 Õg/mL). Ġtandardizovanou mikrodiluļnou technikou [8] sa stanovila 

antibakteri§lna aktivita kvarternizovanĨch dextr§nov ako minim§lna inhibiļn§ (MIC), minim§lna 

bakteric²dna koncentr§cia (MBC) a minim§lna koncentr§cia inhib²cie tvorby biofilmu (MBIC).  

 

VĨsledky a diskusia 

Dextr§n je extracelul§rny neutr§lny vetvenĨ polysacharid produkovanĨ laktobakt®riami ako 

Leuconostoc mesenteroides a je komerļne dostupnĨ v r¹znych m·lovĨch hmotnostiach. Pozost§va 

z hlavn®ho reŠazca Ŭ-1,6-viazanej D-gluk·zy s r¹znym percentom Ŭ-1,4-, Ŭ-1,3- a Ŭ-1,2-viazanĨch 

boļnĨch gluk·zovĨch vetiev v z§vislosti od konkr®tneho kmeŔa [9]. Chemickou modifik§ciou 

voŎnĨch ïOH skup²n s CHPTAC (Obr. 1) sme pripravili kvarternizovan® deriv§ty s pozit²vnym 

n§bojom.  

 

Obr. 1: ReakļnĨ mechanizmus kvarterniz§cie dextr§nu zahŘŔa tvorbu alkoxidov z ïOH skup²n 

dextr§nu v alkalickom prostred² a ich n§sledn¼ reakciu s (2,3-epoxypropyl)trimetylam·nium 

chloridom (EPTAC), ktorĨ sa vytv§ra in situ reakciou CHPTAC s NaOH [10].  

Pr²tomnosŠ kvart®rnej am·niovej skupiny potvrdila element§rna analĨza ako aj NMR 

spektroskopia. V spektr§ch kvarternizovanĨch deriv§tov sa okrem sign§lov prisl¼chaj¼cich 

dextr§nu objavili aj nov® sign§ly pri 3.23, 3.50, 3.73 a 4.42 ppm patriace deviatim prot·nom 

kvart®rnej am·niovej skupiny (ïN+ï(CH3)3), ġtyrom prot·nom ïCH2ïNï a ïOïCH2ï 

metyl®novĨch skup²n a jedn®mu prot·nu ïCHOHï skupiny. NovĨ sign§l v anom®rnej oblasti pri 

5.14 ppm tieģ indikuje ¼speġnosŠ kvarterniz§cie. StupeŔ kvarterniz§cie DSQ sa pohyboval okolo 

0,50 (Tab. 1). 

 



Tab. 1: VĨsledky kvarterniz§cie dextr§nov r¹znych m·lovĨch hmotnost² za vodno-alkalickĨch 

podmienok (NaOH:CHPTAC 1:1; 6 h; 60 ÁC) a ich antimikrobi§lna ¼ļinnosŠ voļi MRSA 

vyjadren§ ako minim§lna inhibiļn§ (MIC), minim§lna bakteric²dna koncentr§cia (MBC) 

a minim§lna koncentr§cia inhib²cie tvorby biofilmu (MBIC). 

 

Vzorka 
Mw 

(kDa) 

CHPTAC/AU a 

(mol/mol) 
DSQ 

RU b 

(%) 

MIC 

(ɛg/mL) 

MBC 

(ɛg/mL) 

MBIC 

(ɛg/mL) 

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

D70Q 76 7 0,52 7,4 125 125 125 

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 
a AU ï anhydrosacharidov§ jednotka 
b Reakļn§ ¼ļinnosŠ (RU) = DSQ / DSteor. Ĭ 100, kde DSQ je stupeŔ substit¼cie a DStheor. je 

teoretickĨ stupeŔ substit¼cie, ktorĨ by bol dosiahnutĨ v pr²pade, ģe vġetok CHPTAC zreagoval. 

 

Pripraven® kvarternizovan® dextr§ny inhibovali rast MRSA v z§vislosti od m·lovej hmotnosti 

(Tab. 1, Obr. 2A). V pr²pade deriv§tu D10Q s najniģġou m·lovou hmotnosŠou sme v danom 

koncentraļnom rozsahu nezaznamenali minim§lnu inhibiļn¼ ani bakteric²dnu koncentr§ciu. U 

deriv§tov s vyġġou m·lovou hmotnosŠou sa ale inhibiļnĨ i bakteric²dny ¼ļinok prejavil, konkr®tne 

pri koncentr§cii 125 ɛg/mL (D70Q) resp. 31,25 ɛg/mL (D500Q a D2000Q). PodobnĨ trend sme 

pozorovali aj v pr²pade inhib²cie tvorby biofilmu (Obr. 2B). Nemodifikovan® dextr§ny 

nevykazovali ģiadnu antibakteri§lnu ¼ļinnosŠ bez ohŎadu na ich m·lov¼ hmotnosŠ.  

 

 

Obr. 2: VĨsledky stanovenia viability (A) a inhib²cie tvorby biofilmu (B) MRSA v pr²tomnosti 

kvarternizovanĨch dextr§nov r¹znych m·lovĨch hmotnost². VĨsledky s¼ uveden® ako priemer 

troch stanoven² Ñ smerodajn§ odchĨlka. Ġtatisticky vĨznamn® rozdiely vo viabilite (%) vzhŎadom 

k neopracovanĨm bunk§m (100%) s¼ naznaļen® pr²sluġnĨmi symbolmi pre jednotliv® deriv§ty 

(D10Q: *p < 0,05, ** p < 0,01, *** p < 0,001; D70Q: #p < 0,05, ##p < 0,01, ###p < 0,001; D500Q: &p 

< 0,05, && p < 0,01, &&& p < 0,001; D2000Q: $p < 0,05, $$p < 0,01, $$$p < 0,001). 



Vplyv m·lovej hmotnosti na antimikrobi§lnu aktivitu kati·novĨch polysacharidov bol intenz²vne 

ġtudovanĨ na chitoz§ne [11]. Publikovan® pr§ce s¼ vġak rozporupln®. Naġe vĨsledky naznaļuj¼, ģe 

je potrebn§ urļit§ minim§lna m·lov§ hmotnosŠ (>10 kDa), aby boli kvarternizovan® dextr§ny 

antimikrobi§lne ¼ļinn® voļi MRSA. Đļinok so zvyġuj¼cou sa m·lovou hmotnosŠou narastal, aģ 

kĨm nedosiahol svoje maximum (~410 kDa). ńalġie zvyġovanie m·lovej hmotnosti sa uģ 

neprejavilo vyġġou antibakteri§lnou aktivitou. K podobnĨm z§verom dospeli aj No a kol. [12] 

v pr²pade chitoz§nu. 

Prezentovan® vĨsledky s¼ ĂodrazovĨm most²komñ pre hlbġie ġt¼dium vzŠahu ġtrukt¼ry 

kvarternizovanĨch polysacharidov a ich antimikrobi§lneho ¼ļinku. Poznanie tohto vzŠahu umoģn² 

cielen¼ pr²pravu ¼ļinnĨch biomateri§lov na b§ze polysacharidov vhodnĨch na prevenciu 

a eradik§ciu nozokomi§lnych infekci².  
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Đvod 

Homol·gne modelovanie prote²nov je vĨpoļtov§ met·da vyuģ²van§ na vytvorenie 

trojdimenzion§lneho (3D) modelu prote²nu na z§klade znalosti jeho prim§rnej ġtrukt¼ry 

a experiment§lne stanovenej terci§rnej ġtrukt¼ry homol·gneho prote²nu (templ§tu) [1]. Medzi 

najļastejġie pouģ²vanĨ softv®r na homol·gne modelovanie patr² Modeller [2]. Alernat²vu k tomuto 
pr²stupu predstavuje napr. AlphaFold [3], ktorĨ je syst®mom umelej inteligencie a  predikuje 3D 

ġtrukt¼ru prote²nov z ich aminokyselinovej sekvencie. V tejto pr§ci porovn§me modely 

glykozidtransglykozyl§z vytvorenĨch tĨmito dvomi softv®rmi.  

 

Materi§l a met·dy 

Ako vzorov® glykozidtransglykozyl§zy boli pouģit® dve formy xylogluk§nendotransglykozyl§zy 

(XET), ktor® s¼ v datab§ze UniProtKB [4] uloģen® pod ļ²slami P93671 a P93672. V tejto pr§ci 

figuruj¼ enzĨmy pod skratkami HvXET3 a HvXET4. Ako templ§t pre homol·gne modelovanie 

bola pouģit§ jedin§ zn§ma kryġtalografick§ ġtrukt¼ra XET, 1UN1.pdb [5]. 

Na vytvorenie homol·gnych modelov sa pouģila verzia programov Modeller9v6 [6] a AlphaFold 

v2 (DeepMind) [3]. 

 

VĨsledky a diskusia 

Porovnanie prim§rnych ġtrukt¼r HvXET3 a HvET4 s farebnĨm vyznaļen²m hydrofobicity 

aminokysel²n uk§zalo, ģe najvĨraznejġ² rozdiel medzi tĨmito izoformami spoļ²va v rozdielnom 

poļte aminokysel²n tvoriacich ich ġtrukt¼ru (Obr.1), priļom HvXET3 obsahuje viac hydrof·bnych 

aminokysel²n. 

 

Obr.1: Zarovnanie prim§rnych ġtrukt¼r HvXET3 a HvXET4 s vizualiz§ciou hydrofobicity jednotlivĨch 

aminokysel²n. Hydrofobicita aminokysel²n kles§ od ļervenej cez ruģov¼ a fialov¼ po modr¼. 



Prekrytie modelov terci§lnych ġtrukt¼r vytvorenĨch programom Modeller uk§zalo, ģe tento rozdiel 

by nemal ovplyvŔovaŠ ġtrukt¼ru akt²vneho miesta enzĨmov, keŅģe sa nach§dza v perif®rnej 

oblasti, ktor§ je od neho dostatoļne vzdialen§ (Obr.2). VzhŎadom na pr²tomnosŠ ɓ-listov 

v HvXET3 v mieste, kde je HvXET4 skr§ten§, by sa  mohol do urļitej miery prejaviŠ v stabilite 

molek¼l vystavenĨch r¹znym podmienkam. 

 

 

V Ņalġom kroku boli vytvoren® modely HvXET3 a HvXET4 programom AlphaFold. RMSD (root 

means square deviation) medzi tĨmito modelmi a modelmi vytvorenĨmi pomocou programu 

Modeller (Obr. 3) bolo pribliģne rovnak® pre HvXET3 (1,740 ¡) aj HvXET4 (1,795 ¡). Tak§to 

n²zka hodnota reprezentuje vysok¼ podobnosŠ oboch modelov, priļom vizu§lne m¹ģeme sledovaŠ 

hlavnĨ rozdiel opªŠ v oblasti s r¹znym poļtom aminokysel²n zvĨraznenĨm na Obr. 2. V pr²pade 

HvXET3, kde Modeller naznaļil v tejto oblasti urļit® usporiadanie do ɓ-listov, nechal AlphaFold 

ġtrukt¼ru v tejto oblasti neusporiadan¼, pokĨm v pr²pade HvXET4, v ktorej podŎa Modelleru bola 

t§to oblasŠ neusporiadan§, sa podŎa AlphaFoldu objavila -hhelik§lna ġtrukt¼ra (Obr. 3). ńalġ² 

skr§tenĨ -hh®lix sa objavil v C-termin§lovej ġtrukt¼re napriek tomu, ģe v HvXET3 sa tak®to 

usporiadanie neobjavilo. 

Experiment§lna charakteriz§cia tĨchto enzĨmov [7] uk§zala, ģe napriek vysokej podobnosti 

ġtrukt¼r (Obr. 1) a biochemickĨch vlastnost² (identick® teplotn® a pH optimum) je HvXET3 v 

porovnan² s HvXET4 menej odoln§ voļi n§hlym zmen§m tepl¹t a m§ o nieļo niģġiu pH stabilitu. 

Toto by mohlo byŠ zapr²ļinen® pr§ve z§menou neusporiadanej ļasti ġtrukt¼ry za -hhelik§lnu, ktor¼ 

navrhol AlphaFold pre HvXET4. Na druhej strane bola HvXET3 o nieļo odolnejġia voļi vysokĨm 

teplot§m, ļo by sa dalo sk¹r prip²saŠ jej mierne vyġġej hydrofobicite (Obr. 1). 

Obr.2: Prekryv homol·gnych modelov 

HvXET3 a HvXET4 vytvorenĨch programom 

Modeller. V r§mļeku je vizualizovan§ oblasŠ 

s najvªļġ²mi ġtruktur§lnymi rozdielmi. 

Akt²vne miesto enzĨmov je tvoren® ɓ-listami, 

ktorĨch usporiadanie umoģŔuje viazanie 

donorovĨch a akceptorovĨch substr§tov.  



 

Obr. 3 Prekrytie homol·gnych modelov HvXET izoforiem vytvorenĨch programami AlphaFold 

a Modeller. 

 

Z§ver 

Program AlphaFold vytvoril v pr²pade izoformy HvXET4 -hhelik§lnu ġtrukt¼ru, ktor§ by mohla 

prispievaŠ k vyġġej stabilite tohto enzĨmu voļi n§hlym zmen§m tepl¹t a k jeho vyġġej pH stabilite 

v porovnan² s HvXET3. Tieto vĨsledky m¹ģu naznaļovaŠ vyġġiu presnosŠ modelov vytvorenĨch 

AlphaFoldom ako Modellerom. Rozdiely v modeloch sa prejavili vĨluļne v neusporiadanĨch 

oblastiach ġtrukt¼r, oblasŠ akt²vneho miesta tvoren§ sendviļovou ġtrukt¼rou zloģenou z ɓ-listov a 

ukonļen§ Ŭ-h®lixom bola dan§ kryġtalografickou ġtrukt¼rou templ§tu, na z§klade ktor®ho pracuj¼ 

algoritmy oboch programov.   
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Đvod 

PrudkĨ rozvoj nukleotidovĨch a prote²novĨch datab§z spojenĨ s vĨvojom vĨpoļtovej techniky 

viedol k vĨznamnĨm zmen§m v met·dach pr§ce s nezn§mymi bielkovinami, ktor§ sa prejavila napr. 

v ļiastoļnom nahraden² ich komplikovanĨch purifik§ci² zo surovĨch pr²rodnĨch materi§lov s cieŎom 

stanoviŠ ich kompletn¼ ġtrukt¼ru a charakteristiky, na pr§cu s datab§zami, pr²pravu syntetickĨch 

g®nov a expresiu cieŎovĨch prote²nov na z§klade ich ļiastoļnej biochemickej charakteriz§cie. Na 

otestovanie sp¹sobilosti takejto met·dy sme z datab§zy UniprotKB [1] vybrali prote²n Q75XT0, 

ktorĨ by mal na z§klade ġtrukt¼ry reprezentovaŠ glykozidhydrol§zu (GH) z rodiny 28 [2].  

 

Materi§l a met·dy 

Na z§klade bioinformatickej analĨzy [3] sme potvrdili, ģe hypotetickĨ prote²n Q75XT0 vykazuje 

pr²tomnosŠ aminokysel²n esenci§lnych pre viazanie a hydrolĨzu substr§tov typickĨch pre enzĨmy 

rodiny GH 28. V datab§zach sme vyhŎadali jeho nukleotidov¼ ġtrukt¼ru (ENA, BAC87792), 

komerļnou cestou dali pripraviŠ syntetickĨ g®n (ProteoGenixSAS) a transformovali ho do Pichia 

pastoris GS115 [4]. CieŎovĨ prote²n bol z²skanĨ rovnakĨm postupom ako prote²n A0A161ZKU8 [5] 

a rovnako bol n§sledne ļiastoļne charakterizovanĨ. Expresia prote²nu Q75XT0 bola v kultivaļnom 

m®diu potvrden§ hmotnostnou spektrometriou (Orbitrap Elite, ThermoScientific) [6], priļom boli 

s¼ļasne stanoven® kontaminuj¼ce prote²ny poch§dzaj¼ce z P. pastoris.  

 

VĨsledky a diskusia 

Bioinformatick§ analĨza uk§zala, ģe ģiaden z kontaminuj¼cich prote²nov, ktor® poch§dzaj¼ 

z produkļn®ho kmeŔa P. pastoris, neobsahuje aminokyseliny, ktor® s¼ esenci§lne pre katalytick¼ 

aktivitu rodiny GH 28, t.j. nem¹ģe ovplyvŔovaŠ vĨsledky zisten® na z§klade stanovenia enzĨmovej 

aktivity Q75XT0. Prote²novĨ profil prezr§ģanĨch prote²nov separovanĨch podŎa ich molekulovej 

hmotnosti (Mh) je zobrazenĨ na Obr. 1. Najvyġġia enzĨmov§ aktivita sa zistila vo frakcii 12,5 ml, 

ktor§ koreġponduje s Mh Q75XT0 vyplĨvaj¼cej z jeho ġtrukt¼ry. 

 

Obr. 1. Prote²novĨ profil prezr§ģan®ho kultivaļn®ho m®dia na kol·ne Superose 1 zapojenej do zariadenia 

NGC (Bio-Rad). 



Stanovenie aktivity na polysacharid a jeho pentam®r uk§zalo, ģe aktivita na polysacharid je pribliģne 

2,7 x vyġġia ako na pentam®r. V porovnan² s izoformou A0A161ZKU8 bol tento pomer r§dovo niģġ², 

keŅģe v pr²pade A0A161ZKU8 bol tento pomer v prospech polym®ru vyġġ² viac ako 20x.  

ńalġ² rozdiel medzi tĨmito dvomi formami sa zistil pri stanoven² pH optima, ktor® mala izoforma 

Q75XT0 pribliģne 4,3 na rozdiel od pH optima A0A161ZKU8, ktor® bolo okolo pH 4,0 (Obr. 2A). 

Teplotn® optimum mali rovnako vysok®, 70 C̄ (Obr. 2B), ļo je hodnota typick§ pre tieto enzĨmy [7]. 

            A                                                                B 

 

Obr. 2. Charakteriz§cia Q75XT0. A - pH optimum, B ï teplotn® optimum 

 

Z§ver  

Prote²n Q75XT0 je rovnako ako prote²n A0A161ZKU8 [4] typickou glykozidhydrol§zou, ktor§ patr² 

do GH rodiny 28. M§ preferenciu pre vysokomolekul§rne substr§ty, od A0A161ZKU8 sa l²ġi pH 

optimom, kĨm teplotn® optimum maj¼ identick®. Ide o prv¼ ļiastoļn¼ charakteriz§ciu tohto enzĨmu 

na ¼rovni jeho experiment§lne stanovenej aktivity. 
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Đvod 

V pr²pade enzĨmov, ktor® katalyzuj¼ hydrolĨzu polysacharidov zloģenĨch z kyslĨch jednotiek, 

m¹ģe zohr§vaŠ vĨznamn¼ ¼lohu v ġpecificite tĨchto enzĨmov elektrostatickĨ potenci§l ich 

povrchu. TakĨmito enzĨmami m¹ģu byŠ napr. izoformy exoglykozidhydrol§z (exoGH) rodiny 28 

[1]. Pr²tomnosŠ viacerĨch izoforiem sa zistila uģ v starġ²ch pr§cach, ktor® sa zaoberali 

charakteriz§ciou tĨchto enzĨmov na ¼rovni stanovenia enzĨmovej aktivity v surovĨch 

prote²novĨch extraktoch [2,3]. Ġtrukt¼ry enzĨmov sa vybrali na z§klade pr²tomnosti esenci§lnych 

aminokysel²n nevyhnutnĨch pre katalytick® vlastnosti tejto skupiny bioinformatickou analĨzou 

prote²nov [4] v datab§ze UniProtKB [5]. Z desiatich vybranĨch ġtrukt¼r boli zatiaŎ dok§zan® 

predpokladan® glykozidhydrol§zov® aktivity pre dva prote²ny, A0A161ZKU8 [6] a Q75XT0. 

 

Materi§l a met·dy 

Prote²nov® ġtrukt¼ry desiatich ļiastoļne charakterizovanĨch a potenci§lnych izoforiem exoGH 28 

boli vybran® na z§klade ġt¼die Stratilovej a kol [4]. FylogenetickĨ strom bol vytvorenĨ v programe 

MEGA v7.0.26 [7] a Clustal Omega [8]. Ako modely ich terci§rnych ġtrukt¼r boli pouģit® pr²sluġn® 

3D modely z datab§zy AlphaFold [9]. ElektrostatickĨ potenci§l ich povrchov bol zobrazenĨ 

v programe PyMol [10]. 

 

VĨsledky a diskusia 

FylogenetickĨ strom vytvorenĨ pre dve ġtrukt¼ry s potvrdenou aktivitou exoglykozidhydrol§z 

rodiny GH 28 (A0A161ZKU8 a Q75XT0) a Ņalġ²ch osem ġtrukt¼r, ktor® by mohli maŠ tieto 

aktivity na z§klade vĨsledku bioinformatickej analĨzy uk§zal, ģe tieto ġtrukt¼ry tvoria dve 

fylogenetick® skupiny (Obr. 1). 

               

Obr. 1. FylogenetickĨ strom ļiastoļne 

charakterizovanĨch (A0A161ZKU8, 

Q75XT0) a potenci§lnych izoforiem 

exoGH 28 vytvorenĨ programom MEGA  

[7]. 



 

Obr. 2. ElektrostatickĨ potenci§l povrchov ļiastoļne charakterizovanĨch (A0A161ZKU8 a Q75XT0) a 

potenci§lnych izoforiem exoGH 28 



Zobrazenie elektrostatick®ho potenci§lu povrchov modelov z AlphaFold datab§zy pouk§zalo na 

vĨrazn® rozdiely potenci§lov jednotlivĨch ġtrukt¼r, ktor® zahrŔovali aj akt²vne miesta enzĨmov 

(Obr. 2). 

Porovnan²m elektrostatickĨch potenci§lov povrchov ġtrukt¼r a ich zaraden²m do fylogenetick®ho 

stromu vytvoren®ho programom MEGA sme nezistili medzi nimi ģiadnu korel§ciu. Z tohto d¹vodu 

sme vytvorili aj fylogenetickĨ strom programom Clustal Omega, ktorĨ vyjadroval vzŠah medzi 

povrchmi podstatne lepġie (Obr. 3). 

 

Obr. 3. FylogenetickĨ strom ļiastoļne charakterizovanĨch (A0A161ZKU8, Q75XT0) a potenci§lnych 

izoforiem exoGH 28 vytvorenĨ programom Clustal Omega [8]. 

Z§ver 

Exoglykozidhydrol§zy rodiny GH 28 sa vyskytuj¼ v podobe viacerĨch izoforiem, ktor® vykazuj¼ 

vĨznamn® rozdiely v elektrostatickĨch potenci§loch svojich povrchov, priļom sa tieto rozdiely 

daj¼ pozorovaŠ aj v akt²vnych miestach enzĨmov. Vplyv tĨchto rozdielov na viazanie a hydrolĨzu 

nabitĨch polysacharidov bude predmetom Ņalġieho vĨskumu. 
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Đvod 

Glykozidtransglykozyl§zy podrodiny GH 16_20 [1] katalyzuj¼ ġtiepenie vysokomolekul§rneho 

sacharidov®ho substr§tu, priļom n§sledne pren§ġaj¼ fragment s p¹vodnĨm neredukuj¼cim koncom 

(donorovĨ substr§t) na inĨ poly- alebo oligosacharid (akceptorovĨ substr§t). EnzĨmy sa odliġuj¼ 

r¹znou donorovou a akceptorovou ġpecificitou, napr. pre enzĨm TmXET6.3 bola experiment§lne 

stanoven§ ġirok§ akceptorov§ ġpecificita pre neutr§lne oligosacharidy [2], kĨm pre ġtruktur§lne 

najlepġie charakterizovanĨ enzĨm z tejto skupiny, PttXET16A [3], bola stanoven§ striktn§ 

ġpecificita aj pre donor aj pre akceptor. Simul§cie stability komplexov enzĨm-donor-akceptor [4] 

uk§zali, ģe kĨm komplexy TmXET6.3 boli stabiln® so vġetkĨmi akceptormi, stabilita PttXET16A 

vyģadovala ġpecifick¼ 1,3- alebo 1,4-vªzbu medzi vĨluļne gluk·zovĨmi jednotkami. V tejto pr§ci 

sme testovali, ļi takto z²skan® teoretick® vĨsledky zodpovedaj¼ experiment§lnym aj v pr²pade 

vz§cnej skupiny enzĨmov, ktor§ operuje aj na akceptoroch s n§bojom [5].  

 

Materi§l a met·dy 

Homol·gne modely TmXET6.3, jej dvojit®ho mutanta TmXET6.3_W75H/Y110R a HvXET3 boli 

zostrojen® na z§klade koordin§tov z²skanĨch z kryġtalografickej ġtrukt¼ry PttXET16A (templ§t) 

[3]. Homol·gne modely boli generovan® v Modeller9v6 [6]. Ako donor sl¼ģil xylogluk§n 

heptaoligosacharid (XG-OS7), ktorĨ bol dokovanĨ podŎa koordin§t pre xylogluk§n nonasacharid 

po odstr§nen² dvoch termin§lnych galakt·zovĨch rez²du² [7]. Ako akceptor sl¼ģili neutr§lne 

oligosacharidy [4], v tejto pr§ci konkr®tne xylotetrasacharid (Xyl-OS4). Jeho ġtrukt¼ra bola 

pripraven§ pomocou GLYCAM-web serveru [8] a upraven§ pre dokovanie v LigPrep tool [9]. 

Prote²nov® ġtrukt¼ry boli pripraven® pre dokovanie v Protein Preparation Wizard [10]. Samotn® 

dokovanie bolo roben® v programe Glide [11] a redokovan® pomocou Induced Fit Docking 

Protocol [12]. Pre simul§cie molekulovou dynamikou sa ġtrukt¼ry komplexov enzĨm-donorï

akceptor pripravili v tleap, ktorĨ je s¼ļasŠou programov®ho bal²ka Amber16 [13], aplikovali sa 

parametre silov®ho poŎa Amber ff99SB na prote²ny a parametre GLYCAM06 pre sacharidy, 

solvatovalo sa molekulami vody TIP3P [14]. Potom boli ġtrukt¼ry ekvilibrovan® a pouģit® pre 

simul§cie molekulovou dynamikou [4].  

 

 



VĨsledky a diskusia 

Glykozidtransglykozyl§zy TmXET6.3, TmXET6.3_W75H/Y110R a HvXET3 sa vyznaļuj¼ 

nezvyklo ġirokou akceptorovou ġpecificitou, t.j. s¼ schopn® pren§ġaŠ fragmenty donora na cel® 

spektrum ġtruktur§lne odliġnĨch neutr§lnych poly- alebo oligosacharidov [2,5].  HvXET3 sa od 

TmXET6.3 l²ġi schopnosŠou vyuģ²vaŠ ako akceptor aj nabit® oligosacharidy [5]. Dvojbodov§ 

mut§cia TmXET6.3, TmXET6.3_W75H/Y110R viedla k z²skaniu schopnosti katalyzovaŠ prenos 

na nabit® substr§ty rovnako, ako tomu bolo v pr²pade skupiny enzĨmov ġtruktur§lne podobnĨch 

s HvXET3 [5]. 

Pokus o simul§ciu pomocou molekulovej dynamiky komplexu enzĨm-XG-OS7-Xyl -OS4, ktorĨ sa 

osvedļil v pr²pade TmXET3 a PttXET16A [4], viedol napriek experiment§lne stanovenej aktivite 

na tento akceptor k postupn®mu uvoŎŔovaniu akceptora z vªzobn®ho miesta, priļom v ļase 

ukonļenia simul§cie sa akceptor nach§dzal mimo akt²vneho miesta enzĨmu (Obr. 1). RovnakĨ 

vĨsledok uk§zala simul§cia s dvojitĨm mutantom TmXET6.3_W75H/Y110R, ktorĨ je tieģ na tento 

akceptor akt²vny. 

 

Obr.1: Simul§cia molekulovej dynamiky stability komplexov enzĨm (TmXET6.3, siv§ alebo HvXET3, 

modr§) ï donor (XG-OS7, tyrkysov§) ï akceptor (Xyl-OS4, ruģov§) na poļiatku simul§cie (0 ns) a na jej 

konci (1000 ns). 



Z§ver 

Z vĨsledkov vyplĨva, ģe v pr²pade enzĨmov podrodiny GH 16_20, ktor® s¼ schopn® vyuģ²vaŠ 

okrem ġirok®ho spektra neutr§lnych oligosacharidov ako akceptory aj nabit® poly- 

a oligosacharidy, nie je medzi experiment§lne stanovenĨmi aktivitami a vĨsledkami ġt¼di² stability 

komplexov enzĨm-donor-akceptor zhoda, ako tomu bolo v pr²pade ġpecifickĨch enzĨmov alebo 

enzĨmov operuj¼cich na neutr§lnych poly- a oligosacharidoch. Predpoklad§me, ģe chyba m¹ģe byŠ 

v pozmenenej 3D ġtrukt¼re akt²vneho miesta enzĨmov s mut§ciami, ktor® im umoģŔuj¼ viazaŠ 

v akt²vnom mieste aj substr§ty s n§bojom, v porovnan² s pouģitĨm templ§tom a/alebo s tĨm 

s¼visiacim dokovan²m. V d¹sledku tohto m¹ģu byŠ potom vĨchodzie modely enzĨm-donor-

akceptor pre t¼to skupinu enzĨmov chybn®. Preto povaģujeme za nutn® uskutoļniŠ kryġtalografick® 

ġt¼die aj enzĨmov podrodiny GH 16_20, ktor® vykazuj¼ schopnosŠ transferu na nabit® substr§ty. 
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Đvod 

Transglykozyl§zy reprezentuj¼ zvl§ġtnu skupinu hydrolytickĨch enzĨmov, ktor® po rozġtiepen² 

polysacharidu nepren§ġaj¼ jeho fragment s p¹vodnĨm neredukuj¼cim koncom na vodu ale na inĨ 

poly- alebo oligosacharid [1]. V minulosti boli na z§klade aktivity povaģovan® za skupinu 

transfer§z [2], aktu§lne sa preferuje klasifik§cia na z§klade ġtruktur§lnych rysov, podŎa ktorej 

patria medzi hydrol§zy [3]. Glykozidtransglykozyl§zy podskupiny 16_20 [4] sa l²ġia donorovou 

a/alebo akceptorovou ġpecificitou, priļom vªļġinou sa tieto aktivity tĨkaj¼ vĨluļne neutr§lnych 

sacharidov [5]. Niektor® enzĨmy vġak dok§ģu katalyzovaŠ prenos neutr§lnych fragmentov donorov 

na nabit® akceptory. Boli identifikovan® aminokyselinov® zvyġky nach§dzaj¼ce sa v z§kladnej ļasti 

vªzobn®ho miesta [6], priļom bol pouģitĨ enzĨm TmXET6.3, ktorĨ m§ v C-termin§lovej oblasti 

rovnako ako HvXET b§zick® aminokyseliny, takģe o tejto oblasti neposkytol ģiadne nov® ¼daje. 

V tejto pr§ci sa pok¼sime o korel§ciu ġtruktur§lnych ¼dajov tĨkaj¼cich sa predmetnĨch C-

termin§lovĨch sekvenci² a aktiv²t na dan® akceptory. 

 

Materi§l a met·dy 

Zarovnanie prim§rnych ġtrukt¼r z UniprotKB [7] sa robilo programom ClustalOmega [8], 3D 

ġtrukt¼ry enzĨmov boli modelovan® na z§klade kryġtalografickej ġtrukt¼ry 1un1.pdb [9] 

programom Modeller 9v6 [10] a zobrazen® v programe PyMol [11]. Aktivity na substr§tovĨ p§r 

neutr§lny donorovĨ polysacharid/negat²vne nabitĨ oligosacharid boli stanoven® delen²m 

fluorescenļne znaļenĨch produktov reakcie a p¹vodn®ho znaļen®ho akceptora na molekulovom 

site zapojenom do HPLC s fluorescenļnĨm detektorom [5]. Priebeh reakcie bol sledovanĨ na 

z§klade narastaj¼cej plochy p²ku produktu v z§vislosti od dŌģky enzĨmovej reakcie. 

 

VĨsledky a diskusia 

Zarovnanie C-termin§lovĨch sekvenci² vybranĨch glykozidtransglykozyl§z podskupiny 16_20 je 

zobrazen® na Obr.1. Tieto enzĨmy, s vĨnimkou TmXET6.3, boli vybran® na z§klade ich 

schopnosti katalyzovaŠ reakcie medzi neutr§lnymi donormi a nabitĨmi akceptormi [6]. TmXET6.3 

tak¼to schopnosŠ z²skala po mut§ci§ch W75H a Y110R (TmXET6.3_W75H/Y110R) [6]. In® 

enzĨmy, ktor® patria do tejto podskupiny a nemali v uvedenej sekvencii lyz²nov® zvyġky, tak¼to 

aktivitu nemali. 



Umiestnenie a polohy konzervovan®ho argin²nov®ho zvyġku a okolitĨch lyz²novĨch rez²du² v 

modeloch enzĨmov zobrazuje Obr. 2. Vġetky tieto zvyġky s¼ aj bez opaļne nabit®ho substr§tu 

naklonen® smerom k miestu jeho potenci§lneho viazania.  

 

V5ZEF7_TmXET6.3       WVRDNYMIYDYCKDFKRFSQGLPRECSVN--- 250  

P93671_HvXET3         WVQSNYMIYNYCTDPKRVAKGVPAECSM---- 272  

P93672_HvXET4         WVQRKFMIYNYCTDPKRVAQGVPAECKLR--- 266  

B1P1S7_HvXET6         WVQKNYMIYNYCTDTWRFKDGAPPECASK--- 259  

                      **: :. **:**.*  *   

Obr.1:  Zarovnanie C-termin§lovĨch sekvenci² vybranĨch glykozidtransglykozyl§z podskupiny 16_20. 

 

Obr.2: Umiestnenie a polohy argin²nov®ho a lyz²novĨch rez²du² v C-termin§lovej sekvencii vybranĨch 

glykozidtransglykozyl§z podskupiny 16_20. A - TmXET6.3_W75H/Y110R, B ï HvXET3, C ï HvXET4, 

D ï HvXET6. 



Poļet a poz²cie lyz²novĨch zvyġkov v tejto oblasti enzĨmov a ich aktivity na danĨ substr§tovĨ p§r 

s¼ zhrnut® v Tab. 1. Najakt²vnejġ² bol mutant TmXET6.3 s dvomi lyz²novĨmi zvyġkami 

umiestnenĨmi v tesnej bl²zkosti pred konzervovanĨm argin²novĨm zvyġkom nasledovanĨ 

HvXET3, ktor§ m§ identicky umiestnenĨ jeden zvyġok tesne pred argin²novĨm a druhĨ pomerne 

bl²zko za n²m, a potom HvXET4, ktor§ m§ len lyz²novĨ zvyġok pred argin²novĨm. HvXET6 m§ 

len jeden lyz²novĨ zvyġok za argin²novĨm a najniģġiu aktivitu. 

 

Tab.1: VĨskyt b§zickĨch aminokyselinovĨch zvyġkov (K, lyz²n a R, argin²n) v C-termin§lovej sekvencii 

glykozidtransglykozyl§z podskupiny 16_20 a ich aktivita na nabit® akceptory. 

9ƴȊȇƳ  YнопϞ  YнотϞ  wноуϞ  YнплϞ YнпмϞ Aktivita na 

ƴŀōƛǘŞ ŀƪŎŜǇǘƻǊȅ  

TmXET6.3_W75H/Y110R  K234  K237  R238  - - +++  

HvXET3 (P93671)  -  K260  R261  - K264 ++(+)  

HvXET4 (P93672)  -  K253 R254  - - +(+)  

HvXET6 (B1P1S7)  -  -  R247  K249 - +  

À ļ²slovanie aminokyselinovĨch zvyġkov v TmXET6.3 

 

Z§ver 

VĨskyt b§zickĨch lyz²novĨch rez²du² v okol² konzervovan®ho argin²nov®ho zvyġku, ktorĨ sa 

nach§dza v C-termin§lovej oblasti glykozidtransglykozyl§z podskupiny 16_20 je Ņalġ²m faktorom, 

ktorĨ ovplyvŔuje schopnosŠ tĨchto enzĨmov pren§ġaŠ fragmenty neutr§lnych polysacharidov na 

kysl® akceptorov® substr§ty. 
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Đvod 

Glykozidtransglykozyl§zy podrodiny GH 16_20 [1] katalyzuj¼ ġtiepenie polysacharidov (donor), 

ale na rozdiel od glykozidhydrol§z nepren§ġaj¼ fragment s p¹vodnĨm neredukuj¼cim koncom  na 

vodu, ale na inĨ poly- alebo oligosacharid (akceptor). EnzĨmy sa odliġuj¼ donorovou a 

akceptorovou ġpecificitou. KĨm pre ġtruktur§lne najlepġie charakterizovanĨ enzĨm z tejto skupiny, 

PttXET16A [2], bola stanoven§ striktn§ ġpecificita aj pre donor aj pre akceptor, pre enzĨm z tej 

istej fylogenetickej skupiny, HvXET5, boli pop²san® aj aktivity na ġtruktur§lne podobn® donory a 

akceptory [3]. EnzĨmy druhej fylogenetickej skupiny [4] sa vyznaļuj¼ znaļnou promiskuitou 

ohŎadom najmª akceptorovĨch substr§tov, ale opªŠ sa daj¼ medzi nimi pozorovaŠ rozdiely, keŅģe 

napr. TmXET6.3 mala s²ce experiment§lne stanoven¼ ġirok¼ akceptorov¼ ġpecificitu na neutr§lne 

oligosacharidy [5], ale nebola schopn§ katalyzovaŠ prenosy fragmentov na nabit® oligosacharidy 

ako napr. HvXET3, HvXET4 alebo HvXET6 [6]. Tento rozdiel sa s²ce vysvetlil pomocou mutaļnej 

analĨzy aminokysel²n vªzobn®ho miesta [6], ale st§le zostala nezodpovedan§ ot§zka tĨkaj¼ca sa 

moģnej ¼ļasti b§zickĨch aminokyselinovĨch zvyġkov predŌģenej C-termin§lovej sekvencie, ktor§ 

je typickou ļrtou podrodiny 20, na viazan² kyslĨch akceptorov. V tejto pr§ci sme ġtudovali 

elektrostatickĨ potenci§l povrchu pop²sanĨch enzĨmov zameranĨ pr§ve na t¼to C-termin§lov¼ 

sekvenciu. 

 

Materi§l a met·dy 

Ako vzorov® glykozidtransglykozyl§zy podrodiny 16_20 boli z datab§zy UniProtKB [7] vybran® 

formy xylogluk§nendotransglykozyl§zy (XET), ktor® sa vyznaļuj¼ r¹znou substr§tovou 

ġpecificitou [2,3,5,6]. V tejto pr§ci s¼ enzĨmy oznaļen® skratkami HvXET3-6, TmXET6.3 a 

PttXET16A. Ako templ§t pre homol·gne modelovanie bola pouģit§ jedin§ zn§ma kryġtalografick§ 

ġtrukt¼ra XET, 1UN1.pdb [2], ktor§ patr² PttXET16A. Na vytvorenie homol·gnych modelov sa 

pouģil program Modeller9v6 [8]. ElektrostatickĨ potenci§l  povrchov enzĨmov bol zobrazenĨ 

v programe PyMol [9]. 

 

VĨsledky a diskusia 

ElektrostatickĨ potenci§l vybranĨch glykozidtransglykozyl§z podrodiny GH 16_20 je zobrazenĨ 

na Obr.1. KĨm ļasŠ C-termin§lovej sekvencie (v r§mļeku), ktor§ predlģuje vªzobn® miesto pre 

akceptor je v pr²pade HvXET5 a PttXET16A kysl§ (ļerven§), t.j. nesie z§pornĨ n§boj, je v 

HvXET3, HvXET4, HvXET6 a TmXET6.3 b§zick§ (modr§), t.j. obsahuje aminokyselinov® 

zvyġky, ktor® s¼ schopn® interagovaŠ s kyslĨmi sacharidmi.  

 



 

 

Obr.1: ElekrostatickĨ potenci§l povrchov glykozidtransglykozyl§z podskupiny 16_20. C-termin§lov§ 

sekvencia ġtrukt¼r je or§movan§. 



V s¼lade s tĨmto enzĨmy HvXET5 a PttXET16A nevykazuj¼ na kysl® akceptory ģiadnu aktivitu 

na rozdiel od HvXET3 a HvXET4 [6]. HvXET6 m§ v tejto oblasti niģġ² pozit²vny n§boj ako 

HvXET3 a HvXET4 a jeho aktivita je na danĨ akceptor znaļne niģġia [6]. V pr²pade TmXET6.3, 

ktorej usporiadanie a elektrostatickĨ potenci§l C-termin§lu je podobnĨ ako v pr²pade HvXET3 

a HvXET4, bola pr²ļina absencie aktivity na kysl® oligosacharidy v aminokyselinovĨch zvyġkoch 

v poz²ci§ch 75 a 110. Mut§cia tĨchto zvyġkov W75H a Y110R viedla k enzĨmu TmXET6.3_ 

W75H/Y110R schopn®mu vyuģ²vaŠ negat²vne nabit® oligosacharidy ako akceptory. 

 

Z§ver 

Zobrazenie elektrostatickĨch potenci§lov povrchov glykozidtransglykozyl§z podrodiny GH 16_20 

uk§zalo, ģe existuje korel§cia medzi hodnotami potenci§lov C-termin§lovej ļasti enzĨmov a ich 

schopnosŠou katalyzovaŠ pren§ġanie donorovĨch fragmentov na kysl® oligosacharidy v pr²pade, 

ģe je splnen§ aj podmienka pr²tomnosti esenci§lnych b§zickĨch aminokyselinovĨch zvyġkov 

v poz²ci§ch v okol² katalytick®ho miesta enzĨmov. 
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Đvod 

PttXET16A je jedin§ glykozidtransglykozyl§za podrodiny 16_20, ktor§ m§ stanoven¼ 

kryġtalografick¼ ġtrukt¼ru [1]. Napriek tomu, ģe experiment§lne neboli stanoven® ģiadne 

heterotransglykozylaļn® reakcie tohto enzĨmu, t.j. povaģuje sa za striktne ġpecifickĨ, teoretick® 

ġt¼die stability jeho komplexov s donorovĨm substr§tom a viacerĨmi ġtruktur§lne r¹znymi 

akceptormi naznaļili, ģe by mohol maŠ potenci§l pren§ġaŠ fragmenty donora na akceptory, ktorĨch 

z§kladnĨ reŠazec je tvorenĨ gluk·zovĨmi jednotkami, ktor® s¼ viazan® glykozidickĨmi ɓ-(1,3)- 

alebo ɓ-(1,4)-vªzbami [2]. Teoretick® vĨsledky podporuje aj fakt, ģe enzĨm HvXET5, ktorĨ patr² 

do identickej fylogenetickej skupiny ako PttXET16A, transfer na tak®to donory katalyzuje [3]. 

V tejto pr§ci sa venujeme ġt¼diu stability komplexov tohto enzĨmu so substr§tmi, v pr²pade 

ktorĨch sa akceptory, glukotetrasacharidy, l²ġia polohou glykozidickej 1,3-vªzby medzi 1,4-

vªzbami (Mlg-OS4). 

 

Materi§l a met·dy 

Mlg-OS A-C (akceptory) sa l²ġia poz²ciou glykozidickej 1,3-vªzby medzi 1,4-vªzbami, priļom A 

ï 1,3-vªzba sa nach§dza najbliģġie k neredukuj¼cemu koncu tetrasacharidu, B ï v jeho strede, C ï 

najbliģġie k redukuj¼cemu koncu. Ako donor sl¼ģil xylogluk§n heptaoligosacharid, ktorĨ bol 

dokovanĨ podŎa koordin§t pre xylogluk§n nonasacharid po odstr§nen² dvoch termin§lnych 

galakt·zovĨch rez²du² [4]. Ġtrukt¼ry akceptorov boli pripraven® pomocou GLYCAM-web serveru 

[5] a upraven® pre dokovanie v LigPrep tool [6]. Prote²nov§ ġtrukt¼ra bola pripraven§ pre 

dokovanie v Protein Preparation Wizard [7]. Samotn® dokovanie bolo roben® v programe Glide [8] 

a redokovan® pomocou Induced Fit Docking Protocol [9]. Pre simul§cie molekulovou dynamikou 

sa ġtrukt¼ry komplexov enzĨm-donorïakceptor pripravili v tleap, ktorĨ je s¼ļasŠou programov®ho 

bal²ka Amber16 [10], aplikovali sa parametre silov®ho poŎa Amber ff99SB na prote²ny a parametre 

GLYCAM06 pre sacharidy, solvatovalo sa molekulami vody TIP3P [11]. Potom boli ġtrukt¼ry 

ekvilibrovan® a pouģit® pre simul§cie molekulovou dynamikou [2]. 

 

VĨsledky a diskusia 

Ļasov® z§vislosti vzdialenosti C1 donorov®ho substr§tu a O4 akceptorov umiestnenĨch 

v akt²vnom mieste PttXET16A ġtudovan® pomocou simul§ci² molekulovou dynamikou, uk§zali, 



ģe vzniknut® komplexy enzĨm-donor substr§t s¼ pomerne stabiln® (Obr. 1). KeŅģe medzi C1 

donora a O4 akceptorov sa v priebehu katalĨzy vytv§ra glykozidick§ vªzba, mali by zisten® 

vzdialenosti umoģŔovaŠ enzĨmu katalyzovaŠ transfer fragmentu donora na dan® akceptory.  

 

Obr.1: Ļasov§ z§vislosŠ vzdialenosti C1 donora a O4 akceptorov (Mlg-OS) v akt²vnom mieste PttXET16A 

v priebehu simul§ci² molekulovou dynamikou. 

 

Vizualiz§cia poz²ci² donora a nadokovanĨch akceptorov v akt²vnom mieste enzĨmu na zaļiatku 

simul§cie MD a po 1000 ns (Obr. 2) tento predpoklad podporuje, priļom rovnako ako v pr²pade 

neġpecifickej TmXET6.3 [2] sa ako najnevĨhodnejġ² akceptor prejavovali Mlg-OSA, ktor® mali 

glykozidick¼ ɓ-(1,3)-vªzbu umiestnen¼ najbliģġie ku katalytick®mu miestu enzĨmu. TmXET6.3 

vykazovala na tento substr§t aj najniģġiu experiment§lne stanoven¼ aktivitu [12]. Hodnoty voŎnej 

vªzbovej energie komplexu PttXET16A s akceptormi Mlg-OS4 z²skan® na z§klade 

MM(PB/GB)SA vĨpoļtov a poļ²tan® z posledn®ho ļasov®ho ¼seku simul§ci² molekulovou 

dynamikou (800-1000 ns) uk§zali, ģe voŎn§ vªzbov§ energia je najniģġia v pr²pade Mlg-OSC, t.j. 

v pr²pade substr§tu, ktorĨ m§ glykozidick¼ ɓ-(1,3)-vªzbu najviac vzdialen¼ od katalytick®ho 

miesta enzĨmu (Tab. 1). Tento substr§t bol tieģ favorizovanĨ TmXET6.3 [2,12]. 

 

 



Tab.1: Hodnoty voŎnej vªzbovej energie komplexu PttXET16A s akceptormi Mlg-OS4 z²skan® na z§klade 

MM(PB/GB)SA vĨpoļtu. Hodnoty s¼ poļ²tan® z ļasov®ho ¼seku 800-1000 ns. 

 

Akceptor PB GB 

Eint [kcal/mol]  Ñ ů Eint [kcal/mol]  Ñ ů 

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 

     

 

 

Obr. 2: Vizualiz§cia donora a nadokovanĨch akceptorov Mlg-OS4 na zaļiatku simul§cie MD a po 1000 ns.  

 

 



Z§ver 

Z vĨsledkov ġt¼dia stability komplexov PttXET6.3 ï donor ï Mlg-OS4 vyplĨva, ģe aj tento enzĨm, 

ktorĨ je oznaļovanĨ ako striktne ġpecifickĨ, by mal viazaŠ tak®to akceptory a teda katalyzovaŠ 

transfer nielen na poly- a oligogluk·zov® reŠazce, v ktorĨch s¼ gluk·zov® rez²du§ viazan® 

glykozidickĨmi ɓ-(1,3)- alebo ɓ-(1,4)-vªzbami [2], ale aj na akceptory, v ktorĨch s¼ tieto vªzby 

zmieġan®. V takomto pr²pade by mala byŠ aktivita enzĨmu ovplyvnen§ polohou ɓ-(1,3)-vªzby a to 

tak, ģe ļ²m by bola umiestnen§ Ņalej od miesta, v ktorom prebieha reakcia, tĨm by bola aktivita 

enzĨmu vyġġia rovnako, ako to bolo v pr²pade neġpecifickej TmXET6.3 [12]. 
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Đvod 

Na z§klade bioinformatickej analĨzy ġpecifickĨch a neġpecifickĨch glykozidtransglykozyl§z 

podrodiny 16_20 boli navrhnut® aminokyselinov® zvyġky, ktor® by mohli zodpovedaŠ za rozdielnu 

akceptorov¼ ġpecificitu jednotlivĨch enzĨmov. Spr§vnosŠ tĨchto teoretickĨch predpokladov bola 

experiment§lne potvrden§ pomocou mutaļnej analĨzy [1]. Pracovalo sa s neġpecifickĨm enzĨmom 

TmXET6.3, v ktorom sa ako najvĨznamnejġie pre ġpecificitu enzĨmov uk§zali aminokyselinov® 

zvyġky v polohe 94 a 108. Po mut§cii Q108R, priļom R108 sa povaģuje za jeden z 

charakteristickĨch aminokyselinovĨch zvyġkov ġpecifickej skupiny enzĨmov I a Q108 za 

charakteristickĨ zvyġok neġpecifickej skupiny II [2], bola ļiastoļne pozmenen§ substr§tov§ 

ġpecificita enzĨmu v s¼lade s predpokladom, t.j aktivita na akceptor Cello-OS bola zvĨġen§ a na 

Xyl-OS klesla [1]. Tieto dva akceptory boli vybran® na z§klade toho, ģe Cello-OS sl¼ģili ako 

akceptory pre enzĨmy aj skupiny I aj skupiny II, kĨm Xyl-OS boli ġpecifick® pre skupinu II [3,4]. 

V tejto pr§ci sa zaober§me teoretickou stabilitou komplexov mutant (TmXET6.3_Q108R) ï donor 

ï akceptor (Cello-OS alebo Xyl-OS). VĨsledky boli porovnan® s tĨmi, ktor® sa z²skali pre nat²vny 

enzĨm TmXET6.3 [3,4]. 

 

Materi§l a met·dy 

Ako donor sl¼ģil xylogluk§n heptaoligosacharid, ktorĨ bol dokovanĨ podŎa koordin§t pre 

xylogluk§n nonasacharid po odstr§nen² dvoch termin§lnych galakt·zovĨch rez²du² [5]. Ġtrukt¼ry 

akceptorov boli pripraven® pomocou GLYCAM-web serveru [6] a upraven® pre dokovanie v 

LigPrep tool [7]. Prote²nov§ ġtrukt¼ra bola pripraven§ pre dokovanie v Protein Preparation Wizard 

[8]. Samotn® dokovanie bolo roben® v programe Glide [9] a redokovan® pomocou Induced Fit 

Docking Protocol [10]. Pre simul§cie molekulovou dynamikou sa ġtrukt¼ry komplexov enzĨm-

donorïakceptor pripravili v tleap, ktorĨ je s¼ļasŠou programov®ho bal²ka Amber16 [11], 

aplikovali sa parametre silov®ho poŎa Amber ff99SB na prote²ny a parametre GLYCAM06 pre 

sacharidy, solvatovalo sa molekulami vody TIP3P [12]. Potom boli ġtrukt¼ry ekvilibrovan® a 

pouģit® pre simul§cie molekulovou dynamikou (MD) [4]. 

 

VĨsledky a diskusia 

Simul§cie MD Cello-OS4 a Xyl-OS4 v akt²vnom mieste TmXET6.3_Q108R uk§zali, ģe oba tieto 

substr§ty boli pomerne stabiln® (Obr. 1). Cello-OS bol porovnateŎne stabilnĨ ako v akt²vnom 

mieste TmXET6.3, kĨm v pr²pade Xyl-OS doch§dzalo k vªļġ²m vĨkyvom vo vzdialenosti C1 

donora a O4 akceptora [4]. 



 
Obr.1: Ļasov§ z§vislosŠ vzdialenosti C1 donora a O4 Cello-OS4 a Xyl-OS4 ako akceptorov v akt²vnom 

mieste TmXET6.3_Q108R v priebehu simul§ci² MD.  

 

Interakcie medzi aminokyselinovĨmi rez²duami TmXET6.3_Q108R a Cello-OS4 (Tab. 1), boli 

porovnateŎn® s TmXET6.3 [4], priļom hlavnĨ rozdiel spoļ²val v interakcii so zamenenĨm 

aminokyselinovĨm zvyġkom R108 s druhou a treŠou sacharidovou jednotkou akceptora od 

neredukuj¼ceho konca. Podobne v pr²pade akceptora Xyl-OS4, R108 interagoval s treŠou 

xyl·zovou jednotkou od neredukuj¼ceho konca, priļom v pr²pade TmXET6.3 k interakcii 

s Gln108 nedoch§dzalo [3,4]. 

 

Tab.1: Rez²du§ TmXET6.3_Q108R, ktor® interagovali s akceptoromi Cello-OS a Xyl-OS dlhġie ako 50% 

ļasu simul§cie MD do vzdialenosti 4 ¡.  

!ƪŎŜǇǘƻǊ LƴǘŜǊŀƎǳƧǵŎŜ ǊŜȊƝŘǳł όǇǊƻǘŜƝƴύ 

/Ŝƭƭƻπh{п IƛǎфпΣ !ǎƴфсΣ DƭǳмлсΣ !ǊƎмлуΣ ¢ǊǇмссΣ ¢ǊǇмтмΣ DƭȅмтрΣ !ǊƎноу 

·ȅƭπh{п !ǎǇтфΣ IƛǎфпΣ !ǎƴΣфсΣ !ǊƎмлуΣ ¢ǊǇмтмΣ Dƭȅмтр 

 

Stabiln§ poloha, ktor¼ Cello-OS4 aj Xyl -OS4 zaujali poļas simul§cie, zodpovedala tej 

v TmXET6.3 [3,4] (Obr. 2). 

Hodnota voŎnej vªzbovej energie (Tab. 2) pre Cello-OS4 v komplexe s TmXET6.3_Q108R bola 

niģġia ako pre Xyl-OS4, ļo je v s¼lade s experiment§lym stanoven²m aktiv²t, podŎa ktor®ho 

mut§ciou Q108R aktivita na Cello-OS4 vzr§stla a na Xyl-OS klesla [1].  

 

Tab. 2 Hodnoty voŎnej vªzbovej energie komplexu TmXET6.3_Q108R s akceptoromi Cello-OS4 a Xyl-

OS4 z²skan® na z§klade MM(PB/GB)SA vĨpoļtu. Hodnoty s¼ poļ²tan® z ļasov®ho ¼seku 800-1000 ns. 

 aat.{! aaD.{! 
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/Ŝƭƭƻπh{п πонΣпф уΣрс πонΣно сΣфт 
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Obr. 2: Vizualiz§cia donora, nadokovanĨch akceptorov Cello-OS4 a Xyl-OS4 a s akceptorom 

interaguj¼cich aminokyselinovĨch rez²du² TmXET6.3_Q108R na zaļiatku simul§cie MD a po 1000 

ns.  

 

 



Z§ver 

Simul§cie molekulovou dynamikou stability komplexov mutanta TmXET6.3_Q108R uk§zali, ģe 

mut§cia neviedla k vĨrazn®mu zn²ģeniu stability s Cello-OS alebo Xyl-OS ako akceptormi 

transglykozylaļnej reakcie. KĨm vġak boli Cello-OS porovnateŎne stabiln® vo vªzobnom mieste 

mutanta ako v nat²vnej TmXET6.3, v pr²pade Xyl-OS doch§dzalo k vyġġ²m vĨkyvom vo 

vzdialenosti C1 donora a O4 akceptora, ļo sa pravdepodobne prejavilo zn²ģen²m aktivity na tento 

akceptor. VoŎn§ vªzbov§ energia komplexu bola niģġia pre Cello-OS4, ļo bolo tieģ v s¼lade 

s experiment§lym stanoven²m aktiv²t, podŎa ktor®ho aktivita mutanta Q108R na Cello-OS4 bola 

vyġġia ako na Xyl-OS4. Vo vġeobecnosti sa d§ konġtatovaŠ, ģe sa potvrdil oļak§vanĨ vĨsledok 

a mut§cia Q108R prispieva k potlaļeniu heterotransglykozylaļnĨch aktiv²t typickĨch pre enzĨmy 

skupiny II, aj keŅ nie aģ do takej miery, ako sa oļak§valo na z§klade vĨsledkov experimentov [1]. 
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Đvod 

Na z§klade bioinformatickej analĨzy ġpecifickĨch a neġpecifickĨch glykozidtransglykozyl§z (GH) 

16_20 boli navrhnut® aminokyselinov® zvyġky, ktor® by mohli zodpovedaŠ za rozdielnu 

akceptorov¼ ġpecificitu enzĨmov I a II skupiny tejto podrodiny [1]. Spr§vnosŠ teoretickĨch 

vĨsledkov bola experiment§lne potvrden§ pomocou mutaļnej analĨzy [2]. Pracovalo sa 

s neġpecifickĨm enzĨmom TmXET6.3, v ktorom sa ako esenci§lne aminokyselinov® zvyġky pre 

akceptorov¼ promiskuitu identifikovali tie, ktor® sa nach§dzali v polohe 94 a 108. Po mut§cii 

H94Q, priļom Q94 sa nesk¹r zaļal povaģovaŠ za jeden z charakteristickĨch aminokyselinovĨch 

zvyġkov ġpecifickej skupiny enzĨmov I a H94 za charakteristickĨ zvyġok neġpecifickej skupiny II 

[1], bola ļiastoļne pozmenen§ substr§tov§ ġpecificita enzĨmu v s¼lade s predpokladom, t.j. aktivita 

na akceptor Cello-OS bola zvĨġen§ a na Xyl-OS klesla [1]. V tejto pr§ci sa zaober§me teoretickou 

stabilitou komplexov mutant ï donor ï akceptor, priļom ako akceptory sl¼ģia 

tetracelooligosacharidy (Cello-OS) a xylooligosacharidy (Xyl-OS). Ako sa zistilo na z§klade 

experiment§lnych meran², Cello-OS sl¼ģili ako akceptory pre enzĨmy aj skupiny I aj skupiny II, 

kĨm Xyl-OS boli ġpecifick® pre skupinu II [3,4].    

 

Materi§l a met·dy 

Ako donor sl¼ģil xylogluk§n heptaoligosacharid, ktorĨ bol dokovanĨ podŎa koordin§t pre 

xylogluk§n nonasacharid po odstr§nen² dvoch termin§lnych galakt·zovĨch rez²du² [5]. Ġtrukt¼ry 

akceptorov boli pripraven® pomocou GLYCAM-web serveru [6] a upraven® pre dokovanie v 

LigPrep tool [7]. Prote²nov§ ġtrukt¼ra bola pripraven§ pre dokovanie v Protein Preparation Wizard 

[8]. Samotn® dokovanie bolo roben® v programe Glide [9] a redokovan® pomocou Induced Fit 

Docking Protocol [10]. Pre simul§cie molekulovou dynamikou (MD) sa ġtrukt¼ry komplexov 

enzĨm-donorïakceptor pripravili v tleap, ktorĨ je s¼ļasŠou programov®ho bal²ka Amber16 [11], 

aplikovali sa parametre silov®ho poŎa Amber ff99SB na prote²ny a parametre GLYCAM06 pre 

sacharidy, solvatovalo sa molekulami vody TIP3P [12]. Potom boli ġtrukt¼ry ekvilibrovan® a 

pouģit® pre simul§cie MD [4]. 

 

VĨsledky a diskusia 

Ļasov§ z§vislosŠ vzdialenosti C1 donora a O4 Cello-OS4 a Xyl -OS4 ako akceptorov v akt²vnom 

mieste mutanta TmXET6.3_H94Q v priebehu 600 ns simul§ci² MD je zobrazen§ na Obr. 1 a 

vizualiz§cia poz²ci² donora a akceptorov na zaļiatku simul§cie a po 600 ns na Obr. 2. 



 

Obr.1: Ļasov§ z§vislosŠ vzdialenosti C1 donora a O4 Cello-OS4 a Xyl-OS4 ako akceptorov v akt²vnom 

mieste TmXET6.3_H94Q v priebehu simul§ci² MD.  

 

 

Obr. 2: Vizualiz§cia donora a nadokovanĨch akceptorov Cello-OS4 a Xyl-OS4 v akt²vnom mieste 

mutanta TmXET6.3_H94Q na zaļiatku simul§cie MD a po 600 ns.  

 



V pr²pade Cello-OS4 sa poļiatoļn§ vzdialenosŠ mrdzi C1 donora a O4 akceptora ust§lila na 

hodnot§ch (priemern§ vzdialenosŠ 5,84 ¡), ktor® umoģŔuj¼ vznik glykozidickej vªzby medzi 

tĨmito at·mami. V pr²pade Xyl-OS4 sa s²ce tieģ po pribliģne 130 ns simul§cie vzdialenosti 

relat²vne ust§lili, ale at·my ostali od seba vzdialen® (priemern§ vzdialenosŠ 11,71 ¡) (Obr. 1). 

Vizualiz§cia poz²cie donora a akceptorov v akt²vnom mieste mutanta (Obr. 2) na zaļiatku a na 

konci simul§cie jasne preuk§zala, ģe kĨm Cello-OS ostali naviazan® v akceptorovom vªzobnom 

mieste, Xyl-OS sa z neho uvoŎnili a stabilizovali v polohe, ktor§ vznik glykozidickej vªzby 

neumoģŔovala. 

 

Z§ver 

Mut§cia H94Q viedla v pr²pade Xyl-OS4 k destabiliz§cii polohy tohto akceptora v akt²vnom 

mieste enzĨmu, v d¹sledku ļoho doġlo k tak®mu vzdialeniu C1 donora a O4 akceptora, ģe 

transglykozylaļn§ reakcia sa nemohla zrealizovaŠ. Toto je v s¼lade so zisten²m, ģe enzĨmy 

skupiny I, ktor® maj¼ v polohe 94 Gln (Q), Xyl-OS ako akceptor vyuģ²vaŠ nevedia. Komplex 

mutant ï donor ï Cello-OS4 bol stabilnĨ podŎa oļak§vania v priebehu celej simul§cie MD. 

VĨsledky naznaļuj¼, ģe v pr²pade, ak s¼ akceptormi oligosacharidy s inĨmi ako gluk·zovĨmi 

rez²duami v z§kladnom reŠazci, mut§cia H94Q destabilizuje komplex enzĨm ï donor ï akceptor 

viac, ako mut§cia Q108R, ktorej vplyv na heterotransglykozylaļn® aktivity sa posudzoval na 

z§klade experiment§lne stanovenĨch aktiv²t nat²vneho enzĨmu a jeho mutantov [2]. 
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Đvod 

Prote²n A0A175YMX0 bol vybranĨ na z§klade datab§zov®ho vyhŎad§vania [1] a n§slednej 

bioinformatickej analĨzy zameranej na esenci§lne aminokyselinov® zvyġky glykozidhydrol§zovej 

(GH) rodiny 28 [2] bol identifikovanĨ ako potenci§lny ļlen tejto rodiny [3]. Nesk¹r bol pripravenĨ 

jeho syntetickĨ g®n, ktorĨ po inkorpor§cii do Pichia pastoris GS115 sl¼ģil na produkciu tohto 

prote²nu do metanolov®ho kultivaļn®ho m®dia, z ktor®ho bol izolovanĨ a ļiastoļne biochemicky 

charakterizovanĨ [4]. V tomto pr²spevku sa zaober§me interakciami jeho esenci§lnych 

aminokysel²n s at·mami oligosubstr§tov s r¹znym polymerizaļnĨm stupŔom (DP), ktor® 

umoģŔuj¼ viazanie substr§tov do akt²vneho miesta enzĨmu a samotn¼ katalĨzu hydrolytickej 

reakcie.  

 

Materi§l a met·dy 

Bola pouģit§ 3D ġtrukt¼ra A0A175YMX0 z datab§zy AlphaFold [5]. Substr§ty s polymerizaļnĨm 

stupŔom 2-4 boli dokovan® podŎa kryġtalografickej ġtrukt¼ry enzĨmu z Yersinia enterolytica 

2uvf.pdb [6]. Interakļn® diagramy enzĨmu so substr§tmi boli roben® v Maestro [7]. 

 

VĨsledky a diskusia 

3D model prote²nu A0A175YMX0 z datab§zy AlphaFold s vyznaļenĨmi esenci§lnymi 

aminokyselinovĨmi zvyġkami GH 28 je zobrazenĨ na Obr. 1. 

 

Obr.1: Model 3D ġtrukt¼ry prote²nu A0A175YMX0 (AlphaFold) s vyznaļenĨmi esenci§lnymi 

aminokyselinami, ktor® mu umoģŔuj¼ viazaŠ kysl® oligo- alebo polysacharidy a katalyzovaŠ ich hydrolĨzu. 



Obr. 2 zobrazuje interakļn® diagramy A0A175YMX0 s oligogalaktur·novĨmi kyselinami s DP 2 

(A), 3 (B) a 4 (C). Na dokovanie substr§tov sa pouģila kryġtalografick§ ġtrukt¼ra enzĨmu s 

dim®rom, 2uvf.pdb, ktor§ podŎa n§zvu enzĨmu v datab§ze a pr²sluġnej literat¼re [6] by mala 

zodpovedaŠ A0A175YMX0. VzhŎadom na to, ģe sa v pr²pade tohto enzĨmu predpokladalo na 

z§klade jeho p¹vodu a sp¹sobu ¼ļinku ġtiepenie polym®rneho substr§tu po monom®roch 

z neredukuj¼ceho konca oligosacharidu, je zrejm®, ģe diagramy s¼ zaŠaģen® z§vaģnou chybou., 

keŅģe k ġtiepeniu evidentne doch§dza od redukuj¼ceho konca oligosacharidu. 

 

 

Obr.2: Interakļn® diagramy A0A175YMX0 so substr§tmi s r¹znym polymerizaļnĨm stupŔom. A ï dim®r, 

B ï trim®r, C ï tetram®r. 

 

 

 



Z§ver 

VzhŎadom na orient§ciu substr§tov v akt²vnom mieste enzĨmu vyplĨvaj¼cu z interakļnĨch 

diagramov sa domnievame, ģe kryġtalografick§ ġtrukt¼ra 2uvf.pdb nepatr² enzĨmu s EC 3.2.1.67, 

ktorĨ hydrolyzuje ġtiepenie substr§tu po jednom sacharidovom zvyġku od neredukuj¼ceho konca 

ako je uveden® [6], ale enzĨmu s EC 3.2.1.82, ktorĨ odġtepuje dim®ry [2]. Dim®r sa potom 

v kryġtalografickej ġtrukt¼re 2uvf.pdb nach§dza v poz²cii produktu a nie substr§tu, v d¹sledku 

ļoho sa ned§ pouģiŠ ako model pre dokovanie substr§tov s vyġġ²m DP, keŅģe katalytick® 

aminokyselinov® zvyġky reaguj¼ s redukuj¼cou jednotkou oligosacharidov namiesto s 

neredukuj¼cou, v d¹sledku ļoho sa katalĨza nem§ ako zrealizovaŠ. KeŅģe v s¼ļasnosti ģiadny inĨ 

vhodnejġ² templ§t k dispoz²cii pre tento typ enzĨmov k dispoz²cii nie je, je nevyhnutn® stanoviŠ 

kryġtalografick¼ ġtrukt¼ru pre EC 3.2.1.67. 
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Abstrakt 

 
V pr§ci prin§ġame vĨsledky n§ġho ġt¼dia in silico polyfenolickĨch l§tok a ich afinite voļi enzĨmu 

Mpro koronav²rusu SARS-CoV-2. Vybrali sme set ¹smich polyfenolickĨch pr²rodnĨch l§tok: 

baikale²n, kurkum²n, hesperet²n, myricet²n, naringen²n, kvercet²n, resveratrol a rut²n a zistili sme 

moģnosti predikcie inhibiļnej aktivity pomocou dokovacieho sk·re a zmeny konformaļnej 

energie. Pre celkov¼ afinitu l§tok zohr§va ¼lohu okrem interakcie s katalytickĨmi am²nokyselinami 

His41 a Cys145 aj interakcia s Glu166, ktor§ je kŎ¼ļov§ pri tvorbe funkļnĨch dim®rov prote²nu. 

 

Đvod 

 
Koronav²rus SARS-CoV-2 (z angl. severe acute respiratory syndrome coronavirus 2) vyvol§va 

z§vaģn® ochorenie COVID-19 (z angl. Coronavirus disease 2019). Jedn§ sa o vysoko prenosn® 

respiraļn® ochorenie, ktor® negat²vne ovplyvnilo celosvetov® verejn® zdravie. Z tohto d¹vodu je 

nutn® hŎadaŠ ¼ļinn® antiv²rusov® strat®gie na boj proti COVID 19. Protiv²rusov® pr²stupy s¼ 

zaloģen® na blokovan² replik§cie betakoronav²rusu, poļn¼c od vªzby na receptor, vstup, f¼ziu aģ 

po samotn¼ replik§ciu. Hlavn§ prote§za tohto v²rusu (Mpro) patr² medzi neġtruktur§lne prote²ny 

SARS-CoV-2 v²rusu. Bola zaraden§ medzi perspekt²vne v²rusov® ciele kv¹li jej vĨznamu pri 

replik§cii SARS-CoV-2 a vysokej miere zachovania sekvencie v r§mci r¹znych koronav²rusov [1]. 

Doteraz bolo identifikovanĨch mnoģstvo zl¼ļen²n s inhibiļnĨm potenci§lom voļi Mpro, len p§r z 

nich vġak vst¼pilo do klinickĨch ġt¼di². KeŅģe met·dy poļ²taļov®ho modelovania umoģŔuj¼ 

predikovaŠ inhibiļn¼ aktivitu l§tok so zn§mou ġtrukt¼rou voļi Mpro, vybrali sme set ¹smich 

pr²rodnĨch l§tok: baikale²n [2], kurkum²n [3], hesperet²n [4], myricet²n [5], naringen²n [6], 

kvercet²n [3], resveratrol [3] a rut²n [7] a porovnali sme predikovan® afinity s experiment§lnymi 

hodnotami.  



 

 

Met·dy 

 
In silico ġt¼dium bolo uroben® pomocou programu MOE 2019.01 (Chemical Computing Group 

ULC, 2022). Pouģili sme ġtrukt¼ru v²rusovej prote§zy s pdb k·dom 6y2e z²skanej z prote²novej 

databanky (https://www.rcsb.org/structure/6Y2E). Ġtrukt¼ra prote²nu bola upraven§ pomocou 

protokolu Structure Preparation, ktorĨ umoģŔuje opraviŠ pr²padn® chyby v prevzatej geometrii 

a n§sledn®ho protonaļn®ho protokolu Protonate 3D Tool pri fyziologickom pH. Po 

zoptimalizovan² geometrie pomocou silov®ho poŎa Amber10:ETH boli v prote²ne vybran® miesta 

na doking pomocou funkcie Site Finder.  

Ġtrukt¼ry polyfenolickĨch l§tok boli zostrojen® a predoptimalizovan® v programe Spartan  

(SPARTANô08 (Wavefunction Inc., Irvine, CA92612, USA). Datab§za l§tok (ligandov) bola 

n§sledne upraven§ v programe MOE met·dou Quick Preparation. L§tky boli dokovan® pomocou 

protokolu Triangle Matcher a vyhodnoten® pomocou funkcie London dG scoring function. 

Najlepġ²ch 30 umiestnen² ligandu bolo vģdey prehodnotenĨch pomocou metodol·gie Induced Fit 

a bodovacej funkcie GBVI/WSA dG, ktor§ poskytla 5 umiestnen² s najlepġ²m sk·re. Okrem 

hodnoty sk·re sme posudzovali aj zmenu v konformaļnej energii Econf, ktor§ umoģnila pos¼diŠ 

vĨhodnosŠ resp. nevĨhodnosŠ z²skanej konform§cie oproti geometrii neviazan®ho ligandu. 

 
VĨsledky a diskusia 

 
V tabuŎke 1 s¼ uveden® hodnoty dokovacieho sk·re, zmeny v konformaļnej energii Econf 

a experiment§lnych hodn¹t IC50 pre inhib²ciu M
pro enzĨmu.  Zo z²skanĨch hodn¹t sk·re a Econf je 

zrejm®, ģe zmena konformaļnej energie do veŎkej miery ovplyvŔuje predikovan¼ afinitu voļi 

enzĨmu Mpro , ļo ukazuj¼ vĨhodn® zmeny v konformaļnej energii pre baikale²n a naringen²n, kĨm 

v pr²pade rut²nu m¹ģeme hovoriŠ o vĨraznej konformaļnej penalte. 

AnalĨzou interakļnĨch diagramov sme zistili, ģe ġtudovan® ligandy najļastejġie vytv§raj¼ 

vod²kov® vªzby so zvyġkami His41, Phe140, Ser144, Cys145 a Glu166. Porovnali sme interakļn® 

diagramy dvoch naj¼ļinnejġ²ch l§tok ï baikale²nu a naringen²nu (Obr. 1). Obidve l§tky vytv§raj¼ 

vod²kov® vªzby s katalytickĨm zvyġkom Cys145, ale naringen²n naviac tvor² vod²kov¼ vªzbu aj 

s Glu166, zodpovednou za dimeriz§ciu Mpro. 

Z§verom moģno povedaŠ, ģe vypracovanĨ protokol na dokovanie polyfenolickĨch l§tok poskytuje 

moģnosti odhadu inhibiļnej aktivity tĨchto l§tok voļi Mpro enzĨmu, priļom vĨznamn¼ ¼lohu 

zohr§va zmena konformaļnej energie ligandu pri vytvoren² komplexu s prote²nom. 

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


TabuŎka 1. Hodnoty dokovacieho sk·re, zmeny v konformaļnej energii Econf a experiment§lnych 

hodn¹t IC50 pre inhib²ciu M
pro enzĨmu.   

 

ligand CAS {ƪƽǊŜ 
Econf 

(kJ/mol) 
IC50 ό˃aύ 

baikaleƝn 491-67-8 -6.8 -71.0 0.4 (2) 

ƪǳǊƪǳƳƝƴ 458-37-7 -6.8 -35.0 11.9 (3) 

ƘŜǎǇŜǊŜǘƝƴ 520-33-2 -6.1 -27.0 8.3 (4) 

ƳȅǊƛŎŜǘƝƴ  529-44-2  -6.3 3.1 3.7 (5) 

ƴŀǊƛƴƎŜƴƝƴ 67604-48-2 -6.9 -42.2 0.1 (6) 

ƪǾŜǊŎŜǘƝƴ 117-39-5 -6.1 5.9 23.4 (3) 

resveratrol 501-36-0 -5.3 -47.0 16.9 (3) 

ǊǳǘƝƴ  153-18-4  -8.0 151.0 32.0 (7) 

 

               

Obr. 1. Porovnanie interakļnej mapy myricet²nu (vŎavo) a naringen²nu (vpravo) vo vªzbovom 

mieste Mpro enzĨmu. Ļiarkovan® ļiary predstavuj¼ vod²kov® vªzby. 
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Đvod 

Inozitoly s¼ najrozġ²renejġie cyklitoly v eukaryotickĨch bunk§ch, s empirickĨm vzorcom 

C6H12O6 (1,2,3,4,5,6-cyklohexanol). Tieto chemick® zl¼ļeniny existuj¼ v deviatich moģnĨch 

stereoizom®roch. PªŠ z nich, myo-, scyllo-, muco-, neo- a D-chiro-inozitol sa vyskytuj¼ v pr²rode, 

kĨm ostatn® ġtyri moģn® izom®ry (L-chiro-, allo-, epi- a cis-inozitol) s¼ odvoden® z myo-inozitolu 

[1]. Medzi vġetkĨmi zn§mymi inozitolmi sa v pr²rode najviac vyskytuje myo-inozitol. Je vo 

vġetkĨch eukaryotickĨch bunk§ch, kde tvor² ġtrukt¼rny z§klad pre mnoģstvo sekund§rnych  l§tok. 

Je tieģ d¹leģitou zloģkou stavebnĨch lipidov (fosfatidylinozitol) PI a ich r¹znych fosf§tov, 

fosfatidylinozitol fosf§tovĨch lipidov PIP. Niektor® inozitoly s¼ beģne v pr²rode ako ļist® l§tky 

alebo ako ich deriv§ty [2].  

Niektor® z metyl®ter deriv§tov inozitolu s¼ rastlinn® sekund§rne metabolity, zl¼ļeniny, 

ktor® sa priamo nez¼ļastŔuj¼ norm§lneho rastu, ale hraj¼ d¹leģit¼ ¼lohu v obrane proti 

nepriaznivĨm podmienkam prostredia. Medzi nimi rozliġujeme 5-O-metyl-myo-inozitol 

(sequoyitol), 1-O-metyl-myo-inozitol (bornesitol), 4-O-metyl-myo-inozitol (ononitol), 5-O-metyl-

allo-inozitol (brahol), di-O-metyl-(+)-chiro-inozitol (pinpollitol) a 1L-2-O-metyl-chiro-inozitol 

(L-quebrachitol). 3-O-metyl-D-chiro-inozitol (D-pinitol) je najrozġ²renejġ² inozitol ®ter 

v rastlin§ch [3]. 

Protiz§palov® vlastnosti cyklitolov pom§haj¼ redukovaŠ rozvoj metabolickĨch por¼ch 

(cukrovka, hypertenzia) a ateroskler·zy. Zn§me s¼ aj inzul²n-napodobuj¼ce ¼ļinky D-pinitolu, D-

chiro-inozitolu a sequoyitolu. Myo-inozitol spolu s D-chiro-inozitolom dok§ģe zlepġiŠ vĨvoj kost² 

a miner§lnu hustotu kost², ļ²m potl§ļaj¼ osteoklastogen®zu. Myo-inozitol a ostatn® cyklitoly maj¼ 

tieģ antioxidaļn®, protiz§palov® a protirakovinov® vlastnosti [4]. 

Hviezdica prostredn§ (Stellaria media), pre niekoho zn§ma ako chutn§ burina, vyuģ²van§ 

na pr²pravu ġal§tov, smoothies, pomaz§nok, do polievok alebo ako ļaj, je bohat§ na mnoh® 

prospeġn® fytochemik§lie, ale nikde sa nespom²naj¼ inozitoly. Preto bolo cieŎom tejto pr§ce 

identifikovaŠ, ļi Stellaria media obsahuje inozitoly a ktor® konkr®tne druhy. 

 

Materi§l a met·dy 

Listy hviezdice prostrednej (Stellaria media) boli lyofilizovan®, aby sa zachoval obsah 

l§tok v nich. N§sledne boli podrven® a extrahovan® v metanole. Extrakt bol homogenizovanĨ 30 

min pri laborat·rnej teplote ultrazvukovĨm homogeniz§torom s pulzom 10 s x 1 s (Bandelin 



Sonopuls HD 3100) pre lepġ² vĨŠaģok. Po 5 min vortexovan² (IKA Vortex Genius 3) a 5 min 

centrifug§cii (Heraeus PICO 17 Cemtrifuge) sa odobratĨ 1 ml nechal odpariŠ. Vzorka sa pred 

analĨzou GC-MS derivatizovala z§saditou acetyl§ciou pridan²m 50 Õl pyrid²nu a 50 Õl 

acetanhydridu v termobloku (Block heater SBH130D STUART) 1 hod pri 80ÁC. Po acetyl§cii sa 

nechala vzorka odpariŠ do sucha a rozpustila v ACN. 

Vzorky boli analyzovan® plynovĨm chromatografom v spojen² s hmotnostnĨm detektorom 

GC-MS (Trace GC Ultra Thermo Scientific - TSQ Quantum XLS) s pouģit²m kremennej kapil§rnej 

kol·ny SP-2330 (30m x 0.25mm x 0.2um) a teplotnĨm gradientom: 180 ÁC (4 min) ī 20 ÁC/min ī 

230 ÁC ī 2 ÁC/min ī 250 ÁC (10 min). Tieto podmienky boli optimalizovan® a teplotnĨ program 

dosahuje najlepġiu separ§ciu. Prietok h®lia bol 0,6 ml/min, teplota i·nov®ho zdroja a d§vkovaļa 

bola 200 ÁC a 240 ÁC. Pouģit§ bola elektr·nov§ ioniz§cia (70 eV) a kvadrup·lovĨ analyz§tor 

operoval vo full scan m·de v hmotnostnom rozsahu 40-450 m/z.  

 

VĨsledky a diskusia 

Separ§ciou extraktu Stellarie media plynovou chromatografiou sa z²skal chromatogram 

eluovanĨch inozitolov, ktor® boli potvrden® hmotnostnĨmi spektrami a retenļnĨmi ļasmi rovnako 

pripravenĨch nameranĨch ġtandardov. V ġtudovanej rastline bol identifikovanĨ 1 inozitol a 2 

metyl®ter inozitoly, ktor® sa pravdepodobne nach§dzaj¼ v rastline vo voŎnej forme. 

 

 
Obr.1: GC-MS chromatogram eluovanĨch inozitolov, metyl-®ter deriv§tov z extraktu 

listov Stellarie media na kol·ne SP-2330, identifikovanĨch hmotnostnĨm spektrometrom 

s trojitĨm kvadrup·lom v eluļnom porad²: D-pinitol (15,11 min), ononitol (17,87 min), myo-

inozitol (18,43 min). V analyzovanom extrakte listov boli identifikovan® aj acetylovan® hex·zy 

(16,61 min  a 16,83 min). 



Tab.1: Relat²vne percent§ [%] zast¼penia jednotlivĨch inozitolov v listoch Stellarie media 

 RT [min] Plocha [%] 

D-pinitol 15,11 98,69 

ononitol 17,87 0,99 

myo-inozitol 18,43 0,33 

 

  
Obr.2: MS spektrum acetylovan®ho inozitolu a metyl®ter inozitolu 

 

Vo hviezdici prostrednej bol identifikovanĨ D-pinitol ako dominantnĨ voļi Ņalġ²m dvom 

inozitolom, ononitolu a myo-inozitolu. Moģno skonġtatovaŠ, ģe okrem uģ zn§mych fytochemik§li² 

obsiahnutĨch v Stellarii media (sapon²ny, tan²ny, terpenoidy a i.) prispievaj¼ k lieļivĨm 

vlastnostiam tejto rastliny, pouģ²vanej v kuchyni, aj inozitoly, najmª D-pinitol so svojimi inzul²n-

napodobuj¼cimi ¼ļinkami. 

 

PoŅakovanie  

T§to publik§cia vznikla s podporou Operaļn®ho programu Integrovan§ infraġtrukt¼ra pre projekt: 

VĨvoj produktov modifik§ciou pr²rodnĨch l§tok a ġt¼dium ich multimod§lnych ¼ļinkov na 

COVID-19, ITMS: 313011ATT2, spolufinancovanĨ z Eur·pskeho fondu region§lneho rozvoja. 

T§to pr§ca bola podporen§ Slovenskou grantovou agent¼rou VEGA (Grant ļ. 2/0096/20). 

 

Literat¼ra 

 

[1] Al -Suod H., Ligor M., RaŞiu I.-A., et al. (2017) Phytoch. Lett. 20, p. 507 

[2] Sanz M. L., Mart²nez-Castro I., Moreno-Arribas M. V. (2008) Food Chem. 111, p. 778 

[3] Endringer D. C., Pezzuto J. M., Braga F. C. (2009) Phytomed. 16, p. 1064 

[4] Owczarczyk-Saczonek A., Lahuta L. B., Ligor M., et al. (2018) Nutrien. 10, p. 1891  

 
 
 



Inozitoly identifikovan® v kvetoch Magnolia soulangeana hmotnostnou 

spektrometriou s trojitĨm kvadrup·lom 

 

M§ria Kop§ļov§1,2, Vladim²r PªtoprstĨ1 

 
1ChemickĨ ¼stav SAV, v. v. i., D¼bravsk§ cesta 9, 845 38 Bratislava 
2Univerzita Komensk®ho v Bratislave, Pr²rodovedeck§ fakulta, Katedra analytickej ch®mie, 

Mlynsk§ dolina, Ilkoviļova 6, 842 15 Bratislava, Slovensk§ republika 

 

 

Đvod 

Inozitoly sa podieŎaj¼ na prenose niekoŎkĨch endokrinnĨch sign§lov, vr§tane inzul²nu, 

horm·nov ġt²tnej ģŎazy, gonadotrop²nov, lipidov s aktivitou podobnou horm·nom (ako 

prostagland²ny) a mnohĨch Ņalġ²ch endokrinnĨch syst®mov [1]. 

Je preuk§zan®, ģe myo-inozitol, ļi uģ samotnĨ, alebo v kombin§cii s jeho izom®rom D-

chiro-inozitolom, m§ r¹zny  ¼ļinok na zlepġenie sympt·mov u pacientiek s PCOS (Syndr·m 

polycystickĨch vajeļn²kov) [2]. Avġak spr§vny pomer - t. j. pr²sluġn® percento myo-inozitolu ku D-

chiro-inozitolu - je st§le predmetom diskusie. V niekoŎkĨch pr²padoch nie je moģn® z²skaŠ 

presvedļiv® poznatky z klinickĨch ġt¼di² zaloģenĨch na nejasnom racion§lnom dizajne, 

obmedzenom poļte prijatĨch pacientiek a variabilnom zloģen² recept¼ry a d§vkovan². Celkovo 

¼daje naznaļuj¼, ģe pouģitie pr²sluġnĨch koncentr§ci² oboch izom®rov by sa malo starostlivo zv§ģiŠ 

a nemalo by sa ponechaŠ na improviz§ciu. Preto je d¹leģit® poznaŠ zast¼penie jednotlivĨch 

izom®rov inozitolu v rastlinnom materi§li. V bud¼cich ġt¼di§ch bude treba okrem toho zistiŠ 

molekul§rny z§klad aktivity inozitolov na ovari§lnych bunk§ch a presk¼maŠ priazniv® ¼ļinky 

vhodn®ho pomeru myo-inozitolu a D-chiro-inozitolu [1]. 

 Magn·lia Soulangeova (Magnolia soulangeana) je asi najviac pestovanĨm druhom ako 

okrasn§ drevina spomedzi mnohĨch druhov magn·li². Napriek tomu, ģe najzn§mejġia Magnolia 

officinalis je vyuģ²van§ v tradiļnej ļ²nskej medic²ne pre svoje bioakt²vne neolignany, naġim cieŎom 

bolo identifikovaŠ in® prospeġn® fytochemik§lie, inozitoly, vo viac dostupnom druhu, Magnolia 

soulangeana, ļ²m by sa mohla staŠ eġte zauj²mavejġ²m druhom. 

 

Materi§l a met·dy 

Kvety magn·lie Soulangeova (Magnolia soulangeana) boli lyofilizovan®, aby sa zachoval 

obsah l§tok v nich. N§sledne boli podrven® a extrahovan® v metanole. Extrakt bol 

homogenizovanĨ 30 min pri laborat·rnej teplote ultrazvukovĨm homogeniz§torom s pulzom 10 

s x 1 s (Bandelin Sonopuls HD 3100) pre lepġ² vĨŠaģok. Po 5 min vortexovan² (IKA Vortex Genius 

3) a 5 min centrifug§cii (Heraeus PICO 17 Cemtrifuge) sa odobratĨ 1 ml nechal odpariŠ. Vzorka 

sa pred analĨzou GC-MS derivatizovala z§saditou acetyl§ciou pridan²m 50 Õl pyrid²nu a 50 Õl 

acetanhydridu v termobloku (Block heater SBH130D STUART) 1 hod pri 80ÁC. Po acetyl§cii sa 

nechala vzorka odpariŠ do sucha a rozpustila v ACN. 

Vzorky boli analyzovan® plynovĨm chromatografom v spojen² s hmotnostnĨm detektorom 



GC-MS (Trace GC Ultra Thermo Scientific - TSQ Quantum XLS) s pouģit²m kremennej kapil§rnej 

kol·ny SP-2330 (30m x 0.25mm x 0.2um) a teplotnĨm gradientom: 180 ÁC (4 min) ī 20 ÁC/min ī 

230 ÁC ī 2 ÁC/min ī 250 ÁC (10 min). Tieto podmienky boli optimalizovan® a teplotnĨ program 

dosahuje najlepġiu separ§ciu. Prietok h®lia bol 0,6 ml/min, teplota i·nov®ho zdroja a d§vkovaļa 

bola 200 ÁC a 240 ÁC. Pouģit§ bola elektr·nov§ ioniz§cia (70 eV) a kvadrup·lovĨ analyz§tor 

operoval vo full scan m·de v hmotnostnom rozsahu 40-450 m/z.  

 

VĨsledky a diskusia 

Separ§ciou extraktu Magnolia soulangeana plynovou chromatografiou sa z²skal 

chromatogram eluovanĨch inozitolov, ktor® boli potvrden® hmotnostnĨmi spektrami a retenļnĨmi 

ļasmi rovnako pripravenĨch nameranĨch ġtandardov. V ġtudovanej rastline boli identifikovan® 2 

inozitoly a 2 metyl®ter inozitoly, ktor® sa pravdepodobne nach§dzaj¼ v rastline vo voŎnej forme. 

 

 

 
 

Obr.1: GC-MS chromatogram eluovanĨch inozitolov, metyl-®ter deriv§tov z extraktu 

kvetov Magnolia soulangeana na kol·ne SP-2330, identifikovanĨch hmotnostnĨm spektrometrom 

s trojitĨm kvadrup·lom v eluļnom porad²: D-pinitol (15,21 min), chiro-inozitol (16,36 min), 

ononitol (18,01 min), myo-inozitol (18,57 min). V analyzovanom extrakte kvetov boli 

identifikovan® aj acetylovan® hex·zy (16,73 min  a 16,97 min). 

 

 



Tab.1: Relat²vne percent§ [%] zast¼penia jednotlivĨch inozitolov v extraktoch listoch 

Magnolia soulangeana 

 RT [min] Plocha [%] 

D-pinitol 15,21 84,33 

chiro-inozitol 16,36 0,71 

ononitol 18,01 2,73 

myo-inozitol 18,57 12,22 

 

  
Obr.2: MS spektrum acetylovan®ho inozitolu a metyl®ter inozitolu 

 

V magn·lii Soulangeova bol identifikovanĨ D-pinitol ako dominantnĨ voļi Ņalġ²m trom 

inozitolom, ononitolu, chiro- a myo-inozitolu. Ako druhĨ je najviac zast¼penĨ myo-inozitol (12,22 

%), ktorĨ sa v pr²rode najviac vyskytuje. Potom ononitol s 2,73 % a chiro-inozitol s 0,71 %-nĨm 

zast¼pen²m v extrakte. Tak ako je vyuģ²van§ Magnolia officinalis s obsahom neolignanov 

v tradiļnej ļ²nskej medic²ne na zlepġenie gastrointestin§lnej aktivity, regul§cie respiraļnej aktivity 

pri astme, kaġli, ale aj pri lieļen² ochorenia COVID-19, moģno predpokladaŠ, ģe Magnolia 

soulangeana by mohla maŠ tieģ potencion§lne lieļiv® ¼ļinky vŅaka inozitolom, ktor® maj¼ 

antioxidaļn®, protiz§palov® a protirakovinov® vlastnosti. 
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Đvod 

Deficit prol²ndehydrogen§zy (OMIM 170100) je veŎmi zriedkav§ autozom§lne reces²vna 

porucha metabolizmu kolag®nu zapr²ļinen§ mut§ciou PEPD (613230) g®nu na chromoz·me 

19q13. Kolag®n je ġtruktur§lny prote²n, ktorĨ sa na konci svojho ģivotn®ho cyklu rozklad§ na 

imidodipeptidy. EnzĨm prol²ndehydrogen§za sa podieŎa na degrad§cii imidodipeptidov 

obsahuj¼cich ako koncov¼ aminokyselinu prol²n alebo hydroxyprol²n. Ġtiepen²m vªzby doch§dza 

k uvoŎneniu aminokysel²n, ktor® m¹ģu byŠ opªtovne vyuģit® v bunk§ch. Nedostatok enzĨmu sa 

prejavuje zvĨġenĨm vyluļovan²m imidodipeptidov v moļi. CharakteristickĨm klinickĨm prejavom 

tohto ochorenia bĨvaj¼ chronick®, pomaly sa hojace vredy a in® dermatologick® prejavy; tv§rovĨ 

dysmorfizmus; mierna aģ Šaģk§ ment§lna retard§cia. Ļast® s¼ aj opakuj¼ce sa infekcie dĨchac²ch 

ciest. Diagnostika je zaloģen§ predovġetkĨm na pr²tomnosti a polohe vredov na koģi, identifik§cii 

konkr®tnych prote²novĨch markerov v moļi alebo meran² aktivity prolid§zy. 

NMR spektroskopia je vysoko reprodukovateŎn§, nedeġtrukt²vna analytick§ met·da 

nevyģaduj¼ca ¼pravu vzorky. Na naġom pracovisku ju vyuģ²vame pri cielenej diagnostike r¹znych 

zriedkavĨch dediļnĨch metabolickĨch ochoren² na identifik§ciu / kvantifik§ciu charakteristickĨch 

biomarkerov v telovĨch tekutin§ch, pre ktor® nem§ diagnostick® centrum vhodn¼ metodiku. 

CieŎom tejto pr§ce bolo vypracovaŠ jednoduchĨ a rĨchly metodickĨ postup uplatnen²m 1H NMR 

spektroskopie na identifik§ciu pr²tomnosti sign§lov imidodipeptidov v moļi, ktor® s¼ 

charakteristickĨmi biomarkermi deficitu prol²ndehydrogen§zy.  

 

Materi§l a met·dy 

Vzorka moļu anonymn®ho detsk®ho pacienta s deficitom prolid§zy bola poskytnut§ 

Centrom dediļnĨch metabolickĨch ochoren², N§rodn®ho ¼stavu detskĨch chor¹b v Bratislave. Po 

odbere bola skladovan§ pri teplote -20 ÁC. Moļ bol rozmrazenĨ tesne pred analĨzou a 

centrifugovanĨ pri 13000 g po dobu 5 min¼t. 100 Õl supernatantu moļu bolo zmieġanĨch s 200 Õl 

fosf§tov®ho pufru (pH 2.5) a 20 Õl 10mM roztoku TSP-d4 (sodn§ soŎ 3-(trimetylsilyl)-propi·novej 

kyseliny-d4).  
1H NMR spektrum bolo meran® pri teplote 25 ÁC v 3-mm kyvete na 600MHz spektrometri 

Varian VNMRS vybaven®ho kryo sondou HCN 13C so zvĨġenou toleranciou na pr²tomnosŠ sol², 

chladenou kvapalnĨm h®liom. Sign§l vody bol potlaļenĨ presatur§ciou sekvenciou presat. 

Chemick® posuny metabolitov boli kalibrovan® na internĨ ġtandard TSP (0 ppm). 



VĨsledky a diskusia 

V 1H-NMR spektre vzorky moļu s¼ viditeŎn® charakteristick® chemick® posuny 

imidodipeptidov v oblastiach ŭH 1.9-2.4, ŭH 3.4-3.8 a ŭH 4.4-4.55 ppm. V spektre s¼ pr²tomn® aj 

Ņalġie sign§ly dipeptidov, charakteristick® pre deficit prol²ndehydrogen§zy: singlet glyc²n-prol²n 

(Gly-Pro) (ŭH 3.99 ppm), dublet alan²n-prol²n (Ala-Pro) (ŭH 1.53 ppm) a val²n-prol²n (Val-Pro) (ŭH 

1.12 a 1.02 ppm). AnalĨza 1H-NMR spektra vzorky moļu potvrdila, ģe moļ obsahuje metabolity 

charakteristick® pre deficit prolid§zy a potvrdzuje toto ochorenie.    

 

 

Obr.1: Vybran§ oblasŠ 1H NMR spektra analyzovanej vzorky moļu. Ala: alan²n, Gly: glyc²n, Pro: 

prol²n, Val: val²n  
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Introduction 

Pistacia atlantica Desf. is a pistachio tree, whose subspecies naturally grow in parts of the 

Middle-East and in North Africa. In contrast to Pistacia vera, which is widely known for its edible 

fruits (nuts), the importance of Pistacia atlantica lies in its resin and essential oil, and in the 

application of its parts in traditional medicine. Extracts and chemical compounds isolated from 

different parts of the plant were reported to possess anti-bacterial, anti-fungal, anti-inflammatory, 

anti-diabetic, wound healing, and other activities.[1,2] The leaves of Pistacia atlantica are known 

have a very high content of tannins and depsides, with several of them being derivatives of gallic 

acid. In this work the isolation of a mixture of meta-digallic acid methyl ester (1) and para-digallic 

acid methyl ester (2) from Pistacia atlantica is briefly described, together with details about the 

identification process and its spontaneous decomposition. 

 

Materials and Methods 

Dried and ground P. atlantica leaves were extracted with 100% methanol for 24 hours using a 

mechanical mixer. This process was repeated five times. The extract filtered through filter paper 

was concentrated to dryness in a rotary evaporator at a temperature not exceeding 45 ÁC. The crude 

extract was suspended in 90% methanol and then fractionated with solvents of increasing polarity 

with n-hexane, chloroform (CHCl3), ethyl acetate (EtOAc), and n-butanol/saturated with water (n-

BuOH). An Ŭ-amylase and Ŭ-glucosidase inhibitory activity-directed fractionation study was 

performed on the P. atlantica sub-extracts with the EtOAc sub-extract being the most potent 

amongst them. The EtOAc sub-extract was repeatedly subjected to column chromatography 

(polyamide, RP-18, Sephadex LH-20) whilst targeting compounds with the inhibitory activity. As 

a result, a mixture of meta-digallic acid methyl ester (1) and para-digallic acid methyl ester (2) was 

isolated. The complete details about of the purification of 1 and 2 will be additionally published 

with the isolation data of co-isolated compounds from P. atlantica. The data are available from the 

first author on request.  



All presented NMR spectra were recorded on an Avance III HD NMR spectrometer 

(Bruker) operating at frequencies of 400 MHz for 1H nuclei and 101 MHz for 13C nuclei. The 

spectrometer was equipped by a nitrogen-cooled Prodigy cryoprobe. The NMR sample of the 

mixture of 1 and 2 was prepared by dissolving approximately 15 mg of the mixture in 0.6 ml of 

CD3OD with 0.03 % TMS (Eurisotop). 

 

Results and Discussion 

The 1H 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 (JHH = 2.0 Hz) with ŭH = 7.389 and 7.264 ppm, one double-intensity singlet with ŭH = 

7.222 ppm, and a triple-intensity singlet with ŭH = 3.843 ppm. From the coupling constant value 

and from the observed HMBC correlations it was determined that the two doublets belong to two 

protons bonded on a phenyl ring in a mutual meta-position. The elevated ŭC values of 13C nuclei 

interacting with the abovementioned protons suggested the presence of a carbonyl moiety (ŭC = 

168.28 ppm) and three oxygen-containing substituents bonded to this aromatic ring. The carbonyl 

moiety was identified as a methyl ester thanks to the strong 3JCH interaction observed between the 

protons with ŭH = 3.843 ppm and the carbon with ŭC = 168.28 ppm. The identified methyl gallate 

fragment had to be asymetrically substituted (i. e. not in the para-position relative to its carbonyl 

group) for its protons not to be identical. 

From the matching integral intensities it was suggested that the protons with ŭH = 7.222 

ppm mentioned at the start of this paragraph belonged to the same compound and possibly belonged 

to a symmetric aromatic fragment (explaining the double-intensity). This was later proven by the 

acquisition of an HMBC spectrum with a prolonged time interval for the evolution of small nJCH 

interactions (the sequence was optimized for JCH = 3 Hz) ï a weak heteronuclear interaction could 

be easily spotted between protons with ŭH = 7.389 and 7.264 ppm, and a carbonyl with ŭC = 166.65 

ppm. According to the observed HMBC interaction, the latter atom belonged to an aromatic ring 

containing the protons with ŭH = 7.222 ppm. The same 2D spectrum, together with the 2D HSQC 

spectrum clearly proved the symmetry of this aromatic ring as the latter protons showed both a 

single-bond and a multiple-bond correlation with a carbon with ŭC = 110.84 ppm. The singlet-

shaped signal with ŭH = 7.222 ppm was resolved as a doublet of a doublet in the 13C-satellite 

spectrum (1JCH = 162 Hz, 4JHH = 1.8 Hz). It was suggested that the aromatic cycle is another galloyl 

moiety, thus the compound being identified as meta-digallic acid methyl ester (1). 

The minor signal set contained two singlet-shaped with ŭH = 7.104 and 7.238 ppm, and a 

non-integer intensity singlet with ŭH = 3.865 ppm. Thanks to the knowledge of the structure of the 

major compound it was suggested that the two singlet-shaped proton signals belong to two pairs of 

protons from two symmetric galloyl moieties, thus the signal ŭH = 3.865 ppm actually being a 

standard triple-intensity -O-CH3 group. With the same procedure the compound was identified as 

para-digallic acid methyl ester (2). 



A set of signals that did not correspond with the 1H and 13C spectra was observed in the 2D 

NMR spectra measured afterwards (especially in the HMBC spectrum optimized for very small 

couplings that was measured a week after the sample preparation). A careful examination of a 

re-measured 1H spectrum revealed the presence of an aromatic singlet shaped proton with ŭH = 

7.048 ppm and a methoxy-group with ŭH = 3.815 ppm with non-corresponding integral intensities. 

Expectedly, the HMBC spectrum revealed that these signals belong to a symmetric galloyl moiety 

with ŭC = 52.32, 110.12 (2C), 121.51, 139.82, 146.55 (2C), and 169.09 ppm. No other correlation 

signals were obtained that would suggest a substitution of the aromatic ring; therefore, the 

compound was identified as methyl gallate (3a). The only discrepancy was found in the non-

corresponding integral intensities of the two proton signals of the compound ï the integral intensity 

ratio 4:3 was observed instead of 2:3 as would be expected for methyl gallate. It was revealed that 

the meta- and para-digallic acid methyl esters gradually decompose and form the additionally 

observed methyl gallate (see Figure 1). 

 

 

Fig. 1: The gradual decomposition of o- and p-digallic acid methyl ester as observed by 1H NMR 

spectroscopy. The individual spectra have been measured a) immediately after sample preparation, 

b) after 4 days, c) after 7 days, and d) after 35 days of sample storage in varied temperatures (4 ÁC 

- 25 ÁC). 

 



The reason of the abovementioned integral ratio could be explained by the analysis of the 

mechanism of the formation of the new compound. It was suggested that the digallic acid methyl 

esters 1 and 2 undergo an alcoholysis (transesterification) by the NMR solvent (MeOH-d4), see 

Figure 2. If a standard transesterification mechanism is assumed, statistically, half of the methyl 

groups of the formed methyl gallate molecules must be fully deuterated ï this is in complete 

accordance with the integral intensity ratio mentioned in the previous paragraph. Also, the 1H NMR 

spectra suggest that the originally present methyl ester groups do not undergo transesterification 

by MeOH-d4 as the methyl groupôs 1H signal would have statistically had to disappear, and a large 

quantity of CH3OD would be detected ï both phenomena were not observed. This implies that the 

initial ionization of 1 and 2 at the depside bond is extremely favored over the ionization of the 

methyl ester bond of 1, 2 or 3a. The reason of such behavior remains unclear; such data suggest 

that the deuteron could be obtained by an intramolecular transfer from the hydroxy-group bonded 

to the ortho-position relative to the depside linking group via a 7-membered cycle. The presence 

of 3b was later confirmed by the observation of several 13C signals shifted by isotope effects and 

the 1JCD interaction within its trideuteromethyl group.  
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Fig. 2: The decomposition of 1 and 2 in CD3OD with the formation of methyl gallate (3a) and 

trideuteromethyl gallate (3b). The source of the proton (or deuteron) needed in the initial ionization 

step was omitted on purpose, because of the existence of ambiguous explanations of this reaction 

step. P. T. = Proton Transfer. 



 

To our knowledge, the compounds 1 and 2 were only characterized by NMR in a 7:3 

mixture isolated from Panamian plants by Guldbrandsen et al.[3] Pierson et al. claims to have 

detected the both compounds in mango fruit using HPLC-MS.[4] The depside bond cleavage is 

commonly used to obtain gallic acid from gallotannins, but depsidases (tannases) are employed for 

the catalysis of the ester hydrolysis. The possibility of a spontaneous hydrolysis/alcoholysis can 

play a negative role in any application of compounds 1 and 2 as drugs. Despite this finding, the 

mixture of compounds was found to have inhibitory activity against Ŭ-amylase and Ŭ-glucosidase 

during the extract fractionation, and the mixture is undergoing pharmaceutical profiling. 
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Đvod 
Siraitia grosvenorii, zn§ma ako monkfruit alebo luohan guo, je bylinn§ trvalka z ļeŎade tekvicovit®, 

Cucurbitaceae. Poch§dza z juģnej Ļ²ny. Rastlina sa pestuje pre svoj ovocnĨ extrakt, obsahuj¼ci mogrozidy, 

zl¼ļeniny, ktor® s¼ 250-kr§t sladġie ako sachar·za. Preto sa mogrozidovĨ extrakt pouģ²va ako 

n²zkokalorick® sladidlo do n§pojov a v tradiļnej ļ²nskej medic²ne. Ich chemick® zloģenie v extrakte plodov 

Siraitia grosvenorii sa ġtuduje ļastejġie ako v jej kvetoch, alebo bylinkovom ļaji vyroben®ho z tejto rastliny. 

¢ƛŜ ǎŀ ǾȅǳȌƝǾŀƧǵ Ǿƻ ŦƻǊƳŜ ƴ§levov alebo odvarov v r§mci bylinnej medic²ny s potenci§lne zdraviu 

prospeġnĨm vplyvom. Mogrozidy maj¼ byŠ zodpovedn® za biologick® aktivity S. grosvenori; je vġak dobre 

zn§me, ģe polysacharidy m¹ģu tieģ vykazovaŠ zauj²mav® biologick® aktivity. Zloģenie purifikovanĨch 

polysacharidovĨch komplexnĨch matr²c, izolovanĨ z kvetov S. grosvenori a bylinn®ho ļaju vo forme inf¼zie 

a odvaru, bolo cieŎom naġej ned§vnej ġt¼die1. V tejto pr§ci predstavujeme z§very analĨzy 13C NMR spektier, 

ktor® boli meran® zo surovĨch vzoriek pred purifik§ciou dialĨzou. 

 

Materi§l a met·dy 

Kvety Siraitia grosvenori (SGF) boli zak¼pen® od spoloļnosti Shanghai Herbary Biotechnology Co., Ltd. 

s vyhl§sen²m, ģe kvety boli zozbieran® a voŎne suġen® na vzduchu v provincii Guangxi v 9/2015 v Ļ²ne. 

BylinnĨ ļaj (SGHT) z Siraitia grosvenori, zozbieranĨ 10/2015 v Yongfu, bol zak¼penĨ od dod§vateŎa 

Guilin Yongfu Linzhongxian Momordica Grosvenori Co., Ltd.  

Vzorky na analĨzu boli pripraven® z kvetov S. grosvenori (SGF) a bylinkov®ho ļaju (SGT) jednoduchou 

inf¼ziou (300ml destilovanej vody, 95-100 ÁC, 20 g substr§tu, 15 min; SGF1-c a SGT1-c) a ako odvar (300 

ml destilovanej vody  100 ÁC/ 2h, 20 g; vzorky SGF2-c a SGT2-c) podŎa postupov tradiļnej ļ²nskej 

medic²ny2,3. Pevn® ļasti sa odfiltr ovali a z²skan® surov® extrakty sa dialyzovali (MWCO 6-8 000; 

Spectra/Por, USA) poļas 48 hod²n. Z²skan® vzorky boli lyofilizovan®. 

NMR spektr§ boli meran® v D2O pri 25 ÜC na 600MHz NMR spektrometri Bruker Avance III HD s H,C,N 

triple resonance kryo sondou.  

 

VĨsledky a diskusia 

V naġej predch§dzaj¼cej pr§ci sme sa venovali detailnej analĨze chemick®ho zloģenia vzoriek 

z²skanĨch inf¼ziou a vo forme odvaru po ich purifik§cii dialĨzou. DialĨzou boli z nich odstr§nen® 

n²zkomolekulov® zloģky, soli a neļistoty1. Cenn® inform§cie vġak poskytla aj analĨza surovĨch 

nepurifikovanĨch vzoriek pred dialĨzou (SGT1-c a SGT2-c ï z ļaju; SGF1-c a SGF2-c z kvetov). 

Detailn§ analĨza SGF1-c a SGF2-c uk§zala, ģe v spektr§ch obidvoch vzoriek z²skanĨch z kvetov 

je dominantnou zloģkou gluk·za. NMR spektr§ vzoriek z bylinkov®ho ļaju (SGT1-c a SGT2-c) 

potvrdzuj¼ pr²tomnosŠ bohatġej zmesi l§tok, v ktorĨch je tieģ pr²tomn§ gluk·za ale aj inul²n. 

Identifik§cia inĨch l§tok bude moģn§ aģ po ich separ§cii zo zmes². Obr. 1 ukazuje porovnanie 13C 

NMR spektier analyzovanĨch vzoriek so spektrami ġtandardov: gluk·zy a inul²nu. Pr²tomnosŠ 



mogrozidov nebola jednoznaļne potvrden§, aj keŅ bolo moģn® v HSQC spektr§ch identifikovaŠ 

niektor® charakteristick® sign§ly glykozidicky viazanĨch gluk·zovĨch jednotiek.  

 

 

 
Obr.1  13C NMR spektr§ analyzovanĨch surovĨch vzoriek pred dialĨzou z²skanĨch z kvetov 

a bylinkov®ho ļaju S. grosvenori: SGT1-c a SGT2-c ï z ļaju, SGF1-c a SGF2-c ï z kvetov. Spektr§ 

s¼ porovnan® so spektrami ġtandardov, inul²nu a gluk·zy.  

 

Z²skan® vĨsledky m¹ģu maŠ vĨznam pre pacientov s diabetom, u ktorĨch pitie inf¼zie alebo vĨluhu 

z S. grosvenori potenci§lne m¹ģe ovplyvniŠ hladinu gluk·zy v krvi. Pr²tomnĨ inul²n vo vzork§ch 

z bylinkov®ho ļaju p¹sob² ako prebiotikum. 
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Đvod 

Pyrolizid²nov® alkaloidy (PA) s¼ heterocyklick® dus²k obsahuj¼ce organick® zl¼ļeniny (Obr. 1). V 

pr²rode sa vyskytuj¼ vo viac ako 6 000 rastlin§ch (veŎk® zast¼penie druhov z ļeŎad² Boraginaceae, 

Asteraceae a Fabaceae). Mnoh® z tĨchto rastl²n s¼ beģn® buriny, ktor® m¹ģu pri zbere 

kontaminovaŠ suroviny rastlinn®ho p¹vodu pouģ²van® na vĨrobu ļajov, extraktov, tinkt¼r alebo 

lieļiv (Prakash et al., 1999). PA s¼ syntetizovan® v koreŔoch rastl²n ako N-oxidy a transportovan® 

do zvyġku rastliny, kde sa hromadia v kvetoch, stonk§ch a listoch. P¹sobia ako veŎmi ¼ļinn® 

prostriedky na odpudzovanie hmyzu, ale na ļloveka maj¼ niektor® z nich karcinog®nny a 

hepatotoxickĨ ¼ļinok najmª 1,2-nenasĨten® nec²nov® b§zy, ale aj ich N-oxidov® formy (Seremet 

et al., 2018). Vªļġina rastl²n produkuje zmesi PA v r¹znych koncentr§ci§ch v rozmedz² od menej 

ako 0,001 % do 5 % (aģ do 19 % suchej hmotnosti) (EFSA 2011). Z d¹vodu toxicity PA a 

zvĨġen®ho rizika ohrozenia zdravia obyvateŎov boli vypracovan® rizikov® ġt¼die a na z§klade nich 

vydali eur·pske liekov® a potravinov® autority nariadenia na kontrolu obsahu PA v rastlinnĨch 

produktoch (EFSA 2016; EFSA 2017a; EFSA 2017b). Z§roveŔ boli stanoven® odpor¼ļan® 

maxim§lne hodnoty denn®ho pr²jmu a tieģ obsahu tĨchto alkaloidov v rastlinnĨch a ģivoļ²ġnych 

produktoch (EMA 2021). Vznikla tak potreba presn®ho a citliv®ho stanovenia obsahu PA v r¹znych 

komplexnĨch matriciach. Na tento ¼ļel sa jav² ako veŎmi vhodn§ met·da hmotnostnej detekcie 

meran²m vybranĨch i·nov a ich charakteristickĨch i·novĨch fragmentov v kombin§cii s 

vysoko¼ļinnou kvapalinovou chromatografiou.  

 

 
Obr§zok 1 Chemick§ ġtrukt¼ra 1,2-nenasĨtenĨch pyrolizid²novĨch alkaloidov (vŎavo) a ich N-oxidov (vpravo) 

 

Materi§l a met·dy 

Such® extrakty rastl²n rumanļek, p¼pava, fenikel, ruģa ġ²pov§ a ibiġtek boli dodan® firmou 

Calendula, Slovensko. Vybran® ġtandardy pyrolizid²novĨch alkaloidov boli zak¼pen® od firmy 

PhytoLab, Nemecko. Kvapalinov§ chromatografia sa merala na pr²stroji Dionex UltiMate 3000 

UHPLC system (ThermoFisher Scientific, Nemecko) s degaserom, kvart®rnou pumpou, 

autosamplerom a vyhrievanĨm kol·novĨm priestorom. Detekcia sa vykon§vala pomocou 

hmotnostn®ho detektora AB Sciex Qtrap 4500 (Sciex, USA) s trojitĨm kvadrup·lom a 




















