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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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