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Úvodem...  

 Rok uběhl jako voda a opět si vás dovoluji přivítat na již 16. ročníku tradiční 

konference Workshop of Physical Chemists and Electrochemists pořádané na půdě 

Masarykovy univerzity v Brně. Oba konferenční dny budou naplněny sérií přednášek 

a soutěžními sekcemi, ať již Sekcí mladých studentů či Sekcí plakátových sdělení, v nichž 

mladí a nadaní vědci prezentují výsledky svého výzkumu s hlavním cílem podpořit výzkum 

v oblasti fyzikální chemie a elektrochemie a hlavně jejich aplikaci v biologických vědách 

a nanovědách. Jménem organizátorů bych vám chtěla všem popřát úspěšnou konferenci, která 

vás bude inspirovat k dalšímu vědeckému bádání společně s navázáním nové spolupráce. 

 Přeji vám příjemně strávené konferenční dny.     

         Libuše Trnková 

Motto: 

„Nejkrásnější, co můžeme prožívat, je tajemno. To je základní pocit, který stojí u kolébky 

pravého umění a vědy." 

         Albert Einstein  

An introductory word... 

 One year is behind us and I would like to invite you to the 16th traditional conference 

Workshop of Physical Chemists and Electrochemists, which is held at Masaryk University in 

Brno. Both conference days will be filled-up with a sequence of lectures and competition 

sessions, such as The Young Scientists’ Session or Poster Session, in which the young gifted 

scientists present the results of their research. The main idea is to support the research in the 

field of Physical Chemistry and Electrochemistry and its application in bio- and nanoscience. 

On behalf of the organizers I would like to wish you a successful conference that will inspire 

you in further scientific research supported by new cooperation. 

Enjoy the conferece! 

         Libuše Trnková 

Motto: 

„The most beautiful thing we can experience is the mysterious. This is the fundamental 

emotion that stands at the cradle of true art and science.“ 

         Albert Einstein 
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NANO IN ELECTROCHEMISTRY 

Jana DRBOHLAVOVÁ1,2*, Hana KYNCLOVÁ1,2, Radim HRDÝ1,2,  

Kateřina PŘIKRYLOVÁ1 , Milena ŠETKA2, Jaromír HUBÁLEK1,2 

1 
Department of Microelectronics, Faculty of Electrical Engineering and Communication, Brno University of 

Technology, Technická 3058/10, 616 00 Brno, Czech Republic  

2 Central European Institute of Technology, Brno University of Technology, Purkyňova 123, 612 00 Brno, 

Czech Republic 

*drbohla@feec.vutbr.cz  

Abstract 

Nanostructured electrodes are very promising in many fields thanks to their unique properties 

raising from the ability to control the architecture of the electrode interface at nanoscale in 

both, vertical and lateral direction [1]. These electrodes find application in material sciences, 

especially in devices such as solar cells, high-power lithium ion batteries [2, 3] and 

supercapacitors due to better cyclic stability, higher energy and power density. The 

nanostructured electrodes become also extremely popular in life sciences, mainly in 

bioelectronics and (bio)sensors for hand-held devices used in medical diagnosis and 

immunoassays [4]. The main advantage is their high surface area enhancing the electrode 

sensitivity via improved immobilization of biorecognition molecule into nanomaterial 

matrices [5]. We summarize and discuss the various methods of nanostructured electrode 

fabrication together with modification of surface chemistry and crystallinity. 

 

1. CURRENT STATE OF ART 

Many materials, such as silver, gold, platinum, palladium, ruthenium, copper, nickel and 

bimetallic nanoparticles with different structures, such as dendrites, nanorods, or nanotubes, 

have been already used for fabrication of nanostructured electrodes [6, 7]. Nevertheless, 

carbon in its various forms (e.g. glassy carbon, graphite, graphene, or carbon nanotubes) still 

belongs to the most frequently studied one. The deposition of noble metal nanoparticles onto 

electrode surface may contribute to a substantially higher density of carriers of free loads and 

hence to enhanced electrical conductivity [8]. However, the electrode structures become 

random and untailored after their typical electrode fabrication process (mixing with polymer 

binder and conductive additives). So far very little work has yet been done in systematically 

studying the principles for optimizing electrode architectures, especially those involving 
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redox reactions. The overview of materials used for electrode nanostructuring together with 

fabrication methods and final electrode application is listed in Table 1. 

Table 1.: List of few basic materials and methods currently used for nanostructured electrodes fabrication  

Material Nanostructure 

morphology 

Fabrication methods Application Reference 

Carbon Multiwalled carbon 

nanotubes 

Nanoporous 

graphene 

CVD method 

Flame treatment  

of graphene oxide 

Hybrid supercapacitors 

Electrode for lithium-

ion batteries 

[9] 

[10] 

Gold Nanorods  

 

Nanoparticle arrays 

Nanorods  

Dip coating of 

colloidal Au nanorods 

Pulsed laser 

nanostructuring  

Electrochemical 

deposition via AAO  

Electrocatalytic 

reduction of oxygen 

Electrochemical 

detection of glucose 

Electrochemical 

detection of guanine 

[11] 

 

[12] 

[13] 

Platinum Nanowires Electrochemical 

deposition 

Nanoelectronics, gas 

sensors and biosensors 

[14] 

ZnO/Pd Nanoparticles Dip coating,  

chemical reduction 

Electrochemical 

analysis 

[15] 

RuO2 Nanoparticles Corrosion of Ni foam 

in RuCl3 presence 

Water splitting [16] 

TiO2 Nanotubes, 

nanopores 

Anodic oxidation Photocatalysis, 

electrocatalysis 

[17] 

It is shown that particle size and packing density of the nanostructures array are important 

factors which determine the electrode performance. In general, the modification of electrode 

surface can be performed by four approaches which are (1) the direct attachment of 

nanoparticles onto an electrode, (2) templating with membranes such as polycarbonates or 

alumina, (3) the use of lyotropic liquid crystals as templates and (4) colloidal templating. Self-

assembled monolayers (SAMs) and templated methods offer the greatest possible control over 

how an electrode interface can be modified. Namely, the electrodeposition method using 

nanoporous anodic aluminium oxide (AAO) template is versatile tool which enables to 

achieve appropriately designed nanostructures, interfaces and crystallinity [18] as illustrated in 

Figure 1.  
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Figure 1.: SEM image of electrode with electrodeposited gold nanorods using AAO template. 

2. CONCLUSION 

This paper provides short review work done on nanostructuring electrodes using variety of 

materials and methods. Even the majority of published works shows significant improvement 

of electrode behaviour thanks to their nanostructuring, there are still some serious problems 

which have to be eliminated. In this field, the research efforts should be further devoted to the 

development and fabrication of thin film electrodes in maximally simplified way, with regard 

to consumption of precious starting materials and mainly with increased reproducibility, so 

that the technology can be directly used on an industrial level. 
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Abstract 

Nucleic acid (NA) electrochemistry has been developing for last six decades, during which a 

lot of knowledge on electrochemical and surface activity of NA components has been 

collected. Structure sensitivity of electrochemical responses of NAs, particularly their 

sensitivity to helix opening transitions, has been utilized in a number of analytical 

applications. Recent data has extended this knowledge towards effects of nucleotide sequence 

on the behavior of single-stranded NAs at electrodes, effects of the formation of alternative 

(non-canonical) DNA structures, as well as effects of chemical modification. In this 

contribution, these phenomena will be presented along with potential applications in DNA 

and RNA studies. 

 

1. INTRODUCTION 

Electrochemical methods are well-suited for studies of nucleic acid (NA) structure and 

interactions [1]. In aqueous media, cytosine (C) and adenine (A) residues in their protonated 

states are irreversibly reduced at mercury and some types of amalgam electrodes. Reduction 

of G at the mercury-based electrodes takes place at more negative potentials to give 7,8-

dihydroguanine. The latter compound can be oxidized back to G close to -0.25 V [in 0.3 M 

ammonium formate, 50 mM sodium phosphate pH around 6.9 (AFP) against Ag|AgCl|3 M 

KCl], giving rise to an anodic signal. All standard NA bases have been reported to undergo 

oxidation at carbon electrodes. The behavior of natural DNA at electrodes is dictated by the 

accessibility of nucleobase residues for interaction with the electrode surfaces. In duplex 

(double-stranded, ds) DNA, the nucleobases (base pairs) are located inside the double helix, 

making their communication with electrodes relatively difficult. Particularly reduction of 
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cytosine and adenine residues at the mercury-based electrodes (which takes place in sites 

involved in the Watson-Crick base pairing) strongly depends on formation (or denaturation) 

of the DNA double helix. On the other hand, redox processes in the imidazole ring of guanine 

(G) (reduction/oxidation at mercury or oxidation at carbon electrodes) are relatively feasible 

in the double-stranded DNA due to accessibility of this site via major groove. Base-specific 

and structure-selective electrochemical responses of DNA, either label-free or based on a 

redox DNA labelling [2], have been utilized in a variety of applications oriented towards 

detecting DNA damage [3], analysis of nucleotide sequences, protein-DNA interactions [4] 

and others. 

 

2. EFFECTS OF NUCLEOTIDE SEQUENCE ON INTRINSIC NA RESPONSES 

In unmodified single-stranded (ss; unstructured) random-sequence NAs, typically represented 

by denatured natural chromosomal or plasmid DNAs, relative intensities of reduction or 

oxidation signals proportionally reflect the relative contents of the respective bases. 

Moreover, reduction of cytosine and adenine in such DNAs give a single common peak CA. 

However, experiments with specifically designed oligodeoxynucleotides (ODNs) revealed 

effects of nucleotide sequence on their electrochemical responses. First, homonucleotide 

blocks dAn and dCn produce two distinguishable reduction signals at the mercury electrodes, 

with C residues being reduced at less negative potentials than A residues. In short ODNs, 

separation of the C and A signals has been observed even for CC and AA dinucleotides, 

particularly with the help of elimination voltammetry [5]. For longer homonucleotide blocks 

the peak separation is more pronounced. Since homopyrimidine (but not homopurine) ODNs 

were shown to form condensed layers at the negatively charged electrode surface [6], 

different adsorption modes of dAn and dCn clusters may at least partly be involved in this 

effect. Second, oxidation of G at carbon electrodes has been shown to be influenced by 

sequence context in which the G residues occur, particularly by the presence of C next to G 

([7] and our recent more systematic study, unpublished). Sequence effects on the peak G 

measured at HMDE (i.e., signal due to 7,8-dihydroguanine oxidation) have recently been 

reported as well [8].  

 

3. ALTERNATIVE DNA STRUCTURES 

In addition to differentiation between ds and ss DNA, which has been utilized in a number of 

analytical applications mostly related to detecting DNA damage [3], electrochemical methods 
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have recently been applied also in studies of other (alternative, non-canonical) DNA 

structures. Some of them (such as G quadruplexes) are based on Hoogsteen base pairing that 

involves the imidazole rings of purine bases, where primary reduction and oxidation processes 

of G occur. Recently, oxidation of guanine residues in the G-quadruplexes at glassy carbon 

electrodes has been reported to take place at a potential by about 100 mV more positive, 

compared to guanines in single-stranded or duplex oligonucleotides, suggesting more difficult 

electrode process in the case of the quadruplex structure [9]. Our more recent data [10] 

revealed formation of quadruplex structures in homo-guanine blocks longer than 5 

nucleotides, which were stable in solution as well as in adsorbed state at the negatively 

charged mercury surface. Hoogsteen-paired guanine residues in the quadruplexes exhibited 

only limited accessibility for reduction at the negatively charged surface of the mercury 

electrode from which these rigid structures were repelled. On the contrary, the oxidation 

process of guanine at a carbon electrode took place at positively charged surface to which the 

oligodeoxynucleotide molecules were attracted.  

 

4. NUCLEIC ACIDS MODIFIED WITH REDOX LABELS 

Labeling of the NAs with electroactive moieties has been introduced as a way to more 

specific and more sensitive sequence-specific electrochemical analysis of the NAs [2]. 

Compared to natural (unmodified) NAs, the labeled ones contain extra redox center(s) 

producing additional, label-specific signal(s). For example, chemical modification of NAs 

with oxoosmium complexes in the presence of bidentate nitrogenous ligands such as 2,2’-

bipyridine or 1,10-phenanthroline derivatives. Reagents based on osmium tetroxide have 

proved to be suitable for the modification of unpaired or mispaired pyrimidine (primarily 

thymine) residues, with applications not only in DNA labeling as such, but also for probing 

perturbations in dsDNA structure [11]. Analogous complexes of six-valent osmium have been 

applied for labeling of 3’-terminal ribose in RNA [12]. Other redox labels have been 

introduced in DNA via enzymatic (polymerase) incorporation of labeled nucleotides using 

modified deoxynucleotide triphosphates bearing the respective redox moieties, e.g., ferrocene, 

anthraquinone, nitrophenyl, benzofurazan, azidophenyl [13], but also simple analogues of 

natural bases such as 7-deazapurines [14]. Combination of labels differing in their potentials 

of reduction and/or oxidation (and differing from those of the natural nucleobases) provide 

versatile multipotential NA labeling scheme, which has further been enhanced by 

electrochemical [13c] or chemical [13b] transformations of the primarily introduced labels. 
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Applications in the areas of SNP typing, ratiometric analysis of nucleotide sequences as well 

as studies of protein-DNA binding have been demonstrated. 

 

5. ADSORPTION/DESORPTION PROCESSES OF NATURAL AND MODIFIED 

DNA 

It has been shown that in weakly alkaline media, tensammetric signals of NAs sensitively 

reflecting their structure can be observed at the mercury-based electrodes. In ssDNA, 

hydrophobic nucleobases are strongly adsorbed at the electrode surface even at highly 

negative potentials: a tensammetric peak due to reorientation of DNA segments adsorbed via 

bases (“peak 3”) is observed around –1.4 V vs. Ag|AgCl|3M KCl. Duplex B-form DNA, in 

which the bases are not freely accessible, undergoes the reorientation processes at 

significantly less negative potential (peak 1 around -1.2 V); appearance of the peak 3 thus 

indicates a duplex opening transition [1]. Moreover, distorted (partially unwound, e.g. due to 

intercalation of planar molecules between DNA base pairs [15]) dsDNA produces another 

tensammetric signal at intermediate potential (peak 2). Our recent studies with double-

stranded DNA bearing extrinsic hydrophobic moieties, e.g., extra aromatic groups attached to 

bases in the duplex major groove, revealed a strong influence of these modifications on the 

tensammetric properties of DNA. 

 

6. CONCLUSION 

Nucleic acids electrochemistry has been developing for decades, resulting in design of a 

number of applications in DNA and RNA studies. Recent progress in the field has extended 

our knowledge on the behavior of NAs at electrodes, namely about the effects of nucleotide 

sequence, formation of alternative structures and chemical modification. Based on these new 

data, extending of the application area of NA electrochemistry can be expected.  
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Abstract 

During the past several decades, “small-particle” research has become quite popular in 

various fields of physics and chemistry. By “small particles” are meant clusters of atoms or 

molecules of metals, semiconductors and others materials, ranging in size between single 

atoms or molecules and bulk materials.  

 

1. INTRODUCTION 

In the very early stages of "Nano" science I had an opportunity to participate in the 

experimental shaping of this area. At the beginning, we stepped into nanostructure research, 

which was completely unexplored area, with a significant risk of failure and 

misunderstanding. This note presents the area of quantum nanoparticles from the perspective 

of one of the founders of the experimental study of nanotechnology and nanostructures as a 

completely new field of research, including subsequent unique applications.  

At the beginning of the eighties, the team of prof. A. Henglein, (director of Hahn-Meitner 

Institute, HMI) in TU (West) Berlin, perform investigation of small colloidal particles. 

Ambitious objective of project EUREKA (EU and Germany1980) was to end the 

domination of U.S. and Japan in the field of chip technology. To obtain chip units with a 

density record 10 ÷ 100 Mb/cm2 was to ensure necessary material base. HMI in Berlin has 

become in the being a major centre for research and training materials for miniaturisation 

particles technology. We had an inconsiderable share in the preparation and study of metal 

and semiconductor colloidal materials. The work has gradually started to depend on the area 

of study super small particles, currently known as quantum nanostructures. The development 

of the nanostructural world and problem ignition began, when the systematic research of 

small particles run in laboratories in Hahn-Meitner Institute in Berlin - prof. Henglein[1,2], 

and at Bell Telephone Laboratories, NY USA - prof. L. E. Brus.. The results of this research 

are dozens of original work in the field of training and study nanoparticles, nanostructures and 

nanotechnology[3]. We will try to illustrate the way, how the research and development in 



XVI. Workshop of Physical Chemists and 

Electrochemists 
 

20 

BBrrnnoo  

22001166  

this area went. Practical and theoretical problems, which had to be faced on infancy of this 

new science industry, will be presented.  

In this short note, we point out several key moments, which played in the development of 

this area decisive role. 

The findings of the effect of space restrictions of colloidal particles (i) 

The findings of absorption of exciton status in a normal temperature (ii)  

Confirmation of the higher excited states on one particle (iii) 

Surface and internal conditions of charge carriers in nanoparticles (iv) 

 

The dimensional quantization effect, which caused unprecedented interest in the world in the 

research of this kind, appeared as a remarkable feature. Band structure of metals and 

semiconductors is also dependent on the number and arrangement of atoms in the crystalline 

grid, i.e. in quantum properties, there is considerable dimensional function of microcrystal 

when in semiconductors, or in metal occurs in the nanometre area a gradual transition from 

the macroscopic voluminous characteristics to quantum characteristics of molecules. Optical, 

photocatalytic and fotophysical characteristics of semiconductors are significantly changed 

and there were observed interesting electrochemical and physical effects. 

A progress has been made in improving the properties of particles by surface 

modification[4,5,6] and by the preparation of composite structures ("sandwiches"), in which 

the particle consist of two semiconductor components[7]. 
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2. METHODS 

Approach to Nanoparticles and Nanostructures 

Measuring system 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Managing the band-gap extent by particle size. 

 

The phenomena arise when the size of the particle becomes comparable 

to the DeBroglie wavelength of the carriers. 

 

 

Fojtik A.: Quantum State of Small Semiconductor Clusters – „Exciton“. 

Radiat. Phys. Chem. Vol. 28, No 5/6 (1986) p. 463 
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(Some) Methods for nanoparticles preparation.  

 

1. Laser ablation,   2. Low frequency heating,   3. Thermal deposition    

4. RF plasma deposition,   5. Molecular beam epitaxy,   6. Chemical methods    

7. Pulls radiolysis    

 

3. RESULTS 

(i) It was found that the start of absorption shifted to the shorter wavelengths depending on 

the size of particles 

 

(ii) During a more detailed study of the absorption spectra of CdS colloidal solutions, a 

stronger local maximum suddenly appeared. The situation was highly reminiscent of the 

absorption curves of Cu2O and GaAs measured at a temperature of 21 K (their structures 

were successfully explained using the concept of the existence of excitons - special 

quasiparticles-). Possible explanation even in the case of the absorption spectra shape 

measured by us. Speculation about the possible effective existence of an exciton at room 

temperature, .however, met from the beginning with a strictly negative reaction among 

experts. The main reason given for this rejection was, that the low temperatures would be 

necessary to reduce lattice vibration, since it was known that at room temperature this 

vibration fundamentally disrupts the exciton’s realization abilities on the absorption 

processes, due to the close proximity of the exciton energy level and the lower edge of the 

conduction band. At room temperature, the exciton energy level was simply too close to 

the lower edge of the conduction band for it to be able to exist as an independent level. 

 

(iii) The absorption spectra of particles from one fraction always showed two peaks. It was 

shown that these two peaks always belonged to one particle. If the concentration of 

particles of this size decreased, the sizes of both absorption peaks decreased 

simultaneously. This was the first direct proof that it was possible excite Q-particles to a 

higher state. The experimental result was confirmed by a theoretical calculation. All sizes 

of observed particles conformed to the observed results. 

 

(iv) Charge separation in AgI/Ag2S colloidal nanoparticles for photosensitive layers. Pure 

AgI colloid solution exhibits strong blue luminiscence with maximum of 420 nm. The 
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addition of sulphur in the solution of AgI caused qualitative changes in the luminiscence of 

AgI – small concentration of the sulphur quenched the blue luminiscence and subsequent 

addition of sulphur introduced new luminiscence peak at 900 nm which was moving 

towards longer wavelengths. Numerical calculations of the charge carrier motion inside of 

AgI/Ag2S heterostructures with different properties was performed. We have presented a 

detailed description of the mechanism of charge separation in these heterostructures and its 

effect on the luminiscent properties. 

 

4. ACKNOWLEDGEMENT 

The work has been design at Hahn-Meitner Institute, Berlin, thank to Prof. Arnim Henglein, 

director of Institute. 

 

5. REFERENCES 

[1] Fojtik A, Weller H, Koch U, Henglein A.:Ber.Buns.Phys.Chem.88, 1984, 969. 

[2] Weller H, Schmidt H.M, Koch U, Fojtik A, Henglein A.: Chem.Phys.Letters 124, 1986, 557. 

[3] Fojtik A, Henglein A.: Ber. Buns.Phys.Chem.Vol.97, No.9, 1993, p.252 

[4] Weller H, Koch D, Gutierrez M, Henglein A.: Ber.Bunsen-Ges. Phys. Chem. 1984,88,649 

[5] Spanhel L, Haase M, Weller H, Henglein A.: J. Am. Chem. Soc. 1987, 106, 5649. 

[6]  Fojtik A, Henglein A.: J. Phys. Chem. B, Vol. 110, No.5, 2006, p.1994-1998. 

[7] Henglein A, Guttietez M, Weller H, Fojtik A, Jirkovsky J.: Ber.Buns.Phys.Chem. 93, 1989, 593. 

  



XVI. Workshop of Physical Chemists and 

Electrochemists 
 

24 

BBrrnnoo  

22001166  

WHAT IS SO COOL ON ICE? 

Dominik HEGER1,2* 

1 
Department of Chemistry, Faculty of Science, Masaryk University, Kamenice 5/A8, Brno 602 00, Czech 

Republic 

2 Research Centre for Toxic Compounds in the Environment, Faculty of Science, Masaryk University, 

Kamenice 3, 625 00 Brno, Czech Republic 

*hegerd@chemi.muni.cz  

 

Abstract 

Ice is seemingly simple solid form of water, yet, it has plenty of interesting properties whose 

effects in various fields we are still only finding[1]. In the talk, I will introduce the topic of Ih 

ice and mention also new findings about other crystal and amorphous modification[2]. Then, I 

will focus on the results of our scientific group[3-5]. Recently, we researched the influence of 

ice on the biochemical compounds being frozen. The molecules being frozen are exposed to 

various stresses as increased concentration, high ionic strength and pH jumps. The 

consequences of these stresses and possibility of their eliminations will be shown. 

 

REFERENCES 

[1] Bartels-Rausch, T.; Jacobi, H. W.; Kahan, T. F.; Thomas, J. L.; Thomson, E. S.; Abbatt, J. P. D.; Ammann, 

M.; Blackford, J. R.; Bluhm, H.; Boxe, C.; Domine, F.; Frey, M. M.; Gladich, I.; Guzmán, M. I.; Heger, D.; 

Huthwelker, T.; Klán, P.; Kuhs, W. F.; Kuo, M. H.; Maus, S.; Moussa, S. G.; McNeill, V. F.; Newberg, J. 

T.; Pettersson, J. B. C.; Roeselová, M.; Sodeau, J. R., A review of air–ice chemical and physical interactions 

(AICI): liquids, quasi-liquids, and solids in snow. Atmos. Chem. Phys. 2014, 14, 1587-1633. 

[2]  Fuentes-Landete, V.; Mitterdorfer, C.; Handle, P. H.; Ruiz, G. N.; Bernard, J.; Bogdan, A.; Seidl, M.; 

Amann-Winkel, K.; Stern, J.; Stephan, F.; Loerting, T., Crystalline and amorphous ices. Proceedings of the 

International School of Physics "Enrico Fermi" 2015, 187: Water: Fundamentals as the Basis for 

Understanding the Environment and Promoting Technology, SIF 2015, 173–208. 

[3]  Krausko, J.; Ondrušková, G.; Heger, D., Comment on “Photolysis of Polycyclic Aromatic Hydrocarbons on 

Water and Ice Surfaces” and on “Nonchromophoric Organic Matter Suppresses Polycyclic Aromatic 

Hydrocarbon Photolysis in Ice and at Ice Surfaces”. The Journal of Physical Chemistry A 2015, 119, 10761-

10763. 

[4]  Krausko, J.; Malongwe, J. K. E.; Bičanová, G.; Klán, P.; Nachtigallová, D.; Heger, D., Spectroscopic 

Properties of Naphthalene on the Surface of Ice Grains Revisited: A Combined Experimental–

Computational Approach. The Journal of Physical Chemistry A 2015, 119, 8565-8578. 

[5]  Krausko, J.; Runštuk, J.; Neděla, V.; Klán, P.; Heger, D., Observation of a Brine Layer on an Ice Surface 

with an Environmental Scanning Electron Microscope at Higher Pressures and Temperatures. Langmuir 

2014, 30, 5441-5447. 

  



XVI. Workshop of Physical Chemists and 

Electrochemists 
 

25 

BBrrnnoo  

22001166  

EFFECT OF CdS QUANTUM DOTS ON DNA DEGRADATION UNDER 

UV ILLUMINATION 

Jana BLAŠKOVIČOVÁ1*, Monika TEKEĽOVÁ1, Veronika SVITKOVÁ1, Ján LABUDA1 

1
 Institute of Analytical Chemistry, Faculty of Chemical and Food Technology, Slovak University of Technology 

in Bratislava, Radlinského 9, 812 37 Bratislava, Slovakia 

*jana.blaskovicova@stuba.sk  

Abstract 

Quantum dots (QDs) are frequently used in many areas of technique, technology and daily 

life, due to their unique and advantageous properties of different kind. Together with the 

advantages, their potential risk properties on living organisms have been reported and thus the 

investigation of QDs with respect to human health became a subject of great interest. The 

effect of CdS QDs of various properties and sizes on integrity of DNA-based electrochemical 

biosensor under UV illumination has been investigated in this study. 

 

1. INTRODUCTION 

Metallic nanomaterials and quantum dots are known to influence yields of irradiation by light. 

QDs can be broadly classified into chemicaly induced and photoinduced energy donors [1]. 

QDs can transfer energy inducing the generation of reactive oxygen species (ROS) [2]. CdS 

quantum dots are representative semiconductor metal chalcogenide based QDs posessing 

unique size dependent and optoelectronic properties [3]. In this work, the effect of CdS QDs 

of various sizes on integrity of salmon sperm double stranded DNA attached to the surface of 

glassy carbon electrode under the UV-C light (λ = 254 nm) irradiation has been determined. 

 

2. MATERIAL AND METHODS 

Voltammetric measurements were performed using the potentiostat Autolab PGSTAT-100 

and the software NOVA 1.10.13 (Metrohm Autolab, Netherlands). All measurements were 

carried out in three-electrode system using a glassy carbon working electrode (GCE), a 

silver|silver chloride reference electrode (Ag|AgCl) and a platinum counter electrode. dsDNA 

was from Sigma-Aldrich (USA), CdS QDs were prepared at and obtained from the Mendel 

University in Brno (Czech Republic). 



XVI. Workshop of Physical Chemists and 

Electrochemists 
 

26 

BBrrnnoo  

22001166  

The cyclic voltammetric (CV) response of the [Fe(CN)6]
3-/4- redox indicator, 

electrochemical impedance spectroscopy (EIS) and square-wave voltammetric (SWV) 

intrinsic signal of the DNA base moieties were utilized at the detection of damage to DNA. 

 

3. RESULTS AND DISCUSSION 

CdS QDs of various sizes (type 80 of 4.0 nm, type 100 of 5.5 nm, and type 120 of 10.5 nm) 

and optoelectronic properties present on the surface of the DNA biosensor exhibited 

significant and time dependent effects on the salmon sperm (ssp) dsDNA layer under UV 

irradiation. The portion of survived ssp DNA is shown in Figure 1. The results were verified 

by experiments with the UV irradiation of the ssp DNA and CdS QDs mixture in the phase of 

solution (Figure 2) and by gel electrophoresis.  

 

 

 

 

 

 

 

Figure 1.: Portion of survived DNA present at the DNA electrode surface after the UV irradiation in the 

presence of CdS QDs (biosensor). 

 

 

 

 

 

Figure 2.: Portion of survived DNA after the UV irradiation of mixture of ssp DNA and CdS QDs in the phase 

of solution (biosensing). 
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4. CONCLUSION 

The DNA-based electrochemical biosensor is demonstrated as an effective warning device for 

tests of damage to DNA. The results indicate a significant effect of nanoparticles fluorescence 

properties and size on depth of the UV damage to the DNA structure. 
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Abstract 

Electrochemical behaviour of [n]helicenes (n=5,6,7) was investigated using cyclic 

voltammetry.  

 

1. INTRODUCTION 

Helicenes are ortho-condensed polycyclic aromatic compounds, in which benzene rings are 

angularly annulated to give helically-shaped molecules. The chemistry of helicenes attracts 

continuing attention because of their unique structural, spectral and optical features. Synthetic 

approaches are continuously developed allowing the syntheses of these unique compounds in 

higher amounts and with greater yields. The aim of this work is to investigate basic redox 

behaviour of [5]helicene, [6]helicene and [7]helicene in acetonitrile solutions using cyclic 

voltammetry. 

 

2. MATERIALS AND METHODS 

Acetonitrile, p.a. (Sigma-Aldrich), tetrabutylammonium perchlorate – TBAP (Fluka) were 

used as the supporting electrolytes in electrochemical experiments. [5]helicene, [6]helicene 

and [7]helicene were prepared according to a previously reported protocol with slight 

modifications [1]. Voltammetric analyses were conducted using Nanoampere electrochemical 

workstation (L-Chem, Czech Republic) in three-electrode configuration, where alumina 

polished CHI MF-2012 glassy carbon electrode (disc, 3 mm in diameter) or indium tin oxide 

(ITO) coated glass sq slide with surface resistivity of 8-12 Ω/sq, (Sigma Aldrich) were used as 

the working electrodes, Ag/AgCl/3M KCl (RE-5B, Bioanalytical Systems, Inc., IN, USA) and 

a platinum wire served as the reference and auxiliary electrodes, respectively. The use of an 

aqueous reference electrode for measurement in non-aqueous electrolytes was justified by 

mailto:jhrbac@atlas.cz
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recording the cyclic voltammogram of ferrocene. The solutions were deoxygenated by argon 

prior to recording of cyclic voltammograms. 

 

3. RESULTS AND DISCUSSION 

Under given experimental conditions, irreversible anodic reactions were found to occur in the 

region of potentials of 1500-2500 mV vs. Ag/AgCl for [5]helicene, [6]helicene and 

[7]helicene (Figure 1). If repeated anodization of the electrode immersed in 1 mM helicene 

solution is performed between 0 and 2500 mV, a decrease in CV peak heights are observed 

for all three studied helicenes, indicating the passivation of the electrode surface and 

formation of a polymeric deposit on the GCE. The aforementioned polymeric layers were 

prepared on the ITO electrode and subjected to spectroscopic and microscopic (SEM) 

characterization according to the methodology given in [2] (not shown). 

 

Figure 1.: Cyclic voltammograms of helicenes (1 mM solutions in deaerated acetinitrile containing 0.1 M 

TBAP), recorded on alumina polished GC electrode. 100 mV/s, voltammograms of 6- and 7- helicene are shifted 

on y-scale for clarity of presentation. 

It has been confirmed that it is possible to fabricate helicene thin films on conductive 

substrates by this way. Such behaviour is not observed if the potential is reversed in the far 

negative region of potentials, where complex (multi-step) cathodic reactions occur, distinct 

for each helicene in the study (Figure 1). Cathodic reactions include two main processes, a 

quasireversible peak at ca. -2000 mV and a cluster of peaks around -2400 mV, where the 

number of individual peaks increases with increasing number of benzene rings in a given 

helicene. 
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4. CONCLUSION 

By using cyclic voltammetry in acetonitrile solutions, [5]helicene, [6]helicene and [7]helicene 

was shown to provide irreversible anodic peaks with the onsets at ca. 1500 mV vs. Ag/AgCl, 

a quasireversible peak at ca. -2000 mV and a cluster of peaks around -2400 mV. In case the 

potential excursions of the electrode in helicene solutions are limited only to anodization, the 

formation of helicene films occurs. 
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Abstract 

Binuclear and trinuclear Mn(II) complexes [Mn2(phen)4(-ttc)](ClO4) (1), [Mn3(nphen)6(-

ttc)](ClO4)3 (2) and [Mn3(bphen)6(-ttc)](ClO4)3 (3) (phen = 1,10-phenanthroline, nphen = 5-

nitro-1,10-phenanthroline, bphen = 4,7-diphenyl-1,10-phenanthroline, ttc3- = 

trithiocyanurate3- anion) have been prepared and characterized by elemental analyses. The X-

ray structure of 1 revealed two hexacoordinated manganese cations connected by 

trithiocyanuarate bridge. Their potential antimicrobial and antifungal activity on a wide range 

of strains including clinical species have been evaluated.  

 

1. INTRODUCTION 

Trithiocyanuric acid (ttcH3), also referred as trimercaptotriazine, has a symmetric structure 

with three nitrogen atoms and three sulphur atoms (see Figure 1).  
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Figure 1.: The structures of ligands (phen = 1,10-phenanthroline, bpy = 2,2′-dipyridyl, nphen = 5-nitro-1,10-

phenanthroline, dmbpy = 4,4′-dimethyl-2,2′-dipyridyl, bphen = 4,7-diphenyl-1,10-phenanthroline and ttcH3 = 

trithiocyanuric acid). 

 

The structure of ttcH3 is similar to biomolecules and that is why the biological activity was 

studied. It was found that it can be applied as a ligand of Toxoplasma gondii orotate 

phosphoribosyltransferase [1]. The antitumor and antimicrobial activities were evaluated for 

Ni(II), Fe(II) and Mn(II) trithiocyanurate complexes [2]. The complexes of Fe(II), Mn(II) and 

Ni(II) with a combination of a Schiff base, nitrogen-donor ligand or macrocyclic ligand and 

trithiocyanuric acid were prepared and their anticholinesterase activity was studied [3]. It was 

shown that the tested compounds inhibit cholinesterases and can be considered as potential 

drugs for Alzheimer’s disease or as prophylactics in the case of nerve agent exposure or 

poisoning by pesticides. The trinuclear complex [Ni3(abb)3(H2O)3(μ-ttc)](ClO4)3 (abb = 1-

(1H-Benzimidazol-2-yl)-N-(1H-benzimidazol-2-ylmethyl)methanamine) was prepared and its 

structure proved by X-ray analysis [4]. The complex shows very good antimicrobial and 

antifungal activity on a wide spectrum of bacterial and yeast strains. 

Here, we present crystal and molecular structure of manganese (II) complex with 

trithiocyanurate bridge. Two new trinuclear Mn(II) have been prepared and characterized by 

different techniques. Moreover, the potential biological activity of complexes was tested on 

Staphylococcus aureus, Escherichia coli and Saccharomyces cerevisiae and three bacterial 

strains isolated from patients from non-healing wounds infected by bacterial strains 

(Streptococcus agalactiae, Corynebacterium striatum and Serratia marcescens). Already 

known and characterized trinuclear complexes [Mn3(phen)3(μ-ttc)](ClO4)3 (4), [Mn3(bpy)3(μ-

ttc)](ClO4)3 (5) and [Mn3(dmbpy)3(μ-ttc)](ClO4)3 (6), where bpy = 2,2′-dipyridyl, dmbpy = 
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4,4′-dimethyl-2,2′-dipyridyl, were also prepared according to Cermakova et al. [5], and used 

for the biological activity testing. 

 

2. MATERIAL AND METHODS 

Synthesis 

[Mn2(phen)4(-ttc)](ClO4) (1) 

The complex 1 was obtained by recrystallization of [Mn3(phen)6(-ttc)](ClO4)3 (4) [5] from 

DMSO and slow diffusion of diethylether. After a week yellow crystals (suitable for X-ray 

analyses) were collected on a frit, washed with methanol and dried in air.  

[Mn3(nphen)6(-ttc)](ClO4)3 (2) 

The nphen (0.45 g, 2 mmol) dissolved in 40 ml of EtOH was added to a 10 ml EtOH solution 

of Mn(ClO4)2.6H2O (0.36g, 1 mmol) with stirring. Yellow milky precipitate formed was 

dissolved by addition of 20 ml of nitromethane. A solution of ttcNa3·9H2O (0.14 g, 0.33 

mmol) in water (5 ml) was added to the reaction mixture with stirring. Yellow precipitate was 

collected on frit and washed several times with small portions of EtOH and finally by Et2O 

and dried under an infra lamp.  

[Mn3(bphen)6(-ttc)](ClO4)3 (3) 

The bphen (0.33 g, 1 mmol) dissolved in 40 ml of EtOH was added to a 5 ml EtOH solution 

of Mn(ClO4)2.6H2O (0.18g, 0.5 mmol) with stirring. Yellow solution was obtained after 

boiling. A solution of ttcNa3·9H2O (0.07 g, 0.16 mmol) in water (3 ml) was added to the 

cooled reaction mixture with stirring. Yellow precipitate was collected on frit and washed 

several times with small portions of EtOH and finally by Et2O and dried under an infra lamp.  

 

Crystal structure determination 

X-ray data of 1 were collected on a SMART CCD diffractometer (Siemens, Madison, WI, USA) 

with Mo-Kα radiation. X-ray data of 1: Important crystallographic parameters are as follows: 

C51H32N11O4S3ClMn2, triclinic, space group Pī, a = 10.4687(4), b = 15.1594(5), c = 

16.8970(6) Å, α = 110.553(1)°, β = 90.129(1)°, γ = 109.802(1)°, volume 2339.93(14) Å3, Z = 2, 

density (calc.) 1.567 Mg/m3, absorption coefficient 0.792 mm−1, F(000) = 1124, crystal size 

0.20 mm × 0.11 mm × 0.09 mm, index ranges −13 ≤ h ≤ 13, −18 ≤ k ≤ 18, −21 ≤ l ≤ 21, 
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reflections collected/independent 28848/9593 (Rint = 0.0335), data/restraints/parameters 

9593/6/682, goodness-of fit on F2 = 1.018, final R1 (I > 2σ(I) data) = 0.0475, wR2 = 0.1257, 

final R1 (all data) = 0.0680, wR2 = 0.1385. The largest peak and hole on the final difference 

map were 0.872 and −0.612 e.Å−3. 

 

Biological Activity Testing 

Staphylococcus aureus (NCTC 8511), Escherichia coli (NCTC 13216) and Saccharomyces 

cerevisiae (ATCC 9763) were obtained from the Czech Collection of Microorganisms, 

Faculty of Science, Masaryk University (Brno, Czech Republic). Smears were collected from 

the infected wounds with the agreement of the patients. The swab samples were cultivated on 

blood agar with 10% of NaCl, blood agar with no other compounds, Endo agar and blood agar 

with amikacin [4]. The procedure for the evaluation of the antimicrobial effect of tested 

compounds consisted in measuring of the absorbance using the apparatus Multiskan EX 

(Thermo Fisher Scientific, Vantaa, Finland) and subsequent analysis in the form of growth 

curves. The software STATISTICA (data analysis software system), version 10.0 (Statsoft 

Inc. ed., Tulsa, OK, USA) was used for the data processing.  

 

3. RESULTS AND DISCUSSION 

Structural description 

The molecular structure of 1 is shown in Figure 2. The crystal structure is stabilized by weak 

hydrogen bonds and π-π interactions among phenanthroline rings of neighbouring molecules. 

The molecular structure of 1 consists of dinuclear manganese(II) complex and perchlorate 

anion. Two central manganese atoms are coordinated by four N atoms of phen and the S,N-

donor set of a ttc trianion in a deformed octahedral arrangement. The ttc trianion forms a 

bridge connecting the manganese centers. 
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Figure 2.: The molecular structure of compound 1 with atom numbering, plotted with 30% probability of 

displacement ellipsoids. The hydrogen atoms are omitted for clarity. 

 

Biological activity 

The biological activity of complexes 1 – 6 and control (manganese perchlorate) was studied. 

The results of the study are presented in Figure 3.  
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Figure 3.: Testing of antimicrobial activity of 500 μg/mL concentrations of tested complexes after 24 h of 

treatment on: (A) S. aureus; (B) MRSA; (C) E. coli; (D) P. aeruginosa; (E) K. pneumoniae; (F) S. cerevisiae. 

 

Antimicrobial effect of tested complexes was tested on six different bacterial and yeast 

strains. Commercially available and explored in detail strains represented Staphylococcus 

aureus (S. aureus), Escherichia coli (E. coli) and methicillin-resistant Staphylococcus aureus 

(MRSA). Other strains, Pseudomonas aeruginosa (P. aeruginosa), Klebsiella pneumoniae (K. 

pneumoniae), and Saccharomyces cerevisiae (S. cerevisiae), were isolated from the patients 

with serious infected wounds on the skin surface. 
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The complexes were applied in 0; 7.8; 15.6; 31.3; 62.5; 125; 250 and 500 µg/mL 

concentrations on the three model organisms and three isolates. Antimicrobial effect of tested 

compounds was evaluated by basic microbiological method of growth curves based on the 

decrease of absorbance values in comparison with the control strains without the treatment. 

Graphs (Figure 3 A-F) show the highest inhibition effect by using of complex 2 except 

resistant strain of S. aureus - MRSA (S. aureus – 80.7 %, E. coli – 77.9 %, P. aeruginosa – 

65.8 %, K. pneumoniae – 81.4 %, and S. cerevisiae – 64.8 %) and complex 6 also except 

MRSA (S. aureus – 76.8 %, E. coli – 71.8 %, P. aeruginosa – 62.4 %, K. pneumoniae – 68.1 

%, and S. cerevisiae – 74.8 %). 

 

4. CONCLUSION 

Binuclear and trinuclear Mn(II) complexes bridged by the ttc3- were prepared and 

characterized. From the results of biological testing it is obvious that the compounds can be 

potentially used for healing of infectious wounds of patients. The next step will be anticancer 

activity testing. 
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Abstract 

In this work, different sizes of graphite flakes for preparation of graphene oxide were tested. 

Smaller particles resulted in bigger yield with higher stage of oxidation. The final 

characterization of the resulting graphene oxide was focused onquick and reliable methods 

such as Raman spectroscopy, UV-Vis spectroscopy and atomic force microscopy. Graphene 

oxide suitable for bioelectrochemical applications was prepared, with typical single layer 

thickness of ~1 nm; further treatment with ascorbic acid graphene with similar thickness. 

 

1. INTRODUCTION 

Graphene based materials have attracted wide attention in the last few years in many scientific 

fields. Graphene is a two-dimensional single-layered structure of carbon atoms with sp2 

configuration and many derivatives such as graphene nanoribbon, graphene oxide, doped 

graphene materials and reduced graphene oxide. Graphene has shown many interesting 

properties such as big surface area (~2630 m2·g-1 for single-layered graphene), high electrical 

conductivity, unique optical, thermal and mechanical properties [1–3]. 

Although graphene based materials have many potential applications in capacitors, e.g. drug 

delivery, electronic nanosystems and chemistry, they also became very popular in biosensing 

and electrochemistry in general, due to their mentioned properties, but also because they have 

relatively low production cost and similar potential window as graphite (2.5 V in 0.1 M PBS, 

pH = 7.0) [2, 4, 5]. 

Several methods for graphene preparation are known. The most common ones include 

mechanical exfoliation, epitaxial growth and various reductions of graphene oxide (GO) [5]. 

It is mostly GO which attracted big attention since it contains several oxygen functional 

groups such as hydroxyl, carboxylic and epoxide which make GO attractive for further 

modifications and applications [6, 7]. 



XVI. Workshop of Physical Chemists and 

Electrochemists 
 

39 

BBrrnnoo  

22001166  

Graphene oxide was firstly reported by Schafhaeutl (1840) and by Brodie (1859). Since then 

many approaches for GO synthesis were developed, mostly based on the Hummers and 

Offeman method - strong oxidation of graphite flakes with acid. In order to retrieve graphene, 

further reduction is usually needed. Many strategies have been reported such as thermal 

reduction, microwave reduction, chemical reduction (hydrazine, NaBH4, pyrogallol, KOH, HI 

or ascorbic acid), photo catalyst reduction, electrochemical reduction or multi-step reduction 

approaches [8, 9]. Reduction of graphene oxide leads to a reduced graphene oxide which 

exhibits similar properties as graphene but lacks its structural perfection. Oxidation and 

reduction usually leave us with structural defects and some residual functional groups which 

cause partial loss in electron mobility [5, 8, 10, 11]. 

Since most approaches for graphene oxide synthesis and reduction are still experimental, 

further characterization is needed. In this work, atomic force microscopy was mostly used, as 

well as UV-Vis spectroscopy and Raman spectroscopy. 

 

2. MATERIAL AND METHODS 

Graphite powders -20+100 mesh (~150-850 µm), -100 mesh (~150 µm) and -200 mesh (~74 

µm) (Alfa Aesar; www.alfa.com), hydrochloric acid, phosphoric acid, potassium 

permanganate, ethanol, diethyl ether, hydrogen peroxide, sulfuric acid, ascorbic acid 

(Lach:ner; www.lach-ner.com), , mica grade V-1 muscovite was purchased from SPI Supplies 

(www.2spi.com). 

PREPARATION OF GRAPHENE OXIDE Samples of graphene oxide were synthesized 

according to the Improved Hummers method (IHM) as reported by Marcano at al.[12] 

Graphene oxide was then diluted in acidified pH 3.0 water, sonicated for 2 hours and 

centrifuged for 10 minutes at 4 000 rpm in order to remove bigger particles and stored in the 

fridge when not in use. 

AFM Atomic force microscope Dimension FastScan (Bruker, Santa Barbara, CA USA) was 

used to carry out the measurement of topography of graphene oxide. The FastScan-A probe 

(Bruker) with spring constant 18 N/m and resonance frequency of cantilever 1400 kHz was 

used. The mica (1.5 cm x 1.5 cm) was cleaned with adhesive tape and remaining 

microelements were removed by compressed air. For imaging, a drop (5 µl) of diluted 

graphene oxide was deposited on the surface and let to dry. 
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RAMAN SPECTROSCOPY Raman spectra were recorded using micro-Raman 

spectrometer Horiba Labram HR Evolution with a 532-nm laser as excitation source. Samples 

were deposited in dry state on microscope slides. 

CHEMICAL REDUCTION Chemical reduction of GO using ascorbic acid (AA, 2 mM) 

was carried out at pH 9-10 (25% amonia) water [13, 14], concentration of graphene oxide was 

0.5 mg·ml-1. The whole mixture was then tempered under stirring at 90 °C. The reduction 

process was monitored using UV-Vis absorption spectroscopy. 

UV-Vis SPECTROSCOPY For UV-Vis measurements, the microtitre plate reader Synergy 2 

BioTec (Winooski, USA) was used. All measurements were recorded as a function of time. 

Every 15 min, an aliquot of 300 µl was used for recording spectra. 

3. RESULTS AND DISCUSSION 

Three different types of graphite flakes were used, -200 mesh, -100 mesh and -20+100 mesh 

in order to prepare various types / grades of graphene oxide using IHM [12]. Table 1 shows 

comparison of the yields when using different sizes of graphite flakes. The best results were 

reached when using graphite flakes of -100 mesh (F2), approximately the same size of 

particles used by Marcano et al. The total yield of this reaction was 5.6 g from 3.0 g of 

graphite flakes, on the other hand when bigger particles were used such as -20+100 mesh (F3) 

the resulted product was mostly graphitic oxide with black-brownish colour (Figure 1), also 

the total yield of this reaction was very small. 

Table 1.: Comparison of yields when using different grades of graphite flakes 

 
Amount of graphite 

flakes used 

Gained amount of 

Graphene oxide 

Gained amount of 

Graphene oxide in 

% 

F1: -200 mesh 

(~74 microns) 
3.0 g 4.4 g +47 

F2: -100 mesh 

(~150 microns) 
3.0 g 5.6 g +87 

F3: -20+100 mesh 

(~150-850 microns) 
3.0 g X1.2 g -60 
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Figure 1.: Graphene oxide – two different products; Left (F3) from -20+100 mesh graphite flakes; Right (F1) 

from -200 mesh graphite flakes. 

Thus prepared GO was then characterised using Raman spectroscopy. As a very simple and 

nondestructive method, Raman spectroscopy provides characterization of carbon-based 

materials. Figure 2 displays, that typical D and G bands for graphene oxide were observed 

with their intensity ratio of 0.93.  

 

Figure 2.: Recorded Raman spectra for the GO based on the graphite type F2 – D-band of shift 1348 cm-1 and 

intensity 5632 cps and G-band of shift 1585 cm-1 and intensity 6041 cps. 

UV-Vis spectroscopy was used in order to observe direct chemical reduction of graphene 

oxide using ascorbic acid. The position of absorption peak is well known to be around 231 nm 

and it becomes red-shifted from this value as the reduction proceeds. Basically, the more this 

peak red-shifts, the more efficient the reductant is. AA was used as an alternative to toxic 

hydrazine which leads to peak maximum around 268 nm. In our measurements (Figure 3) GO 

suspension showed the initial absorption maximum at 229 ±1 nm and after the treatment with 

AA, the chemically reduced GO maximum shifted to 266 ±1 nm. 



XVI. Workshop of Physical Chemists and 

Electrochemists 
 

42 

BBrrnnoo  

22001166  

 

Figure 3.: Absorption spectra of the graphene oxide solution (GO – full line) with maximum at 229 ±1 nm and 

by AA reduced graphene oxide (rGO – dashed lines, green – 15 min, red – 30 min, blue – 45 min, pink – 60 min) 

with maximum at 266 ±1 nm. 

The atomic force microscopy is very powerful method for getting surface topography 

information about graphene / graphene oxide. Main reason to implement AFM measurements 

was to observe the structural changes, size and shape of graphene nanosheets and to observe 

the differences between graphene oxide and chemically reduced graphene oxide. 

It is well known that the amount of functional groups varies depending on the method used 

for preparation of graphene oxide. The corresponding ratio C/O within the 4:1-2:1 interval 

was reported for GO preparations. Even after the reduction the ratio was usually 12:1. The 

main problem is that different reduction processes lead to different extent of oxygen 

functional groups removal [8]. 

A typical pristine graphene sheet is atomically flat with reported thickness of ~0.34 nm. 

Graphene oxide, on the other hand, is expected to be thicker due to functional groups, 

ruptures and various displacements of sp3-hybridized carbon atoms above and below the 

graphene sheets. Typical reported thickness when using AFM in tapping mode is 

approximately ~1.1 nm [8, 10, 12, 15, 16]. Thanks to the AFM, there was confirmed that the 

size of graphene oxide nanosheets significantly varies, although there were neither thinner nor 

thicker sheets than ~1.1 nm (Figure 4); multiples of this value are obtained for several 

overlaid layers. 
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Figure 4.: Atomic force microscopy results for graphene oxide deposited on mica, average thickness ~1 nm. 

GO chemically reduced by AA showed no big difference. In fact, several chemical 

approaches were tested (not shown), all resulted in visible change in colour of the suspension 

from yellow-brownish GO to dark-grey, but still transparent suspension of chemically 

reduced graphene oxide. However, the thickness remained the same. This supports previously 

reported observations [13] of remaining functional groups and disturbances in such prepared 

graphene sheets. Similar effect as mentioned at Yongchao Si et. al. was also observed, small 

holes and disruptions inside the graphene sheets probably caused by sonification or / and 

reduction process [16]. 

 

4. CONCLUSION 

The preparation of reduced graphene oxide through its intermediate graphene oxide is very 

complicated process with many steps. As it seems, even small changes in the conditions 

usually lead to different results. For the preparation of graphene oxide itself, small graphite 

particles seem to be much better precursor than bigger ones. 

Several fractions of graphene oxide with different results and of different quality were 

prepared for further electrochemical applications. 

Graphene oxide is definitely very interesting material which provides many options and 

capabilities. Although for many scientific fields pristine graphene layer is demanded, for 

electrochemistry and biochemistry laboratory the prepared graphene oxide has many potential 

applications. Disorders in the sheet structure are sources of various functional groups even 

after reduction of graphene oxide, several functional groups still remain, which provides 

possibilities for further modifications. 
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Since the laboratory preparation of graphene oxide is still very experimental, proper 

description and characterization of obtained graphene oxide is always needed. Raman spectra 

and UV-Vis spectroscopy give us very quick results, but it is atomic force microscopy which 

can reliably provide information on thickness, disorders in the structure, size and many other 

properties needed for further electrochemical applications. 

 

5. ACKNOWLEDGEMENT 

The work has been supported by MUNI/A/1265/2015 – Support of biochemical research at 

MU. 

 

6. REFERENCES 

[1] Geim AK (2009) Graphene: Status and Prospects. Science 324:1530–1534. 

[2] Stankovich S, Dikin DA, Dommett GHB, et al (2006) Graphene-based composite materials. Nature 

442:282–286. 

[3] Pumera M, Ambrosi A, Bonanni A, et al (2010) Graphene for electrochemical sensing and biosensing. 

TrAC Trends Anal Chem 29:954–965. 

[4] Zhou M, Zhai Y, Dong S (2009) Electrochemical Sensing and Biosensing Platform Based on Chemically 

Reduced Graphene Oxide. Anal Chem 81:5603–5613. 

[5] Wang Z, Zhou X, Zhang J, et al (2009) Direct Electrochemical Reduction of Single-Layer Graphene Oxide 

and Subsequent Functionalization with Glucose Oxidase. J Phys Chem C 113:14071–14075. 

[6] Robinson JT, Perkins FK, Snow ES, et al (2008) Reduced Graphene Oxide Molecular Sensors. Nano Lett 

8:3137–3140. 

[7] Szabó T, Berkesi O, Dékány I (2005) DRIFT study of deuterium-exchanged graphite oxide. Carbon 

43:3186–3189. 

[8] Pei S, Cheng H-M (2012) The reduction of graphene oxide. Carbon 50:3210–3228. 

[9] Pei S, Zhao J, Du J, et al (2010) Direct reduction of graphene oxide films into highly conductive and 

flexible graphene films by hydrohalic acids. Carbon 48:4466–4474. 

[10] Stankovich S, Dikin DA, Piner RD, et al (2007) Synthesis of graphene-based nanosheets via chemical 

reduction of exfoliated graphite oxide. Carbon 45:1558–1565. 

[11] Park S, Ruoff RS (2009) Chemical methods for the production of graphenes. Nat Nanotechnol 4:217–224. 

[12] Marcano DC, Kosynkin DV, Berlin JM, et al (2010) Improved Synthesis of Graphene Oxide. ACS Nano 

4:4806–4814. 

[13] Fernández-Merino MJ, Guardia L, Paredes JI, et al (2010) Vitamin C Is an Ideal Substitute for Hydrazine in 

the Reduction of Graphene Oxide Suspensions. J Phys Chem C 114:6426–6432. 

[14] Zhang J, Yang H, Shen G, et al (2010) Reduction of graphene oxide viaL-ascorbic acid. Chem Commun 

46:1112–1114. 

[15] Sheshmani S, Amini R (2013) Preparation and characterization of some graphene based nanocomposite 

materials. Carbohydr Polym 95:348–359. 

[16] Si Y, Samulski ET (2008) Synthesis of Water Soluble Graphene. Nano Lett 8:1679–1682. 

  



XVI. Workshop of Physical Chemists and 

Electrochemists 
 

45 

BBrrnnoo  

22001166  

REDOX-PAIR DEFINED ELECTROCHEMICAL DETECTION – 

BIAMPEROMETRIC SET-UP EXHIBITING “INTERFERENCES-

FREE” PERFORMANCE 

Karel LACINA,1*, Petr VANÝSEK2, Libuše TRNKOVÁ3, Petr SKLÁDAL1,4 

1 
CEITEC – Central European Institute of Technology, Masaryk University, Kamenice 5, Brno, 625 00, 

(Czech Republic) 

2 
Department of Chemistry and Biochemistry, 418 La Tourette Hall, Northern Illinois, University DeKalb, IL 

60115-2862 (U.S.A.) and  

CEITEC – Central European Institute of Technology, Brno University of Technology, Technická 10, Brno, 

616 00 (Czech Republic) 

3 
Department of Chemistry, Faculty of Science, Masaryk University, Kamenice 5, Brno, 625 00 

(Czech Republic) 

4 
Department of Biochemistry, Faculty of Science, Masaryk University Kamenice 5, Brno, 625 00 

(Czech Republic) 

*lacinak@chemi.muni.cz  

Abstract 

A routine, large scale monitoring, such as point-of-care systems, requires inexpensive and 

simple analytical schemes. An electroanalytical concept of biamperometry for such sensing 

systems has been overlooked due to the widespread potentiostat-controlled experiments. 

We have previously designed a simple detection platform[1,2] where the analyte dependent 

electrolytic current has been amplified by a bipolar transistor resulting in a glow of a light 

emitting diode. The inexpensive four-component electronic circuit has been able to sensitively 

determine presence of H2O2 and glucose without any additional instrumentation[1,2]. In the 

course of the characterization of this system[7a], we found out that it works on the basis of an 

electrolytic cell, i.e. application of a voltage between two electrodes is followed by 

electrochemical reactions - reduction on cathode and oxidation on anode - analogously to 

biamperometric cell. 

We have already exemplified technique of biamperometry as a powerful electroanalytical 

tool suitable especially for the enzyme-based biosensing[3]. The putative application of the 

studied biamperometric cell set-up for applied electroanalytical purposes is demonstrated in 

Figure 1, left. The current flowing through the system was followed using a potentiostat 

where the gold anode and cathode were connected as the working and the combined 

reference/auxiliary electrodes, respectively. Different combinations of electrolytes (either a 
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buffer or [Fe(CN)6]
4-/3-) in spatially separated electrode compartments were tested. A current 

signal is detected only in the case in which both redox partners are in the contact with the 

corresponding electrode – [FeII(CN)6]
4- above the anode and [FeIII(CN)6]

3- above the cathode. 

In the presence of only one partner of a particular redox pair, a redox reaction cannot occur 

and hence the current does not flow, so if there is no available suitable redox pair 

combination, then the resulting response is zero. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.: Biamperometric detection using a flow-through cell where the compartments of the anode ( ) and the 

cathode ( ) are spatially separated. The table in the graph corresponds to the combinations of the electrolytes 

(either buffer or [Fe(CN)6]4-/3-) in contact with a particular electrode. The response was measured upon several 

differences of a potential applied to the electrochemical cell (ΔE) (left). Calibration curve for the glucose 

biamperometric biosensor. Blood plasma samples were 1:4 diluted with buffer containing 5 mM Ru(NH3)6
3+, 

Sample of blood plasma was fortified with glucose to obtain higher concentrations of glucose in real samples. 

Content of glucose in real samples is depicted in legend in mM. Difference of potential between anode and 

cathode was ΔE=50 mV. Right lower corner: comparison of the signal of GOD (red curve) and BSA (black 

curve) modified electrodes to plasma sample (0.72 mM glucose) is depicted. No significant interference signal is 

observed. (right) 

The possible utilization of the introduced concept was proved on the case of a glucose 

determination (Figure 1, right). In this case glucose was specifically and precisely determined 

in the environment of 5-times diluted blood plasma. The detection system consisted only of a 

gold anode and a cathode modified by glucose oxidase and BSA, respectively. It should be 

emphasized that no diffusion barrier or any electrocatalytic materials (nanoparticles or 

graphene, etc.) were employed. The experiment was performed with the redox system 

Ru(NH3)6
2+/3+. In the presence of excess of Ru(III), Ru(II) is generated from the enzymatic 

reaction of reduction of glucose. Generated Ru(II) is than oxidized on the anode. 

Calibration curve for the glucose is depicted in Figure 1, right, showing also responses of 

real samples. These correspond well to the concentrations determined by standard analytical 
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methods (glucometer and a kit for photometric determination). The signal from the matrix of 

the sample was negligible (nearly zero) at the particular experimental conditions. 

Thus, we have shown that the principles of biamperometry can be advantageously utilized 

for the rejection of electrochemical interferents. Moreover, as the utilization of mediators is 

widespread for redox enzymes (e.g. glucose oxidase and alike), the possibilities of uniquely 

specific signal generation are apparent – only enzyme reaction converts redox substrate to the 

detectable complementary redox partner (zero-background signal if a compound with a 

suitable redox potential is initially absent). 
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Abstract 

 Mechanical properties (elasticity and adhesivity) of cells, tissues and biomaterials play 

important roles in many biological and biotechnological processes including cell 

differentiation, tumor formation, metastatic processes and/or plant development. Changes in 

stiffness of cells are often signs of changes in cell physiology or phenotype. Thereofre, cell 

stiffness is an index to evaluate the status of cell cultures. Atomic Force Microscopy (AFM) 

operated in spectroscopic mode provides a way to reliably measure the stiffness of living cells 

and biomaterials suitable for cell treatment. This method has been widely applied to map 

stiffness of various materials with nanometer resolution. The AFM tip indents studied 

material and the applied force is measured. Fitting the force-indentation curve to either Hertz 

or Sneddon model can give quantitative measurements of material stiffness. Application of 

AFM spectroscopy (nanoindentation) for mapping of stiffness is demonstrated, when stem 

cells, cancer cell, plant tissues and layers of glycosaminoglycans were investigated. 

 

1. INTRODUCTION 

 AFM is a three-dimensional high resolution topographic technique. It is suitable for 

biological applications in native conditions with the ability to measure bending of the 

cantilever probe with extremely high precision. This allows AFM to be used as a mechanical 

nanosensor, in cell based biosensing of drug effects and in study of growth factor effects on 

cells. Among the multitude of methods applied to measure the stiffness of cells and tissues, 
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micro-indentation using an Atomic Force Microscopy (AFM) provides a way to reliably 

measure the stiffness of living cells and other biomaterials. 

 A variety of biophysical techniques such as atomic force microscopy (AFM) [1,2], 

cytoindentation [3], magnetic twisting cytometry [4], optical tweezers [4] and micropipette 

aspiration [5] have been used to probe the mechanical properties of cells. A change in the 

biophysical properties of cells has recently emerged as an indication of disease [6,7]. 

Specifically, cell elasticity or deformability has been recognized as a marker for cellular 

phenotypic events associated with alteration in cytoarchitecture and adhesion during 

malignant transformation [8–10]. 

 Application of AFM spectroscopy (nanoindentation) for mapping of stiffness changes 

is demonstrated, when stem cells, cancer cell, fibroblasts, plant tissues and layers of 

glycosaminoglycans were investigated. 

 

2. MATERIAL AND METHODS 

2.1. Young’s modulus mapping by Atomic Force Microscope 

 Standard bioAFM microscope JPK NanoWizard 3 from JPK (JPK, Berlin, Germany) 

was used to perform force mapping procedure. The scanning by probe head (maximal 

visualization range 100 100 15 µm in X Y Z axis) of AFM microscope was placed on inverted 

optical microscope Olympus IX 81, 10x objective was used to find proper area covered with 

cells and to place cantilever in the proper position for force mapping procedure. Plastic Petri 

dish (TPP, Trasadingen, Switzerland) with either the distilled water for instrument calibration 

or with the fibroblast culture was placed inside the Petri dish heater (JPK) preheated to 37 oC. 

 Non coated silicon nitride AFM cantilever Hydra 2R 100N (AppNano, Mountain 

View, CA, United States) equipped with pyramidal silicon tip was used for all the 

experiments. The probe was calibrated prior every experiment as described in the below text. 

 The calibration procedure was done in double distilled water, when the whole setup 

was preheated (Petri dish heater) to 37 oC for 30 minutes. Then the laser reflection sum was 

maximized, followed by centering of the laser detector. The AFM probe was introduced in 

contact with the surface during a standard process of landing. The sensitivity of the AFM 

setup was determined as a slope of the force distance curve measured by lifting the cantilever 

with Z height of 450 nm, time per curve was 3 seconds. The sensitivity was found in the range 

15.07 15.37 nm/V, cantilever stiffness was calibrated by measurement of its thermal noise and 

proceeded between 17.34 and 19.19 nN/m for different days of experiments. 
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 The bioAFM setting was identical for all the force mapping procedure. SetPoint value 

was 1.0 nN (relative to baseline value), time per curve 0.45 sec, Z length 15.0 µm, speed of 

curve recording 33.3 µm/sec, the force distance curves were recorded with data sample rate of 

2 kHz. The force mapping procedure was performed as step by step recording of force 

distance curves in the network of 64x64 points on 55x55 µm covering area of single fibroblast 

cell. 

2.2. Long term monitoring of cell growth 

 Surface stiffness of the fibroblasts cultured on a Petri dish shortly (25 minutes) after 

thawing process was monitored during overnight nanomechanical mapping of the fibroblast 

cell. Petri dish containing freshly thawed suspension of cells was for a short period pre 

incubated in a standard CO2 incubator (see chapter Short term incubation). When first cells 

started to adhere, culturing medium in the dish was completely exchanged and force mapping 

process was started immediately. Nanomechanical measurement was performed during 14 

hours continuous experiment of repeated force mapping process on identical place (scanning 

over the identical cell). Parameters identical to other mapping processes were used also in this 

case. Neither media exchange nor AFM instrument adjustment was involved during the 

repeated mapping procedure. 

2.3. Process of cells thawing 

 Fibroblast suspension (about 1 ml in a standard plastic tube) was taken out from liquid 

nitrogen (Dewar flask), transported to place of thawing on an ice bath. The cell suspension 

was then quickly thawed in stream of hot water until the point, where a few remaining crystals 

were visible in the tube. The whole volume was immediately transported into the 15 ml 

standard Falcon tube and 12 ml of cold (4 oC) MEF media (mouse embryonal feed) was 

added by drop wising from Pasteur pipette. The tube was centrifuged (200 g, 4 oC) for 5 

minutes, the excess of MEF media above the cell pellet was removed by pipette, cells were re 

suspended in 1 ml of MEF media (37 oC) and distributed into the 3 plastic Petri dishes (3 cm 

in diameter). The dishes were placed inside the standard CO2 incubator for either short or 

long term incubation. 

2.4. Immobilization of glycosaminoglycans 

 Mica surface (2SPi, West Chester, PA, USA) was cleaned by scotch tape and stream 

of compressed air. Clean surface was afterwards silanized by vapours of (3-aminopropyl)-
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dimethyl-ethoxysilane (APDMES) for 2 hours. Monolayer of glycosaminoglycan (hyaluronic 

acid, chondroitin sulfate, heparin) was formed, when solution of appropriate compound in 

PBS buffer was incubated on the surface for 24 hours, formation of covalent bond was 

catalyzed by addition of fresh N-(3-Dimethylaminopropyl)-N′-ethylcarbodiimide 

hydrochloride (EDAC). 

 

3. RESULTS AND DISCUSSION 

 The bioAFM microscope was used to study surface elasticity of cancer cell lines 

known to have different stiffness. This method is based on measurement of force distance 

curves of cantilever lifted above the cell surface in a defined pattern of 64x64 points thus 

providing force maps. Such a curve is fitted to Hertzian Sneddon model (Figure 1) in order to 

get exact value of Young’s modulus (YM). 

 

Figure 1.: Example of 

force-distance curve, green 

curve shows the Hertz fit 

used to calculate Young’s 

modulus of indented 

material. 

 

 

 

 Changes in stiffness of cells are often signs of changes in cell physiology or 

phenotype. Thereofre, cell stiffness is an index to evaluate the status of cell cultures. Atomic 

Force spectroscopy was used to monitor changes in stiffness of stem cells (Figure 2). Height 

profile and adhesion properties of studied surface can be estimated, too. 
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Height Adhesion Young modulus
 

Figure 2.: Process of nanomechanical mapping is based on evaluation of FD curves. Height profile and adhesion 

properties of studied surface can be estimated, too.  

 Young's modulus mapping of two cell lines (with expressed vs. non-expressed protein, 

i.e. specific vs. control line) was studied, when the above described method was used. 

Significant difference in stiffness values between the two cell lines were found (Figure 3), 

when the average Young’s modulus value of the MCF7 control line and MCF7 with 

transfected siRNA was 0.858±0.398 kPa and 2.72±0.85 kPa, respectively. Similarly, the 

stiffness value found for the cell line MCF7_PDZIM was 8.96±1.60 kPa, which is 

significantly higher value comparing to the control line - 1.67±0.70 kPa. 

 

Optical image 4x

YM map 

2.60 kPa

MCF7_PDLIMsiRNA cell line Topography

 

Figure 3.: Procedure of nanomechanical mapping of the cell culture. Real optical image on the left shows AFM 

cantilever above the cells, the up right image topography based on FD curves and bottom left image final YM 

map with average value of stiffness. 
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 Process of interaction between immobilized hyaluronane layer and myeloperoxidase 

resulting in rapid changes in layer stiffness was monitored AFM spectroscopy in a real time 

(Figure 4). 

Figure 4.: Change of layer stiffness as effect of 

hyaluronan (HA) intraction with 

myeloperoxidase molecules, thus forming 

hyaluronan-myeloperoxidase complex 

(HA-MPO). 

 

 

 

 

 

 

4. CONCLUSION 

 In conclusion, we present application of AFM spectroscopy (nanoindentation) for 

mapping of stiffness changes for various stem cell lines, cancer cell line. Moreover, process of 

fibroblast grow following the cell thawing was characterized. Ability of the method to study 

changes in plant tissues is demonstrated, too. Process of interaction between immobilized 

hyaluronane layer and myeloperoxidase resulting in rapid changes in layer stiffness was 

monitored AFM spectroscopy in a real time. 
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Abstract 

Nanotechnology has been defined as a technology in which dimensions and tolerances within 

the range of 0.1–100 nm play a critical role. Nanomaterials have greatly influenced numerous 

scientific fields, and these influences can be observed in different ways. Their influence on 

capillary electrophoresis will be discussed in this lecture. 

 

1. INTRODUCTION 

The NANO phenomenon has clearly influenced the entire scientific world, including 

instrumental analytical chemistry; therefore, scientists are not only developing new 

approaches and assays using nanotechnologies, they are also upgrading standard techniques. 

One of the methods most influenced by this phenomenon is capillary electrophoresis (CE). 

In general, the connection between nanomaterials and CE can be viewed from two broad 

perspectives I) CE of nanomaterials and II) nanomaterials in CE. The first category focuses on 

the application of CE for characterization used during nanomaterial synthesis and 

modification and for the monitoring of properties and interactions with other molecules. The 

second category addresses applications of nanomaterials to improve CE performance, mainly 

by enhancing separation efficiency and by increasing detection sensitivity and/or selectivity. 

In particularly, the electrochemical detection in CE is benefiting from utilization of 

nanomaterials.  

 

2. DISCUSSION 

The electrochemical detection can be performed in three modes: potentiometric, 

conductometric and amperometric. Conductometric and potentiometric detectors provide a 

bulk property response with good sensitivity. By contrast, amperometric detection is selective 
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and can be tuned to the analyte of interest. One of the main differences of this approach 

versus the optical detection modes is the fact that electrochemical detection is mostly 

performed by off-column, end-capillary, destructive means. To overcome these limitations, 

interest in contactless conductometric detection has been growing steadily over the past 

decade.[1-4] The application of nanomaterials for electrochemical detection encompasses a 

notably broad area. Due to their electrochemical properties, nanomaterials have been applied 

for electrochemical analysis of numerous analytes, including nucleic acids,[5-7] proteins,[8, 

9] secondary metabolites,[10, 11] and metals.[12] The important functions provided by 

nanoparticles include the immobilization of biomolecules, catalysis of electrochemical 

reactions, enhancement of electron transfer between electrode surfaces and proteins, labeling 

of biomolecules, and even participation as a reactant.[13] In addition to the relatively low 

costs of electrochemical detection compared with those of optical instrumentation, other 

advantages such as the possibility of miniaturization and in-field applications are important. 

 

Due to the great breadth of this area, it is not surprising that reviews have been published. 

Pumera and Escarpa[14] summarized the different approaches for constructing nanomaterial-

based detectors for conventional CE and microchip electrophoresis and mostly focused on 

three main types of nanomaterials, i.e., carbon nanotubes, nanoparticles, and nanorods, in 

various designs. The advantages and disadvantages of the selected detectors have been 

discussed. From the materials viewpoint, reviews by Chen[15] and Martin[16] were focused 

on carbon. That review was directed at CNTs and boron-doped diamond and covered CNT-

based electrochemical detectors in microchip CE, CNT-based electrochemical detectors in 

conventional CE, boron-doped diamond electrochemical detectors in microchip CE, and 

boron-doped diamond electrochemical detectors in conventional CE. 

 

3. CONCLUSION 

In summary, the use of nanomaterials in electromigration methods offers new perspectives in 

the field of clinical use because these advanced materials can lower detection limits while 

simultaneously enhancing separation effectiveness. The combination of the miniaturization 

potential of CE with the abilities of nanomaterials to improve the overall performance might 

increase the possibility of development and practical application of a portable and cost-

effective device that is applicable in point-of-care areas suitable for personalized diagnostics. 

And especially in this area, the electrochemical detection is of a great potential because it 
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mainly benefits from applications of nanomaterials that enable increasingly sensitive 

detection. Moreover, in combination with advances in microfluidics, the separation power of 

electrophoretic analysis, which is further enhanced by nanomaterial-based stationary and 

pseudostationary phases, promises increasingly effective analyses of complex biological 

samples. 
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Abstract 

Gas sensitive structures with n-n nanjunctions based on WO3-x nanoneedles (NNs) and Fe2O3 

nanoparticles (NPs) are synthetised using a co-deposition method via aerosol assisted 

chemical vapour deposition (AACVD). These structures demonstrate enhanced gas sensor 

performance compared to pristine WO3-x NNs, particularly towards toluene. 

 

1.  INTRODUCTION 

Nanostructured semiconducting metal oxides (SMOX) such as NNs have demonstrated 

exceptional chemical and physical properties, due to their large number of surface sites, which 

facilitate surface reactions and electron/phonon confinement. These characteristics have 

favored the use of these materials in different solid-state devices, including gas sensors. Due 

to the increasing demand of more sensitive, selective and stable gas sensors, the optimization 

of SMOX as gas sensitive material is still largely studied, and previous studies have shown 

that incorporating two ot more SMOX to form a heterojunction interface can have possitive 

effects on gas sensor performance.[1] Here we synthetise an n-n heterojunction gas sensitive 

material based on WO3-x NNs functionalized with Fe2O3 NPs, i.e., Fe2O3@WO3-x, and analyze 

its gas sensing properties to various reducing gases. 

 

2. MATERIAL AND METHODS 

Fe2O3@WO3-x were co-deposited at 390 °C via aerosol-assisted CVD of W(CO)6 and 

FeCl3•6H2O dissolved in methanol. Deposition were carried out on flexible-transducing 

platforms developed previously.[2] The morphology of the films was examined using SEM 

and HRTEM, whereas the film structure and the surface were examined using XRD and XPS. 

Gas sensors were tested towards the gaseous analytes using a continuous flow test chamber, 

and the sensor response (R) was defined as R= Ra/Rg, where Ra is the sensor resistance in air 

at stationary state and Rg represents the sensor resistance after 10 minutes of analyte exposure.  
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3. RESULTS AND DISCUSSION 

SEM of the films showed uniform non-aligned NNs, and TEM of a single NNs displayed NPs 

at the surface of the NNs. HRTEM revealed crystalline structures, with the NPs displaying 

planar spacing of 2.81±0.15 Å, consistent with the internal lattice spacing of the cubic Fe2O3 

(ICCD card no. 39-1346), and the NNs displaying planar spacing of 3.55±0.16 Å, consistent 

with a monoclinic phase of a tungsten oxide (ICCD card no. 72-0677), also identified via 

XRD (Figure 1). 

 

Figure 1.: Top (a) and cross-sectional (b) SEM, and TEM (c) and HRTEM (d) images of the Fe2O3@WO3-x NNs 

XPS exhibited typical W 4f and Fe 2p core-level peaks in the spectra, indicating the presence 

of Fe3+ species. Comparison of the valence-band (VB) recorded on the Fe2O3@WO3-x 

structures and pristine WO3-x or Fe2O3 (Figure 2) indicated the formation of a staggered type 

of heterojunction at the interface of the WO3‑x NNs and the Fe2O3 NPs, by considering the 

literature energy gaps for Fe2O3 (2.1 eV) and WO3−x (2.6 eV). This spectra also suggested the 

formation of new electronic states above the VB maximum of the Fe2O3@WO3-x, which could 

be increasing the density of electronic states near the Fermi energy level of this material. 
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Figure 2.: XPS valence-band spectra of the Fe2O3@WO3-x NNs(1), WO3-x NNs (2) and Fe2O3 NPs (3) 

Test to various concentrations of toluene, ethanol and hydrogen showed typical direct 

dependence of the response to analyte concentration, with noticeable higher and faster 

responses of the functionalized NNs compared to pristine NNs (Figure 3). 

 

Figure 3.: Sensor response at 220 °C towards varios concentrations of toluene, hydrogen and ethanol  

 

4. CONCLUSION 

Gas sensitive structures based on WO3-x NNs and Fe2O3 NPs were synthetised using a co-

deposition method via AACVD. The gas sensing properties of these modified nanostructures 

demonstrated improved responses particularly to toluene, with up to six-fold increase in 

sensitivity, compared to structures based on only WO3-x NNs. This improvement is attributed 

to the formation of n-n nanojunctions within the sensitive structure. 
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Abstract 

A novel approach for targeting of apoferritin protein encapsulating doxorubicin (DOX) to 

prostate cancer cells using antibodies against prostate-specific membrane antigen (PSMA) is 

described in this work. The prostate cancer-targeted and non-targeted nanocarriers were tested 

using LNCaP and HUVEC cell lines. The effect on LNCaP cells was comparable for free 

DOX and DOX in non-targeted and prostate cancer-targeted apoferritin. With non-malignant 

cells, free DOX also showed high toxicity; however, the toxicity was lowered after treatment 

with APO-encapsulated DOX (APODOX) and even more in prostate cancer-targeted 

APODOX. 

 

1. INTRODUCTION 

Nanomedicine is a fast developing field that employs nanoscopic carriers for the targeted drug 

delivery to diseased tissue. It can be especially convenient in the treatment of heterogeneous 

diseases, such as cancer [1]. The encapsulation of drug molecules inside a suitable nanocarrier 

can offer multiple advantages compared with the administration of free drug. One of the 

advantages is the ability to dissolve otherwise water insoluble drugs [2]. The encapsulation 

can also increase biocompatibility of the drug and its shelf life, while also protecting the cargo 

from degradation prior to the diseased site [3]. The main advantage of nanomedical approach 

is the ability to lower the adverse side effects that conventional drugs often cause [1].  
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One of the principles that caused the boom of nanomedicine was the discovery of the 

Enhanced Permeability and Retention (EPR) effect. This effect leads to increased 

accumulation of nanoparticles in tumours which then causes the increase of drug 

concentration in tumour by up to 400%. It is caused by irregularly dilated angiogenic blood 

vessels with relatively large pores as well as the lack of lymphatic vessels in the tumour site. 

Nanocarriers can be composed from a wide variety of organic and inorganic materials. Each 

material offers some advantages but also suffers from some drawbacks [4]. Currently, the 

structure with perfect properties is being sought for. Our approach uses the ubiquitous 

480 kDa apoferritin (APO) protein, which forms a hollow icosahedral cage with internal 

diameter of 8 nm and external diameter of 12 nm. The huge advantage of this protein is its 

structural responsiveness to the surrounding environment [1, 4]. Its 24 subunits can be 

reversibly disassembled in low pH which enables the drug encapsulation while at neutral pH 

they are again reassembled, entrapping the drug molecules inside the apoferritin structure [4].  

 

2. MATERIAL AND METHODS 

The influence of nanocarrier on non-malignant and prostate cancer cell lines. 

xCELLigence RTCA DP instrument (Roche Diagnostics GmbH, Basel, Switzerland) was 

used to evaluate the in vitro cytotoxicity of APODOX, APODOX-anti-PSMA and free DOX. 

The background impedance signal was measured using 100 µL cell culture media with 

cytostatics. Then 1.5∙104 HUVEC or LNCaP cells were seeded in each well of 16-well plates 

(E-plates, Roche Diagnostics GmbH) followed by incubation at 37 °C with 5% CO2. Final 

concentrations of APODOX, APODOX-anti-PSMA and DOX were 0.50 µM for HUVEC and 

0.25 µM for LNCaP in 200 µL total volume in each well. Proliferation, spreading and cell 

attachment kinetics were monitored every 30 s for first 10 min, then every 30 min for 72 h. 

Experiments were performed in three independent repetitions. 

 

3. RESULTS AND DISCUSSION 

xCELLigence The proliferation, spreading and cell attachment kinetics of HUVEC and 

LNCaP cell lines after treatment with free DOX, APODOX and APODOX-anti-PSMA during 

72 h was studied with real-time cell impedance analyzer xCELLigence. The obtained results 

proved similar sensitivity of LNCaP cancer cell line to all forms of DOX – free DOX, non-

targeted APODOX and prostate cancer-targeted APODOX-anti-PSMA (Figure 1A.c). 

However, the toxicity of different forms of DOX to non-malignant HUVEC cells showed 
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significant differences (Figure 1B.c). Free DOX was highly toxic to non-malignant cells; 

however, the cells treated with non-targeted APODOX were spared from the DOX toxicity 

and even further spared using APODOX modified with anti-PSMA antibodies.  

 

Figure 1.: The influence of prostate cancer-targeted and non-targeted nanocarriers on prostate cancer (LNCaP, 

A) and non-malignant (HUVEC, B) cell lines. a: The quantitative expression of PSMA in the membranes of used 

cells investigated by flow cytometry after incubation of cells with anti-PSMA-Alexa Fluor® 488 conjugate for 

15 min at 20 °C in dark. Cyan line – unstained cells. Purple line – cells with antibody. b: The schematic 

depiction of interactions between nanocarrier and cell membranes. c: The proliferation, spreading and cell 

attachment kinetics of 1.5∙104 of cells after treatment with 0.25 µM DOX, APODOX and APODOX-anti-PSMA 

revealed by real-time measurement using XCELLigence instrument.  

 

4. CONCLUSION 

In conclusion, apoferritin can serve as a suitable and universal nanocarrier for anticancer 

drugs. It provides easy encapsulation and modification protocol, it is naturally found in human 

body and it can encapsulate wide variety of drugs and target wide variety of cells. The 

encapsulated drug also retains its properties and is released in endosomes after the nanocarrier 

enters target cells.  
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Abstract 

A label-free biosensor based on electrochemical impedance spectroscopy (EIS) was 

developed for the detection of Salmonella Typhimurium in milk. Specific antibody was 

immobilized on a screen-printed electrode, the electrode was incubated directly with the 

sample and binding of bacteria was measured as a change of impedance. Different procedures 

for sample treatment (combinations of heat and sonication) were tested and their impact on 

the assay performance was compared. Atomic force microscopy (AFM) was used to study the 

effect of the treatment on the cell shape and to confirm the specific binding of Salmonella to 

the sensing surface. The immunosensor allowed detection of 1×103 CFU·mL−1 in 20 min with 

negligible interference from other bacteria. A wide linear response was obtained in the range 

between 103 and 108 CFU·mL−1. 

 

1. INTRODUCTION 

Rapid detection and identification of low levels of bacterial cells integrated into a portable 

device remains challenging for point-of-care clinical diagnosis, food testing and 

environmental screening. Conventional methods for the detection of bacteria comprise the cell 

culturing, ELISA and PCR. These approaches provide high sensitivity, but the analysis is 

rather slow (several hours), which is a major drawback in situations when spreading of the 

pathogen has to be prevented. Besides the traditional methods, biosensor technologies have 

been extensively developed as an alternative for rapid (in minutes) and sensitive detection. 

EIS represents an efficient method capable of detecting small changes occurring on the 

electrode-solution interface. The EIS based biosensors for the bacterial detection are generally 

based on the immobilization of antibodies on the electrode leading to a specific binding of the 

target cells. Thus, the label-free operation may be attained, which brings important benefits as 

simplicity and robustness. 
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2. MATERIAL AND METHODS 

Microorganisms and antibodies 

Salmonella Typhimurium (ATCC 14028) was aerobically cultivated overnight at 37 ºC, and 

the bacteria were resuspended in PBS. The samples were optionally heat-treated on 

Thermomixer Comfort or homogenized using sonicator Q700 (Qsonica, USA) [1]. 

Monoclonal anti-Salmonella antibody ab8274 specific against the lipopolysaccharides (LPS) 

of S. Typhimurium was obtained from Abcam (UK). 

Preparation of biosensor 

The electrochemical measurements were performed using a 2-channel gold screen-printed 

electrode (SPE). In the first step of immobilization, a self-assembled monolayer of cysteamine 

was formed followed by binding of glutaraldehyde. The sensor was then incubated with 

antibody overnight at 4 ºC. Blocking of free reactive groups was done by BSA [2]. 

Electrochemical immunoassay 

The EIS measurements were carried out using PGSTAT302N (Autolab, Netherlands). For the 

binding of bacteria, the electrode was placed inside a microtube with sample and incubated 

for 15 min. The sensor was then thoroughly washed, placed inside the measuring solution 

(5 mM ferro/ferricyanide in 0.1 M KCl) and EIS spectra were acquired. The results were 

evaluated in Nova software (Autolab, Netherlands) using the Randles equivalent circuit. The 

attachment of bacteria to the electrode results in the increase of charge transfer resistance. 

 

3. RESULTS AND DISCUSSION 

The affinity of antibody to the bacteria significantly depends on the condition of antigenic 

determinants on the cell surface. After incubation of native cells with the sensor, only small 

change of impedance was observed, which indicates low binding affinity. After the treatment 

of microbe by heat, the affinity significantly increased. The EIS spectra for the detection of 

heat-treated cells are depicted in Figure 1A. AFM was used to confirm the presence of cells 

on the sensor surface (Figure 1B). The limit of detection (LOD) of 7×104 CFU·mL−1 and wide 

linear range up to 108 CFU·mL−1 was achieved. The heat-treatment does not pose a major 

technical complication for the potential analysis of real samples. Furthermore, the 

manipulation with killed or weakened bacteria can be even advantageous because of the 

reduced pathogenicity. 
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To further improve sensitivity, sonication of the heat-treated and native Salmonella was 

tested. In this case, the antibody has shown considerably higher affinity compared to the 

whole cells. The evaluated LOD was 1×103 CFU·mL−1. Real samples of milk were spiked by 

bacteria and analyzed on electrodes blocked by milk. Thorough washing of sensors after 

incubation in real samples was crucial, insufficient washing resulted in gradual non-specific 

increases of impedance. The analysis in real samples was realized with the LOD of 

9×103 CFU·mL−1 [3]. 

 

Figure 1.: A) EIS response of immunosensor to heat-treated Salmonella (concentrations in CFU·mL−1). B) AFM 

image of sensor with specifically bound Salmonella. 

 

4. CONCLUSION 

Label-free immunosensor based on EIS was developed for the detection of S. Typhimurium. 

The specific antibody was immobilized to the SPE and the impedance was measured between 

two gold electrodes. Microbial cells were treated by heat and sonication and the effect of 

treatment was studied using AFM and EIS. The optimal results were achieved with the heat-

treated and sonicated Salmonella, which provided LOD of 1×103 CFU·mL−1. The analysis 

(including incubation of sensor with sample) was carried out within 20 min. The sensor 

demonstrated a great possibility of Salmonella detection in real samples.  
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Abstract 

AgCu and AgNi bimetallic nanoparticles (NPs) were synthesized by solvothermal synthesis in 

nature of oleylamine (OAm), which works as a slightly reducing agent and as a capping agent 

[1]. Thermal stability and catalytic properties of these systems were investigated by Knudsen 

effusion mass spectrometry (KEMS). Results are summarized and discussed in a view of 

previous study [2]. 

 

1. INTRODUCTION 

Bimetallic nanoparticles (NPs) are currently the subject of intensive investigation and 

research. These NPs generally exhibit different physicochemical behavior from the bulk 

material [2]. Due to their unique physical, electronic and thermodynamic properties they are 

considered as potential candidates for applications across a diverse range of fields, including 

catalysis. AgCu and AgNi nanoparticle systems which were selected for the study have 

catalytic properties and moreover, AgCu may be a good candidate as a catalyst for oxygen 

reduction reaction (ORR) [3,4]. It is one of the systems which could replace platinum catalyst 

in fuel cells. Both systems are weakly miscible systems and form core-shell structure in which 

the core is made of the more cohesive element and the shell of the less cohesive one [3]. In 

this case silver is less cohesive than copper or nickel [3]. Properties of these NPs are, 

therefore, strongly influenced by their structure. 

 

2. MATERIAL AND METHODS 

AgCu NPs were synthesized in non-aqueous environment of OAm from silver malonate and 

copper (II) acetylacetonate. AgNi NPs were synthesized in non-aqueous environment of OAm 

from silver nitrate and nickel (II) acetylacetonate. Both the systems were investigated by 

KEMS on a Netzsch STA 409 CD/3/403/5/ G apparatus, a specially-adapted type of the 
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commercial STA 409 CD-QMS403/5 Skimmer Coupling Instrument [5]. Mass spectra were 

obtained during slow heating from 30 °C to 1000 °C with the heating rate 5 °C · min-1. 

 

3. RESULTS AND DISCUSSION 

OAm works as capping agent which protects NPs against coagulation. As can be seen from 

Figures 1 and 2, both systems work as a catalyst. A fast and quantitative evaporation of the 

organic protection layer taking place at elevated temperatures during a slow heating is 

accompanied by its oxidation which is visible from evolution of carbon dioxide at 44 amu in 

the mass spectra. The quantitative evaporation of the organic substance from the AgCu NPs 

was already found before [2]. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure1.: Selected part of mass spectral data of AgCu NPs capped by OAm 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.: Selected part of mass spectral data of AgNi NPs capped by OAm 
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4. CONCLUSION 

Study of thermal stability and surface effects on AgCu NPs capped by OAm shows the 

stability of this system to be up to 250 °C. Similarly, study of AgNi NPs capped by OAm 

shows the stability of this system to be up to 290 °C. At these temperatures a quantitative 

removal of the OAm was observed, accompanied by simultaneous oxidation of OAm which 

follows from carbon dioxide production detectable as a strong signal at 44 m/z in the mass 

spectra. The AgNi NPs system has stronger catalytic behavior than the AgCu NPs system. 
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Abstract 

Copper complexes with potential antimicrobial activity have been prepared and characterised 

using single crystal X-ray analysis. The complexes are binuclear with thiodipropionate or 

hydroxo bridges, respectively. The copper atoms are coordinated by chelate amines. The main 

aim of this study was to test the antimicrobial activity of the prepared complexes. The 

antibacterial activities of copper complexes (0; 10; 20; 41; 83; 166; 333 µM) were tested 

against one Gram-positive - Staphylococcus aureus; one Gram-negative - Escherichia coli; 

and one resistant strain of bacteria - MRSA (Methicillin-Resistant Staphylococcus aureus). It 

has been found that the copper complexes showed increased antimicrobial effect on S. aureus, 

E. coli and MRSA. 

 

1. INTRODUCTION 

Infectious diseases are included amongst one of the greatest health problems worldwide. To 

the major bacterial pathogens causing infection belong E. coli and S. aureus. [1] Due to the 

rapidly spreading bacterial resistance to antibiotics, the various alternative antimicrobial 

materials are implemented for testing. [2] Methicillin-resistant Staphylococcus aureus 

(MRSA) is a dangerous pathogen resistant to ß-lactam antibiotics. Due to its resistance, it is 

difficult to manage the infections caused by this strain. [3] Due to the outbreak of infectious 

diseases, researchers are searching for new antibacterial agents. Therefore, new antimicrobial 

agents and materials have to be synthesized for the treatment of resistant bacterial diseases. 

There is a real perceived need for the discovery of new compounds endowed with 

antimicrobial activities. The newly prepared compounds should be more effective and 
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possibly act through a distinct mechanism from those of well-known classes of antimicrobial 

agents to which many clinically relevant pathogens are now resistant. [4] 

 

2. MATERIAL AND METHODS 

2.1. Preparation of the compounds 

2.1.1. [Cu2(pmdien)2(H2O)2(-tdp)](ClO4)2·(H2O) (1) 

Pmdien (0.42 cm3, 2 mmol) was added to a solution of Cu(ClO4)2.6H2O (0.74 g, 2 mmol) in 

methanol (50 cm3). Consecutively, a solution of 3,3´-thiodipropionic acid tdpH2 (0.18 g, 1 

mmol) in water (10 cm3) neutralised with KOH (0.11 g, 2 mmol) was slowly added. White 

precipitate was removed by filtration and blue-violet solution was left for crystallization. The 

deep blue crystals obtained after a week were collected on a frit, washed with water and dried 

in air. Yield: 54%. 

2.1.2. [Cu2(tmen)2(H2O)2(-OH)2](ClO4)2 (2) 

N,N,N',N'-tetramethylethane-1,2-diamine (tmen) (0.6 cm3, 2 mmol) was added to a solution 

of Cu(ClO4)2.6H2O (0.74 g, 2 mmol) in methanol (50 cm3). Consecutively, a solution of 2,2´-

thiodiacetic acid tdaH2 (0.15 g, 1 mmol) in water (10 cm3) neutralised with KOH (0.11 g, 2 

mmol) was slowly added. White precipitate was removed by filtration and blue solution was 

left for crystallization. The deep blue crystals obtained after a week were collected on a frit, 

washed with water and dried in air. Yield: 68%. 

2.2. Cultivation of bacteria strains 

Staphylococcus aureus (NCTC 8511), Escherichia coli (NCTC 13216) and MRSA (ST239) 

were obtained from the Czech Collection of Microorganisms, Faculty of Science, Masaryk 

University (Brno, Czech Republic). Cultivation media (Luria Bertani) were inoculated with 

bacterial culture and were cultivated for 24 h on a shaker at 600 rpm and 37 °C.  

2.3. Testing of antimicrobial activity 

Bacterial culture was diluted by cultivation medium to OD600 = 0.1 for the following 

experiments. The concentrations of copper complexes were 0, 10; 20; 41; 83; 166 and 333 

μM. The total volume in the microplate wells was always 300 μL. The measurements were 

carried out at time 0, then each half-hour for 24 h at 37 °C and a wavelength of 600 nm. 

Evaluation of the antimicrobial effect of the tested compounds was performed by 
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measurement of the absorbance using the apparatus Multiskan EX (Thermo Fisher Scientific, 

Bremen, Germany) and subsequent analysis in the form of growth curves.  

2.4. Statistical analyses 

The software STATISTICA (data analysis software system), version 10.0 (Statsoft Inc. ed., 

Tulsa, OK, USA) was used for the data processing. The half-maximal concentrations (IC50) 

were calculated from logarithmic regression of sigmoidal dose-response curve. The general 

regression model was used to analyse differences between the combinations of the 

compounds.  

 

3. RESULTS AND DISCUSSION 

A perspective view of compound 1 and 2 molecular structures are shown in Figure 1 and 2, 

respectively. In both compounds all atoms occupy the general positions. One asymmetric unit 

of compound 1 contains one dinuclear complex cation, two perchlorate anions and one outer 

coordination sphere water molecule. The complex cation of 1 is composed from one bridging 

difunctional thiodipropionate anion (each carboxylate group acts in monodendate mode), two 

copper cations, two water molecules and two N,N,N´,N´´,N´´-pentamethyldiethylenetriamine 

molecules. The each metal cation is five coordinated by one water molecule, one trifunctional 

pentamethyldiethylenetriamine and one monodendate carboxylate group of thiodipropionate 

anion. The complex cation of 2 consists of two bridging hydroxide anions, two copper 

cations, two water molecules and two N,N,N',N'-tetramethylethane-1,2-diamine molecules. 

The each copper ion is five coordinated by one water molecule, one difunctional 

tetramethylethanediamine and hydroxide anions (acting as monodendate ones toward one 

specific copper cation).  

 

Figure 1.: Molecular structure of the complex 1  Figure 2.: Molecular structure of the complex 2 
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Figure 3.: Testing of antimicrobial activity of 166 μM and 333 μM concentration of complexes after 24 h of 

treatment on: (A) S. aureus; (B) MRSA; (C) E. coli 

For testing the antimicrobial activity of the copper complex were selected three types of 

commercial bacteria, namely: S. aureus, E. coli, MRSA. Copper complexes were applied in 

contrentrations of 0, 10; 20; 41; 83; 166, 333 µM. The effect was subsequently evaluated 

using growth curve compared with measurements of the samples of bacteria without complex. 

Both copper complexes have shown inhibitory effect on all bacterial strains in this study. The 

inhibition of bacterial growth was achieved at a 166 µM concentration of complex.  
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Table 1.: Statistical calculation of IC50 by the STATISTICA software version 10.0 from absorbance values after 

the application of 0; 10; 20; 41; 83; 166 and 333 μM concentrations of tested compounds. 

 

The increasing concentrations (0; 10; 20; 41; 83; 166; 333 µM) of complexes were used to 

observe antimicrobial effect of each tested compounds for the statistical analysis of the 

viability of bacterial cells. The IC50 values were calculated from the absorbance 

measurements after the application of the concentration range in 24 h of measurements 

(Table 1). By these values, the previous results of antimicrobial activity were confirmed. 

 

4. CONCLUSION 

In this study, we presented our results for copper complexes and their effect on bacterial 

strains, such as antimicrobial substances. We have synthesized two types of copper 

compounds. Both tested copper complexes showed inhibitory effect on three selected 

bacterial strains (S. aureus; E. coli; MRSA). 
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Abstract 

An electrochemically active synthetic receptor for saccharides consists of two connected parts 

– boronic acid is able to directly interact with an analyte, a diol-containing compound and a 

ferrocenyl residue provides electrochemical response on this binding event [1,2]. These two 

parts joined together represent the probe - a receptor for the detection of saccharides. 

Throughout our way towards the saccharide-sensitive receptor, we synthesized three new 

derivatives (N-ferrocenyliminomethyl)phenylboronic acids (FcPBAi). These were 

characterized by nuclear magnetic resonance, mass spectrometry, infrared spectroscopy and 

their electrochemical properties were studied by cyclic voltammetry. The results show some 

different behavior of the iminic ortho derivative due to intramolecular interactions of boronate 

functional group and iminic nitrogen atom. 

 

FcPBAi derivatives (Figure 1) were synthesized from equimolar amount of aminoferrocene 

and related formylphenylboronic acid (ortho-, meta- or para-) in solution of toluene:ethanol 

(9:1) using azeotropic dehydration on rotational vacuum evaporator up to 40°C. These 

conditions enabled quantitative progress of the reaction. 
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Figure 1.: Three new conformational FcPBA derivatives joining together ferrocenyl and boronic acid residues 

 

Due to the instability of FcPBA imines in the presence of nucleophiles (e.g. water, 

physiologic solution), interaction between boronic acid and saccharide could not probed. As 

the main aim was the comparison of behavior of all imines, we studied their fundamental 

behavior and their electrochemical properties. 

NMR results show structural differences in ortho imine in contrast to meta and para 

derivatives. The free electron pair of nitrogen atom interacts with free p-orbital of boron atom 

in structurally near boronic acid functional group. Thus the different behavior of ortho imine 

was observed also in all electrochemical measurements. 

Ortho imine exhibited poor stability at pH around 7 in aqueous solution, it partly decomposed 

immediately back to the reactants (an equilibria was set up) as studied by cyclic voltammetry. 

According to computations conducted by Cal et. al., this could be caused by proximity of 

boronic group near imine group leading to the facilitated attack of imine bond by one 

hydroxyl from near boronic acid group [3]. The speed of decomposition of meta and para 

imines was substantially lower although increasing of pH (to around 10), where should imines 

decompose rapidly by hydroxide attack on C=N bond. 
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Abstract 

Poly(vinyl) alcohol is a hydrophilic semi-crystalline polymer soluble in water that exhibits 

great chemical and thermal stability. This polymer is biodegradable, biocompatible and non-

toxic. Due to these properties as well as the ease of its processing, it is widely used in many 

fields – from papermaking to the production of cosmetics, where it is used as a binding agent, 

emulsifier and a thickening agent. PVA is available in a variety of degrees of hydrolysis (DH) 

and molecular weights because it is derived from the hydrolysis (or alcoholysis) of 

poly(vinylacetate). Its properties are therefore dependent on the degree of hydrolysis. 

Hyaluronic acid (HA) is a naturally occurring polysaccharide commonly found in the 

connective tissues of higher animals. HA is a linear polymer belonging to the 

glycosaminoglycan family. HA solutions have a relatively high conductivity, which increases 

in direct proportion to their concentration. HA solutions also have a high viscosity and surface 

tension, even at relatively low concentrations. Like PVA, HA is currently widely used in 

cosmetics and also in the pharmaceutical industry.  

 The aim of this work is to use the electrostatic spinning method to produce nanofibrous 

materials containing exclusively PVA and HA. The influence of polymer tye and solution 

characteristics on the preparation of nanofibrous materials will be discussed. 

 

1. INTRODUCTION 

The field of nanotechnology has undergone unprecedented development in the recent decades. 

Nanofibres and nanofibrous structures are still in the focus of attention. Due to a huge 

surface-area-to-volume ratio, nanofibres have a potential to significantly improve existing 

technologies and are continuously finding use in new areas. One of the most important fields 

of use for nanofibrous materials comprises biomedical applications. Out of all nanofibrous 

patents, biomedicine accounts for 2/3 of nanofibrous product applications [1]. A greater 
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degree of biocompatibility in biomedical applications is ensured by using natural biopolymers 

instead of synthetic polymers. The disadvantages of nanofibrous materials produced from 

natural polymers are their inadequate mechanical properties and short degradation time. A 

natural biopolymer is usually more difficult to convert into nanofibres by electrostatic 

spinning than a synthetic polymer.  

 One of the natural polymers most commonly used in biomedical applications is hyaluronic 

acid (HA) [2]. Its unique rheological properties and biocompatibility make HA suitable for 

biomedical applications in numerous areas including ophthalmology, dermatology, surgery, 

drug distribution, medical implants and wound healing [3, 4].  

 This paper aims to describe the unique process of fabrication of nanofibrous materials from 

HA mixed with PVA in a single solution system from the water and thus without the use of 

any organic solvents. A material prepared in this way could find use above all in the areas of 

biomedicine and cosmetics. 

 

2. MATERIAL AND METHODS 

Materials 

Hyaluronic acid (HyActive 220514-E1, 82 kDA) was produced in the Contipro a.s. company 

(Czech Republic). Poly(vinyl) alcohole (PVA) with different degree of hydrolysis and various 

molecular weight was purchased from Sigma-Aldrich (St. Louis, USA) and SCIENTIFIC 

POLYMER PRODUCTS, INC. (Ontario, USA). The HA/PVA nanofibrous layers were 

prepared using a blend of HA and PVA dissolved in distilled water with different wt.% of 

polymers. 

Methods 

The commercially available laboratory device 4SPIN® LAB1 (Pokorny, Novak, Rebicek, 

Klemes & Velebny, 2015) by Contipro a.s. (Dolni Dobrouč, Czech Republic) was used to 

prepare the samples. 
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3. RESULTS AND DISCUSSION 

We measured solution properties to find out 

the best solution for the electrospinning of 

HA and PVA blend. We also tested three 

different PVA (different Mw and degree of 

hydrolysis) to determine best polymer type. 

From our measurement it is obvious that the 

higher the degree of hydrolysis is, the higher 

concentration of PVA has to be used for 

electrospinning. Using higher molecular 

weight and partially hydrolyse PVA enables 

to use lower concentrations. These facts are 

depicted on the right figure. Moreover, higher Mw of PVA supports HA spinning. Molecular 

weight is related to the viscosity of solution. If viscosity is too low, the surface tension is 

dominant factor and beads are formed. On the other hand, if viscosity is too high, it is hard to 

eject jet from solution (Figure 1).  

 

Figure 1.: Relation between viscosity, weight concentration and spinnability. 

 

4. CONCLUSION 

We prepared nanofibers made of hyaluronic acid and a synthetic polymer suitable for 

cosmetic purposes using as high HA content as possible. We estimated best parameters of 

solutions for spinning – viscosity, surface tension – as well as best PVA type. 
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Abstract 

For routine analysis of environmental samples (e.g. contaminated water or soil) in badly 

accessible areas, and locations it is not only advantageous to have the option of automatic 

sample collection (which is sometimes impractical), but also the possibility of carrying out the 

basic analysis in real time, on real place and in massive scale of hundreds or even of 

thousands of analyses in one single action. Even to obtain samples from inaccessible places 

such as highly contaminated or dangerous areas (for example radiation contamination or toxic 

waste contamination) or from volcanic craters. The aim of our study was to design and test 

fully automated compact and portable electrochemical apparatus which would be able to 

quickly measure required analyte, e.g. heavy metal, concentrations of in little or inaccessible 

areas. Small, compact, easy to repair and to manufacture and inexpensive apparatus was 

designed, which is fully able to collect, store and evaluate data automatically. This device was 

tested under various unfavourable conditions, to determine its resistance and stability. The 

obtained data were statistically processed. 

 

1. INTRODUCTION 

Nowadays, the main objective is to introduce rapid, sensitive and cheap techniques for the 

detection of different multiple substances. Remote analysis in situ will be much more 

desirable due to the development of technology in the future. One of the objectives of 

scientists is to get these devices to be fully automated and thus remove human factor [1-3]. 

Such devices also enable the collection and detection of samples in difficult to reach areas. 

The advantage of electrochemical methods is their high sensitivity, selectivity, possibility of 
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miniaturization [4]. Thanks to electrochemical methods can detect most metals, metalloid and 

biomolecules (especially nucleic acids and proteins) [1-3,5,6]. It is important that our 

proposed device is arranged as multifunctional and allow users to change easily the setting of 

measurement method and types of used electrodes. 

 

2. MATERIAL AND METHODS 

2.1. Chemicals and material 

All chemicals used in this study were purchased from Sigma Aldrich (St. Louis, USA) in 

ACS purity unless noted otherwise. Pipetting was performed by pipettes from Eppendorf 

(Hamburg, Germany). Stock solutions were prepared with ACS water. 

2.2. Fabrication of the automatic electrochemical apparatus 

The electrochemical cell was made of resin. The size of the measuring cell is 

2.0 × 1.2 × 2.5 cm. The electrochemical cell has three gaps enabling the classic three-

electrode wiring. As an auxiliary electrode the platinum electrode was used, 

Ag/AgCl/3M KCl reference electrode (both CH Instruments, Austin, USA) and the working 

electrode was amalgam electrode. The actual cell was inserted in a special insulated plastic 

housing (6.0 × 12.0 × 13.5 cm). This part was printed using 3D printer, profi 3D maker 

(Aroja, Czech Republic). Measurement was performed using a transferable potentiostat 910 

PSTAT mini (Metrohm, Switzerland). Potentiostat is connected to minicomputer and it is 

energized by batteries, GENS ACE Li-Po battery (5000 mAh, 18.5 V, Acepow Electronics, 

China). Minicomputer is serviced by our created scripts. For the electrochemical 

measurements, the script was created to control the correct run of PSTAT software 1.0 

(Metrohm, Switzerland). During the planned duration of the experiment, hundred 

voltamograms are measured and saved. For their evaluation after the measurement, other 

scripts were created that are used for the fully automated. This script also ensures data 

transcription into spreadsheet templates which are subsequently used for the final statistical 

data processing and data send via internet to another computer. 

2.3. Electrochemical determination of cadmium using amalgam electrode 

For measuring were selected ten methods of cyclic voltammetry with these parameters. Initial 

potential was −1.2 V end potential −0.3 V, step was 3 mV and potential of deposition −1 V. In 

case of methods 0 – 5 were deposition time 15 seconds, their scanrates were 0.05 V/s, 0.1 V/s, 
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0.2 V/s, 0.3 V/s, 0.4 V/s and 0.5 V/s. It was done about fifty measurements in one run. 

Scanrate of methods 6 – 9 was 0.2 V/s, their deposition time were 0, 7.5, 22.5 and 30 seconds. 

2.4. Fabrication of the working amalgam electrode 

For amalgam modification, copper wire (Thermo scientific, UK) was used. The copper wire 

was immersed into 0.01M Hg(NO3)2 solution for 10 minutes. This solution was prepared by 

dissolving of 0.086 g mercury(II) nitrate in 25 mL of acidified (5% HNO3, v/v) ACS water. 

 

3. RESULTS AND DISCUSSION 

We evaluated the peak height of cadmium and its potential under different temperatures 

(0 °C, 5 °C, 10 °C, 15 °C, 20 °C and 25 °C) and in time (0 – 250 minutes), in order to 

investigate the stability of the entire system. Acetate buffer (0.2M CH3COONa + 

0.2M CH3COOH, pH 5) was used as a supporting electrolyte. Different working electrodes 

were used, silver electrode, carbon electrode, amalgam electrode and copper electrode were 

tested. As reference electrode Ag/AgCl/3M KCl electrode and carbon electrode was tested. 

All electrodes were stable in our device throughout the experiment. It followed that the user 

can choose any type of electrode and any type of buffer according to the type of sample. Our 

proposed cell is resistant to effects of different electrolytes and can be used repeatedly, for 

example for fluid arrangement. 
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Figure 1.: Measurement using cyclic voltammetry under different temperatures (0 °C, 10 °C and 25 °C): 

(A) change the aspect ipc / ipa in time, (B) ipc change in time, (C) ipa change in time. 

 

 

Figure 2.: Measurement using cyclic voltammetry under different temperatures (0 °C, 10 °C and 25 °C): 

(A) change the aspect Epc / Epa in time, (B) Epc change in time, (C) Epa change in time. 
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4. CONCLUSION 

The electrochemical apparatus was tested under different conditions and it was found to be 

stable in wide ranch of temperatures and it is possible to make measurement for a long time. 

The cell is accordingly applicable in a wide range of temperatures, there is no problem to 

temper it due to its small dimensions, thereby maintaining constant conditions during the 

whole measurement. Our system is fully automated, it is able to measure, store and evaluate 

hundreds or thousands of voltamograms in one run. Our designed and tested device is 

transferable and offers wide customization possibilities for performing various analyzes. 
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Abstract 

The aim of this study was to develop the simple and fast method, that would allow 

characterization of CdTe quantum dots (QDs). Two different CdTe QDs (biosynthesized and 

microwave prepared) were undergone of the stripping voltametry analysis. Using the 

proposed method simultaneous detection of cadmium and tellurium in both of selected QDs 

were provided. Results from newly established method were compared with previously 

published methods for apart detection of cadmium and tellurium. 

 

1. INTRODUCTION 

 Cadmium telluride (CdTe) quantum dots (QDs) are semiconductor materials with a 

diameter ranging from 2 to 100 nm, which boasts a wide range of applications from 

photovoltaics [1,2] thought imaging and sensing [3,4] to health care [5,6]. Ever growing range 

of their applications is given by their unique optical properties such as a broad excitation 

spectrum and a narrow emission spectrum as well as photostability, long fluorescent lifetime 

and low susceptibility to photobleaching [7,8,9]. All these features are particularly useful for 

fluorescence detection [10,11], or the other frequently used chemiluminescence detection[12]. 

Across these we decided to take advantage of electroactivity as the target property for 

detection of both compounds of CdTe QDs. Electrochemical approach was selected hence 

electroanalytical methos provide a sensitive, reasonable cost and reliable detection of trace 

quantity of different elements.  

 Two types of QDs were subjected to electrochemical study. First one were prepared by 

the classical way (microwave preparation) and a second one by alternative way (biosynthesis). 

Firstly, both of QDs types were characterized using previously published methods for 
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tellurium [13] and cadmium [14], subsequently we proposed a modified method that allows 

detection of both component of QDs simultaneously in one sample and during one scan.  

 Cathodic stripping differential pulse voltammetry (CSV DPV) was applied for the 

determination of CdTe QDs, as the working electrode the hanging mercury drop electrode 

(HMDE) was employed, and as an efficient ligand for stripping voltammetry oxine (8-

hydroxyquinoline) was used. This technique was firstly published by Wang et al. [13], he 

described the selective adsorptive collection of the tellurium-8-quinolinol (oxine) complex on 

a hanging mercury drop electrode followed by cathodic stripping voltammetry. Five years 

later Yang et al. described method for determination Te(IV) using a Tosflex/8-quinolinol 

(oxine) coated mercury film electrode by square-wave cathodic voltammetry [15], their also 

highlight that peak of Te(IV) is suppressed by the presence of cadmium(II) in the solution, 

they resolve this problem by addition of EDTA and they completely eliminated the 

interference from cadmium(II) [16]. In our study we decide take advantage of this 

disadvantage and merge detection tellurium and cadmium in one procedure.  

 

2. MATERIAL AND METHODS 

2.1. Chemicals and material 

All chemicals mentioned in our study were purchased from Sigma-Aldrich (St. Louis, MO, 

USA), meeting the specification of American Chemical Society (ACS), unless noted 

otherwise. As standards of tellurium and cadmium atomic absorption spectroscopy (AAS) 

standard from Sigma-Aldrich (St. Louis, MO, USA) were used. The deionized water was 

prepared using reverse osmosis equipment Aqual 25 (Aqual s.r.o., Brno, Czech Republic), 

and it was subsequently purified by apparatus Milli-Q Direct QUV (Billerica, MA, USA), 

exhibiting a resistance of 18 MΩ. Stock solutions were prepared with ACS water. The pH was 

measured using pH meter WTW inoLab (Weilheim, Germany). Pipetting was performed by 

pipettes from Eppendorf (Hamburg, Germany).  

 

2.2. Synthesis of CdTe QDs 

Biosynthesis of QDs by Escherichia coli 

The LB culture media were inoculated with bacterial cultures (E. coli). Suspension of E. coli 

(OD600 = 0.6) was diluted and then cadmium chloride (CdCl2), trisodium citrate dihydrate, 

sodium tellurite (Na2TeO3), mercaptosuccinic acid (MSA) and sodium borohydride (NaBH4) 



XVI. Workshop of Physical Chemists and 

Electrochemists 
 

91 

BBrrnnoo  

22001166  

were added under constant stirring, followed by an incubation, methods for biosynthesis of 

QDs was taken from Bao et al. [17]. Biosynthesis was followed by centrifugation and 

precipitation of QDs using 50% isopropanol, and repetitive centrifugation. The pellet was 

dissolved in Milli-Q water and analyzed.  

Microwave preparation of QDs 

Cadmium telluride CdTe QDs were prepared using followed chemicals: Cd (OAc)2 · 2H2O, 

C6H5Na3O7 · 2H2O, Na2TeO3, and NaBH4. Solution were transferred into a vials, which were 

heated at 90 ° C, 300 W for 10 min (ramping time 10 min) under microwave irradiation 

(Multiwave3000, Anton-Paar GmbH, Graz, Austria). Prepared CdTe QDs were stored in dark 

at 4 °C. Methods for microwave preparation of CdTe was published previously [18]. 

 

2.3. Electrochemical detection of cadmium and tellurium of CdTe QDs 

The above mentioned method (Wang et al.) which utilizes formation of Te - oxine complex 

and its determination using CSV DPV, was assume and employed for detection of tellurium in 

both of QDs without any further modifications. Cadmium, Cd(II) was determined by method 

which we published in our previou study [14], method was slightly modified, deposition time 

was set up at 120 s, due to reduction of the time required for analysis. 

 

2.4. Proposal and optimization of method for simultaneously detection of cadmium and 

tellurium of CdTe QDs 

The parameters of the method for simultaneous detection of cadmium and tellurium using 

metal - oxine complexation, followed by CSV DPV detection, were further optimized. 

Influence of three parameters (start potential, depostion potential and time of deposition) on 

Cd and Te peak height were observed. Firstly parameters were optimized for deterimention of 

cadmium and tellurium individually, therafter optimized parameters were adapted to detection 

of both of metal ions simultaneously during one scan.  

 

2.5. Detection of cadmium and tellurium of real sample of CdTe QDs 

Newly estabilished method was employed under optimized conditions for determination of 

quantities of cadium and tellurium in QDs. As real samples biosynthesized and microwave 

prepared CdTe QDs were used. 
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3. RESULTS AND DISCUSSION 

3.1. Electrochemical detection of cadmium and tellurium of CdTe QDs 

Two previously published methods for separate detection cadmium and tellurium were used 

for creating of calibration curves of tellurium and cadmium standards. Under same conditions 

were also detected quantities of Cd and Te in both of QDs. Obtained results were compared 

with data form AAS detection. Calibration curves of Cd and Te standards measured by 

stripping voltammetry in presence of different electrolytes are shown on Figure 1. 

 

Figure 1.: Calibration curves of tellurium (A) an cadmium (B). All of measurements were provided by stripping 

voltametry coupled with differential pulse voltametry, as working electode HMDE was employed. Tellurium 

was measured in presence of oxine buffer, as an electrolyte for cadmium detection acetate buffer was used. 

 

3.2. Optimization of newly established method 

The method for the simultaneous determination of both of elements was subjected to 

optimization. At first three different parameters were optimized using Cd and Te standards. 

Optimized parameters were: start potential, deposition potential, and time of deposition. As 

optimal parametres were selected: start potential −0.35 V (compromise between −0.40 V for 

Cd and −0.30 V for Te), as deposition potential was selected same potential as the start 

potential (−0.35 V), again as a compromise between the optimum for both of the elements. As 

optimal deposition time 120 s were selected, because longer deposition will make method 

more time consuming. 
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Figure 2.: Optimization of electrochemical detection of tellurium (A, B) and cadmium (C, D) of microwave 

prepared CdTe QDs. Three parameters for detection both of metal ions were optimized: start potential (blue dots, 

A and B), deposition potential (green dots, A and B), and time of deposition (B, D). CSV DPV was employed, 

oxine buffer as supporting electrolyte was used. 

 

3.3. Detection of cadmium and tellurium of real sample of CdTe QDs 

CSV DPV under optimized conditions was used for cahracterization of both of QDs 

(biosynthesized and microwave prepared). Moreover both of QDs were characterised before 

and after mineralization. As was expected, mineralization was necessary toward deeper 

insight into formation of QDs. Mineralization allow the identification of a amount of different 

oxidation states of both of the elements. As shows Figure 3 micowave prepared QDs contain 

far less Cd than bio QDs, the difference between the content before and after mineralization is 

negligible. Regarding the content of Te, there is a much bigger difference. Micowave 

prepared have higher levels of Te than bio QDs. It was also observed different amounts of Te 

in both of QDs samples before and after digestion. Electrochemical analysis will be compared 

with AAS. 
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Figure 3.: A Comparison of detection of Cd in both of QDs using previously described method in acetate buffer 

(blue) and the newly estabilished method in oxine (red). B Cathodic stripping voltammetry coupled with 

differential pulse voltammetry (CSV DPV) was used for cahracterization of amount of cadmium and tellurium in 

biosynthesized (Bio QDs) and micro wave prepared (S QDs) CdTe QDs. Also influence of mineralization on the 

contents of both of elements were taken into account. 

 

4. CONCLUSION 

Cathodic stripping differential pulse voltammetry (CSV DPV) was applied for the 

determination of CdTe QDs, a good linear relationship of the catalytic peak current and the 

concentrations of both of analytes were achieved. The results provided an insight into the 

hidden properties structure of CdTe QDs and the potency of QDs for real life applications. 

Suggested method could be used to decide about the applicability of concrete QDS for 

concrete purposes, or for monitoring of changes both of elements in the form of QDs during 

and after their applications. The method could also help in solving the problems of toxicity 

and recycling CdTe QDs. 
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Abstract 

Industrialization and urbanization resulted in increasing concentrations of metals in biosphere, 

which nowadays represent serious issue for public health. In this contribution, direct 

electrochemical reduction of Zn(II) on glassy carbon electrode (GCE) modified with 

electrochemically reduced graphene oxide (ERGO) is reported. Graphene oxide (GO) 

fabricated using Hummers method was electrodeposited on the surface of GCE at +1.0 V vs. 

Ag/AgCl/3M KCl and subsequently reduced by performing cyclic voltammograms from 0 to 

−1.5 V. The modification of electrode was optimized and properties of GCE/ERGO were 

determined. Although the surface of GCE increased after modification with ERGO by 9.4 %, 

the electrocatalytic activity towards Zn(II) increased three times and detection limit 5 ng·L-1 

was obtained. 

 

1. INTRODUCTION 

Heavy metal pollution has become a major concern all over the world. The only way to 

meet the legislative demands is to steadily monitor the levels of metals in biosphere 

compartments. Zinc belong to group of essential micronutrients hence pose health risk in high 

supplementation only. However, zinc monitoring is also needed [1-3]. 

Atomic absorption spectrometry (AAS) and inductively coupled plasma mass spectrometry 

are considered as a golden standard in metal analysis. Nevertheless in this field 

electrochemistry provides several superior features like low cost analysis, portability, 

possibility of miniaturization, easy-to-use and high sensitivity and several time was proved to 

be suitable analytical method for metal analysis [4-7]. 
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In this study GCE was modified with GO using potentiostatic deposition. Deposited GO 

was subsequently electrochemically reduced using cyclic voltammetry at negative potentials. 

Performance of as prepared electrode was tested towards Zn(II) ions. 

 

2. MATERIAL AND METHODS 

Glassy carbon modification with reduced graphene oxide 

GCE was mechanically polished by the 1.0 and 0.3 µm alumina suspension. As prepared, the 

electrode was rinsed with water solution of GO (0.5 mg·mL-1) and potential +1.0 V was 

applied on working electrode vs. Ag/AgCl/3M KCl. The deposited film of GO was reduced 

by performing CV from 0.0 V to −1.5 V in acetate buffer (0.2 mol·L-1 CH3COONa and 

CH3COOH, pH 5) to produce ERGO. 

Zinc ions determination 

Determination of Zn(II) by differential pulse voltammetry was performed using 

PGSTAT302N (Metrohm, Herisau, Switzerland) using a three electrode system. A 3 mm 

diameter GCE (CH Instruments, Austin, USA) was employed as the working electrode. An 

Ag/AgCl/3M KCl electrode was used as the reference and platinum wire served as auxiliary. 

Acetate buffer was used as a supporting electrolyte. The parameters of the measurement by 

DPV were as it follows: initial potential −1.3 V, end potential −1.0 V, deposition time 60 s, 

time interval 0.03 s, step potential 5 mV, scan rate 50 mV·s-1. 

Determination of electrode active surface area 

In order to determine electroactive area of GCE and to compare it with GCE/ERGO CV of 

2 mM [Fe(CN)6]
3-/[Fe(CN)6]

4- in 0.1 M KCl were recorded using mentioned electrodes. 

Electroactive surface was calculated according to Randles-Sevcik equation [8]. 

 

3. RESULTS AND DISCUSSION  

The GCE/ERGO was fabricated by immersion of clean GCE within sonicated GO solution 

(0.5 mg·mL−1) and application of constant potential +1.0 V vs. Ag/AgCl/3M KCl reference 

electrode. GO possess negative net charge due to the presence of oxygen-containing moieties 

and was electrostatically attracted to positively charged working electrode. Subsequently 

working electrode was gently rinsed within water and transferred within acetate buffer where 

several CV from 0 to −1.5 V were performed. Irreversible reduction peaks at −1.05 V and 

−0.85 V were observed (data not shown). Previously, reduction of GO at −1.10 V was 
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reported [9]. Further, deposition time of GO (0–480 s) on electrode was optimized using 

detection of 20 µmol·L−1
 Zn(II) signal and the deposition for 60 s was found as an optimal 

(Figure 1A). Using deposition at potential −1.25 V for 60 s Zn(II) were measured using 

GCE/ERGO and calibration curve was determined and compared with performance of bare 

GCE (Figure 1B). Analytical parameters of detection are displayed in Table 1. The 

modification of GCE with ERGO improved the detection of zinc ions (35 µmol·L−1) four-fold 

in comparison with bare GCE and slightly shifted peak potential from −1.18 V to −1.2 V 

(Figure 1C). Using GCE/ERGO, we obtained limit of detection (LOD) 0.1 µmol·L−1
 Zn(II) 

(~5 ng·mL−1). 

 

4. CONCLUSION 

The electrode surface is place where redox processes take place. Hence its modifications 

represent suitable way to improve electrodes performance. As is evident from out 

experiments, modification of electrodes with GO could significantly improve sensitivity of 

GCE towards Zn(II). Although the surface increased after GCE modification with ERGO by 

9.4 %, sensitivity increased three times. 

 

Figure 1.: (A) Dependence of Zn(II) reduction signal obtained using GCE/ERGO on deposition time of GO 

(0.5 mg·mL−1) on the electrode (deposition time selected as optimal is marked with star); (B) Dependence of 

electrochemical signal on Zn(II) concentration (1.0–62.5 µmol·L−1) and comparison of DPV reduction signals of 

Zn(II) (4 µmol·L−1) (D) obtained using GCE/ERGO (red line) and bare GCE (blue line). 
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Table 1.: Analytical parameters of electrochemical detection of Zn(II). 

Substanc

e 

Working 

electrode 

Regression 

equation 

Linear 

dynamic 

range 

(μmol·L-1) 

R2 a 

LOD b 

(μmol·L-

1) 

LOQ c 

(μmol·L-

1) 

RSD 

(%) 

Zn(II) GCE/ERGO 
y = 0.1608x 

− 0.1231 
62.5 - 1.0 0.9999 0.1 0.4 4.8 

Zn(II) GCE 
y = 0.0539x 

− 0.0916 
500.0 - 2.0 0.9992 0.5 2.0 5.2 
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Abstract 

Nanostructured surfaces are promising approach to improve properties of electrochemical 

sensors and biosensors. Their biggest advantage is possibility to considerably increase and 

control electrochemical area while small geometrical area of sensor is preserved. This fact can 

provide more sensitive nanostructured electrodes and opportunity to involved nanostructured 

surfaces into electrochemical sensors and biosensors devices. In this work, we prepared 

nanostructured surfaces by electrochemical anodization of thin aluminium layer and 

subsequent electrodeposition of gold material to the obtained template. These nanostructured 

electrodes were electrochemically characterized by cyclic voltammetry using 

K3[Fe(CN)6]/K4[Fe(CN)6] probe and compared with the results measured on a flat gold 

electrode. Gold nanostructured surfaces are planned to be involved in biosensor devices. 

 

1. INTRODUCTION 

In recent years, fabrication of various nanostructured surfaces has become very actual topic. 

The main goal is prepare them easy and cheap. Great interest is especially about self-

assembled arrays of nanocolumns because of their possible usage in many applications 

eg. photocatalysis, fuel cells, electrochemical sensors and biosensors [1]. In sensing 

applications of nanostructured surfaces could increase an active electrochemical area 

significantly while a small geometrical area is maintained and thereby improve sensitivity of 

sensors [2]. Electrochemical anodization of aluminium film combined with electrochemical 

deposition into nanoporous templates is well-established method for fabrication of 

nanostructured surfaces [3]. Self–ordered anodic alumina oxide (AAO) offers highly ordered 

and vertically aligned nanoporous templates which are suitable for various material synthesis 
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and alignment of nanosized structures [4-7]. This method also provides relatively cheap 

fabrication in comparison with lithographic and others methods. 

 

2. MATERIAL AND METHODS 

Electrodes 

Self-assembled gold nanostructured surfaces were produced by pulse galvanic deposition of 

gold material into AAO nanoporous template fabricated via electrochemical anodic oxidation 

method of thin aluminium layer. Firstly, the titanium, tungsten and aluminium layers were 

successively sputtered on silicon wafer covered by SiO2. Upper aluminium layer was 

anodically oxidized in 0.3 M oxalic acid under the constant voltage of 50 V. During this 

process, upper aluminium layer was transformed to nanoporous alumina (Al2O3) with 

hexagonally ordered nanopores perpendicular to the surface. Whereas the anodization was 

being finished, tungsten oxide nanostructures were created on the bottom as a result of 

oxidation of tungsten layer below. Then these WO3 nanostructures were etched away which 

created tungsten nanodimpled surface with AAO above. These nanodimples enable to 

strongly anchor the gold nanostructures below the ambient surface and thus improve their 

stability. Pulse deposition of gold into such AAO with nanodimpled bottom was performed 

from dicyanoaurate and boric acid solution. The number of pulses controlled the length of 

obtained gold nanocolumns in the AAO template. The last step of production is dissolving of 

alumina template. Gold layer was also prepared for comparison of gold nanostructures impact 

on the enhancement of electrode active surface area. 

Electrochemical characterization 

All electrochemical measurements were performed using µAUTOLAB III/FRA2. Two-

electrode arrangement with Pt pseudoreference electrode was used for all experiments. The 

measurement was performed in a droplet of 20 µl volume of solution. The geometrical area of 

electrodes was determined by circle in parafilm with 3 mm in diameter. All fabricated 

electrodes were electrochemically cleaned by cyclic voltammetry methods performed in 

0.1 M sulphuric acid before each measurement. The measurements were proceeded in 0.1 M 

potassium chloride with additions of 6 mM potassium ferricyanide and 6 mM ferrocyanide. 
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3. RESULTS AND DISCUSSION 

The tungsten film electrodes modified by gold nanocolumns were successfully prepared by 

anodization method with subsequent electrochemical deposition of gold material to the 

prepared alumina templates. The nanocolumns have about 60 nm in diameter and about 

200 nm high. Fabricated nanostructured surfaces were electrochemically characterized by 

cyclic voltammetry. It has been found, key role in electrochemical characterization is 

electrochemical cleaning which influences the resulted data significantly. Generally, cyclic 

voltammetry performed in redox electrochemical system is useful for evaluation and 

comparison of electrochemically active surfaces of working electrodes [7]. It is obvious that 

the electroactive electrode area is often very different than geometrical electrode area due to 

roughness of electrode surface or a result of surface modifications. Evaluation of CV results 

also can reveal a real penetration of electrolytic solution into the spaces among the gold 

nanostructures. The higher current response of CV voltammogram means the higher 

electroactive area involved in reaction. The peak height is dependent on the electrolyte 

concentration as well. CV voltammograms for flat gold electrode without any modification 

and for nanostructured surface with gold nanostructures are shown in Figure 1. We can 

observe that flat gold electrode exhibits higher peaks at low scan rates (< 25 mV.s-1) and 

nanostructured surface shows higher peaks at higher scan rates ( 50 mV.s-1). It is obvious; 

electroactive area of nanostructured electrode is changed with scan rate. Higher scan rate 

means higher electroactive area than electroactive area for flat gold electrode and vice versa. 

 

Figure 1.: Cyclic voltammograms measured in 6 mM ferro-ferricyanide in 0.1M KCl for flat gold electrode 

(on the left) and electrode modified with gold nanocolumns (on the right) 

Nevertheless, the electroactive area of electrodes is also evaluated as a ratio of the slopes of 

dependencies of peak heights on square roots of scan rates. According to this fact, 
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nanostuctured electrode exhibits approximately 2.5 times higher electroactive area. The 

change of the electroactive area depending on the scan rate is probably related to difficult 

penetration of electrolyte to the gaps between nanostructures at lower scan rates because the 

kinetics of mass transport near the interface between electrode and electrolyte plays an 

important role influencing the current responses of electrochemical sensors. 

 

4. CONCLUSION 

The tungsten electrodes modified with gold nanocolumns were prepared and 

electrochemically studied by CV in the presence of potassium ferro-ferricyanide probe and 

compared with flat gold electrode. It was found, the electroactive area is changing with scan 

rate. Nanostructured surfaces showed impact at higher scan rates. This fact is probably caused 

by difficult penetration of electrolyte to the spaces between nanostructures at lower scan rates. 

 

5. ACKNOWLEDGEMENT 

The work has been supported by project no. FEKT-S-14-2300 A new types of electronic 

circuits and sensors for specific applications. Research described in this paper was financed 

by Czech Ministry of Education in frame of National Sustainability Program under grant 

LO1401. For research, infrastructure of the SIX Center was used. 

 

6. REFERENCES 

[1] Anandan V, Rao Y L and Zhang G. (2005). Nanopillar arrays with superior mechanical strength and optimal 

spacing for high sensitivity biosensors. 2005 NSTI Nanotechnology Conference and Trade Show pp. 217-

220. 

[2] Lee S J, Anandan V and Zhang G: Biosensors and Bioelectronics, 23 (2008), 7, 1117-1124 

[3] Bharath Bhushan, Dan Luo, Scott R. Schricker, et al. (2014), Handbook of Nanomaterials Properties, 

Springer Verlag, Heidelberg. 

[4] Drbohlavova J, Kynclova H, Hrdy R, et al.: Analytical Letters, 49 (2016), 1, 135-151 

[5] Noh K, Brammer K S, Seong T Y, et al.: Nano, 6 (2011), 6, 541-555 

[6] Anandan V, Rao Y L and Zhang G: International Journal of Nanomedicine, 1 (2006), 1, 73-79 

[7] Anandan V, Yang X, Kim E, et al.: Journal of Biological Engineering, 1 (2007) 

  



XVI. Workshop of Physical Chemists and 

Electrochemists 
 

104 

BBrrnnoo  

22001166  

SOLID-STATE SYNTHESIS OF GOLD NANOPARTICLES FILMS 

FOR SPECTROSCOPIC MEASUREMENT ENHANCEMENT 

Tomáš LEDNICKÝ 

1 
CEITEC – Central European Institute of Technology, Brno University of technology, Brno, Czech Republic  

tomas.lednicky@ceitec.vutbr.cz  

Abstract 

In this work, it is proposed a novel fabrication method of gold nanoparticle films. The method 

involves a fabrication of templated aluminium substrate by porous-type anodic oxidation of 

aluminium foils. Furthermore, a thin deposited gold layer is annealed resulting into the gold 

nanoparticles formation. Additionally, the transfer onto transparent substrates such as PDMS 

is demonstrated. The aim of this research is to develop a cost-effective method of 

nanoparticles films production for localized surface plasmon resonance (LSPR) sensor 

element with a high performance. 

 

1. INTRODUCTION 

In recent years, much attention was given to noble metal nanoparticles (NPs) with sizes 

well below 100 nm, being the active localized surface plasmon (LSP) element. This size 

parameter of the NPs is critical for LSPR detection in near infrared or even visible region. 

However, nowadays, several technologies for fabrication of NPs are capable of developing 

extremely sensitive sensors, but the costs are unacceptably high, while simpler technologies 

result in sensors having poor sensitivity [1]. Therefore, the urgent challenge is to find optimal 

fabrication technologies combining realistic manufacture costs with high sensor sensitivities. 

In this work is present the technological approach for synthesis of gold NP surfaces. The 

fundamental advantage is that it is versatile, could be performed in large-scale, and is of low-

cost, being favorable as compared to other methods. The prepared NPs films are well ordered, 

with high density of NPs as well as organic-free. 

 

2. METHODS 

The essential starting point is the fabrication of nanostructured substrate. In this work, we 

present the use of dimpled aluminium substrate, being a secondary product of anodic 

oxidation of aluminium into porous anodic alumina (PAA). By controlling the 

electrochemical conditions a variety of PAA parameters can be tailored [2]. Since the 
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aluminium template inversely replicates the PAA bottom structure, these parameters play a 

crucial role for the final size, alignment, and homogeneity of gold NP films. These processes 

of Al template fabrication are shown schematically in Figure 1. 

 

Figure 1.: Scheme of aluminium template fabrication by formation and etching of PAA layer. 

The gold NP film is obtained by deposition of a thin gold layer over the Al template, 

followed by an annealing in a vacuum or even ambient atmosphere. This technique, called 

controlled dewetting, is well studied especially in the case of gold layers [3]. After the NP 

layer is created, it can be transferred to a more suitable (transparent) substrate by its 

application over the layer and subsequent Al dissolution. This process is illustrated in 

Figure 2. 

 

Figure 2.: Schematic illustration of gold NP layer preparation on the structured aluminium template and their 

transfer to another substrate. 

 

3. EXPERIMENTAL AND RESULTS 

An aluminium foil of 99.999 % purity and 250 μm thickness (Goodfellow) was used as the 

starting material. The aluminium foil was annealed in a vacuum at 550 °C for 5 h to allow the 

material to relax and recrystallize. Subsequently, the foil was mechanically and 

electrochemically polished. The mechanical polishing was done under ethanol by an ultra-fine 

P3000 sandpaper. The electrochemical polishing was performed in 1:4 (v:v) perchloric acid 

(HClO4) and ethanol solution at 3 °C for 1 min at 20 V (about 100 mA/cm2). The Al foil was 

set as the anode and a stainless steel mesh was used as the cathode. 

After polishing the foil was anodized in galvanostatic mode at 40 V in 0.3 M oxalic acid 

(H2C2O4) at 7 °C for 18 hours. The long anodizing was set to obtain the best order of pores at 

the aluminium/alumina interface [4]. The nanostructured aluminium surface was revealed by 
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selective etching of PAA in 0.42 M phosphoric acid (H3PO4) and 0.2 M chromium trioxide 

(CrO3) solution at 60 °C for 1h. Furthermore, over the template was deposited by sputtering 

7 nm thin gold layer. This sample was further annealed in the ambient atmosphere at 350 °C 

for 2 h. Resulting NP surface is shown in Figure 3A. 

The NPs were transferred to a PDMS substrate by standard casting method in a specially 

prepared mold. The PDMS was pour into mold over NPs on the Al substrate. After hardening 

on a hotplate at 60 °C for 2 h, the Al substrate was dissolved in 5 M hydrochloric acid (HCl) 

 

Figure 3.: SEM image of dimpled aluminium surface after removal of PAA with gold NPs formed over the 

surface (A) and the samples of PDMS microfluidic cell modified with NPs (B). The mean size of NPs is 75 nm. 

and 2 M copper (II) chloride (CuCl2). The removal of Al substrate results into final PDMS 

cell with a simple channel modified by NPs (shown in Figure 3B). 

 

4. CONCLUSION 

In this work, we have developed and demonstrated an interesting technological approach 

for synthesis of ordered gold nanoparticle layers. We have demonstrated that this technique 

could be performed in large-scale, and thus it can be unpredictably economical. Additionally, 

this technique compared to others, produce NPs which are well align, with a high density 

distribution and organic-free composition. Furthermore, this technique can be reasonably 

versatile since NPs’ sizes and distribution depends mainly on the template and the thickness 

of deposited layer, where both are undeniably tuneable.  

In the last decade, the demand for NPs, especially for layers with a high density, has 

increased immensely due to rapid progress in fields of optics, especially the plasmonics. 

Nowadays, there are a vast number of scientific ideas as well as commercial devices utilizing 

SPR or LSPR for detection and recognition of various bio-molecules [5-7]. Therefore, it is 

greatly encourage to further develop and optimize NPs fabrication techniques such as this. 
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Abstract 

Prostate cancer cells control energy metabolism by chelating intracellular zinc, thus zinc 

delivery has been a highly recommended therapeutic approach to prostate cancer. Here, we 

propose the usage of membrane penetrating peptide Novicidin connected with zinc-Schiff 

base as carrier vehicle of zinc to prostate cells. Mass spectrometry, electrochemistry and 

spectrophotometry confirmed the formation/stability of this complex and gave insight to the 

availability of zinc to interact within complex. This delivery system showed minor toxicity in 

normal PNT1A cells and high potency towards PC3 tumor cells. The complex showed 

preference to penetrate PC3 tumor cells in contrast to confinement to membranes of PNT1A. 

Further, the zinc uptake was confirmed in both cell lines. Molecular analysis was used to 

confirm the activation of zinc stress (e.g. ZnT-1) and apoptosis (e.g. CASP-1). Our results 

strongly suggest that zinc-Schiff base-Novicidin complex have great potential to be developed 

into novel anticancer drug. 

 

1. INTRODUCTION 

Detection of PCa in early stage with curative treatment modalities including surgical and 

radiation therapies is required. However, hormonal ablation of metastatic cells can lead PCa 

cells to lose androgen-dependency and become hormone-independent tumor with very low 

survival rate [1-3]. Glandular epithelial cells of the human prostate gland have ability to 

accumulate high level of zinc; two- to five-fold greater than the zinc level found in other 

tissues [4]. Prostate cells have the ability to accumulate high level of citrate to chelate 
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intracellular zinc, whereas other cells, in which 95% of zinc is mostly bound with 

macromolecules is in immobile form such as metalloenzymes, metalloproteins (such as 

Metallothioneins), nucleoproteins, and nucleic acids [5-8]. The accumulation of zinc causes 

inhibition of mitochondrial aconitase activity leading to inability of cells to oxidize citrate [9]. 

The problem of zinc deficiency in malignant cells can be treated using various delivery 

systems. In the search for new delivery systems, cell penetrating peptides (CPP) attracted 

attention due to their abilities for intracellular delivery of a wide range of molecules [10-12]. 

Novicidin (NVC) peptide is a promising delivery system candidate due to several properties 

such as cell penetrating abilities, low hemolytic effect, highly amphipathic alpha helix 

structure and high affinity to anionic lipids which are characteristic for cancer cells [13]. To 

carry the metal ion cargo, Schiff bases are organic compounds that have versatile biological 

properties. The type of metal and the complexity of Schiff base play a major role in the 

potency of these compounds as chemotherapeutic agents. Schiff bases bounded with metal 

ions interact directly with cellular membrane and cause oxidative stress damage. Binding of 

Schiff base-metal ion complex with other compound can neutralize this oxidative capability 

and allow delivery within the biological system [14,15]. 

Here we attempted to synthesize zinc delivery system that can increase the availability of 

zinc in PCa cells and to investigate the molecular changes that take place after the delivery of 

zinc complex system by studying genes involved in a zinc stress. This delivery system 

showed minor toxicity in normal PNT1A cells and high potency towards PC3 tumor cells 

shown by preference to penetrate PC3 cells in contrast to localized confinement to membranes 

of PNT1A. Further, the zinc uptake was confirmed in both cell lines. Molecular analysis was 

used to confirm the activation of zinc stress (e.g. ZnT-1) and apoptosis (e.g. CASP-1). 

 

2. MATERIAL AND METHODS 

Preparation of Schiff base (S) 

(2-[(E)-2-pyridylmethyleneamino]-N-[2-[(E)-2-pyridylmethylene-amino]ethyl]ethanamine) 

2-pyridinecarboxaldehyde (1902 µL) and diethylenetriamine (1080 µL) were stirred and 

heated under reflux in methanol (35 mL) for 6 h. Color turned to orange. After cooling, 

methanol was added to 50 mL. 
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Synthesis of Schiff base complex Zn-S 

Zinc perchlorate hexahydrate (0.372 g) was dissolved in 50 mL of water and Schiff base S 

(5 mL) was added with stirring. Light orange solution was heated at 80 °C for 2 h. Solution 

was than filtrated and water was added to reach 100 mL. 

Synthesis of NVC peptide 

For synthesis, Liberty Blue peptide synthesizer was used (CEM, Matthews, NC, USA). 

The sequences and monoisotopic molecular weight of synthesized peptide were as follows: 

KNLRRIIRKGIHIIKKYF - 2296 Da.  

Preparation of Zn-S-NVC 

A stock solution of NVC peptide (1 mM) was mixed with Zn-S (1 mM) in 1:1 ratio. Final 

concentration of complex in PBS buffer was 1 mM. The sample was incubated for 60 min at 

25 °C. After incubation, unbound Zn-S was removed using FPLC purification. For 

fractionation of complex, fluorescein fast protein liquid chromatography (FPLC) system 

Biologic DuoFlow (Bio-Rad, Philadelphia, PA, USA) was used. 

 

3. RESULTS AND DISCUSSION 

Several studies reported changes in the regulation of that MTs isoforms, zinc transport 

(ZnT), and tumor protein 53 (p53) in human prostate cells and tissues [16-19]. Western blot 

analysis showed absence of p53 protein in PC3 cells. However, no visible differences were 

observed in p53 protein expression in PNT1A (Figure 1 (A1)). In order to evaluate the effect 

of Zn-S-NVC complex delivery on prostate cancer cells, the gene expression in PC3 and 

PNT1A cells lines was assessed by quantitative RT-PCR method. Three independent 

experiments were carried out on 5 genes after treatment with Zn-S-NVC complex: SP1, p53, 

MT-1X, MT-2A and ZnT-1, as shown in Figure 1 (A2). 

As shown in Figure 1 (A2), p53 expression levels were increased by two folds in PNT1A 

cells after treatment and by five folds in PC3 cells after treatment. SP1 transcription factor 

expression levels were relatively unchanged after treatment in both normal and tumor cells. 

Two MTs isoforms genes (MT-1X and MT-2A) showed variable expression levels with MT-2A 

expression levels of 2.2 folds more in treated PC3 cells when compared to treated PNT1A 

cells. Interestingly, the expression of zinc transporter ZnT-1 was nearly two folds increased 

after treatment of both PNT1A and PC3 cells. Our results also show that p53 and not SP1 

gene was activated by more than two folds, respectively, within 40 min of exposure to Zn-S-
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NVC. PC3 cells have mutant p53 gene with 1bp deletion at codon 138 that produces a 

truncated protein due to formation of stop codon at position 169 via frame shift, which was 

undetected by the antibody we used (clone sc-126). As for PNT1A cells, no visible change in 

p53 protein level was observed after treatment with Zn-S-NVC. p53 protein expression did 

not change in PNT1A cells and thus did not lead to apoptosis. Even though p53 gene was 

activated at the mRNA level in our experiment, the activation of p53 at the protein level is 

multistep post-translational modifications, where DNA binding and protein-protein 

interactions comprise stabilization, anti-repression and promoter specific transcriptional 

activation. Our results showed increased expression levels of ZnT-1 in both cell lines upon 

treatment. Unfortunately, the regulation mechanism of ZnT-1 is unclear, e.g. it is unclear 

whether this protein is hormone-responsive as ZIP1 transporter or not. 

The employed DNA microarray consists of several oligonucleotide probes that have been 

immobilized on a solid glass support, and the technique used has great potential for the 

identification of closely related biomarker of cancer by employing oligonucleotides specific 

for each type of cancer. We used for this study a commercial chip (Human Cancer 3711 

ElectraSense 4×2k array slides) from CombiMatrix (Custom Array, Bothell, WA, USA) to 

identify which cancer biomarkers are expressed in PC3 cells when they are treated with the 

Zn-S-NVC complex. In the present study, we show four different treatments: PNT1A (PNT1A 

cell line before treatment with Zn-S-NVC complex), PNT1A-Zn-S-NVC (PNT1A cell line 

after treatment with Zn-S-NVC complex), PC3 (PC3 cell line before treatment with Zn-S-

NVC complex) and PC3-Zn-S-NVC (PC3 cell line after treatment with Zn-S-NVC complex). 

To understand the results, we show the fold ratio or relative expression of genes in all possible 

combination between treatments: Effect of Zn-S-NVC complex in PC3 cells (PC3-Zn-S-NVC 

vs PC3) and PNT1A cells (PNT1A-Zn-S-NVC vs PNT1A) and the global effect between PC3 

and PNT1A cells after treatment with Zn-S-NVC complex (PC3-Zn-S-NVC vs PNT1A-Zn-S-

NVC). Our control was variant PC3 vs PNT1A (before treatment with Zn-S-NVC) as 

verification of the cancer general genes expression and specific genes related to prostate 

cancer in our samples: The Figure 1B shows the specific genes up-regulation in PC3 cells 

when compared with PNT1A cells before treatment with Zn-S-NVC complex. Among them 

were shown: ADAM17 (ADAM metallopeptidase domain 17) gene, KLK13 (kallikrein-

related peptidase 13) gene, BIRC5 (effector cell peptidase receptor 1, as an inhibitor of 

apoptosis) gene, CDKN1B (the cyclin-dependent kinase inhibitor p27Kip1) and CD47 (also 

known as integrin associated protein) gene. The most important and interesting comparison 
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was the global effect between PC3 and PNT1A cells after treatment with complex (PC3-Zn-S-

NVC vs PNT1A-Zn-S-NVC). Moreover, this comparison showed over-expression in different 

genes with biological pathway on cell proliferation and cell differentiation (Figure 1C): GLS 

(glutaminase) gene and FGF3 (fibroblast growth factor 3) gene. Many genes responsible for 

negative regulation of cellular metabolic process and positive regulation of programed cell 

death were up-regulated (CASP1, NR4A3 and DNAJA1). These results give us an idea about 

the activation of genes that induce cell death or apoptosis in PC3 cell line after applying the 

Zn-S-NVC complex (Figure 1D). In our study it was obvious that PC3 cells after treatment 

with Zn-S-NVC complex (PC3-Zn-S-NVC vs PC3) and the global effect between PC3 and 

PNT1A after treatment with Zn-S-NVC complex (PC3-Zn-S-NVC vs PNT1A-Zn-S-NVC) 

suppressed cell proliferation. These results may be due to increasing gene expressions of 

CASP1 as shown in the Figure 1C. The up-regulation of CASP1 can be inducing for 

increasing of intracellular zinc in PC3 cells after treatment with Zn-S-NVC complex. Their 

activation during apoptosis is an important underlying theme in prostate cancer therapy and 

the importance of recent therapeutic strategies aimed at specifically targeting these proteases 

in relation to prostate cancer. 

In addition, NR4A3 gene showed up-regulation in the global effect between PC3 and 

PNT1A cell lines after treatment with Zn-S-NVC complex (PC3-Zn-S-NVC vs PNT1A-Zn-S-

NVC) (Figure 1C). Therefore, this over-expression of NR4A3 gene can be activated by the 

Zn-S-NVC complex in our PC3 cells. Also, the results from microarray in our samples 

showed over-expression of DNAJA1 gene in the global effect between PC3 and PNT1A cell 

lines after treatment with Zn-S-NVC (PC3-Zn-S-NVC vs PNT1A-Zn-S-NVC). DNAJA1 

gene is important in the program of death cells. Therefore, we report the first information 

about the over-expression of this gene in PC3 cell line after treatment with the Zn-S-NVC 

complex. We also can assume that this gene induces apoptosis in prostate cancer cells. These 

microarrays results could shed some light on the genes and biomarkers involved in inducing 

cellular death in PC3 cell line after applying the Zn-S-NVC complex. The data strongly 

suggest that Zn-S-NVC complex can be used as potent inducer of apoptosis in prostate cancer 

cells, which have great potential to be developed into novel anticancer therapy. 
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Figure 1.: A.1) Western blot of p53 protein expression is null in PC3 cells and unaffected in PNT1A cells line. 

Western blot analysis using anti-p53 (sc-126) after treatment with 150uM Zn-S-NVC complex for 40 min. Anti 

β-Actin (sc-130657) was used as internal control. A.2) Gene expression change in PC3 and PNT1A cells 

assessed by qRT-PCR. B) Relative expression genes or fold change in different treatments after appliqued Zn-

S5-NVC complex in PC3 and PNT1A cells lines by ElectreSense CombiMatrix microarray. D) Diagram of up-

regulation genes in the global effect between PC3 and PNT1A cells lines after treated with Zn-S-NVC complex 

by KEGG 10 software (Known and Predicted Protein-Protein Interactions). The red genes are genes inside of 

negative regulation of cellular processes (metabolic, cell death or apoptotic processes). Different line colors 

represent the types of evidence for the association (neighborhood, gene fusion, co-occurrence and co-

expression). 

4. CONCLUSION 

Targeting the zinc metabolic pathway to induce apoptosis is a progressive field in prostate 

cancer therapy. Here, we investigated a novel drug delivery system composed of membrane 

penetrating peptide and Schiff base carrier of zinc. Targeting the zinc pathway in treatment of 

prostate cancer has been the interest of many researchers for the past decade. We believe that 

developing zinc delivery systems should be the next step for prostate cancer treatment. The 

versatility of cell penetrating peptides and Schiff bases allow for the development of highly 

selective and potent therapeutic compounds in the future. In the current study, a Novicidin 
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(NVC) conjugate with Schiff base zinc complex has been synthesized and evaluated for its 

apoptosis-inducing activities in human prostate cancer cells. We reported that this zinc 

complex can potently induce apoptosis in a dose- and time-dependent manner. Our study 

reinforces the idea that peptide carrying zinc compounds have great potential to be developed 

into novel anticancer drugs. This new complex was successfully tested for stability, 

biocompatibility, cancer specificity, potency and mechanism of action in PC3 cell line. 
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Abstract 

Semiconductor nanocrystal, quantum dots (QDs), are nanoscale particles that have been 

attract a lot of attention due to their unique optic and electronic properties. One of the most 

important properties of QDs is their bioconjugation with different biological molecules such 

as a protein, peptides and nucleic acids. In this study, quenching effect of different 

concentration of BSA (bovine serum albumin) on fluorescence intensity of QDs was 

monitored. It was found that with increasing concentration of BSA fluorescence intensity of 

QDs is decreasing. This research can lead to a better understanding of interaction between 

different size QDs and biomolecules. 

 

1. INTRODUCTION 

QDs belong to family of inorganic nanoparticles and they are defined as semiconductors 

nanocrystals [1]. Their unique optical and electronic properties can be placed between those 

of bulk materials and isolated molecules of atoms [2]. QDs modified by BSA have been 

applied as ion sensors, fluorescence resonance energy transfer and chemiluminescence 

resonance energy transfer [3]. In last decade QDs find great application in medicine and 

biology usage, due to their photostability and resistance to chemical degradation [4]. 

However, the core of QDs created with inorganic elements is toxic for living systems and 

cells. Nowadays, concerning environment issues and toxic of QDs lot of improve 

environment- friendly technologies are used for synthesis of QDs as well as modification of 

their surface to make it less toxic for usage in medicine [5]. Even, these modified QDs bring 

doubts [6], and more research need to be done to investigate QDs and their bioconjugation. 

 



XVI. Workshop of Physical Chemists and 

Electrochemists 
 

116 

BBrrnnoo  

22001166  

Taking in consideration everything above, aim of this work is to use fast and simple method 

for investigate bonding between QDs and biomolecules. In this work conjugation of QDs with 

bovine serum albumin (BSA) was achieved via covalent coupling using different cross-

linkers: carbolyldiimidazole (CDI), 1-ethyl-3-(3-dimethylaminopropyl), carboiimide 

hydrochloride (EDC), N-hydroxysulfosuccinimide (NHS/EDC). Fluorescence detection was 

used to study quenching effect of protein and QDs. It was found out that higher concentration 

of BSA led to a stronger quenching of fluorescence emission, which could be explained by 

the covalent interaction between the protein and QDs. In this work detection and separation of 

bioconjugated QDs was done in microfluidic system, using on chip electrophoresis and 

optical detection. By investigating interaction between different sized QDs and biomolecules 

this research can lead to a better understanding of how QDs behave in cell environment, 

which is extremely important for their biological application. 

 

2. MATERIAL AND METHODS 

Synthesis of CdTe QDs capped with MPA 

To obtain CdTe-MPA QDs, CdCl2 solution (91.6 mg) was diluted to 50 ml in one-necked 

flask and sodium citrate dihydrate (200 mg) was added followed by addition of MPA (52 µl). 

The pH of the solution was adjusted to 10.5 using NaOH (1 mol/l), followed by addition of 

Na2TeO3 (22.15 mg) and NaBH4 (50 mg) under vigorous stirring. Solution was then refluxed 

at 95°C for 4 h [7]. 

Equipment 

Capillary electrophoresis of QDs and QDs-protein conjugates was carried out using home 

built system “black box. The black box consists of the three parts: light source, sample holder 

and light detector. Excitation light is generated by ultraviolet light-emitting diode (UV LEDs) 

and filtered by optical 380 nm low pass filter. This light excites fluorescence of the sample 

and emitted light is selected by 560 nm high pass optical filter. This emitted light is detected 

by photodetector including photomultiplier. 

 

3. RESULTS AND DISCUSSION 

QDs and BSA were conjugated via covalent coupling using carboxyl groups of cross-linkers 

(CDI, EDC, and EDC/NHS). With increasing of concentration of BSA, fluorescence intensity 
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of QDs is decreasing. The fluorescence quenching of QDs by BSA can be described by the 

linear Stern-Volmer equation: 

I0/I=1+Ksv [Q] (1) 

where I0 and I are the steady-state fluorescence intensities of QDs in the absence and presence 

of BSA, respectively. KSV is the Stern-Volmer quenching constant, and [Q] is the 

concentration of BSA. The I0/I ratio was calculated and plotted against BSA concentration as 

described in (1).  

 

Figure 1.: Stern- Volmer plot of QDs quenching effect caused by CdTe QDs electrostatic conjugation with BSA 

The slope of the curve represents the Stren-Volmer quenching constant (Ksv) and the higher 

Ksv, the higher the quenching effect is [8]. Stern- Volmer plot of all three cross-linkers 

quenching properties shown exhibiting linear trend. The results show that the quenching 

constant is different for different types of bioconjugated QDs. From Figure 1 it is obvious that 

in case where EDC/NHS is used as a cross-linker the fluorescence intensity is decreasing 

significantly, so the highest quenching effect was notable.  

 

4. CONCLUSION 

Water soluble CdTe QDs were prepared using a simple one step method. The present of BSA 

is leading to a strong quenching effect of fluorescence emission of QDs. Quenching effect 

depends of a cross linker we are using to conjugate protein and it was shown to be the highest (a) 
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when using EDC/NHS. Overall, this simple, fast and not expensive method can be used as 

powerful tool to better understand interaction between biomolecules and QDs. 
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Abstract 

This paper deals with synthesis of antimicrobial silver nanoparticles which will be 

immobilized onto commercial polymeric membrane utilized in food industry. This work 

summarizes the fundamental part of research: the synthesis of silver nanoparticles employing 

UV radiation with three different wavelengths. It was investigated how different wavelengths 

can affect the final properties of Ag NPs, mostly their size, shape and stability. 

1. INTRODUCTION 

Silver nanoparticles (further denoted as Ag NPs) recently have been used for antimicrobial 

purposes not just in science or medicine but also in commercial sphere [1]. Silver-based 

materials are significantly toxic to microorganisms; exactly to 16 major species of bacteria 

including E.coli. Silver is usually used in its nitrate form to originate antimicrobial effect but 

in the case of using Ag NPs the available surface area exposed to microbes increases very 

rapidly [2, 3]. This antibacterial effect is very closely related with Ag NPs size; general 

postulate is that the smaller is the silver nuclei, the higher is antibacterial activity, see Figure 1 

which shows the mechanism of antibacterial activity [4].  

UV-induced synthesis seems to be very efficient route how to prepare Ag NPs with exact 

physical properties for concrete application. This paper presents an innovative synthesis of Ag 

NPs via UV-assisted chemical reduction. Utilization of different wavelengths can 

significantly affect size and shape distribution of colloidal Ag NPs. These Ag NPs will be 

used as antimicrobial substances for commercial polymeric membranes used in food industry 

for desalination of milk and whey in cooperation with company MemBrain, ltd. These 

membranes suffer during desalination process from contamination with bacteria, namely 

above mentioned strain E.coli, which damage and congest membrane pores and subsequently 

debase not only membranes but also desalination process. 
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Figure 1.: Mechanism of antibacterial activity of Ag NPs 

 

2. MATERIAL AND METHODS 

Materials: 

 silver nitrate (p.a.) – precursor of silver ions (Penta), 

 sodium citrate dihydrate (p.a.) – reducing and stabilizing agent (Sigma-Aldrich), 

 hydrazine hydrate (p.a.) – reducing agent (Aldrich), 

 deionized water (resistivity of 18.2 MΩ∙cm) was used to prepare all aqueous 

substances of reaction. 

Ag NPs were prepared via chemical 

reduction according to Guzmán et al. with 

modified vol-umes of reagents and 

conditions [5]. Scheme of this process is 

shown in Figure 2. Reaction time was 1 h 

and preparation process was carried out at 

temperature of 22–24 °C. UV lamp was 

placed above a beaker in the distance of 

1.5 cm from the top of the beaker. The 

beaker with aqueous solution of silver 

nitrate was placed on magnetic stirrer 

under 200 rpm. After that the aqueous 

Figure 2.: Preparation process of Ag NPs 
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solutions of reducing agents were added to silver nitrate at the same time. The colour of 

reaction solution changed after 1 min after adding reducing substances into light orange which 

indicates the formation of Ag NPs in solution. 

Colloid samples of Ag NPs were purified 3 times with deionized water via centrifugation at 

14 500 rpm for 30 min. Ag NPs were dispersed in ultrasound water bath (power of 100%, 

temperature of 24 °C) for 5 min after purification process. Colloidal Ag NPs were stored in 

dark bottles in fridge. 

 

3. RESULTS AND DISCUSSION 

As prepared Ag NPs were characterized by scanning electron microscopy (SEM) on Lyra3 

XMH to determine their morphology (shape, size, aggregation). UV-VIS spectroscopy 

(absorbance) was provided on Spectronic Helios Alfa spectrophotometer. 

Figure 3 shows SEM analysis of samples A (λ1 = 366 nm), B (λ2 = 254 nm) and C (λ3 = 

400 nm). Sample A shows bigger Ag NPs with anisotropic shape and smaller nearly spherical 

Ag NPs. Sample B shows smaller Ag NPs than in previous case with mostly rounded shape. 

Ag NPs of sample C show smaller spherical and bigger rounded Ag NPs. It is probably due to 

the temperature. Intensity of UV radiation with wavelength of 400 nm was much higher than 

in case of samples A and B. It could cause some resonance which increased the temperature 

and affected shape of Ag NPs.  
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Figure 3.: SEM images of Ag NPs- samples A, B and C 

Absorption spectra of samples A, B and C are shown in Figure 4. All samples have typical 

absorption maximum of SPR at wavelength of 420 nm. The stability was 3 weeks for each 

sample. The absorption spectra of samples A and B are very similar with little difference that 

sample A shows higher intensity of SPR. Absorption spectrum of sample C has the highest 

intensity and exhibit also second absorption peak at longer wavelengths which is probably 

caused by aggregates or bigger Ag NPs. 
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Figure 4.: Absorption spectra of Ag NPs-samples A, B, C and their comparison 

 

4. CONCLUSION 

Ag NPs were prepared via UV-assisted chemical reduction. It was demonstrated that different 

wavelengths of UV radiation significantly affected both the shape and the size of final Ag 

NPs in colloidal solution. General postulate is that the shorter is the wavelength, the more 

spherical shape of nanoparticles can be obtained. The longer is the wavelength, the more 

anisotropic shape of nanoparticles can be observed. Photoinduced synthesis of Ag NPs seems 

to be very easy and efficient way how to tune the size and the shape of Ag NPs in colloidal 

solution according to desired application.  
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Abstract 

The pou5f1 gene codes the key regulator of cellular pluripotency, the POU5F1 protein. In 

close proximity to the transcription start site, the pou5f1 gene has in its promoter, a very 

strong potential quadruplex-forming site (PQS). This site is highly conserved in all 

mammalian species. We found that this motif forms a stable parallel-stranded quadruplex in 

physiological buffer; the structural and thermodynamic properties of the quadruplex are 

presented, as well as the effect of buffer composition, single- and double-stranded overhangs, 

point mutations and the effect of quadruplex-specific ligand N-methyl mesoporphyrin IX. 

 

1. INTRODUCTION 

The POU5F1 protein (also called Oct4) is a member of the POU family of transcription 

factors. It plays a major role in the formation and regulation of pluripotent embryonic stem 

(ES) cells (1). Pou5f1 gene is active during early embryogenesis but during gastrulation, its 

expression is irreversibly silenced in all cells except the germ line (2). Owing to its function, 

the expression of pou5f1 has to be tightly regulated. In humans, the pou5f1 gene is located on 

chromosome 6. The gene expression depends on a promoter region, proximal and distal 

enhancer and the activity of the enhancers is tissue specific. Comparative analysis of the 

pou5f1 gene promoter sequences in humans, mouse and cow showed that there are four 

conserved guanine-rich regions (3). The first region contains a guanine rich sequence with 

characteristics of a potential guanine quadruplex forming site (PQS) close to the transcription 

start site (TSS). 

Guanine quadruplexes are DNA secondary structures formed by guanine rich DNA. They are 

based on the so-called guanine tetrad, formed by four guanines arranged in a square by eight 

Hoogsteen bonds with a central hole. Such tetrads tend to stack over each other to form a 
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quadruplex core (4). The central hole usually accommodates a monovalent cation, typically 

potassium, which electrostatically compensates the negative charges of guanine oxygen 

atoms. It was shown that the PQSs are frequently located all over the genome (5), with 

accumulation at specific positions in genes, especially in promoters upstream of TSS (6). 

Many genes, preferentially transcription factors, have been described as having a PQS in their 

promoter regions (7). The mechanisms of quadruplex-mediated transcription regulation are 

still unclear. 

 

2. MATERIAL AND METHODS 

CD spectra were taken on a J-815 dichrograph (Jasco, Japan) between 330 and 210 nm with 

data pitch 0.5 nm and D.I.T. 0.25 s at 200 nm.min-1 scan speed averaging four accumulations. 

UV absorption spectra and melting experiments were conducted on a Varian Cary 4000 

UV/Vis spectrophotometer, where two temperature ramps ranging from 98°C to 8°C and 8°C 

to 98°C, respectively, in 1°C steps at scan rate around 0.25°C.min-1 were taken. 

Non-denaturing PAGE electrophoresis was performed in a 16 % PAA gels containing the 

proper salt concentration and run at 40 V and 23 °C for 16 hours. 

Chemical and enzymatic probing was performed using dimethyl sulphate and P1 nuclease, 

respectively, in selected buffers, using 5’-terminally radio-labelled oligonucleotides. 

The 1D 1H NMR spectra were measured at 700 MHz Bruker Avance III NMR spectrometer 

equipped with a room temperature probe using the WATERGATE pulse sequence. 

 

3. RESULTS AND DISCUSSION 

Based on electronic circular dichroism (CD), 1H NMR and UV absorption spectroscopy, we 

found that this motif, represented by short synthetic oligonucleotides, forms in potassium-

containing buffer a parallel-stranded quadruplex of a substantial thermal stability. 

Chemical and enzymatic footprinting revealed that the quadruplex is formed in the same place 

even when the oligonucleotide is embedded in long single- or double-stranded DNA; neither 

the structure nor the stability of the quadruplex are significantly affected by neighbouring 

sequences. 

Mutational analysis revealed that single G/A point mutation in the central G of any Gn block 

within the PQS cannot prevent the formation of the quadruplex; the resulting quadruplex 

structure is altered and the thermodynamic stability is lower, but still relevant under 

physiological conditions. 
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The known quadruplex-stabilizing ligand N-methyl mesoporphyrin IX increases the Tm of the 

wild-type quadruplex, as well as of the single G/A mutants by around 13°C. 

 

Figure 1.: Sequence of the PQS motif in the pou5f1 promoter (A), CD spectra (B), Δε264 vs K+ conc. plot (C), 

UV melting curves recorded at 297 nm (D) and native PAGE (E) of various quadruplex-forming fragments. 

 

4. CONCLUSION 

We characterized the quadruplex in the promoter of the pou5f1 gene: the respective sequence 

forms very stable parallel-type quadruplex, which is not affected by the surrounding 

sequences independently of their nature. We also showed that the quadruplex is highly 

resistant towards destabilization by point mutations. 
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Abstract 

Gold nanostructures have attracted great attention due to their potential application in 

chemical and biochemical sensing, such as detection of volatile organic compounds (VOCs), 

medical diagnostics and therapeutics, and biological imaging because of their unique optical 

and electrical properties [1]. This work describes a developing of gold nanorods by 

electrochemical anodization and electrochemical deposition. The anodization voltage together 

with the current density and the electrolyte type are recognized as the most critical parameters 

to control the pore geometry [2]. 

 

1. INTRODUCTION 

Gas sensors based on gold nanostructures have high sensitivity and selectivity, good 

reproducibility and long-term stability [3]. Gold nanoparticles covered with thiols are used 

like sensitive layer in chemiresistive sensors for detection of VOCs. VOCs have been found 

as significant biomarkers in exhaled breath, which reflect the biochemical alterations related 

to metabolic changes, which are helpful in diagnosis and monitoring of various diseases [4]. 

Those kind of sensors have a very high sensitivity, from tens of ppb to hundreds of ppm, with 

a detection limit of 1–5 ppb. They show a low sensitivity to water and it is particularly 

suitable for breath testing, which is an advantage since the exhaled breath contains ~ 80% 

relative humidity [5]. Lee et al. developed VOCs gas sensors based on metal-organic 

framework of gold–polypyrrole (Au–Ppy) nanorods via an electrochemical deposition. This 

gas sensor operates on the principle of localized surface plasmon resonance and it shows a 

good stability and high sensitivity up to 10 ppm of target VOCs gases [6]. Nanostructures can 

be synthesized by wet-chemical synthesis or fabricated by templates such as nanoporous 

alumina template. It can be prepared by electrochemical anodization of aluminium, which 
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allows to produce uniform pores with the diameter as small as 5 nm [7]. An electrochemical 

deposition of metal into pores leads to the growth of metal nanorods and nanowires [8].  

 

2. MATERIAL AND METHODS 

Electrochemical preparation of nanostructured surface  

The silicon wafer was covered by layers of: SiO2 (thickness of 1 μm), titanium (20 nm), 

tungsten (150 nm), and aluminium (300 nm). The aluminium layer was transformed by anodic 

oxidation to nanoporous alumina template (Al2O3). The anodization process was done as 

described in the following paper [9], under constant voltage, either at 53 V in 0.3 M oxalic 

acid or at 20 V in 2 M sulphuric acid. The gold was electrodeposited from potassium 

dicyanoaurate solution into the alumina oxide template with the nanodimpled bottom. The 

conditions were set up during this process as follows: the constant current of 1 mA, the pulse 

length of 400 ms, the period between pulses of 2 s, the amplitude of 5 V, and the number of 

pulses 45. The etching of WO3 nanstructures was done in the phosphate buffer solution at 

pH= 7. The alumina template was selectively dissolved in the mixture of chromium trioxide 

and phosphoric acid. 

 

3. RESULTS AND DISCUSSION 

In 0.3 M oxalic acid and at applied voltage of 53 V was obtained the nanopores with the pore 

diameter of about 50–60 nm. In 2 M sulphuric acid and at applied voltage of 20 V, the 

nanopores have the size of pores of around 25 nm, see Figure 1. These results confirmed the 

very well–known theory, the anodization voltage and the electrolyte type are the most 

important parameters to control the pore geometry of the alumina nanoporous template.  

 

Figure 1.: SEM images of template after etching of WO3 and Al2O3 nanostructures, anodized in: 3 M oxalic 

acid at applied voltage of 53 V (left) and 2 M sulphuric acid at applied voltage of 20 V (right). 
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The electrochemical deposition of gold into nanoporous alumina template was successfully 

done under above mentioned conditions. It was possible to obtain gold nanorods with the 

uniform size, the diameter of ~ 50–60 nm, see Figure 2. 

 

Figure 2.: SEM image of gold nanorods prepared via electrochemical deposition. 

 

4. CONCLUSION 

In summary, this work has demonstrated the preparation of nanoporous alumina template via 

electrochemical anodization of aluminium, and successfully synthesized gold nanorods via 

gold pulse deposition into the template. Sulphuric acid comparing to oxalic acid greatly 

decreased the pore diameter of nanoporous alumina template. With the rapid developments in 

nanorods preparation, surface modification, and assembly, the emergence of novel 

applications of gold nanorods are likely to impact the areas of VOCs sensing. 
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Abstract 

The present study investigated the effect of two different types of water contaminated by the 

heavy metals on white-rot basidiomycetous fungus Trametes versicolor. This fungus is useful 

due to efficient and complex ligninolytic enzyme system, which is able to degrade wide 

variety of recalcitrant compounds (heavy metals), which cause environmental problems. 

Electrochemical pulse voltammetry at a hanging-mercury-drop electrode (HMDE) was used 

for the determination of metals in various types of water and laccase activity using ABTS as 

substrate was measured. The results collectively suggest that T. versicolor can be use as 

suitable candidate in the processes of bioremediation and detoxification.  

 

1. INTRODUCTION 

Fungi are known as biosorbents of heavy metals, which can be useful for the processes of 

bioremediation and detoxification of heavy metal from wastewater. Recently, there has been 

much interest in white-rot fungi (WRF) due to their unique capacity to degrade wastewater 

pollutants [1]. 

The white-rot fungus Trametes sp. is able to degrade recalcitrant biopolymers and wide range 

of pollutants due to their extracellular ligninolytic enzyme system [2]. Laccase (Lac, E.C. 

1.10.3.2) has become important, industrially relevant ligninolytic enzyme that can be used for 

a number of diverse applications, including biocatalytic purposes or bioremediation 

applications [3]. Heavy metals in general are potent inhibitors of enzymatic reactions and 

from this point of view their concentration plays very important role. Usually the metals start 

to be toxic in concentration only a few times greater than those required [4].  

Accumulation of metals by fungi has been known for a few decades and a number of works 

describing metal content in fruit bodies collected in different areas have been published. Some 
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WRF are known to have the ability to accumulate toxic elements such arsenic, cadmium or 

lead from the environment [5]. 

 

2. MATERIAL AND METHODS 

Wastewater characterisation and determination of heavy metals 

Two types of water were used for this experiment. Water 1 is chemically pre-treated water 

containing Cu (0.256 mg / l) and Ni (1.248 mg / l) and Water 2 is mine water from shaft from 

site Dolní Rožínka (water with increased content of P, Sr and Te).  

Determination of nickel and cooper by differential pulse voltammetry were performed with 

797 VA Computrace instrument connected to 813 Compact Autosampler (Metrohm, 

Switzerland), using a standard cell with three electrodes. 797 VA Computrace software by 

Metrohm was employed for data processing.  

Fungal strain and culture conditions 

Fungal strain T. versicolor obtained from the Culture Collection of the Faculty of Forestry and 

Wood Technology of the Mendel University in Brno (Czech Republic) was used in this study. 

This strain was cultivated on the growth medium consisted of 25 ml tested water, 75 ml 

distilled water and 25 ml potato dextrose agar (PDA) for 10 days at 22°C. Three agar plugs 

were used to inoculate static liquid cultures (25 ml tested water, 75 ml distilled water and 25 

ml Potato Dextrose Broth (PDB)) and cultures were incubated at 22°C in dark. Laccase 

activity was determined periodically. 

Enzyme assay 

The enzyme activity was determined spectrophotometrically using a UV/VIS Lambda 25 

Spectrophotometer (Perkin-Elmer) at 415 nm by detecting the oxidation of 2,2-azino-bis-[3-

ethyltiazoline-6-sulfonate] (ABTS). 

 

3. RESULTS AND DISCUSSION 

The effect of heavy metals from wastewater on the fungal growth and laccase activity 

Many studies regarding Trametes strains and their enzyme activity have been extensively 

conducted [4-7] and genus Trametes is assumed to be one of the main producer of laccase. 

Therefore this strain appears to be a suitable candidate for testing the effects of heavy metals 

on fungal growth and enzyme activity. Laccase activity of T. versicolor cultivated in PDB 
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medium without tested water was measured in this study and results showed that the highest 

activity was observed after 4 days of cultivation (Figure 1).  

To establish the toxicity of different metal ions, the wood-rotting basidiomycete T. versicolor 

was cultivated in the presence of heavy metals contained in water. We found that high 

concentration of mercury, cadmium and cobalt in Water 1 is the most toxic for T. versicolor. 

These elements probably caused inhibition of growth and laccase activity. These results are 

comparable with the study of Sanglimsuwan et al. [6]. It also agrees with work of Baldrian 

and Gabriel [7], who also studied effect of heavy metals on white rot fungi and mercury 

seemed to be inhibitor of growth. In other hand, low concentration of mercury, cobalt and 

cadmium and higher concentration of copper and manganese, known as inducers of laccase 

activity [4], which contains Water 2, caused the growth and higher activity of fungus and 

minor inhibition effect.  

Our results indicated that Trametes sp. seems to be potential biosorbent of heavy metals from 

wastewater. The different concentration of heavy metals (Table 1) plays important role on 

laccase activity.  

 

Figure 1.: Laccase activity of T. versicolor in PDB medium 

 

Table 1.: Element composition of wastewater 1 and 2 

Elements [%] Mg Al Si P S Cl K Ca Ti V Cr Mn Fe Co Ni Cu Zn 

Water 1 7 2.13 0.007 0.7859 52.96 20.5 1.66 14.6 0.002 0.0026 0.004 0.008 0.032 0.0015 0.004 0.0007 0.0001 

Water 2 7.25 1.65 0.007 0.9999 56.8 3.6 2.54 26.3 0.003 0.0018 0.004 0.026 0.593 0.0015 0.006 0.0017 0.0089 

 

 

Ga Ge As Se Br Rb Sr Y Zr Nb    Mo Ag  Cd  In Sn 

 

0.0002 0.00015 0.0001 0.0001 0.0476 0.0003 0.0852 0.0001 0.11 0.0008    0.005 0.004  0.0011  0.0007 0.00079 

0.0002 0.00014 0.0024 0.0001 0.0007 0.0009 0.1065 0.0004 0.06 0.0013    0.004 0.003  0.0006  0.0006 0.00061 

 

 

Te I Cs Ba La Ce Hf Ta W Hg Tl Pb Bi Th U 

               

0.0158 0.0028 0.0034 0.005 0.0045 0.0096 0.0006 0.0048 0.00041 0.006 0.00021 0.0002 0.0003 0.0004 0.0007 

0.0099 0.002 0.0024 0.004 0.0026 0.0059 0.00059 0.00255 0.00093 0.0002 0.00023 0.0002 0.0002 0.0003 0.0076 
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4. CONCLUSION 

Monitoring of heavy metals content in different types of water and observation of their effect 

on fungal strain is presented in this paper. Using T. versicolor as biosorbent of heavy metals is 

an attractive alternative to existing methods due to good performance and low cost of 

biosorbent material, because the removal of heavy metals from wastewater through 

environment friendly low cost technology before its use in agriculture or discharge into water 

bodies is necessary. 
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Abstract 

Supported lipid bilayers were used as simplified models of cell membranes to study the effect 

of hyaluronan solution on their diffusion properties. The bilayers were prepared from lecithin 

liposomes in phosphate buffer using the vesicle fusion method. Hydrophilized cover glass 

slides were chosen as the supporting substrate. Two fluorescence probes – Nile Red and DiO 

were utilized to quantify the diffusion properties of the bilayer with and without addition of 

hyaluronan. For this purpose Z-scan Fluorescence Correlation Spectroscopy, which is a 

method developed specially for planar samples, was used. It was found out, that addition of 

this biopolymer causes slowing of the fluorescence probe diffusion within the bilayer. 

 

1. INTRODUCTION 

The cell – so small and yet so important. In order to understand various processes in (human) 

body, it is necessary to understand processes in the scale of single cell. As the plasmatic 

membrane is the first cellular structure, which communicates with the extracellular 

environment, it is desirable to know as much as possible about various interactions that can 

occur between the cell membrane and miscellaneous substances. For the purpose of 

fundamental research supported lipid bilayers as form of simplified cell membrane models are 

often used [1]. Fluorescence correlation spectroscopy is an appropriate method to study 

changes of membrane dynamics and evaluate influence of tested substances on artificial 

membranes [2]. 

 

2. MATERIAL AND METHODS 

The artificial membranes were prepared using lecithin (Egg, Chicken), purchased from Avanti 

Polar Lipids. Nile Red (purchased from BioReagent®) and DiO (3,3´-Dioktadecykloxakarbo-

cyanin perchlorate, purchased from Sigma Aldrich) were used as membrane fluorescence 
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probes. Other common chemical were purchased from Lachner. To prepare liposome solution 

(0,5 g∙L-1), appropriate amount of the lecithin stock solution was pipetted into a glass vial and 

given amount of acetone stock solution of chosen fluorescence probe (to achieve final 

concentration of 10-9 M) was added. The volatile solvents were evaporated under reduced 

pressure and the thin lipid film was rehydrated in phosphate buffer (10 mM phosphate buffer 

in 150 mM NaCl, ionic strength 25,484 mM, pH 7,4). The system was vortexed and the size 

of liposomes was reduced using ultrasound. In order to get supported lipid bilayers, plasma 

pre-treated (hydophilized) cover slip glass was used and liposomes were left to spontaneously 

reorganize and form bilayer structure deposited on glass surface (method known as vesicle 

fusion). Measurement was performed immediately after bilayer preparation and then repeated 

with addition of hyaluronan solution. Sodium hyaluronate (Hya), molecular weight 300-

500 kDa, was purchased from Contipro Biotech. Hyaluronan was stirred overnight in water 

(1 g∙L-1) and 1 mL of such solution was then added to the solution surrounding the artificial 

membrane and Z-scan measurement was performed. 

Measurement of model membranes' diffusion properties was performed on time-resolved 

confocal microscope MicroTime 200 equipped with water immersion objective Olympus, 

UPLSAPO 60XW. Special technique allowing measurement of plane samples – Z-scan FCS 

[3] was utilized. The principle of this method is to measure several autocorrelation curves 

along the z axis and extract the diffusion coefficient from diffusion time on Δz dependency. 

 

3. RESULTS AND DISCUSSION 

Prior to investigating effects of hyaluronan on lecithin bilayer, the integrity of the bilayer and 

homogeneity of probe distribution was studied. The scan of fluorescence intensity (80×80 µm, 

300×300 pixels) was measured in the axial position corresponding to the position of the 

bilayer. The results are shown in the Figure 1. Both bilayers were found to be compact and 

used probes Nile Red and DiO were uniformly distributed. 
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Figure 1.: Verification of homogenous distribution of Nile Red (left) and DiO (right) within the membrane. 

To obtain reference values, diffusion coefficients of Nile Red and DiO were measured 

without presence of hyaluronan. Diffusion coefficient of Nile Red was determined to be 

6,04 ± 0,46 μm2·s−1 and for DiO the obtained value was 6,06 ± 0,87 μm2·s−1. After addition 

of hyaluronan solution, decrease of diffusion coefficients for both probes was observed. The 

presence of biopolymer caused lowering of the diffusion coefficients to one half of their 

original value: 3,30 ± 0,31 μm2·s−1 for Nile Red and 2,95 ± 0,35 μm2·s−1 in case of DiO. One 

part of DiO molecule is in contact with the solution surrounding the artificial membrane, 

which means that the effect of slowing DiO diffusion could be caused by interactions of the 

probe with HyA. DiO in form of perchlorate (salt) is positively charged in water and 

hyaluronan is a polyanion, which means that electrostatic interactions are possible. On the 

other hand, considering Nile Red to be solubilized in the middle of the phospholipid bilayer, 

the decrease of its diffusion coefficient must be due to slowing lateral diffusion of 

phospholipid molecules, whose acyl chains form the environment surrounding Nile Red. This 

explanation is based on presumption that the diffusion of Nile Red within the bilayer is given 

by combination of her own movement and movement of its surroundings and would denote 

interaction of hyaluronan with model cell membrane. 

 

4. CONCLUSION 

Supported lipid bilayers were created from lecithin liposomes utilizing the vesicle fusion 

method. Integrity of the bilayer and homogeneity of fluorescence probe distribution were 

checked by performing xy scan. Addition of hyaluronan solution to environment surrounding 

lecithin bilayer caused decrease of fluorescence probes' diffusion coefficient to one half of the 

original value. The effect is believed to be caused by certain interactions between hydrophilic 
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heads of phospholipid molecules with hyaluronan chains. Such interpretation was supported 

by comparing two fluorescence probes with different way of labelling the lecithin bilayer. 
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Abstract 

Aristolochic acid (a plant extract containing a mixture of AAI and AAII) causes Aristolochic 

acid nephropathy, Balkan endemic nephropathy, and urothelial malignancies. The impact of 

exposure of both the AAI or AAII alone and the combination of both compounds on 

genotoxicity of AA and expression and activities of enzymes dictating AA metabolism in rats 

in vivo was investigated. The results suggest that additive effects of treatment of rats with 

AAI combined with AAII on AA-genotoxicity results not only from an increase in activities 

of enzymes activating AAI and AAII, but also from the AAs biodistribution in the rat body.  

 

1. INTRODUCTION 

The herbal drug aristolochic acid (AA) derived from Aristolochia species has been shown to 

be the cause of so-called Chinese herbs nephropathy (CHN), now termed Aristolochic acid 

nephropathy (AAN) and Balkan endemic nephropathy (BEN) [1,2]. The plant extract AA is a 

mixture of structurally related nitrophenanthrene carboxylic acids, the major components 

being aristolochic acid I (AAI) and aristolochic acid II (AAII) [2]. 

Exposure to AA was demonstrated by identification of specific AA-DNA adducts in 

urothelial tissue of AAN and BEN patients [1-3]. The most abundant DNA adduct detected in 

patients is 7-(deoxyadenosin-N6-yl)-aristolactam I (dA-AAI) which causes characteristic 
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ATTA transversions. Such ATTA mutations have been observed in the TP53 tumor 

suppressor gene in tumors from AAN and BEN patients [2,3], indicating a probable molecular 

mechanism associated with AA-induced carcinogenesis [2]. More recently, AA exposure was 

discovered to contribute to the high incidence of upper urinary tract urothelial carcinoma 

(UUC) in Taiwan, where medicinal use of Aristolochia plants is widespread [4]; again, the 

TP53 mutational signature in patients with UUC was predominant among otherwise rare 

ATTA transversions. AA has been classified as a Group I carcinogen in humans by the 

International Agency for Research on Cancer.  

Nitro-reduction of AAI, the compound which is considered as the major cause for AA-

mediated development of AAN and BEN, is required to exert its carcinogenic properties (i.e. 

UUC development) [5-7]. One of the most efficient enzymes reductively activating AAI to 

species forming AAI-DNA adducts is NAD(P)H:quinone oxidoreductase 1 (NQO1) [7]. AAI 

is also either reductively activated or oxidatively detoxified to 8-hydroxyaristolochic acid 

(AAIa) by cytochrome P450 (CYP) 1A1 and 1A2 [8,9]. Beside CYP1A/2, rat CYPs of the 2C 

subfamily also oxidize AAI [8]. A balance between activation and detoxification reactions is 

considered to dictate the development of AAN and BEN. 

However, information is still lacking how drug-drug interaction between the AA 

components, AAI and AAII, influences the AA-induced BEN/UUC development. Hence, the 

aim of this study was to evaluate the impact of exposure of AAI alone, AAII alone and 

combination of both compounds in their ratio of 1:1 on genotoxicity of AA (the AA-DNA 

adduct formation) in rats in vivo. Therefore, the target of this study was to evaluate the impact 

of exposure of both the AAI or AAII alone and the combination of both compounds (in ratio 

of 1:1) on genotoxicity of AA (the AA-DNA adduct formation) in rats in vivo. The effect of 

exposure of both the AAI or AAII alone and the combination of both compounds on 

expression and activities of enzymes dictating AA metabolism in rats in vivo was also 

investigated.  

 

2. MATERIAL AND METHODS 

Immunoquantitation of CYP1A enzymes and NQO1 expressed in liver, kidney and lung of 

Wistar rats was carried out by Western blots. CYP1A/2C and NQO1 activities were measured 

essentially as described [8-10]. DNA adducts were analyzed by 32P-postlabeling as shown 

previously [2,5-7]. 
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3. RESULTS AND DISCUSSION 

The AA-DNA adducts were formed in liver, kidney and lung of rats treated with AAI, AAII 

and both compounds in combination in rats treated with these compounds. Up to 2.2-, 5.1- 

and 3.1-fold higher levels of AAII- than AAI-derived DNA adducts were formed in liver, 

kidney and lung of rats treated with either compound, respectively. Compared to rats treated 

with AAI or AAII alone, the sum of total levels of AA-DNA adducts were 1.5- and 2.9-fold 

higher in liver and kidney, respectively, but not in lung of rats treated with both AA 

components in combination than the levels of AAI- and AAII-DNA adducts formed after 

exposure of these compounds individually. 

Strong induction of NOQ1 activity in liver, up to more than 10-fold, was caused by 

exposure of rats to AAs, mainly by exposure to the combination of both compounds. 

However, the combined treatment leads to higher NQO1 activity only in the liver, but not in 

kidney. Compared to control (untreated) rats, oxidation of Sudan I, 7-ethoxyresorufin-O-

deethylase and 7-methoxyresorfin-O-demethylase, marker activities of CYP1A1, 1A1/2 and 

1A2, respectively, were increased in livers of exposed animals, while they were almost not 

influenced in kidney. The diclofenac 4'-hydroxylation reaction, a marker for CYP2C6, 

catalyzed by hepatic microsomes was also elevated by treatment of rats with AAs, while 16-

hydroxylation of testosterone, a marker for CYP2C11, decreased by this treatment. Elevated 

activities of CYP1A1/2 and 2C6 correlated with an increase in oxidation of AAI to its 

detoxification metabolite, AAIa. The results demonstrate that induction of CYP enzyme 

activities by treatment of rats with AAI combined with AAII decreases the toxic effect of 

AAI, but induction of NQO1 potentiates its genotoxicity.  

The results suggest that additive effects of treatment of rats with AAI combined with AAII on 

AA-genotoxicity (the AA-DNA adduct formation) results not only from an increase in 

activities of enzymes activating AAI and AAII, but also from the AAI and/or AAII 

biodistribution in the rat body.  
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Abstract 

Various base lesions continuously form in cellular nucleic acids and the unrepaired lesions are 

promutagenic and procarcinogenic. We studied the effects of various naturally occurring 

lesions to a human telomere (htel) DNA quadruplex, which is a critical formation in the 

genome. 

 

1. INTRODUCTION 

Nucleic acids in living organisms are continuously attacked by exogenous and endogenous 

agents including UV light, ionizing radiation, and reactive compounds. DNA bases are 

susceptible to chemical modification via different type of damage, such as oxidation, 

alkylation, radiation damage, and hydrolysis. These modifications are widespread and play 

important roles in altering physiological states and they can lead to disease. The majority of 

genetic impairments are widely believed to originate in oxidative processes that can be the 

basis of mutation, aging, cell death and carcinogenesis. 

 

2. MATERIAL AND METHODS 

Using circular dichroism (CD) and UV absorption spectroscopy and polyacrylamide gel 

electrophoresis, we probed conformational properties of the htel quadruplexes formed by 

G3(TTAG3)3 or AG3(TTAG3)3. The thermodynamics parameters were determined from 

thermal melting dependences. 

 

3. RESULTS AND DISCUSSION 

We studied conformational properties of the quadruplexes formed by G3(TTAG3)3 or 

AG3(TTAG3)3, in which each guanine was replaced by an adenine, an abasic site or 8-oxo 
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guanine [1-3]. None of these single base substitutions hindered the formation of antiparallel 

quadruplexes in NaCl solutions, but their thermal stabilities were substantially decreased. 

Unlike the parent wild-type quadruplex, no structural transitions were observed with the 

substituted sequences when sodium ions were replaced by potassium ions. The effect of 

substitutions differed depending on the position of the substituted base but hardly depended 

on the lesion type. 

In addition to the lesions of the quadruplex core, we have further studied the effect of the 

abasic site and 8-oxoadenine replacing adenine and the 5-hydroxymethyluracil substituting 

for thymine in the TTA loops [4,5]. These lesions hindered neither the formation of the 

quadruplexes in Na+ or K+ solution nor their transition to a parallel quadruplex form. 

However, the three lesions impacted the stability and quadruplex folding in markedly 

different ways. The effect of the substitution in this case depended on its position in the htel 

sequence and mainly on the type of the lesion. We have found that the loss of adenine in 

individual loops of the quadruplex changes specifically its folding. In view of the critical 

functions of the telomeres, the changes in their quadruplex structures may have significant 

biological consequences. 

 

Figure 1.: Left: Schematic structure of AG3(TTAG3)3 quadruplex with numbering and loop colours used in the 

figure. Right: CD spectra of the wild type AG3(TTAG3)3, and of its analogs containing abasic site (ap) for 

adenine in loop. 
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4. CONCLUSION 

The studied naturally occurring lesions in the loops of the human telomeric DNA sequence 

influence the stability and even the type of folding of its quadruplex structure. The lesion 

impact depends on the modification nature and on the modification position. Given an 

important role of quadruplex in the natural aging of cells and their cancer transformation, it is 

obvious that unrepaired lesions can have serious biological consequences. 
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Abstract 

We present a fluorescence based sensor system for detection of chemical compounds in gas 

phase that can be easily integrated into detection parts of present chromatographic devices. 

Fluorescence sensor is based on 1,8-naphalimide based dye attached to a 75 µm glass beads 

and placed in a capillary. We have measured changes in fluorescence spectra in the presence 

of various organic vapors. Spectral changes at various concentrations of studied organic 

compounds are presented and possible mechanisms of sensor response are presented. 

 

1. INTRODUCTION 

Gas sensors are a subset of the broader field of chemical sensors and allow inferring on the 

chemical species in the surrounding environment [1]. Detection of chemical species in gas 

phase using simple systems simplifies their applicability in commercial devices. Combination 

of simple sensor elements of different chemistry and surface properties enables construction 

of electronic noses that are needed for food industry, cosmetic, biomedical industries and 

environmental studies. Understanding main features of interaction between sensor material 

and detected analyte represents the essential condition for their successful application. 

 

2. MATERIAL AND METHODS 

Synthesis of PHIAHA and attachment to the glass beads 

4-(2-Aminohexyl)amino-N-propyl-1,8-naphthalimide (PNIAHA) was synthetized, in a similar 

way as its recently published analog [2] from 4-bromo-1,8-naphthalimide by refluxing with 

1,6-hexanediamine in ethylene glycol monomethyl ether for 6 h and purified by 
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chromatography on silica gel column using hexane/ethyl acetate elution mixture. The surface 

of 75 µm glass beads (purified by 2 h refluxing in 6 M HCl) was modified by reaction with 

neat 3-(glycidyloxypropyl)trimethoxysilane for 6 h at 80°C. The PNIAHA was then 

covalently bound to the surface by heating the pretreated glass beads with 20 mM solution of 

PNIAHA in methanol for 6 h at 80 °C (Figure 1). 

 

Figure 1.: Silanization of glass beads and attachment of fluorophore to the surface 

 

Fluorescence setup 

Fluorescence from PHIAHA modified glass beads embedded in a capillary was measured 

with an Avantes AvaSpec ULS3648TEC optical fiber spectrometer (resolution ~2 nm). 

Capillary with glass beads was placed in a home-build holder that fixes the optical paths of a 

fiber with an excitation of 405 nm laser (Flexpoint, excitation power 5 mW) and a fiber 

guiding the fluorescence to the spectrometer. The capillary with fluorophores was connected 

to a closed-cycle system (internal volume of the system 1.1 dm3) that enables to realize 

precise concentrations of studied analytes in gas phase (nitrogen was used as a carrier gas). 

 

3. RESULTS AND DISCUSSION 

Fluorescence of glass beads modified with PHIAHA fluorophore changes in the presence of 

various organic compounds in gas phase. We tested gas phase sensor response for various 

organic compounds and various concentrations. In most cases we observed fluorescence 

quenching except for n-hexane. After purge of nitrogen the fluorescence intensity was only 

partly recovered. In Figure 2 there are fluorescence spectra for various concentrations of 



XVI. Workshop of Physical Chemists and 

Electrochemists 
 

148 

BBrrnnoo  

22001166  

ethanol and n-hexane. Peak at about 430 nm represents reflected laser radiation after passing 

the GG3 edge filter. 
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Figure 2.: Dependence of fluorescence sensor response to various concentrations of ethanol (A) and hexane (B) 

The fluorescence response of sensor to toluene was more complicated – after initial increase 

of the intensity (first injection of toluene after purging the system with nitrogen) – 

a fluorescence quenching with increasing toluene concentration was observed. 

Simultaneously, fluorescence recovery after toluene removal was very slow as compared to 

other analytes. This indicates a very strong binding of toluene to the fluorophore and the 

important role of - interaction between aromatic rings of toluene and naphtalimide 

derivative in the mechanism of fluorescence response [3]. 

 

4. CONCLUSION 

Fluorescence-based sensor of organic compounds in the gas phase is presented in this paper. 

Observed fluorescence changes in the presence of various concentrations of studied analytes 

revealed various interactions of different organic compounds with the studied fluorophore. 
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Abstract 

Purine derivatives are important molecules in human metabolism. DNA is constantly attacked 

by many species forming different products such as oxidized forms. Methyl groups have been 

commonly observed in the case of DNA damage. The purine ring of adenine can be 

methylated at different positions. So far there have been only few studies of electrochemical 

behavior aimed at oxidation processes of N-methyladenines. We found out the possibility of 

measuring 3N-methyladenine (3N-mAde) on a pencil graphite electrode (PeGE) whose 

surface requires a surface pretreatment. The unique surface morphology of the PeGE, together 

with adsorption stripping, gives us the opportunity to study 3N-mAde signals. It is noteworthy 

that there were no 3N-mAde signals at a glassy carbon (GC) electrode at the same 

experimental conditions. 

 

1. INTRODUCTION 

DNA is under constant attack of many factors, and oxidative lesions are the primary risk 

factor for genetic mutations, leading to carcinogenetic and faster aging[1]. DNA can be 

modified in several ways, and a typical representative is methylation, a substance widely used 

for gene control and cell processes. Methylation is formed by the cell mechanism or an 

external factor causing the addition of information into DNA[2,3]. The methylation process is 

limited to adenine and cytosine and simplifies or affects DNA-protein interactions, which is 

related to gene expressions, DNA restriction, mismatch repairing, and chromosome 

replications[4,5,6]. 

The methylation of adenine on the 3N position could be induced by antineoplastic drugs, 

natural or endogenous compounds. The recent discovery of 3N-methyladenine toxicity via 
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strong blocking of DNA polymerization could be used as a new pharmacological procedure 

for resistant tumor treatment[7]. 

There are no features of the electrochemistry of methylated adenine derivatives, and relevant 

literature states that solid electrodes exhibit very low or zero oxidation. This paper discusses 

the electrochemical properties of methylated adenines compared to adenine behavior on a 

PeGE, using cyclic voltammetry (CV) and square wave voltammetry (SWV). For the 

electrochemical experiment, we used 3N-mAde as a model derivative. 

The aim of this article was to set experimental conditions for the clear detection of methyl 

derivatives or their oxidation products on a PeGE. We expect their high adsorptive properties? 

The fact that the toxicity of 3N-mAde is linked with DNA could be used in the field of tumor 

treatment. However, there still remains the question of how important the role of 3N-mAde in 

therapy will be; thus, it is important to study not only the structure but also the properties of 

3N-mAde. 

 

2. MATERIAL AND METHODS 

Chemicals 

The adenine and 3N-methyladenine were purchased from Sigma Aldrich (St. Louis, USA). 

The concentration was 2·10-5 M, confirmed by spectrophotometry. The phosphoric acid (85 

%) was purchased from Penta Chrudim. The acetic acid glacial (100 %) was purchased from 

Sigma Aldrich (St. Louis, USA). The sodium hydroxide (100 %) was purchased from Sigma 

Aldrich (St. Louis, USA) ASC ≥ 99.0 % MILIPORE (MiliQ) water (18.2 MΩ.cm). 

Equipment and procedures 

The voltammetric experiments were performed on an Autolab potentiostat PGSTAT30 

(Metrohm Czech Republic) connected with a PC with the NOVA 1.11 software at room 

temperature (23º). Solutions were bubbled by argon before each experiment, and the argon 

atmosphere was maintained during the whole experiment in a measuring cell. The three- 

electrode system consisted of a working PeGE electrode with the effective area of 16 mm2 

(Tombow, Japan) or a glassy carbon electrode (GCE) with the effective area of 12 mm2, an 

Ag/AgCl/KCl reference electrode, and a platinum wire as the auxiliary electrode. The 

measurement conditions for the cyclic voltammetric (CV) pretreatment were as follows: the 

start potential was 0 V; the higher and lower vertex potentials corresponded to 1.5 V and -0.1 
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V, respectively; the reference scan rate was 400 mV/s; the number of cycles was 2; and the 

waiting time on the 0 V potential between the scans equalled to 120 s. SWV was performed 

with the scan rate of 400 mV/s. The pH of the phosphate-acetic buffer was determined on a 

Hamilton Single Pore Glass electrode connected with a pH CyberScan PC5500 (Eutech 

Instruments). Hamilton duracal buffers (4.01 ± 0.01 and 7.00 ± 0.01; Hamilton Bonaduz AG, 

Switzerland) were used for the calibration of the pH electrode. 

 

3. RESULTS AND DISCUSSION 

To find the oxidation peak of 3N-mAde on the PeGE, we perform experiments to confirm the 

urgency of electrochemical electrode pretreatment. The pretreatment, successful for the PeGE 

but not for the glassy carbon electrode (GCE), consists in activating the electrode surface by 

one CV cycle followed by the adsorption of methyladenine (120 seconds at 0 V). To be sure 

that the measured peak is that of 3N-mAde, the pretreatment was performed in solutions with 

and without the presence of 3N-mAde. For both cases, the oxidation 3N-mAde peak occurs in 

the second cycle at 1.21 V. The same pretreatment was applied in the square wave 

voltammetric (SWV) experiment, and the results confirmed that the electrode activation is 

performed by changing the potential from lower values to higher ones. The best results of the 

Tombow PeGEs can be supported by a unique surface morphology, such as high sp3 

hybridized carbon together with silicon monooxide (SiO). The unwillingness of 3N-mAde to 

oxidize was discussed with respect to not only the electrode surface morphology but also the 

methyl group and its position on the purine skeleton. We assume that the above-mentioned 

electrode surface pretreatment changes the electrode surface, which then ensures the detection 

of 3N-mAde. Interestingly, the GCE is not capable of providing such an effect. 
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Figure 1.: Comparison of the 1st and 2nd cycles of adenine voltammograms and 3N-mAde with the scan rate of 

400 mV/s 

 

4. CONCLUSION 

We found that, for the determination of methyladenines on a PeGE, the pretreatment of the 

electrode surface by CV cycling is necessary. We assume that the pretreatment changes the 

morphology of the electrode surface; this change then enables, after 120 seconds of 

adsorption at 0 V, a better “fitting“ of 3N-mAde molecules into the electrode double layer. 

Our study shows the possibility of detecting not only 3N-mAde but also other purine 

derivatives and their mixtures. In conclusion, the results of this study a) help us to acquire 

better understanding of the different behavior of methyladenines on a charged 

electrode/electrolyte interface; b) give suggestions for studying methyladenine together with 

other purine derivatives; c) provide new knowledge about the fast pretreatment of PeGE 

surfaces for the electroanalysis of purine derivatives. 
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Abstract 

This paper deals with fluorescence study of cetyltrimethylammonium bromide (CTAB) 

micellar solution after an addition of oppositely charged polyelectrolyte - hyaluronan. Two 

fluorescence probes solubilized in different region of micelles were used. The excitation and 

emission spectra, fluorescence intensity, steady-state fluorescence anisotropy and lifetime of 

probes in the samples were measured. It was observed that the interactions between cationic 

micelles and hyaluronan probably lead to binding micelles on hyaluronan chains and 

reduction of their size. 

 

1. INTRODUCTION 

The hyaluronan can interact with cationic micelles via electrostatic interactions to form some 

aggregates, which could be potential used for targeted drug delivery [1]. For fluorescence 

study of these aggregates, two fluorescence probes were used – hydrophilic fluorescein, 

which is located in the inner part of Stern layer [2] and perylene, which is solubilized in 

micellar core due to its hydrophobic character [3].  

The main method – fluorescence anisotropy can be used for determining the viscosity in the 

nearby area of the molecule fluorescent probes. This method characterizes the extent of linear 

polarization of fluorescence emission, resulting from photoselection from an optically 

isotropic sample.  

 

2. MATERIAL AND METHODS 

Stock solution of perylene (Fluka) and fluorescein (Sigma-Aldrich) were prepared in acetone 

and methanol, respectively. Stock solution of cetyltrimethylammonium bromide (Sigma-

Aldrich) and low molecular weight hyaluronan (90–130 kDa, Contipro Biotech s. r. o.) were 

prepared in mili-Q water. 
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The stock solution of one probe was added to the glass vials and then the volatile solvent was 

evaporated. Then, the solutions of CTAB and hyaluronan were added in corresponding 

quantities. The samples were left on a shaker for 24 hours at room temperature. Individual 

samples were blended three times.  

The steady-state measurements of fluorescence (excitation and emission spectra, fluorescence 

anisotropy) were carried out on a luminescence spectrophotometer Fluorolog (HORIBA Jobin 

Yvon) with 150-W xenon lamp as the excitation. Anisotropy measurements were realized in 

L-format instrumental configuration and an automatic interchangeable wheel with Glan-

Thompson polarizers. The lifetime was measured on TCSPC lifetime spectrofluorometer 

Fluorocube from HORIBA Jobin Yvon with Nano LED diod as the excitation. 

 

3. RESULTS AND DISCUSSION 

Comparison of normalized excitation and emission spectra of both fluorescence probes in 

CTAB micellar solutions without hyaluronan and with concentration of hyaluronan 0,15 g l-1 

showed the hyaluronan presence did not affected the shape of these spectra. Also the lifetime 

of fluorescein/perylene has the same value in all samples, respectively.  

 

Figure 1.: Steady-state fluorescence anisotropy and total intensity of fluorescence of fluorescein (left) and 

perylene (right) in CTAB micellar solution as a function of hyaluronan concentration in the sample. 

Figure 1 shows the results obtained for fluorescence anisotropy and total fluorescence 

intensity of fluorescein (left) and perylene (right) in CTAB micellar solution as s function of 

hyaluronan concentration in the sample. In case of fluorescein, the total fluorescence intensity 
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is roughly constant and fluorescence anisotropy significantly increased from hyaluronan 

concentration 0,06 g l-1, which indicates that the micellar surface is affected by hyaluronan 

addition – microenvironment near the molecules of fluorescein has higher and higher 

viscosity. As we can see, also results from measurement with perylene have a very similar 

trend, fluorescence intensity in the samples with hyaluronan are roughly constant and it is 

little bit smaller than clear CTAB solution. The anisotropy of fluorescence slightly increasing, 

this fact is probably caused by reduction of micellar size. Interaction between hyaluronan and 

CTAB probably lead to binding micelles on hyaluronan chains and reduction of their size. 

 

4. CONCLUSION 

Through analysis of photophysical response of perylene and fluorescein, which are 

solubilized in different region of CTAB micelles, we have obtained information about 

structural changes of this micelles induced by presence of hyaluronan.  

It was observed, that the hyaluronan addition to micellar solution affected structural changes 

of entire micelle, i.e. hydrophobic region and micellar surface and interaction between 

hyaluronan and CTAB micelles probably lead to binding micelles on hyaluronan chain and 

reduction of their size. 
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Abstract 

We present the fabrication process of various silver nanostructured surfaces which can have 

widespread utilization in electrochemistry. Silver nanorods surface has been prepared by 

controlled electrochemical deposition in anodic alumina oxide template. We fabricated the 

silver nanorods with length 50-100 nm, the nanowires with length more than 500 nm and 

silver nanodots. 

 

1. INTRODUCTION 

The advantages of sensing interfaces that contain Ag nanostructures (Ns) networks are the 

increased surface area for sensing, improved electrical connectivity through the AgNs 

network and chemical accessibility to the analyst through these networks compared to sensing 

interfaces based on flat surfaces [1]. The Ag nanostructured surfaces can be used as reference 

electrode, as well. The next advantages are electrocatalysis, utilization in separation technique 

and biosensors fabrication [2]. Biosensor is an analytical tool that fulfills two functions, 

capturing biological targets and transducing target binding events to measurable signals, 

determination of heavy metals [3]. 

 

2. MATERIAL AND METHODS 

The fabrication process is composed of two steps. The first step is the alumina template 

creation. The silicon wafer was coated with metalic layer with the thickness of 250 nm and 

subsequently with a high-purity (99.99+ %) thin aluminum layer with the thickness of 500 nm 

by thermal evaporation (PVD). The thin porous anodic alumina oxide (AAO) templates were 

prepared by using equipment consisting of a flow-system controlled by membrane pump, 

power source, thermostat and personal computer providing automatic driving of all processes. 

The AAO templates were prepared by one-step anodic oxidation of aluminum thin film under 

constant voltage of 53 V in 0.3 mol/L oxalic acid solution in conventional two electrode 
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system at 10 °C for 360 sec. The gold wire was used as counter electrode. Vertically aligned 

pores formed the honeycomb structure in alumina layer. After the high current droop was 

detected, the Al layer was completely transformed to AAO and AAO interface below each 

pore. Thereafter it was washed by distilled water and dried. That technique of AAO 

fabrication has been described in more details in recent papers [4].  

The second step is electrochemical pulsed deposition of AgNs. The controlled pulse 

deposition was used to obtain the homogenous silver nanostructures into the AAO template. 

Deposition was performed from 0.2 mol/dm3 AgNO3 (pH 2.5) at 60°C consisting of pulses 

with current intensity of 1 mA and duration of 2 s. The electrolyte was circulated on the AAO 

template surface for 10 minutes before deposition to fill the pores of membrane. The current 

pulses were applied using an Autolab PGSTAT 302N potentiostat with the standard two-

electrode setup. Finally the surface was etched in aqueous solution containing 5 ml of 85% 

H3PO4 and 3 g CrO3 for 360 seconds at temperature 45°C to remove AAO.  

 

3. RESULTS AND DISCUSSION 

Three ring types of silver electrodes with diameter of 5 mm have been fabricated. One type of 

nanostructured electrode was obtained by 3 pulses resulting in reduced nanowires length. The 

second type was fabricated under 20 pulses, see Figure 1a, where the deposition time was 

determined by full filing of alumina template and obtaining nanowires with length close to 

500 nm of nanometers see Figure 1b. The same time was applied under lower current 

deposition, where the nanowires, in this case rather nanorods, have the height up to one 

hundred of nanometers. Nano-sized structure consists of nanorods with the diameter 50 nm 

and height 100, 500 nm and nanodots with length 50 nm as well, Figures 2.  
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Figure 1a, 1b.: Short Ag nanorods (left), long nanowires (right) deposited on metallic surface. 

As it can be seen in Figures 1 and 2, all surfaces have the same nanowires distributions. 

According to recent works, the time of deposition was the only factor, which affected the 

length of nanowires without any effect on distributions. We also tested the stability in aqueous 

solution. We observed the perfect stability of structures. However, the nanowires with length 

500 nm have been formed to clusters. This phenomenon was described in recent work and it 

relates with the ratio of diameter and length of nanowires [4]. 

 

Figure 2.: Ag nanodots prepared on conductive metallic oxide 
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4. CONCLUSION 

Surface functionalization and control over nanostructured interfaces represent a key aspect in 

nanoscale functionality. We presented the highly controlled process of Ag nanowires 

fabrication.  
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Abstract 

Ellipticine is an anticancer agent that forms covalent DNA adducts after its enzymatic 

activation by cytochromes P450 (CYP), mainly by CYP3A4 in the presence of cytochrome b5. 

We found that cytochrome b5 plays a dual role in the CYP3A4-catalyzed oxidation of 

ellipticine; it mediates the CYP3A4 catalytic activities by donating the first and second 

electron to this enzyme in its catalytic cycle and it acts as an allosteric modifier of the 

CYP3A4 oxygenase.  

 

1. INTRODUCTION 

Ellipticine is an efficient anticancer agent that functions through multiple mechanisms 

participating in cell cycle arrest and initiation of apoptosis. This drug forms covalent DNA 

adducts after its enzymatic activation by cytochromes P450 (CYP), predominantly by 

CYP3A4, the process that is one of the most important ellipticine DNA-damaging 

mechanisms of its antitumor action [1]. 

The CYP enzymes are components of a mixed-function oxidase (MFO) system located in 

the membrane of endoplasmic reticulum. This enzymatic system also contains other enzymes, 

the multidomain flavoprotein NADPH:cytochrome P450 oxidoreductase (POR) and 

cytochrome b5 accompanied by its NADH:cytochrome b5 reductase (CBR). Microsomal CYPs 

function by catalyzing the insertion of one atom of molecular oxygen into a variety of 

xenobiotics, while reducing the other atom to water, a reaction that requires two electrons. It 

is generally accepted that POR with NADPH serves as donor of electrons for both reductions 

of CYP in the MFO reaction cycle. But, the second electron may also be provided by CBR 

with cytochrome b5 and NADH, but cytochrome b5 has also additional roles in the CYP 

system. Although POR is considered an essential constituent of the electron transport chain 

towards CYP, its exact role in the CYP-mediated reaction cycle is still not clearly established 
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[2,3]. Therefore, here we investigated whether CBR in the presence of cytochrome b5 can act 

as sole electron donor to human CYP3A4 during oxidation of ellipticine and replace the POR 

system. 

 

2. MATERIAL AND METHODS 

Human CYP3A4 expressed in the eukaryotic system (microsomes of insect cells transfected 

with human CYP3A4 and NADPH:CYP reductase, POR - Supersomes™) with or without 

cytochome b5 was used. HPLC was used to separate and identify ellipticine metabolites and 

32P-postlabeling to detect and quantify ellipticine-derived DNA adducts [1,3]. 

 

3. RESULTS AND DISCUSSION 

Human recombinant CYP3A4 expressed with POR, CBR, epoxide hydrolase and cytochrome 

b5 in Supersomes™ oxidized ellipticine to 9-hydroxy-, 12-hydroxy and 13-hydroxyellipticine 

as the major metabolites, both in the presence of NADPH (a cofactor of POR) and NADH (a 

cofactor of CBR), and formed two adducts with DNA generated by two of these metabolites, 

12-hydroxy and 13-hydroxyellipticine. Even though NADH was less efficient than NADPH 

to mediate the ellipticine oxidation, this finding indicates that the NADH/cytochrome b5/CBR 

system can act as the sole electron donor both for the first and second reduction of CYP3A4 

during the oxidation of ellipticine. However, because cytochrome b5 stimulated not only the 

NADH-dependent ellipticine oxidation, where NADH is necessary for reduction catalyzed by 

the NADH-dependent reductase CBR, but also the oxidation mediated by NADPH, this 

protein plays also another role in the CYP3A4 reaction cycle. The CYP3A4-mediated 

oxidation of ellipticine in the presence of NADPH was significantly changed only by holo-

cytochrome b5, while apo-cytochrome b5 without heme or Mn-cytochrome b5 had no such 

effect. These findings indicate a high specificity of interaction of CYP3A4 with holo-

cytochrome b5 containing heme, which is necessary not only for electron transfer, but also for 

the natural conformation of the cytochrome b5 protein [3]. The lack of effect of apo-

cytochrome b5 on CYP3A4 catalysis might hence be the result of not only the loss of the 

electron transfer activity, but may also result from changes in 3D structure of its protein. The 

results found demonstrate that cytochrome b5 plays a dual role in the CYP3A4-catalyzed 

oxidation of ellipticine; it mediates the CYP3A4 catalytic activities by (i) donating the first 

and second electron to this enzyme in its catalytic cycle and by (ii) acting as an allosteric 

modifier of the CYP3A4 oxygenase.  
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Abstract 

Rhenium complexes vith suitable organic ligands play important role in medicine, catalysis 

and the development of novel sources of energy. We synthetized and chromatographically 

purified ReVII–catechol complex and studied its properties by means of UV/Vis absorption 

and spectroelectrochemical experiment. We observed complex redox behaviour involving 

reversible and irreversible electrochemical processes. Based on comparison of absorption 

spectra of rhenium complexes obtained via controlled chemical oxidation of ReV complexes 

and the absorption spectra provided by spectroelectrochemistry, we ascribed electron 

transition between ReVII and ReV species. 

 

1. INTRODUCTION 

Rhenium is able to form numerous coordination complexes with inorganic and organic 

ligands, the stability of whose depend on individual redox states of central metal ion and 

coordinated ligands. Rhenium complexes play important role in radiodiagnostics [1,2]. ReV 

complexes possess promising catalytic activity [3,4] and play important role in modern 

organic chemistry, ReI complexes were successfully tested as selective transducers in optical 

chemical sensors [5]. Detailed knowledge of overall chemical properties of rhenium 

complexes, namely their exact structures, chemical stabilities and possible transformation 

pathways are essential pre-requisites for their application. 
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2. MATERIAL AND METHODS 

Preparation of [ReVII(O)2Cat)2]- complex 

1.76 mg of tetrabutylammonium tetrachlorooxorhenate [(n-Bu4N)(ReOCl4)] (1.0 µmol) with 

0.66 mg of catechol (Cat) (2.0 µmol) were dissolved in in 3 ml of acetonitrile. After complete 

dissolution, 8 equivalents of triethylamine (TEA) (33.5 µl of 10% TEA solution in 

acetonitrile) were added and the reaction mixture kept at a laboratory temperature for 6 hours. 

Desired reaction product was chromatographically purified on a Phenomenex Luna 5 semi-

preparative column 100 x 10 mm (3 m) and recrystalized from acetonitrile:water (90:10 v/v) 

solution. Before spectroelectrochemical (SE) measurements the samples were dried under 

vacuum, dissolved in 0.1 M solution of tetrabutylammonium hexafluorophosphate (TBAPF6) 

in dried acetonitrile to concentration of about 1 mmol/l. Solution was bubbled for 15 minutes 

with argon prior to SE measurements.  

Spectroelectrochemical setup  

SE measurements were performed using optical thin-layer electrochemical cell with Pt mesh 

electrode and Ag pseudoreference electrode. The optical path was about 0.2 mm. Cyclic 

voltammetry experiment was performed by Autolab PGSTAT101 potentiostat with NOVA 

software, absorption experiment by Avantes AvaSpec ULS3648TEC optical fiber 

spectrometer (resolution ~2 nm) with AvaLight DHc deuterium halogen lamp. 

 

3. RESULTS AND DISCUSSION 

Cyclic voltammogram of [ReVII(O)2Cat)2]
- complex in 0.1 M TBAPF6 in acetonitrile is 

presented in Figure 1A. 
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Figure 1.: (A) – Cyclic voltammogram of [ReVII(O)2Cat)2]- complex in 0.1 M TBAPF6 in acetonitrile. (B) –

Absorption spectra depicting [ReVII(O)2Cat)2]- reduction to [ReV(O)Cat)2]- in 0.1 M TBAPF6 in acetonitrile 

(cathodic region, first cycle).  

We observed a complicated redox behavior due to complex chemistry of Re redox states. 

Spectroelectrochemical data from UV/VIS absorption enables us to determine origin of CV 

peaks in the cathodic region. In Figure 1B there are absorption spectra of the studied ReVII 

complex under lowering the potential. We observed a decrease of a broad absorption band 

consisting of three peaks at about 370 nm, 460 nm and 550 nm. This spectral transition 

corresponds to the one between the [ReVII(O)2Cat)2]
- and [ReV(O)Cat)2]

- [6] and occurred 

between -0.8 V and -0.9 V vs SCE. The corresponding CV peak was irreversible and we 

observed only Ep,c peak at about -1.1 V (Figure 1A). Further study is in progress. 

 

4. CONCLUSION 

Study of relation between electrochemical and spectral properties is a key factor for the 

characterization of transition metal complexes used as catalysts and active components in 

novel sources of energy. As it follows from presented cyclic voltammogram, rhenium-

catechol complex undergoes numerous redox transitions involving reversible and irreversible 

electrochemical processes. Based on comparison of absorption spectra of rhenium complex 

species and the spectra provided by SE measurement, we identified a transition between ReVII 

and ReV complex species. 
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Abstract 

We have prepared hen yolks antibodies (IgYs) against Pseudomonas aeruginosa (PA) lectin, 

anti-PAIIL IgY and tested them as a possible prophylaxis of PA bacterial infection. Using a 

luminescent (lux) strain of PA the anti-PAIIL antibody protective effect against adhesion of 

this bacterium on epithelium cell lines derived from normal or cystic fibrosis (CF) human 

lungs was examined. The antibody was also applied to mice infected with PA. While the anti-

PAIIL antibodies almost equally prevented PA bacteria adhesion in both cell lines, they did 

not protect mice from PA infection. 

 

1. INTRODUCTION 

Cystic fibrosis (CF) is an autosomal recessive disorder caused by mutations in the gene 

coding for CF transmembrane conductance regulator. Pathophysiology changes of lungs are 

associated with increased susceptibility of CF patients towards microbial infections, namely 

with Pseudomonas aeruginosa (PA), which leads to chronic lung disease resulting in life-

threatening conditions. Antibiotics are currently the first-line therapy of this condition. 

Nevertheless, due to PA antibiotics resistance there is an urgent need to develop alternative 

therapeutics. The passive immunization by specific hen egg-yolk antibodies (IgY) against P. 

aeruginosa is promising tool for prevention of this infection. The most significant advantage 

of IgY, in contrast to mammalian IgG, consists in IgY inability to induce inflammatory 

reaction when antigen is bound. The application of specific hen antibodies for passive 

immunization of CF patients against PA infections is suggested to be a plausible option. As 

the PA bacterium binds to the sugar moiety (D-galactose and L-fucose) on the cell surface of 

respiratory epithelium via its PAIIL lectin (major virulence factor of this pathogen), the 
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antibodies against this lectin might prevent the PA infection by interfering with the 

recognition process between host cells and bacteria, and thus affect the PA adhesion [1]. 

 

2. MATERIALS AND METHODS 

Preparation of antibody  

Antibodies were prepared from egg yolks laid by hens immunized with recombinant PA 

lectin, PAIIL, as described elsewhere [2]. Pre-immune IgY sample (control) was purified 

from eggs collected a week prior to the immunization. The presence of anti-PAIIL IgY was 

determined on ELISA and Western blots using a recombinant PAIIL and PA lysate as 

antigens, respectively.  

Assay of bacterial adhesion on epithelial cells  

The assay was performed according to Noskova et al. [3] with minor modifications. In brief, 

immortalized epithelium cell lines derived from normal (NuLi) or CF (CuFi) human lungs 

(ATCC) were stained with a fluorescent dye PKH67, seeded onto well plates (24 wells) and 

incubated for 24 h at 37°C, 5% CO2 to form a confluent layer. Bioluminescent strain PAO1 

(ST 549) containing a luxCDABE cassette (generous gift of Dr. Robert E. W. Hancock, 

University of British Columbia, Vancouver, Canada) was used in the assay. The bacterial 

suspension with anti-PAIIL or control IgYs (1 mg/ml), or PBS, was applied onto epithelium 

cells in well plates. After 2 hrs incubation non-adhered bacteria were removed by extensive 

washing with PBS. The luminescence of adhered PA on epithelial cells was quantified using 

spectrofluorometer (Tecan Infinite M200 Pro). Results were expressed as a ratio of the PA 

luminescence/epithelium cell fluorescence. 

IgY inhalation and monitoring of the level of airway infection in model animals  

The antibody prophylaxy was tested in vivo in model animals. Mice (strain ICR CD1, males) 

inhaled nebulized anti-PAIIL antibodies (for 4 days, 10 minutes per day). Two hours after the 

last inhalation animals (in anesthesia) were infected with optimized dose of bacterial 

suspension of PA (5 x 105 CFU/30 l) by intratracheal instillation. The use of luminescent PA 

strain allowed a non-invasive monitoring of the PA infection during the experiment using 

IVIS imaging system Lumia XR. PA infection loads in lung were quantified as a 

luminescence intensity per area of lungs (photon x sec.-1 x cm-1). 
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3. RESULTS AND DISCUSSION 

The adherence of bacteria to epithelial cells is an essential process in PA pathogenesis. The 

bacterium possesses several specific adhesins, which significantly contribute to its virulence. 

It is thought that airway surfaces of CF patients are lacking the sialylation of glycoconjugates 

such as GM1, which enables the binding of PA via saccharide specific lectins, e.g. PAIIL [4]. 

To prevent the bacteria adhesion on host cells hen yolk antibodies against the recombinant 

PAIIL were prepared and tested. Their prophylactic properties against the PA colonization of 

lung epithelial cells derived from normal (NuLi) or CF-patient (CuFi) lung tissues has been 

already proven using an adhesion assay based on a dual fluorescence determination of PA and 

epithelial cells [3].  

 In our study, we used two experimental models to evaluate prophylactic effect of anti- 

PAIIL antibodies. Firstly, the potency of the lectin PAIIL antibodies to prevent the adhesion 

of bacteria PA was tested ex vivo in epithelium cell lines NuLi and CuFi. Next, the antibody 

prophylaxis was tested in vivo in model animals – experimental mice. The obtained results 

showed that hen antibodies against the bacterial lectin PA-IIL were clearly able to prevent the 

adhesion of PA to human lung cells. The antibody treatment reduced the amounts of adhered 

bacteria on the NuLi and CuFi cells by approximately 35 % and 30 %, respectively, relative to 

PBS-treated control. On the other hand, the animal treatment with nebulized anti-PAIIL 

antibodies showed an opposite tendency. The PA colonization was more pronounced in the 

antibody-inhaled mice than in PBS controls. This unexpected result most probably reflects the 

lack of specific anti-PAIIL antibodies in lungs to neutralize lectin binding ability. Under these 

conditions bacterial lectin PAIIL binds to carbohydrates of IgY antibodies, which causes 

bacteria agglutination and thus impaired bacteria clearance from the lungs. Such phenomenon 

has been noticed in experiments with human lung cells, when control hen antibody was used 

in PA adhesion assay. 

 

4. CONCLUSION 

Hen yolk antibodies against P. aeruginosa lectin PAIIL repeatedly proved their ability to 

reduce PA bacteria adhesion on human airway epithelia cells under experimental condition 

used. On the other hand, in vivo in animal model, we found that the antibodies inhaled before 

the application of the bacteria do increase the development of bacterial infection. Such result 

reflects the conditions when lectin PAIIL is not inhibited by antibody, but binds antibody via 

its saccharides. 
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Abstract 

By the term foliar fertilization it is meant applications of nutrients, pesticides, herbicides, 

active materials and plant-growth preparations on the field. The era of foliar uptake began 65 

years ago and nowadays it belongs to widespread fertilizers applications in the world. The 

main limiting barrier is cuticle, which formed the surface of plant and it has effect on the 

application materials. For study of foliar uptake cuticles were used from Prunus laurocerasus, 

because its cuticle is strong and it is possible the simple manipulation. Our research is focused 

on simple ultra-violet spectroscopy and the studying materials are humic acids respectively 

potassium lignohumate. 

 

1. INTRODUCTION 

Despite the negative perception of the community, pesticides are still going to be used for 

many decades to ensure the food supply for the ever growing world population. One of the 

most important ways how to improve the efficiency of pesticides and minimize their impact 

on off-target living systems is through increasing the penetration of active ingredients into 

plant foliage [1]. The absorption of minerals by leaves of plants was demonstrated 

experimentally 100 years ago [2], [3]. The numerous works studied the uptake of mineral 

ions, fungicides, pesticides, etc. Root absorptions of nutrients were replaced by foliar 

fertilizers, which became the new method of absorption of the plant beneficial substances. 

Absorption by living folic cells of any foliar applied chemical (mineral nutrients, growth 

regulators, pesticides, antibiotics) must be proceeding by transcuticular penetration [4]. For 

these studies they use top and/or bottom part from the plant leaves – cuticles. It is the first 

barrier with many important functions (respiration, regulation of water, regulation of ions, 

penetration of nutrients, etc.). The permeability of the cuticle membrane for ions, herbicides, 

and pesticides has been discussed in several papers. The foliar uptake of active ingredients is 

a complex process and depends on the leaf surface of plant, physicochemical properties of the 
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chemicals structure or properties of cuticles1. An important role for the nutrient absorption 

plays the concentration of the additives as well as the environmental conditions. Wang and 

Liu [1] summarized the major progress of the foliar fertilization especially during the last 15 

years. They wanted to clarify the pesticide uptake into plant foliage and influence of adjuvants 

[1]. 

 

2. MATERIAL AND METHODS 

Isolation methods 

The experiments were realized by isolated plant cuticles. The isolation method is based on 

Solel and Edgington method [5], which used enzymes. Orgel method was used for chemical 

isolation of cuticles [6], which is based on concentred hydrochloric acid solution 60 wt. % 

zinc chloride. The isolated plant cuticles were washed and then were used for diffusion 

experiments. 

Diffusion experiments 

The diffusion experiments as the simulation of foliar fertilizers were realised by agarose 

hydrogels. The resource hydrogels were created by 1 wt. % agarose and 1 wt. % potassium 

lignohumate and the receiving hydrogels were made by only 1 wt. % agarose hydrogels. The 

plant cuticles were fixed between both of hydrogels. The experiments were realized for 14 

days. 

 

3. RESULTS AND DISCUSSION 

Measurement of concentration change of potassium lignohumate depending on time of 

penetration was determined by ultra-violet spectroscopy. It was determinated concentration 

profile of diffusion (Figure 1). 
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Figure 1.: Concetration profile of potassium lignohumate through plant cuticle. 

From the correlation of theoretical and experimental concentration profiles, diffusion 

coefficient and concentration on the interface were determined, it was used the theoretical 

diffusion model: 

tD

x
cc

eff
0

4
erfc

, 

where c is concentration of diffusing solute, c0 is concentration on the interface, x is 

distance from the interface hydrogel-solution, Deff is effective diffusion coefficient and t is 

time of diffusion. Fundamental transport parameters are summarized by Table 1.  

Table 1: Transport parameters Deff and c0. 

Bottom plant cuticles Top plant cuticles 

Cuticles 
Deff  

(·1010 m2/s) 

c0  

(mg/g) 
Cuticles 

Deff  

(·1010 m2/s) 
c0 (mg/g) 

Enzymatically 

isolated 

cuticles 

1.3 ± 0.1 0.13 ± 0,01 
Enzymatically 

isolated cuticles 
0.9 ± 0.2 0.047 ± 0.001 

Chemically 

isolated 

cuticles 

1.4 ± 0.1 0.34 ± 0,04 
Chemically 

isolated cuticles 
0.9 ± 0.3 

0.057 ± 

0,.001 

 

The work describes simple diffusion techniques which should simulate foliar fertilization 

under laboratory conditions, where plant cuticles are limiting barriers, because it is formed by 

lipophilic group. Commercial fertilizers are mainly formed by hydrophilic compounds, while 

cuticle as the limiting barrier is formed by hydrophobic compounds therefore diffusion solute 
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may interact with cuticle and the diffusion process can be slowed by these interactions. The 

studied materials were potassium lignohumates, which have positive behaviours on the plant, 

too. 
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Abstract 

Fabrication and characterization of self-ordered mermistive TiO2 structures was provided. 

Fabrication was done with anodic oxidation in a water based electrolyte. TiO2 nanocolumns 

for electrical characterization were contacted with Ag conductive paste. Electrical 

characterization was provided with a Semiconductor analyzer system Keithley SMU 4200. 

Results shown that the TiO2 nanocolumns has memristive behavior, which is highly 

influenced by geometrical size. 

 

1. INTRODUCTION 

Fabrication and characterization of memristors for non-volatile memory applications with 

electrochemical processes is a high challenge. Self-ordered TiO2 nanocolumns with different 

length prepared and modified with electrochemical processes should be perform as a 

memristive cells. The self-ordered nanocolumn fields are realized with porous anodic alumina 

oxide (AAO) mask.  

Anodic oxidation of aluminum is a well-known process. This process can produce the porous 

films possessing high pore density, uniform pore size. The other important advantage is the 

versatility and low cost. [1] The nanocolumns grown in AAO mask are stable and electrically 

isolated from each other. 

 

2. MATERIAL AND METHODS 

Anodic oxidation process was optimized for the initial surface, which was a sputter-deposited 

metal bilayer of Ti/Al on the silicon wafer (previously covered with 500 nm of SiO2). 

Titanium layer with thickness of 300 nm was covered with 550 nm thick Al layer. The 

anodization was performed at 10 °C with a 0.3 M oxalic acid solution at the circulation speed 

of 70 mL/min. The apparatus was equipped with polytetrafluor-ethylene (PTFE) head with 

internal diameter 6.9 mm equipped with a stainless steel electrode. During the anodizing 
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process, the current was always limited to 5 mA and the potential for the aluminum layer was 

constantly kept at 40 V. The diameter of the pores in AAO is approximately 40–50 nm. 

Anodization of the titanium layers were provided at potential of 40 V and 60 V (Figure 1).  

 

Figure 1.: Anodization curve for Al/Ti bilayer. The first sample was anodized for 13 min including Ti anodizing 

at 40 V (red curve). The second sample was anodized for 19.25 min and after 13.5 min, the voltage was 

increased from 40 to 60 V (black curve). 

Both potentials are suitable to prepare self-grown TiO2 nanowires in AAO, the difference is in 

height of TiO2 nanowires in the pores (Figure 2). At the potential of 60 V the TiO2 columns 

are higher than at 40 V  

Figure 2.: Cross section of the anodized Ti – Al layers. Anodization of Ti at 40V (a.) and at 60V (b.). 

Due to preparation of electrical contacts on the top of TiO2 columns the AAO was partially 

etched (Figure 3).  
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Figure 3.: Surface of the sample Ti at 60V before (left) and after (right) etching of AAO. 

 

3. RESULTS AND DISCUSSION 

Electrical characterization of self-ordered TiO2 columns were provided with Keithley 

SMU4200 semiconductor analyzer. The electrical contacts were prepared with Ag paste, the 

Al/Ti layer was used as common.  

Nanocolumns anodized at 40 V were tested up to 3V and nanocloumns anodized at 60V were 

tested up to 5V. The curve a in Figure 4 shows voltage sweeping for shorter columns from 0 

to -3V and from 0 to 3V. The curve b shows IV characterization from 0 to 3V and from 0 to 

-3V. Similarly as at shorter columns the curve a in Figure 5 shows voltage sweeping for 

longer columns from 0 to -5V and from 0 to 5V. The curve b shows IV characterization from 

0 to 5V and from 0 to -5V. The hysteresis at both length are not symmetric. The memristic 

behavior in all cases was depended on the first applied polarity. The characterization in Figure 

4c and Figure 5c was done after forming voltage 3 and 5V for 3sec. The column lost his 

nonlinear IV character and started to behave as a resistor.  

 

Figure 4.: IV characterization of samples anodized 

at 40V. 

 

Figure 5.: IV characterization of samples anodized 

at 60V. 

 

a. 

 

b. 

 

b. 

 

c. 

 

a. 

 

c. 
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4. CONCLUSION 

Comparison of the IV characteristics shown the memristic difference between the samples 

with 40–45 nm and 60 nm thin TiO2 layers. The memristic behavior depends on the materials 

thickness, and this fact was also confirmed by Ref. [2]. 
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Abstract 

The chemopreventive compounds might affect the levels of biotransformation proteins such 

as cytochrome P450 (CYP) of a 1A subfamily and cytochrome b5 in several rat organs (i.e. 

liver, kidney, lung, small intestine and colon). In this study, we investigate the effect of 

dihydromyricetin (DHM) on expression of these proteins. The efficiency of DHM to induce 

these proteins was compared with that of BaP, the compound known to be their strong 

inducer. DHM slightly affects the expression of studied proteins at the transcriptional level. 

The results found in this study might be considered as positive in terms of safety of 

dihydromyricetin usage. 

 

1. INTRODUCTION 

Dihydromyricetin, (2R,3R)-3,5,7-trihydroxy-2-(3,4,5-trihydroxyphenyl)-2,3-dihydrochromen-

4-one (DHM), is credited with hepatoprotective effects observed in rodents as well as with 

anti-tumor ability, inhibiting e.g. progression and metastasis of prostate cancer [1]. It is also 

highly effective in counteracting acute EtOH intoxication, in reducing excessive EtOH 

consumption via antagonizing acute EtOH-induced potentiation of gama-aminobutyric acid 

receptors and in increasing activity of alcohol and acetaldehyde dehydrogenases [2]. This 

compound found in Japanese Raisin Tree, Hovenia dulcis [3], belongs to numerous groups of 

flavonoids, which are of a great interest since they provide a wide variety of biological 

activities [4]. In addition to their powerful anti-oxidant properties, they are suggested to be 

anti-cancer agents acting at various stages of carcinogenesis. The flavonoids are, because of 

their natural origin, generally accepted as health-promoting compounds and safe for the 

human use. Their extensive intake as food supplements may, however, cause potential threats 

resulting e.g. from altered metabolism of endogenic compounds and from flavonoid pro-
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oxidant activity [5]. Much less attention is being paid to flavonoid-drug or flavonoid-

carcinogen interactions. These interactions frequently arise from flavonoid abilities to 

modulate catalytic activity of xenobiotic metabolizing enzymes such as cytochromes P450 

(CYPs). Flavonoids are known to be the inhibitors, inducers and even activators of CYPs, the 

enzymes that participate in metabolism of many exogenous and endogenous hydrophobic 

substances.  

 

2. MATERIAL AND METHODS 

Male Wistar rats were treated by gastric gavages in a single dose (60 mg/kg b.w) with DHM 

and/or BaP as described previously [6]. The mRNA contents in rat liver and kidney were 

measured using the real-time polymerase chain reaction (RT-PCR) as described [7-11].  

 

3. RESULTS AND DISCUSSION 

In general, the administration of DHM did not significantly increase CYP1A1, 1A2 or 

cytochrome b5 gene expression in any rat organ examined. In contrast, animals treated with 

benzo[a]pyrene (BaP) were used as positive control. This carcinogen significantly induces the 

genes of these proteins in rats under the conditions used. It increases in levels of gene 

expression of CYP1A, the enzyme whose induction is controlled via Ah receptor, and also in 

levels of gene expression of cytochrome b5 [8]. More than two-, three- and four-orders of 

magnitude higher expression of CYP1A1 mRNA was found in kidney, lung and liver of rats 

treated with BaP, respectively, than in these organs of control, untreated rats. A lower (up to 

100-times), but significant increase in expression of CYP1A2 mRNA was produced by BaP in 

the organs of BaP-treated rats. Expression of cytochrome b5 at the transcriptional levels 

(mRNA of cytochrome b5) was also increased by treatment of rats with BaP, in the lung, but 

not in the liver and kidney. CYP1A1 is known to play an important role in the activation of 

BaP to reactive metabolites capable of forming covalent adducts with DNA [12], but recent 

studies, using mice with deleted gene of CYP1A1, showed the higher formation of covalent 

DNA-BaP adducts in these knock-out animals than in control animals. This indicates that 

CYP1A1 plays in vivo a more important role in BaP detoxification rather than in its 

activation, and protects the body from its toxicity [12, 13]. The administration of DHM did 

not significantly affect the gene expression of tested proteins in rat organs. The significant 

increase in expression of CYP1A1 gene was observed only in the proximal part of small 

intestine, whereas the slight decrease was found in the middle part of this tissue and the level 
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of CYP1A1 gene expression was unchanged in its distal part and colon. Interestingly, DHM 

significantly increased the BaP-mediated induction of CYP1A2 gene in kidney and of 

cytochrome b5 gene in liver of BaP-treated animals. The present data suggest low potential 

risk associated with the CYP induction or modulation at systemic concentrations after the 

DHM ingestion. 
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Abstract 

The cytochrome P450 (CYP) 3A4 enzyme both in the liposome and microsome nanoparticle 

forms was efficient to activate ellipticine to species forming DNA adducts. Two DNA 

adducts, which are formed from ellipticine metabolites 12-hydroxy- and 13-hydroxyellipticine 

generated by its oxidation by CYP3A4, were formed by both CYP3A4 nanoparticle systems. 

A higher effectiveness of CYP3A4 in microsomal than in liposomal nanoparticles to form 

ellipticine-DNA adducts was found. The results demonstrate the DNA-damaging effects of 

ellipticine after its activation by CYP3A4 nanoparticle forms and indicate their suitability for 

active targeting of this enzyme to specific cancer cells. 

 

1. INTRODUCTION 

Cancer treatment is one of the most difficult problems in clinic practice. Therefore, many 

approaches were utilized to develop novel antitumor drugs, which could be applied with other 

therapeutic modalities. The research in this field has resulted to developing a lot of new 

substances possessing potent anticancer activity. Ellipticine is an anticancer agent that 

functions through multiple mechanisms participating in cell cycle arrest and initiation of 

apoptosis. This drug forms covalent DNA adducts after its enzymatic activation with 

cytochrome P450 (CYP), which is one of the most important ellipticine DNA-damaging 

mechanisms of its cytotoxic effects [1]. The improvements of cancer treatment are the major 
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challenge in oncology research. Nanotransporters (nanoparticles) are promising approaches to 

target tumor cells, frequently leading to improve drug therapeutic index. Ellipticine has 

already been prepared in nanoparticle forms [2]. However, since its anticancer efficiency 

depends on the CYP3A4-mediated metabolism in cancer cells, the aim of our research is to 

develop nanoparticles containing this enzyme that can be transported to tumor cells, thereby 

potentiating ellipticine cytotoxicity. 

Because the CYP enzymes are the membrane proteins naturally located in a membrane 

of the endoplasmic reticulum of cells dictating their enzymatic activity [3], the lipid based 

nanocarriers should be the suitable systems for these membrane enzymes [4,5]. Therefore, the 

CYP3A4 in the liposomal nanoparticles was prepared, used for evaluation of its catalysis to 

activate ellipticine and their efficiency was compared with that of CYP3A4 present in a 

natural nanostructure, microsomes. 

 

2. MATERIAL AND METHODS 

The CYP3A4 enzyme encapsulated with NADPH:CYP reductase (POR) into two 

nanoparticle forms, liposomes and microsomes (Supersomes, Gentest Corp., Woburn, MI, 

USA), was tested to activate ellipticine to its reactive species forming covalent DNA adducts. 

Ellipticine-derived DNA adducts were determined by the 32P-postlabeling method [1,2,4]. 

 

3. RESULTS AND DISCUSSION 

Liposomes were prepared from 1,2-dilauroyl-sn-glycero-3-phosphocholine, 1,2-dioleoyl-sn-

glycero-3-phospho-rac-(1-glycerol), and 1,2-dilauroyl-sn-glycero-3-phosphoserine dissolved 

in chloroform and mixed in a ratio of 1:1:1. A lipid film was formed by rotary evaporation 

and nitrogen flushing to remove residual solvent. This lipid film was further dispersed with 

buffer (pH 7.4) containing CHAPS and reduced glutathione, and ultrasonicated for 5 min at 

20 °C. The appropriate amounts of CYP3A4 and POR (in a ratio of 1:1) were added to the 

prepared dispersion and incubated at 20 °C for 10 min. The liposomes with CYP3A4 and 

POR were then used in further experiments. The aliquots of the liposomes containing 

increasing amounts of CYP3A4 were added into the incubation mixtures to reach its final 

amounts of 50 – 250 pmol and these mixtures were used for activation of ellipticine to species 

forming ellipticine-derived DNA adducts. The second nanoparticle system used were 

Supersomes that are microsomes isolated from insect cells transfected with a baculovirus 

construct containing cDNA of human CYP3A4 and its reductase, POR. Besides 
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overexpressed human CYP3A4 and POR, these microsomes contained a low amount of other 

enzymes of the monooxygenase system that were present in the membrane of the insect 

endoplasmic reticulum (i.e., microsomal epoxide hydrolase, cytochrome b5 and its reductase, 

NADH:cytochrome b5 reductase). But their levels were, in comparison to overexpresssed 

CYP3A4 and POR, negligible.  

Both CYP3A4-nanoparticle systems incubated in the presence of a cofactor of POR, 

NADPH, and DNA activated ellipticine to metabolites forming two ellipticine-derived DNA 

adducts; one major generated from ellipticine-13-ylium formed by decomposition of 13-

hydroxyellipticine and one minor generated from ellipticine-12-ylium formed from 12-

hydroxyellipticine These two adducts were analogous to those formed in several and cancer 

cells in vitro and in healthy and tumour cells in vivo. An analogous pattern of ellipticine-

derived DNA adducts was formed by CYP3A4 present in the second nanoparticle system 

tested in this work, SupersomesTM. The formation of adduct formed from 13-

hydroxyellipticine was dependent on concentrations of human CYP3A4 in the liposomal 

system present in the incubation mixture, being increased with elevated amounts of CYP3A4 

in the system. The levels of this DNA adduct formed in the liposomal and Supersomal 

systems are of the same order. Nevertheless, the effectiveness of CYP3A4 present in the 

Supersomal system is higher than that of CYP3A4 in the liposomal nanoparticles. One of the 

reasons might be the fact that artificially prepared liposomes do not contain all components 

present in the natural system of the microsomal (Supersomal) particles that can influence the 

CYP3A4 enzyme activity (i.e., the absence of all spectrum of membrane-making lipids, the 

absence of proteins of microsomes including those that are components of the 

monooxygenase system such as cytochrome b5). The latter suggestion is supported by our 

recent results, where we found that cytochrome b5 increases the potency of CYP3A4 to 

oxidize ellipticine to 13-hydroxyellipticine, thereby increasing the levels of ellipticine-derived 

DNA adduct [6]. 
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Abstract 

Association of micelles with hyaluronan could enhance micelles biocompatibility and can 

lead to target to the specific receptors in a human body. In this report, results of the study of 

electrostatic association of cationic micelles of Septonex with hyaluronan are reported. The 

cationic micelle/hyaluronan complexes were studied using turbidimetry and dynamic light 

scattering method and were evaluated to determine their structure, average size and zeta 

potential as a function of the amount of the both component in the system. Results of 

turbidimetry revealed that aggregates formation (turbidity increasing) depends especially on 

hyaluronan concentration while surfactant concentration (above critical micelle concentration) 

affects interaction insignificantly. Dynamic light scattering experiments indicate that 

hyaluronan molecular weight has insignificant effect on isoelectric point of the systems.  

 

1. INTRODUCTION 

Micelles can solubilize water-insoluble molecules in their inner thanks to their amphiphilic 

structure. Over the years aggregates of surfactants have been of interest to the pharmaceutical 

scientist as drug vehicles carriers. However surfactants may have adverse effects on biological 

structures. Covering of micelles with suitable bioacceptable molecules (i.e. hyaluronan) may 

enhance their biocompatibility and perhaps also stability in biological environment and may 

also provide the micelles with targeting moieties due to physiological roles of hyaluronan in 

living organism [1, 2, 3].  

In this study results of the research on association of cationic surfactant micelles with 

hyaluronan are reported. Hyaluronan interacts with positively charged micelles by 

electrostatic interactions mediated by its dissociated carboxyl groups. In our study, these 

interactions has been studied by turbidimetry and dynamic light scattering method and the 

effects of concentration of both interacting partners and of the hyaluronan molecular weight 
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were investigated. These two parameters control the particle size and, consequently, clear to 

turbid dispersions can be prepared. 

 

2. MATERIAL AND METHODS 

Stock solution of hyaluronan (HyA, CPN, Ltd., Czech Republic) at different molecular 

weights (100 kDa and 1500 kDa) and cationic surfactant Septonex (GBNchem) were prepared 

in aqueous solution.  

Turbidity measurements, reported as absorbance A, were performed at 400 nm using Varian 

Cary 50 spectrometer. Turbidimetric titrations were carried out by adding hyaluronan 

solutions (0.3 and 0.5 g/l) to micellar solution at concentration 3 mmol/l. 

Interaction between hyaluronan and surfactants were studied using titration experiments by 

adding hyaluronan at concentration 2 g/l to surfactant solutions at concentration 2 mmol/l. All 

measurements were carried out by Zetasizer Nano ZS (Malvern Instruments) and Autotitrator 

MPT 2 (Malvern Instruments). Particle size distributions and zeta potentials were obtained.  

 

3. RESULTS AND DISCUSSION 

Turbidimetric titration was chosen as an indicator of the loss of intensity of transmitted light 

due to the scattering effect of particles associated from hyaluronan and surfactant suspended 

in it. Hyaluronan was added to the surfactant solution at concentration 3 mmol/l ensuring 

micelle aggregates presence in the systems [4]. Obtained data (Figure 1 left) indicate that 

hyaluronan and surfactant interact due to electrostatic attraction forces and that aggregates of 

these components are formed in the system. In the case of hyaluronan molecular weight 

100 kDa, an abrupt increase in turbidity was observed, indicating the onset of macroscopic 

phase separation when charge ratio of surfactants and hyaluronan carboxyl groups reached 

1.8. High molecular weight of hyaluronan causes turbidity gradually increasing from first 

hyaluronan addition due to aggregation of components. 

Interaction between hyaluronan and surfactant were studied using dynamic light scattering 

method by titration experiments. Figure 1 right shows a way the size and zeta potential 

change as a function of hyaluronan content. The size of aggregates in the system after adding 

of hyaluronan into the surfactant solution was in the range of 150 and 400 nm. The size 

increases in the region of isoneutrality, when the zeta potential curve crosses zero but it could 

not be measured because the mean size of the complexes increased the values beyond the 

reliable limit for the equipment. We can clearly observe precipitates in the sample. These data 
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is not shown because of better display of remaining data. Zeta potential decreases mostly 

linearly during titration experiments, ending values were about −40 mV indicating high 

stability of the colloid systems. In addition, it was found that hyaluronan molecular weight 

has inconsiderable effect on achievement of region of system isoneutrality. 

 

Figure 1.: Left: Turbidimetric titration graph for adding hyaluronan 100 and 1500 kDa (0.3 or 0.5 g/l) to 

Septonex at initial concentration 3 mmol/l. Right: Additive titration graphs for experiment using hyaluronan 

(2 g/l) as titrant. Top: zeta potential. Bottom: average hydrodynamic diameter (z-average, intensity-weighted).  

 

4. CONCLUSION 

Interactions of micelles with hyaluronan were investigated because of biocompatibility 

enhancement of this type of surfactant aggregates. There were several combinations of 

concentration of components compared. Effect of molecular weight of hyaluronan was 

studied. The result of our experiments showed that these systems are very dynamic and that 

composition of the system and hyaluronan molecular weight influences the interaction of 

components, structure of complexes and stability of aggregates. In the following experiments 

is important focus on all of these parameters. 
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Abstract 

Our research is focused on description of energy contribution of surfaces and morphology of 

Ag, Ni and Ag-Ni nanoparticles. The first step of our study is to perform ab initio calculations 

of bulk and surfaces of fcc nonmagnetic Ag and ferromagnetic Ni. Here we present the 

calculation of surface energy and charge density difference at surfaces with different 

crystallographic orientations, namely (100), (110) and (111). 

 

1. INTRODUCTION 

Nanoparticles have a wide range of applications when used as catalysts, indicators, solders 

and many others. In contrast to bulk materials, they exhibit size-dependent properties due to a 

high ratio of surface to the volume. Silver [1,2] and nickel [3,4] particles are widely used in 

many manufacturing processes. Better understanding of phenomena taking place on the 

surface of particles is critically important in order to develop their yet better applications and 

to invent new particle-synthesis routes. From this perspective, the surfaces of metals are 

inseparable part of studies of chemical activity as well as of optical and thermodynamic 

properties. In recent years, in the field of synthesis, there is an increasing effort to prepare 

particles with defined surfaces. It is generally known that the particles with specific surface 

orientation prefer different shapes [5–8]. 

 

2. MATERIAL AND METHODS 

Our quantum mechanical calculations within the framework of Density Functional Theory 

(DFT) [9,10] were performed using the Vienna Ab initio Simulation Package (VASP) [11,12]. 
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The exchange and correlation energy was treated in the generalized gradient approximation 

(GGA) as parametrized by Perdew, Burke, and Ernzerhof (PBE) [13] and we used projector 

augmented wave pseudopotentials [14]. In order to reduce the forces on atoms under 

0.1 meV/Å in all surface slab calculations, we employed the plane-wave energy cut-off of 

550 eV and the k-point meshes determined by the smallest allowed spacing between k-points 

equal to 0.11 Å-1. 

The surface energies, σ, of (100), (110) and (111) surfaces were calculated as differences 

between the energies of relaxed surfaces Esur and the energy of relaxed bulk Ebulk: 

2
bulksur EE

=σ


 

with both energies being related to systems with the same number of atoms. In order to 

analyse the redistribution of charge densities when the atoms interact together and to identify 

the charge density accumulation as a possible location of chemical bonds, we evaluated 

charge density differences, Δρ:  

scfnonscf  ρρ=Δρ  

as a difference between the charge densities obtained from non-selfconsistent calculations of 

superposition of atomic densities, ρnon-scf, and the densities obtained from a self-consistent 

calculation, ρscf.  

 

3. RESULTS AND DISCUSSION 

The calculated energies of (100), (110) and (111) surfaces for fcc Ag and Ni are summarised 

in Table 1. This values are in a reasonable agreement with the results obtained by Vitos et al. 

[15]. For both Ag and Ni, the (111) surface has the lowest energy and it is the energetically 

most favourable, on the other hand the (110) surface has the highest energy, i.e. the least 

energetically favourable. This is in good agreement with general trend in fcc solids 

σ(111) < σ(100) < σ(110). 

Table 1: Comparison of ab initio calculated surface energy of (100), (110) and (111) surfaces of Ag and Ni. 

Surface (100)  (110)  (111) 

Ag (σ [eV/atom]) 0.646 0.653 [15]  0.801 0.953 [15]  0.409 0.553 [15] 

Ni (σ [eV/atom]) 0.890 0.969 [15]  1.314 1.337 [15]  0.680 0.695 [15] 

 

The difference of surface energy between (100) and (111) surfaces is about 0.2 eV/atom, for 

both Ag and Ni. On the other side, the difference of surface energies between (110) and (100) 

is about 0.2 and 0.4 eV/atom for Ag and Ni, respectively. 
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The studied surfaces affect only two upper layers, the lower layers have bulk-like behaviour. 

The differences between (100), (110) and (111) surfaces can be seen also from the charge 

density differences (see Figures 1 and 2). 

In the case of (100) surface, the charge density accumulation is located just between the 

nearest neighbours lying in surface layer. In comparison with (100) surface, (110) surface is 

less symmetrical and each atom in surface layer has two neighbours. The first (second) 

nearest neighbours are in the distance of 2.934 (4.147) Å for Ag and 2.479 (3.538) Å for Ni. 

The charge density accumulation is located only between the first nearest neighbours. On the 

other hand, the (111) surface is the most symmetrical. The charge density is equally 

accumulated in interstitial positions between the atoms lying in the surface layer. 

 

Figure 1.: The charge density differences for a) (100) b) (110) and c) (111) Ag surface. Yellow colour marks a 

charge accumulation and blue colour a charge depletion (isosurfaces level is 0.0035 e-/Å3). 

 

Figure 2.: The charge density differences for a) (100) b) (110) and c) (111) Ni surface. Yellow colour marks a 

charge accumulation and blue colour a charge depletion (isosurfaces level is 0.007 e-/Å3). 
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4. CONCLUSION 

We present ab initio study of Ag and Ni surfaces with different crystallographic orientations. 

For both elements, we found the (111) surface as the most and the (110) surface as the least 

energetically favourable. The surface energy of Ni is higher than for Ag, it may be supposed 

that Ag would be energetically more favourable than Ni on surface in Ag-Ni nanoparticles. 

These results will be used in further theoretical analysis including ab initio calculations and 

thermodynamic modelling, in order to understand the synthesis of nanoparticles. 
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Abstract 

Titanium dioxide nanotubes (TNTs) were fabricated by anodic oxidation of thin titanium film 

in organic electrolyte containing ammonium fluoride and water. In this work, the effects of 

preparation parameters, such as anodization potential, pH, water or ammonium fluoride 

content, on growth of short TNTs were observed. The chemical etching of initial oxide barrier 

layer plays a key role in obtaining highly ordered TNTs. The morphology of TNTs was 

characterized by scanning electron microscopy (SEM) and the photocurrent response of TiO2 

nanostructured electrodes was also evaluated. These surfaces can be used in broad spectrum 

of application, mainly photocatalysis and solar cells, due to their mechanical, thermal and 

chemical stability. 

 

1. INTRODUCTION 

In the past decade, the considerable attention has been focused on nanostructured TiO2, 

because of its unique ionic, electronic behavior and high surface area. TiO2 nanostructures 

with different shapes and crystal structures can be created by various methods [1,2]. One of 

the most sophisticated approach to create TiO2 layer with large surface area is electrochemical 

method. Anodic oxidation (AO) of titanium is relatively easy way to control the preparation 

parameters and dimensions of TiO2 nanostructures. Many publications provide information 

about fabrication TNTs from titanium foil [3,4], but only few of them are focused on 

anodization of thin titanium film (less than 1 µm). In our work, the thickness of titanium film 

sputter-deposited on silicon substrate with thermal silicon oxide is only 500 nm. The 

possibility of using even lower Ti layer thickness (about 200 nm) will be also tested. Less 

material used in anodization makes this process cheaper and faster in comparison with 

anodization of thick titanium foil while remaining properties of TNTs such as ordering and 
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homogeneity of surface coverage. In addition, thin layer of TiO2 is mechanically stable and 

after thermal treatment completely transparent.  

 

2. MATERIAL AND METHODS 

Titanium (99.99%, Porexi, CZ), ethylene glycol p.a. (C2H6O2, Penta, CZ) and ammonium 

fluoride p.a. (NH4F, Sigma Aldrich, DE) were used as purchased. Deionized water (18.2 M) 

was obtained from Millipore RG system MilliQ (Millipore Corp., USA). 

Titanium thin films with thickness of 500 and 1000 nm were deposited onto 4-inch p-type 

silicon wafer (100) covered by 1 µm of thermal silicon dioxide. Before AO, the titanium thin 

film was consecutively immersed into acetone, isopropanol, and deionized water to remove 

the impurities and then dried by compressed nitrogen stream. The AO was realized in the two-

electrode configuration and using power supply controlled by LabView program. The 

substrate operated as a working electrode and the stainless steel mesh was used as a counter 

electrode. The potential was kept constant during the whole AO and different values in the 

range of 10–100 V were tested. The changing current during AO was monitored. The 

electrolyte solution was prepared from ethylene glycol containing ammonium fluoride (0.3–

1.4 wt%) and deionized water (0–2 vol%). The anodized titania was rinsed with deionized 

water and dried by compressed nitrogen. 

 

3. RESULTS AND DISCUSSION 

The present research demonstrates the method for the fabrication of short, vertically aligned 

open TNTs via anodic oxidation of Ti in organic electrolyte. The influence of electrolyte 

containing different amount of water and ammonium fluoride together with various applied 

potential was observed by SEM. The balance between chemical etching and oxidation is the 

main parameter for successful preparation of TNTs. Due to the thin titanium film, the 

anodization time is very short. The crucial condition was to slow down the oxidation process 

in order to prolong the oxidation time and simultaneously to increase the etching power to 

fully etch the initial oxide barrier layer. The optimization of these two processes led to open 

self-ordered TNTs. The electrolyte containing 1.2 wt% NH4F and 1 vol% H2O in ethylene 

glycol was found to have the most suitable composition regarding the above mentioned 

criteria (Figure 1B). If the electrolyte obtained less or more water, the resulting product was 

disordered porous oxide layer without nanostructures (Figure 1A). 



XVI. Workshop of Physical Chemists and 

Electrochemists 
 

196 

BBrrnnoo  

22001166  

 

Figure 1.: TNTs created in process A) when anodic oxidation dominates and B) when anodic oxidation is in 

balance with chemical etching. 

 

4. CONCLUSION 

The present work demonstrates a method for direct anodic transformation of Ti thin film into 

nanotubular TiO2 array. Simple AO of this substrate in electrolyte containing ethylene glycol, 

water and NH4F allows the controlled fabrication of ordered and highly regular TNTs. The 

influence of different electrolytes on resulting morphology of nanostructures enables us to 

better understand how the TNTs creation can be controlled. The XPS spectra shows the effect 

of thermal treatment on the chemical composition of TNTs. The optimization of the 

anodization process lead to open self-ordered free-standing short TNTs. As fabricated TNTs 

have a very good potential for future sensing, biomedical and mainly photocatalytic 

applications, especially in advanced oxidative degradation of persistent organic pollutants in 

drinking water. 
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Abstract 

Benzo[a]pyrene (BaP) is human carcinogen that is activated by cytochrome P450 (CYP), 

predominantly by CYP1A1. We found that efficiencies of this CYP in BaP oxidation and 

BaP-derived DNA adduct formation is dictated by its expression in prokaryotic and 

eukarypotic organisms, being less efficient in the prokaryotic system. 

 

1. INTRODUCTION 

Benzo[a]pyrene (BaP) is a human carcinogen that covalently binds to DNA after activation by 

cytochrome P450 (CYP) [1,2].CYP1A1 is the most important enzyme in BaP activation [2,3], 

in combination with microsomal epoxide hydrolase (mEH). First, CYP1A1 oxidizes BaP to 

an epoxide that is then converted to a dihydrodiol by mEH (i.e. BaP-7,8-dihydrodiol); then 

further bio-activation by CYP1A1 leads to the ultimately reactive species, BaP-7,8-

dihydrodiol-9,10-epoxide (BPDE) that can react with DNA, forming preferentially the 10-

(deoxyguanosin-N2-yl)-7,8,9-trihydroxy-7,8,9,10-tetrahydrobenzo[a]py-rene adduct [4]. BaP 

is, however, oxidized also to other metabolites such as the other dihydrodiols, BaP-diones and 

hydroxylated metabolites. [5,6]. There is still limited information on the mechanim of the 

reaction cycle of BaP oxidation catalyzed by human CYP1A1. Here, we investigated BaP 

metabolism catalyzed by human CYP1A1 in prokaryotic and eukaryotic model systems. 
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2. MATERIAL AND METHODS 

Human CYP1A1 expressed in the eukaryotic system (microsomes of insect cells transfected 

with human CYP1A1 and NADPH:CYP reductase, POR - Supersomes™) and in the 

prokaryotic system of Escherichia coli cells (E. coli membranes containing over-expressed 

human CYP1A1 and POR - Bactosomes) were used as models. HPLC was used to separate 

and identify BaP metabolites and the 32P-postlabling method to detect and quantify BaP-

derived DNA adducts [5,6]. 

 

3. RESULTS AND DISCUSSION 

In the eukaryotic cells, CYP enzymes, including CYP1A1, are components of a mixed-

function oxidase (MFO, monooxygenase) system located in the membrane of endoplasmic 

reticulum (microsomes). This enzymatic system also contains other enzymes, the 

multidomain flavoprotein POR and cytochrome b5 accompanied by its NADH:cytochrome b5 

reductase (CBR). Because Supersomes™ are microsomes, they contain beside the over-

expressed human recombinant CYP1A1 with POR, also basic levels of CBR, microsomal 

epoxide hydrolase (mEH) and cytochrome b5. In the case of the prokaryotic cells of E. coli 

transfected with human CYP1A1 and POR, this CYP together with POR are expressed in the 

cell membrane that does not contain any other enzymes of the MFO monooxygenase system. 

BaP-9,10-dihydrodiol, BaP-7,8-dihydrodiol, BaP-1,6-dione, BaP-3,6-dione, BaP-9-ol, BaP-3-

ol, a metabolite of unknown structure, and two BaP-DNA adducts were generated by the 

CYP1A1-Supersomes™ system, both in the presence of NADPH and in the presence of 

NADH. BaP-3-ol as the major metabolite, BaP-9-ol, BaP-1,6-dione, BaP-3,6-dione, an 

unknown metabolite, and at least three BaP-DNA adducts were observed in the system using 

CYP1A1 expressed with POR in E. coli plus NADPH, a cofactor of POR. Because of the 

absence of mEH, no dihydrodiol metabolites of BaP were formed. When CYP1A1 in E. coli 

membrane was incubated with a cofactor of CBR, NADH, no BaP metabolites as well as BaP-

DNA adducts were detectable. Only low levels of BaP-DNA adducts were found in the 

presence of NADH when purified CBR and cytochrome b5 were added into the E. coli 

enzymatic system. This finding suggests a role of the NADH/cytochrome b5/CBR system as 

sole donor of electrons to CYP1A1 in its reaction cycle substituting the system of POR with 

NADPH. The results found indicate some limitation in the use of human CYP1A1 expressed 

in cells of the prokaryotic organism, E. coli. The differences between enzyme (protein) 

compositions of the cell membrane of E. coli from those of the microsomal membrane of 
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Supersomes™, absenting several components of the CYP monooxygenase system, seem to be 

responsible for the found results.  
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Abstract 

The aim of this work is preparation and use of an electrochemical DNA biosensor with 

textured surface for the investigation of DNA interactions with specific chemicals in 

biological samples of complex matrix such as urine. Results obtained at the search and 

optimization of polymer protective films on the DNA recognition layer will be presented. 

Polyvinyl alcohol membrane has been found as effective barrier able to stabilize the biosensor 

response in the given matrix. An interaction of acridine yellow and doxorubicin as the 

representatives of DNA intercalators has been studied by using cyclic voltammetry with the 

DNA redox indicator and square wave voltammetry of the guanine and adenine moieties 

anodic responses. 

 

1. INTRODUCTION 

Electrochemical DNA based biosensor is an analytical device that represents the connection 

between the nucleic acid as a biorecognition element and the electrode made of different 

materials as a physicochemical transducer [1]. External protective polymer membranes have 

been reported to prevent the biosensor surface against the influence of interfering substances 

in complex matrices [2]. 

Intercalators are the significant class of aromatic compounds and some of them are used in the 

treatment of cancer. Acridine yellow (AY) is a yellow dye which damages DNA and is used 

as a mutagen in the microbiology. Studies show that AY is the intercalator capable of binding 

to the DNA double helix and change its structure [3]. Patent from 2009 (US 2009/0136933 

A1) also shows possibility of the electrochemical determination of DNA damage in the 

presence of derivate of acridine [4]. Doxorubicin (DOX) also called daunomycin or 

adriamycin is an anthracycline antibiotic. It is known that DOX interacts with DNA and 

inhibits the function of the enzyme topoisomerase II [5]. There are also studies of the 
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electrochemical determination of doxorubicin and its effect on the DNA structure using 

biosensors [6]. 

The goal of the work was to compare the possibility of the detection and monitoring of the 

dsDNA interaction with intercalating substances in phosphate buffer and in complex 

biological matrix of urine. 

 

2. MATERIAL AND METHODS 

Reagents 

Salmon sperm dsDNA was obtained from Sigma-Aldrich, Germany. Its stock solution was 

prepared in a PB. Polyvinylalcohol was obtained from Sigma-Aldrich, Germany and 

dissolved it nanopure water. Stock solutions of acridine yellow and doxorubicin were of 

concentration 2.10-5 mol.dm-3. 

Apparatus 

All measurements were performed using the potentiostat Autolab and were carried out in the 

three-electrode system using a glassy carbon working electrode (GCE), a silver|silver chloride 

reference electrode (Ag/AgCl/sat KCl) and a platinum counter electrode. 

Preparation of the biosensors 

The GCE surface was pretreated by applying a constant potential. Chemical modification of 

the electrode was carried out by covering the surface of the GCE by a layer of dsDNA 

deposited on the electrode surface under the conditions of the adsorption potential. Then, 

a drop of PVA stock solution was deposited and let to evaporate to dryness.  

Procedures 

Cyclic voltammetry (CV): in 1 mM [Fe(CN)6]
3−/4− in 0.1 mol.dm-3 PB, potential range from 

-0.4 to 0.8 V, scan rate 100 mV·s–1, potential step 2 mV. 

Square wave voltammetry (SWV): in 0.1 mol.dm-3 PB pH 7.4, pulse amplitude 40 mV, 

frequency 100 Hz, scan rate 1.5 V.s-1, potential step 15 mV. 

Electrochemical impedance spectroscopy: in 1 mM [Fe(CN)6]
3−/4− in 0.1 mol.dm-3 PB, 

polarization potential 0.1 V, frequency range from 0,1 Hz to 5000 Hz (51 frequency steps), 

amplitude 10 mV. 
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3. RESULTS AND DISCUSSION 

CV measurements indicated that the interferences in the urine were adsorbed on the surface of 

both the bare GCE and the DNA/GCE electrodes and reduced the redox response of the 

[Fe(CN)6]
3-/4-. The surface of the biosensor was modified by selected polymer membrane of 

PVA to protect it against interfering substances. From the evaluation of the time and 

dimensional stability of the CV redox indicator it could be concluded that the PVA membrane 

is suitable for the protection of biosensor from high molecular weight substances in the urine. 

This was confirmed by electrochemical impedance spectroscopic (EIS) measurements. From 

the SWV measurements it was found that the membrane did not significantly change the 

signals of adenine and guanine base moieties. 

The DNA biosensor with a protective membrane was used to test an effect of known 

intercalating substances AY and DOX added to the urine matrix on the structure of 

immobilized DNA. CV measurements confirmed the intercalation of the substances under 

study and SWV measurements showed a significant change in the structure of DNA after an 

incubation of the biosensor in intercalating substances solutions. The intercalators are 

detectable in buffer alone and in the biological matrix as well. 

 

4. CONCLUSION 

The goal of the work was to construct an electrochemical DNA biosensor with protective 

polymer membrane for an analytical examination of substances interacting with DNA in a 

complex biological matrix of urine. Electrochemical analysis using the biosensor is suitable 

for investigation of intercalators such as acridine yellow and doxorubicin with dsDNA. 
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Abstract 

The non-toxic intracellular delivery of biopolymers is very hot topic in current biology. In this 

work, two different MATRA-A reagent/polyethyleneimine transfection protocols were used 

for intracellular delivery of ChR2 DNA vector. Cell morphology changes were studied 48 

hours after transfection. Our transfection efficiency is lower than normally achieved, but the 

rate of cells with physiological properties remains is very high: 85.34%. Therefore, these 

transfection protocols are very applicable for electrophysiological experiments. 

 

1. INTRODUCTION 

The agent based transfection methods for intracellular biopolymer delivery, which have 

increasing attention in last years has major drawbacks such as low transfection efficiency or 

impossible specific biopolymer targeting. Magnetofection – an approach for intracellular 

plasmid delivery of DNA/magnetic nanoparticle complex (MNP) can overcome these 

drawbacks. For proper electrophysiological experiments choose of proper transfection 

approach is an essential, because transfection protocol itself can significantly change the cell 

health, morphology and electrophysiological properties. Based on these facts magnetofection 

seems to be very applicable method for electrophysiological experiments because of its low 

cytotoxicity, high transfection efficiency and easy targeting [1–3]. 
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In these work two magnetofection protocols are performed and transfection efficiency and 

toxicity are observed. The goal is to preserve physiological cell morphology with high 

transfection efficiency which are essential for electrophysiological experiments.  

 

2. MATERIAL AND METHODS 

For cell cultures (HEK293T) minimum essential medium eagle (EMEM, Sigma) 

supplemented with 10% FBS (Sigma), 1% Penicillin/Streptomicin (Sigma-Aldrich) and 1% 

L-glutamine (Sigma) were used. Cells were seeded at 24-well plate (TPP) with density 3-

4×104 cells/well and cultured for 48 hours at 37 °C and 5% CO2 before each experiment.  

Two transfection protocols for humanized pCAG-hChR2-YFP (Channelrhodopsin-2, 

Addgene) plasmide delivery were defined: In the first protocol (DNA-MATRA-PEI) DNA 

was resuspend in serum-free EMEM and incubated for 20 minutes with MATRA-A reagent. 

Afterwards PEI was added and incubated for 10 minutes. In the second protocol DNA 

plasmide and PEI were diluted in serum-free EMEM with 10 minutes incubation followed by 

addition MATRA-A reagent and 20 minutes incubation. Both protocols were optimized for 

high transfection efficiency and low cell morphology changes and were performed in 

duplicates. During the optimization different concentrations of MATRA-A reagent (2.00 to 

8.00 µg×ml-1) and PEI (1.00 to 6.00 µg×ml-1) were used. DNA concentration was chosen as 

1.10 ng×ml-1. All concentrations were taken from previously used routine protocols. In each 

protocol positive (DNA + PEI in 150 mM NaCl and DNA + MATRA-A reagent in serum-free 

EMEM) and negative control (pure DNA, PEI in 150 mM NaCl and MATRA-A reagent in 

serum-free EMEM) were included. After the incubation, each sample was completed with 500 

µl of fresh EMEM and added to seeded cells. Than the plate was placed on magnetic plate in 

the incubator for 20 minutes. Afterwards the plate was incubated at 37°C and 5% CO2 outside 

the magnetic plate. After 48 hours from fluorescent images were taken using confocal laser 

scanning microscope Leica TCS SP8 X with the picosecond White Light Laser. The well-

working concentrations of individual transfection components are listed in Table 1. The 

concentrations are selected for the best ratio of patch clamp suited cells.  

For plasmid transfection efficiency MATLAB 2013b (Mathworks) script was used. Script 

compare quantity of ChR2-YFP expressing cells and the quantity of cells marked by DAPI. 

Cell morphological analysis was made as follows: the quantity of cells with rounded outline 

(Hough transform) is compared to the total quantity of cells stained with DAPI. 
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3. RESULTS AND DISCUSSION 

In comparison to commonly used methods, our protocols reached lower transfection 

efficiencies. Nevertheless we were focused on the cell health and morphology, which 

corresponds to cell adhesion and viability. These indicators are very important for proper 

patch clamp experiments. In both protocols we received high proportion of cells which are 

suitable for electrophysiological experiments – 85.34% in case of the first protocol, 75.98% in 

case of the second protocol. In Table 1 all individual transfection components are listed with 

corresponding transfection efficiencies and patch clamp capability ratios. The results chose is 

selected for highest ratio of path clamp suitable cells.  

Table 1: Concentrations of individual transfection reagents for plasmid delivery with the best ratio of 

transfection efficiency and cell morphology 

 Transfection 

protocol 

PEI 

(µg×ml-1) 

MATRA-A 

reagent  

(µg×ml-1) 

Tr. efficiency 

(%) 

Patch clamp 

capability (%) 

1. 
DNA-MATRA-

PEI 
3.50 7.00 69.45 85.34 

2. 
DNA-PEI-

MATRA 
2.25 4.50 87.18 75.98 

 

4. CONCLUSION 

Two MATRA-A reagent/polyethyleneimine transfection protocols for humanized pCAG-

hChR2-YFP are optimized in this paper. Transfection efficiency and cell morphology are 

studied 48 hours from transfection. In both protocols transfection efficiency is lower than 

commonly achieved. In the first protocol transfection efficiency is lower than in second but 

proportion of patch clamp suitable cells is higher – about 85%. In case of the second protocol 

the patch clamp capable cells ratio is more than 75%. The first transfection protocol produce 

better results, but both can be successfully used in electrophysiology experiments. 

Our future work will be focused on the investigation of electrophysiological properties of the 

cells. 

 

5. ACKNOWLEDGEMENT 

The article was supported by project no. FEKT-S-14-2300 A new types of electronic circuits. 

 



XVI. Workshop of Physical Chemists and 

Electrochemists 
 

208 

BBrrnnoo  

22001166  

6. REFERENCES 

[1] A. V. Kornev and M. V. Dubina, “Magnetic nanoparticles and intracellular delivery of biopolymers,” Ross. 

Fiziol. Zh. Im. I. M. Sechenova, vol. 100, no. 3, pp. 257–273, Mar. 2014. 

[2] X. Wang, L. Zhou, and H. Gu, “Charged Magnetic Nanoparticles for Enhancing Gene Transfection,” IEEE 

Trans. Nanotechnol., vol. 8, no. 2, pp. 142–147, 2009. 

[3] T. K. Kim and J. H. Eberwine, “Mammalian cell transfection: The present and the future,” Anal. Bioanal. 

Chem., vol. 397, pp. 3173–3178, 2010. 

  



XVI. Workshop of Physical Chemists and 

Electrochemists 
 

209 

BBrrnnoo  

22001166  

THE ELECTROCHEMICAL ANALYSIS OF DNA HEXAMER 

d(GCGAGC) 

Iveta TŘÍSKOVÁ1, Libuše TRNKOVÁ1* 

1 
Department of Chemistry, Faculty of Science, Masaryk University, Brno, Kamenice 5, CZ-625 00 Brno, 

Czech Republic  

*libuse@chemi.muni.cz  

Abstract 

The aim of our research is the voltammetric analysis of the DNA hexameric mini-hairpin 

d(GCGAGC). The cyclic voltammetric experiment on a hanging mercury drop electrode 

(HMDE) yields reduction signals of adenine (A) and cytosine (C) moieties and two oxidation 

signals of guanine moieties (G); these signals were investigated with respect to the hexamer 

concentration and pH of buffered solutions (phosphate-acetate buffer). Although the character 

of LSV curves is similar for different concentrations and pHs, the elimination voltammograms 

are different and show the other character of adsorption.  

 

1. INTRODUCTION 

DNA hairpins play a key role in many biochemical processes on cellular level, because they 

are considered potential recognition sites for regulatory proteins operating the living 

cycles[1]. The shortest and the most stable DNA hairpin d(GCGAAGC) is linked with the 

triplet repeat expansion events in the nucleic acid chain, and therefore it is associated with 

many neurodegenerative disorders [2, 3]. Based on the semi-empirical structural and energetic 

analysis it was proposed that even the shorter hexameric hairpin, d(GCGAGC), may exist in 

solutions [1, 4]. From the electrochemical point of view, the DNA oligomers (hexamers and 

heptamers) provide the characteristic reduction adenine-cytosine (AC) signals and double-

shaped oxidation signals of guanine moieties (G peak) on the mercury electrode in buffered 

aqueous solutions [3]. The aim of this study was the voltammetric analysis of DNA mini-

hairpin d(GCGAGC).  

 

2. MATERIAL AND METHODS 

Cyclic voltammetry of DNA hexamer d(GCGAGC) 

The electrochemical behavior of the DNA hexamer d(GCGAGC) (Thermo Fisher Scientific, 

Ulm, Germany) was investigated using the electrochemical analyzer AUTOLAB PGSTAT 20 
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(EcoChemie, Utrecht, The Netherlands). The measured samples with concentrations from 

45nM to 855 nM in phosphate – acetate (PA) buffer (mixture of 0.4 M acetic acid, 0.4 M 

phosphoric acid and 2 M sodium hydroxide; pH 3.57 – 6.26) were dosed into the 

voltammetric cell occupied with three electrodes: a hanging mercury drop electrode (HMDE) 

with an effective area of 0.04 mm2 as the working electrode, an Ag/AgCl/3M KCl and a Pt 

wire as the reference and auxiliary electrodes, respectively. 

The experimental conditions were as follows: the potential range was changed from 0 V to  

-1.7 V; scan rates: 200, 400 and 800 mV/s, the accumulation potential: -0.1 V, the 

accumulation time was 60 s. The experiments were carried out in inert argon atmosphere 

(99.999 %) at room temperature. From the smoothed voltammetric curves (Savitzky–Golay 

filter, level 2) the elimination function E4, simultaneously eliminating kinetic and charging 

currents and diffusion current conserving, according to the equation f(I) = 17.485 I – 11.657 

I1/2 – 5.8584 I2[5-13] was calculated. 

 

3. RESULTS AND DISCUSSION  

Cyclic voltammetry of DNA hexamer d(GCGAGC) 

Similar to the DNA heptamer, the DNA hexamer with the sequence of d(GCGAGC) provided 

the characteristic reduction AC signals and the double–shaped oxidation signals of guanine 

(G) moieties on the mercury electrode (HMDE) in buffered solutions (PA buffer; pH from 

3.57 to 6.26). The voltammetric experiment proved that the current intensity and potential 

position of redox signals is strongly dependent on the concentration and pH. 

a) Effect of pH 

It is obvious that in more acidic pHs (3.57 and 4.09), the hexamer studied provided only one 

AC reduction signal while the G oxidation signal was not detected. With increasing pH the 

AC reduction signals are going to separate on the electrode surface and a double–shaped G 

oxidation signal is observed. In addition, the elimination voltammetry revealed the adsorbed 

state of AC moieties in more acidic pHs. Using the elimination voltammetric procedure it was 

found that at higher pH values AC moieties are reduced without full adsorption on the 

electrode surface but G moieties are oxidized in full adsorptive state. 

b) Effect of concentration 

Besides the pH effect, the concentration effect on the redox responses of the DNA hexamer 

was monitored. The voltammetric experiments proved that the concentration change does not 

significantly affect the hexamer signals. Although the character of LSV curves is similar for 
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different concentrations and pHs, the elimination voltammograms indicate a different 

character of adsorption.  

 

4. CONCLUSION 

We can conclude that the DNA hexamer d(GCGAGC) yields both AC reduction and 

oxidation (guanine) voltammetric signals on a mercury electrode in buffered solutions, similar 

to DNA heptamer results. It is obvious that the pH effect on structural changes is more 

significant than the effect of concentration.  

The application of the elimination procedure (EVP) confirms the electrode process with 

electron transfer in adsorbed state for both AC reduction and G oxidation signals. The EVP 

signals were changed significantly with pH, and at lower pH the AC counterpeaks were split.  
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Abstract 

Nowadays in pharmaceutical research is problem that new chemical entities are poorly 

water soluble and therefore present a low dissolution rate. One approach to increase their 

solubility is to convert the crystalline form of a drug into the amorphous form. 

In this study, the co-amorphous IND-TRY mixtures were prepared by mechanical 

activation – ball milling. It was given different amount of polyvinylpyrrolidon to the mixture 

and was characterized. Solid - state properties were analyzed by dynamic mechanical analysis 

(DMA). It was found that addition of polyvinylpyrrolidon improved stability compared to the 

pure co-amorphous form. Glass transition state is growing with addition of PVP. 

 

1. INTRODUCTION 

Approximately 90% of small molecular weight drug candidates under development have poor 

aqueous solubility[1]. Problems in finding an appropriate drug delivery system for poorly 

water soluble API can severely compromise the chance of the API to be further developed. 

Therefore, it is necessary to overcome problems associated with limited dissolution of an API 

in order to enable promising drug candidates to reach the patient[6]. 

One of the most promising approaches in the development of drug delivery systems to 

improve the efficacy of new drugs is the conversion of a crystalline drug to its respective 

amorphous counterpart[2]. However, the main drawback of the use of individual amorphous 

drugs is their physical instability during manufacturing, storage or administration with respect 

to their inherent tendency to recrystallize due to the fact that they are thermodynamically 

unstable[3]. One strategy to improve the stability of amorphous drugs is to incorporate them 

into amorphous polymers to create glass solutions[4], which can be described as molecular 
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mixtures of a drug and a hydrophilic polymer. The increased physical stability of these 

amorphous systems can be explained (at least in part) by their increased glass transition 

temperature (Tg), compared to the Tg of the pure amorphous drug, resulting from the 

frequently high Tg of the polymers. In this case we tried used aminoacid as stabilizer and 

PVP[6,7]. As drug we used Indomethacin – poorly water soluble BCS class II drug. 

Indomethacin is a nonsteroidal anti-inflammatory drug (NSAID) that reduces fever, pain and 

inflammation. We tried to prepare co-amorphous mixtures with aminoacid and polymer and 

will see that is working, is stable or not. 

 

2. MATERIAL AND METHODS 

Materials  

Indomethacin (IND, M=357.79 g/mol) was purchased from Hawking, Inc. Pharmaceutical 

Group (Minneapolis, USA). The amino acids L-tryptophan (TRP, M=204.23 g/mol) was 

obtained from Sigma-Aldrich (St. Louis, USA). As polyvinylpyrrolidon, was selected 

Kollidon VA 64 from BASF (The Chemical Company, Germany). All compounds were used 

as received. 

Methods 

Preparation of the amorphous form 

Co-amorphous blends of drug, amino acid and PVP were prepared by vibrational ball 

milling. The ball milling samples were produced by placing a total mass of 500 mg of the 

crystalline compounds, or the appropriate amount of drug and amino acid at the molar ratio 

1:1 with 0 %, 1 %, 2 %, 5 % of PVP, respectively, into 25 ml milling jars with two 12 mm 

stainless steel balls, and milling at 30 Hz for 90 min in an oscillatory ball mill (Mixer Mill 

MM400, Retch GmbH & Co., Haan, Germany), which was placed in a cold room (+6 °C). 

Dynamic mechanical analysis (DMA) 

The Q800 DMA (TA instruments, New Castle) was used to measure the glass transition 

temperature of amorphous samples.  

 

3. RESULTS AND DISCUSSION 

All co-amorphous mixtures revealed a single glass transition temperature (Tg). We can 

investigate that addition of PVP has good response, because with higher addition of PVP we 

have higher glass transition temperature. Results are in Table 1. Type of result is in Figure 1. 



XVI. Workshop of Physical Chemists and 

Electrochemists 
 

214 

BBrrnnoo  

22001166  

Table 1.: Glass transition temperature Tg from DMA 

 

 

 

 

 

 

 

 Figure 1.: DMA – addition of 2 % PVP 

4. CONCLUSION 

In this study mechanical activation ball milling was successfully applied to obtain co-

amorphous mixtures of indomethacin and as stabilizers was used tryptophan and addition of 

PVP Kollidon VA 64. The improved compared to the amorphous physical mixtures stability 

can be attributed to the formation of an IND-TRY molecular mixture where aminoacid acts as 

a stabilizing component (anti-plasticizer), which is beneficial for stability even in the absence 

of molecular interactions. 

 Glass transition increases with addition of PVP. DMA is useful method for determined 

glass transition temperature. We can use as a complementary method for DSC (differencial 

scanning calorimetry). 
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0 % PVP 94,06 

1 % PVP 97,50 
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Abstract 

The formation of anodic guanine double peak when oxidizing reduced deoxyribonucleic 

oligonucleotide containing uracil DNA(U) was studied on static mercury electrode in 

phosphate-acetate buffer solution (pH 4.5) at different potentials of guanine residue reduction. 

 

1. INTRODUCTION 

A typical cyclic voltammogram of DNA (i.e. dependence of generated current on polarization 

potential) consists of reduction peaks of adenine (A) and cytosine (C) residues which often 

fuse together at approximately -1.4 V; under certain circumstances it is even possible to detect 

anodic peak corresponding to oxidation of guanine residues [1]. This anodic current is 

generated by reverse oxidation of dihydrogen derivative which is a product of guanine residue 

reduction [2]. In other words, to obtain guanine oxidation signal it is necessary to reduce 

relevant residue at sufficiently negative potential and to introduce reverse anodic scan after 

guanine reduction (e.g. by the means of cyclic voltammetry). Usually the guanine oxidation 

signal has form of a single peak, however, under special condition (such as the choice of 

phosphate-acetate buffer without ammonium formate) the anodic peak may be shaped as 

double peak (e.g. [3]). The mentioned formation of double peak attracts attention since the 

origin and formation of the second peak are unclear. 

The aim of this work is to explore the behaviour of guanine oxidation double peak under 

different conditions and thus reveal its basic characteristics. As the examined nucleic acid an 

oligonucleotide (22 nt) with deoxyribonucleic backbone was used where thymines were 

replaced by uracil (DNA(U)). 

 

2. MATERIAL AND METHODS 

Lyophilized samples of DNA(U) of following sequence  

5’-UGGCAGUGUCUUAGCUGGUUGU-3’ were purchased from Sigma Aldrich Company. 

Phosphate–acetate buffer was prepared as a mixture of acetic acid (glacial, Sigma Aldrich; 

ACS reagent), phosphoric acid (84%; p.a.; Penta Chrudim), and sodium hydroxide (Sigma 
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Aldrich; 97%; p.a.). The samples were measured at pH 4.5. All solutions were prepared in 

MILI Q water. The voltammetric experiment was realized using the electrochemical analyser 

µAUTOLAB TYPE III (Metrohm, Switzerland). The solution of DNA sample was dosed into 

the voltammetric cell with three-electrode set: the static mercury drop electrode (SMDE) as a 

working electrode, and Ag/AgCl/3M KCl and Pt wire as a reference and an auxiliary 

electrode, respectively. 

 

3. RESULTS AND DISCUSSION 

The sample of DNA(U) was diluted to the concentration of 6·10-8 M and adsorbed on SMDE 

at a potential of 0 V for 120 s. Then the DNA(U) covering the mercury electrode was reduced 

by negative potential (from range -1.3 to -1.6 V) for 1.0 s. Subsequent anodic polarization of 

SMDE from -1 V to 0 V produced guanine double peak. The results indicate that the shape of 

double peak, especially the ratio between first (GI) and second (GII) guanine oxidation peak 

changes considerably with potential of guanine residue reduction (Figure 1). The first sign of 

guanine oxidation signal emergence is visible after the reduction at potential -1.35 V. With 

increasing the potential of reduction to more negative values, the first peak (GI) grows rapidly 

until the potential of reduction is -1.48 V. Afterwards there is a decrease in the height of the 

first peak (GI). At potential of reduction of -1.6 V there is a sudden shift in the ratio of the 

peaks (GI/GII). 

 

Figure 1.: LSV curves of 6·10-8 M DNA(U) after 120 s of adsorption at 0 V with consecutive effect of reduction 

potential (in the legend) for 1.0 s. Measured in phosphate-acetate buffer (pH 4.5). 
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4. CONCLUSION 

The shape dependence of guanine oxidation double peak was tested by reduction at different 

potentials. It may be concluded that the generation of the second (more positive) guanine peak 

has probably a higher energy barrier since it is sharply growing after setting the potential of 

reduction -1.6 V. This increase of second peak is accompanied by decrease of the first one – 

possibly because of conservation of the charge or because of the competition for free 

electrode surface sites with evolving hydrogen. 
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Abstract 

Last few decades Surface Plasmon Resonance (SPR) has been used for label-free detection 

and characterization of biochemical kinetics and affinities. The physical phenomenon is not 

limited to biochemistry, but is also applicable for characterization of other nanoscale 

layers [1]. In addition to kinetic information (kon, koff), Multi-Parametric Surface Plasmon 

Resonance (MP-SPR, a novel method) quantifies also structural changes. Uniquely, two 

wavelength measurement allows calculation of refractive index (RI) and thickness (d) without 

prior knowledge of either parameter [2-3]. The measurements can be conducted on 

subnanometer thick (3.7 Å graphene measured in [4]) up to micrometer (drug release from 

5 µm thick co-polymer measured in [5], living cells [6]) thick layers.  

Here, we present a combination of MP-SPR with electrochemical methods for 

electrodeposition of thin films in-situ, for studies of electroswitchable surface and for 

validation of electrochemical biosensors. The examples include parallel measurements of MP-

SPR with potentiometric, amperometric or impedance spectroscopy. 

 

1. INTRODUCTION 

 

 

 

Figure 1.: Left: Set-up of EC-MP-SPR configuration. Right: In MP-SPR measurement, the changes are 

measured in angular scanning mode at two different wavelengths, here in a 2-channel set-up. 
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Metal stripping and deposition 

Surface plasmon resonance is especially sensitive to changes in metal layers, such as control 

of thickness, cleanliness, surface roughness, doping or de-doping processes. Electrochemistry 

coupled to SPR (EC-MP-SPR) was employed to follow the elementary processes of 

electrodeposition and stripping of metals. Such combination with amperometric or 

coulometric methods enables analysis of the formed layers in real-time and label-free. 

Electroswitchable surfaces 

CP polymer poly (3,4-ethylenedioxythiphene) (PEDOT) and poly(acrylic acid) (PAA) were 

studied at different pH and electric potential. PEDOT is biocompatible and electroactive in 

aqueous solutions, while PAA brushes are pH responsive.  

Biosensor development 

In this experiment, binding reaction of small molecule weight drug methotrexate (MTX) to 

immobilized anti-methotrexate was followed. 

 

2. MATERIAL AND METHODS 

Metal stripping and deposition 

MP-SPR Navi™ 200 OTSO instrument was equipped with an electrochemical flow-cell that 

was connected with PalmSens3 potentiostat in order to deposit copper onto a clean gold SPR 

sensor. The deposition was performed using a 0.1 M CuSO4 solution in 0.1 M HCl at a flow-

rate of 100 µL/min. A baseline was acquired during the first one minute of the measurement. 

After that an oxidation current of 50 µA was applied for a duration of 2.5 minutes. The 

measurement was performed in angular scanning mode of MP-SPR at two wavelengths 

simultaneously in two liquid channels (see Figure 1), in order to acquire data for thickness 

and refractive index analysis. 

Electroswitchable surfaces 

SPR Navi™ 200 with an electrochemical flow-cell was used to monitor changes in film 

morphology caused by changed potential (0.4, 0 and -0.25V) (CH Instruments 650). BrEDOT 

was polymerized using cyclic voltametry. PAA brushes were grafed onto the surface (more 

details in [7]) Surfaces were measured in 50mM NaCl solution at pH 4 and pH 9.  
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Biosensor development 

In this experiment, MP-SPR Navi™ VASA was equipped with an electrochemical flow-cell 

(Figure 2). Solid state reference electrodes (SSRE by BioNavis) made of an Ag/AgCl wire 

covered with a chloride-containing PVC/PU membrane were connected to a potentiostat 

(PalmSens3) for potentiometric and impedance measurements. MTX (454 Da) was 

immobilized on a self-assembled layer of cysteamine and activated with glutar-aldehyde (GA) 

ex situ. PBS was used as a running buffer at pH 7.45. All measurements were performed in 

angular scanning mode of MP-SPR at two wavelengths (670 nm and 785 nm) in two fluidic 

channels simultaneously with electrochemical measurements (Figure 2). 

The electrochemical impedance spectroscopy (EIS) measurement first cycle determined the 

open circuit potential (Eoc) and then collected an impedance spectrum in the frequency range 

of 1 to 20 000 Hz at this potential. The cycle time was 100 seconds. The experiment was run 

overnight in a fully automated mode. 

 

3. RESULTS AND DISCUSSION 

In all examples, the two wavelength MP-SPR angular scan data was analysed using 

LayerSolver™ to obtain thickness (d) and optical constants (n, k) of the formed layers. Gold 

sensor slide optical constants and thicknesses were fitted using Fresnel equations with 

background values for the calculation. 

Metal stripping and deposition 

The deposition of copper can be seen in the MP-SPR measurements (Figure 3 left) as shift of 

the peak minimum to the right (change in thickness) and as shift of the peak upwards 

(attributed to the light absorbance of the formed Cu layer). The resulting thickness change 

over time in both liquid channels can be seen in Figure 3 right. The calculated refractive index 

(n) and extinction coefficient (k) are shown in the insert. In theory, the optical constants 

should be similar to those of gold. In this case, they differ most likely due to 

nonhomogeneous growth, i.e. reflecting the deposition of copper intermediates or copper 

nanoparticles, which have a rather high RI and k [8]. 
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Figure 2.: Here, the measurements at 670 nm wavelength are shown for the duration of the electrodeposition of 

copper (2.5 minutes). Left: MP-SPR curves. Right: Calculated thickness in both liquid channels. 

 

Electroswitchable surfaces 

Using MP-SPR data analysis, the PBrEDOT layer thickness was determined as 18 nm and 

PAA as 15 nm thick. PEDOT shows a large response to the potential due to the changed 

oxidation state and therefore also in RI (Figure 3c-d). In basic environment (pH 9) PBrEDOT-

g-PAA brushes shoe slow increase in SPR angle (Figure 3a), which is likely due to the PAA 

conformational change (collapse during polymer oxidation). At pH4, PAA brushes are already 

collapsed and therefore similar effect is not seen. (Figure 3b) 

  

Figure 3.: MP-SPR measurement of electroswitchable surfaces. 
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Biosensor development 

Figure 4 shows measurement results of MP-SPR and potentiometry (left) and MP-SPR and 

impedance spectroscopy (right). The results are in line with expectations for penetration depth 

of different methods. While potentiometry records only reactions at the vicinity of the surface 

(a few Ångströms), MP-SPR and EIS reach deeper.  

  

Figure 4.: Binding of anti-MTX to MTX. Injections: 1. MTX, 2. hIGg, 3. anti-MTX (0.1 µg/mL), 4. anti-MTX 

(1 µg/mL), 5. anti-MTX (10µg/mL) and 6. anti-MTX (100 µg/mL).  

 

4. CONCLUSION 

In this paper, MP-SPR was shown in parallel use with a variety of electrochemical techniques 

for following of real-time events at the surface. Three experiments were described, where EC-

MP-SPR was used: (1) Metal electrodepostion, (2) Electroswitchable surfaces and 

(3) Biosensor development. The combinations included MP-SPR with potentiometry, 

impedance spectroscopy and electrodeposition. Such simultaneous measurements provide 

more complete analysis of surface interactions. 
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