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 The development boom of biomedical lab-on-chip (LOC) applications during the last two 

decades brought the need for the miniaturization of conventional mechanical actuators and 

manipulators. Laser-beam-driven mechanical micro-structures, trapped and moved by optical 

tweezers, can be easily integrated into the micro-fluidic LOC environment. The vast majority of 

light-driven micro-structures is prepared by two-photon polymerization direct laser writing (TPP-

DLW) using different photoresist materials.  

To facilitate the micro-structure development and optimization, the material properties of 

thephoto-polymers need to be determined experimentally. Although prior research has identified 

several methods that could be used for microstructure mechanical testing in static conditions, the 

knowledge of elastic moduli derived from those findings is not sufficient to explain the mechanical 

response of these structures in a dynamic regime. Our study established a method to investigate the 

viscoelastic material characteristics, which needs to be taken into account when designing nano- 

and micro-mechanical components used in dynamic stress conditions. Bending recovery 

measurements were carried out on photopolymer nano-wires submerged in liquid media. It was 

shown that the studied photopolymer materialsare well described by the mechanical model of 

standard linear solids. The direct comparison of the theoretical predictions and the experimental 

results allowed us to identify the effect of internal friction on the photopolymer mechanical 

properties. The internal damping originates partially from the uncured part of thephotoresinand 

partially from the solvent molecules penetrating into the polymer network. 

The elastic and/or viscoelastic character of photopolymer materials can be utilized in many 

different applications, including passive and active micro-rheology, microfluidic actuators, light 

robotics for single-cell manipulations,etc. We give an overview of the previous work in this 

fieldand show the possible future development areas. 
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Protein aggregation into amyloid fibrils is implicated in the pathogenesis of many amyloid-

related diseases as well as the formation of smart bionanomaterials.Many data about the amyloid 

aggregation of non-disease associated proteins such as hen egg white lysozyme or insulin was 

published in the last decades[1]. On the other hand, a comprehensive study of amyloid fibril 

formation for a non-disease associated proteinlike α-lactalbumin (α-LA) is still missing. α-LA is a 

small (123 aa) acidic Ca
2+

binding protein involved in the regulation of lactose biosynthesis as a 

component of lactose synthase. It has been found that Ca
2+ 

depleted α-LA,in its molten globular 

state at low pH,forms amyloid fibrils in vitro[2]. 

Using a multi-technique approach, we have examined the effect of different cations from 

Hofmeister series (NH4
+
, Cs

+
, K

+
, Na

+
, Cu

+
,Mg

2+
, Ca

2+
) in the form of chloride saltson the amyloid 

formation of Ca
2+

-depleted α-lactalbumin (α-LA). Thekinetics, the content of β-structure and 

amyloid fibril morphology have been studied using ThT fluorescence, infraredand CD 

spectroscopy, Congo red assay and AFM microscopy.The effect of cations on kinetic parameters of 

α-LA amyloid formation (length of lagphase and aggregation constant of growth phase)is strongly 

correlated totheirpositionin the Hofmeister series. The highest aggregation constants were observed 

for the outermost cations in the Hofmeister series, namely Mg
2+ 

and NH4
+
. However, the formed 

fibrils prepared in MgCl2have different secondary structure arrangement (Fig. 1B dashed line) and 

different morphology of fibrils (Fig. 1A) compared to fibrils prepared in presence of NH4Cl in 

which the fibrils are longer and more twisted (Fig. 1C).  

 
Fig. 1. AFMimages of α-LA fibrils prepared in the presence of MgCl2 (A) and NH4Cl (C).FTIR spectraof α-LA fibrils 

formed in presence of MgCl2 (B-brown dash line) and NH4Cl (B-solid violet line). 

 

The obtained results might contribute to a better understanding of the processes of amyloid 

self-assembly of globular proteins. 
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 Microplastics represent a serious environmental pollution of the 21
st
 century. Understanding 

their interactions with living organisms and finding ways of their removal is a prerequisite for 

keeping our environment healthy. Algae are aquatic organisms playing a key role in photosynthesis. 

Deep understanding of algal cell response is essential to predict how ecosystems may be affected by 

the environmental pollution and/or other human activities. The brightest endogenous fluorophores 

in plants are chlorophylls, the main electron donors and acceptors in photosynthesis. We have 

previously demonstrated application of fluorescence spectroscopy and microscopy tools to record 

endogenous fluorescence in Chlorella algae [1-2], as well as tested the effect of environmental 

stressors on these endogenous properties [2-3]. 

 Our aim was to examine endogenous fluorescence of sweet water algae Chlorella sp. by 

spectroscopy and microscopy methods and to monitor cell behavioural changes under influence of 

latex beads (amine-modified or carboxylate-modified polystyrene of 1.0 or 0.03 µm mean particle 

size, labelled with yellow-orange fluorescence ex/em 470nm/505nm, Sigma-Aldrich). We tested the 

effect of fluorescently-labelled latex beads (Fig. 1) on spectrally- and time-resolved 

autofluorescence in Chlorella algae. Our first experiments demonstrate the feasibility to evaluate 

the responsiveness of these algae to microplastics. Performed research will lead to proposal of new 

biosensing tools for monitoring of the environmental pollution in water and finding approaches for 

its removal.  

  
 

Fig. 1. Laser scanning confocal microscopy imaging of Chlorella sp algae, exc. 450nm, composite image 

of the green spectral region 480-520nm, red spectral region 620-680nm and transmission image in control conditions 

(left) and in the presence of fluorescent carboxylate-modified polystyrene beads of 0.03 µm (right), scale 10 µm. 

 

Acknowledgement 

This work is supported by VEGA No. 2/0123/18, as well as the Integrated Initiative of European Laser Infrastructures 

LASERLAB-EUROPE V (grant agreement no. 871124, European Union’s Horizon 2020 research and innovation 

programme). 

References 

[1] T. Teplicky, M. Danisova, M. Valica, D. Chorvat, D. Jr., and A. Marcek Chorvatova A. A., AEEE Journal 15 

(2017), 362-367, doi 10.15598/aeee.v15i2.2015.  

[2] Marcek Chorvatova A., Uherek M., Mateasik A., Chorvat D. Jr.: Time-resolved endogenous chlorophyll 

fluorescence sensitivity to pH: study on Chlorella sp. algae. Methods and Applications in Fluorescence 8 (2020): 

024007, doi 10.1088/2050-6120/ab77f4.  

[3] Z. Pavlinska, D. Chorvat Jr., A. Mateasik, M. Jerigova., D. Velic, N. Ivosevic DeNardis, A. Marcek Chorvatova, 

2020: Fluorescence responsiveness of unicellular marine algae Dunaliella to stressors under laboratory conditions. 

Journal of Biotechnology X 6 (2020), 1-10, doi 10.1016/j.btecx.2020.100018. 

SC2 



9
th

 Slovak Biophysical Symposium 

21 

Sequential determination of 90Sr and 210Pb in bone 

samples using molecular recognition technology 

product AnaLig® Sr-01 

S. Dulanská
1
, I. Coha

2
, M. Nodillo

2
 and Ţ. Grahek

2 

1Institute of Medical Physics, Biophysics, Informatics and Telemedicine, Faculty of Medicine, 

Comenius University, 813 72 Bratislava, Slovakia 
2 Division for Marine and Environmental Research, Ruđer Bošković Institute,  

Bijenička cesta 54, Zagreb, Croatia, 10000, Zagreb, Croatia 

e-mail: dulanskas@gmail.com 

 Radioactive isotopes 
210

Pb and 
90

Sr, accumulate in bones and procedures for their 

determination usually include radiochemical methods prior their detection. This work describes a 

novel method for simultaneous determination of 
210

Pb and 
90

Sr in bone samples by using molecular 

recognition technology product AnaLig
®
Sr-01 gel, commercially available from IBC´s 

Technologies Inc. This material was initially used for strontium isolation.  

Important drawback is that it also binds lead ions. This fact is used to develop a simple and 

rapid method for their simultaneous determination. Suitability and effectiveness of AnaLig
®
Sr-01 

gel was validated by analysis of certified reference animal bone material, supplied by International 

Atomic Energy Agency (IAEA A-12) and 
210

Pb reference sample. The developed single column 

method was used to determine the activity concentrations of 
90

Sr and 
210

Pb in bones of wild boars, 

deers and goats from different regions of Slovakia and Croatia (Fig.1). The proposed simple and 

effective method can be easily implemented in any radiochemical laboratory and the obtained 

results could be used for monitoring environmental areas of interest. The recoveries of both isotopes 

were high in all tested samples, 100 % for Pb and around 80 % for Sr. This is very important 

considering low activity concentration of radionuclides in environmental samples. The activity 

concentration of 
210

Pb correlated well with age of the animal (R
2
 = 0.94), whereas for 

90
Sr no 

correlation was found (R
2
 = 0.05). 

 

 

Fig. 1. Map of Slovakia and Croatia with locations of places where animals were hunted: 1 Sekule, 

2 Závod, 3  Rohoţník, 4 Plavecké Podhradie, 5 Bratislava, 6 Trnava, 7 Trenčín, 

8 Tatry, 9 Stará Ľubovňa, 10 Bardejov, 11 Košice, 12 Mljet 

 

Acknowledgement 

This work was supported by the project of the Slovak Research and Development Agency under the contract No. 

APVV-17-0150.  

SC3 

https://www.researchgate.net/institution/Ruer_Boskovic_Institute/department/Division_for_Marine_and_Environmental_Research
https://www.researchgate.net/institution/Ruer_Boskovic_Institute


9
th

 Slovak Biophysical Symposium 

22 

Luminal Eu3+ interferes with luminal Ca2+ regulation of the 

cardiac ryanodine receptor 

M. Gaburjáková
1
, J. Gaburjáková

1
 and J. Almassy

2
 

1  Institute of Molecular Physiology and Genetics, Centre of Biosciences, Slovak Academy of Sciences,  

Dúbravská cesta 9, 840 05 Bratislava, Slovakia. 
2 Department of Physiology, Faculty of Medicine, University of Debrecen, Debrecen 4002, Hungary. 

e-mail: marta.gaburjakova@savba.sk 

 In cardiac muscle, the ryanodine receptor (RYR2) functions as a Ca
2+

 release channel in the 

sarcoplasmic reticulum and plays a pivotal role in Ca
2+

 cycling required for rhythmic muscle 

contraction. Dysregulation of the RYR2 channel by luminal Ca
2+

 has been implicated in a life-

threatening, stress-induced arrhythmogenic disease [1]. The mechanism of this regulatory process is 

under debate, and it has been attributed to Ca
2+

 binding on the cytosolic face (the Ca
2+

 feedthrough 

mechanism: permeation of luminal Ca
2+ 

via the RYR2 pore in the lumen-to-cytosol direction) 

and/or the luminal face of the RYR2 channel (the true luminal mechanism). The molecular nature 

and location of the luminal Ca
2+

 site is unclear. 

 Our aim was to provide further strong evidence in support of the luminal Ca
2+

 site on the 

RYR2 channel using a trivalent cation, Eu
3+

. Because trivalent cations possess high binding 

affinities for Ca
2+

 sites and do not permeate Ca
2+

 channel pores [2], Eu
3+

 is an excellent 

experimental tool for directly manipulating only the luminal component of RYR2 regulation by 

luminal Ca
2+

. 

 At the single-channel level, we found that luminal Eu
3+

 modified the caffeine-activated 

RYR2 channel when bathed with luminal Ca
2+

. No appreciable effect was revealed for luminal Ba
2+

 

(mimicking the absence of luminal Ca
2+

). Importantly, distinct RYR2 gating modes acquired in the 

presence of luminal Ca
2+

 or Ba
2+

 were resistant to luminal Eu
3+

. Under our experimental conditions, 

essential determinants of the Ca
2+

 feedthrough mechanism (such as the Ca
2+

 current and RYR2 

sensitivity to cytosolic Ca
2+

) were not affected. This implies that the RYR2 cytosolic face was not 

likely involved in the observed changes. Our results indicate that two spatially distinct Ca
2+

 sites, 

accessible from the RYR2 luminal side even when the channel is closed, likely mediate true luminal 

regulation by independently controlling RYR2 sensitivity to caffeine and gating behavior [3]. 

 

 

 

 

 

 

 

 

 

 

Fig. 1. (A) RYR2 responsiveness to caffeine (left) is likely controlled by a luminal-facing Ca
2+

 site (right).  

(B) RYR2 gating behavior (left) is presumably regulated inside the channel pore (right). 
 

Acknowledgement 

This work was supported by the Slovak Scientific Grant Agency (VEGA 2/0011/18 and VEGA 2/0008/20) and EU 

Structural Fund (ITMS 26230120009). 

References 

[1] W. Chen, R. Wang, B. Chen et al., Nat Med 20 (2014), 184-192. 

[2] J.B. Lansman, J Gen Physiol 95 (1990), 679-696. 

[3] J. Gaburjakova, J. Almassy, M. Gaburjakova, Bioelectrochemistry 132 (2020), 107449. 

Caffeine, mM

0.0 1.0 10.0

P
O

0.0

0.2

0.4

0.6

0.8

1.0

1.2

8 Ca
2+

8 Ba
2+

8 Ca+4 Eu
8 Ba+3 Eu

A

R
Y

R
2
 a

c
ti
v
it
y

P
O

0.0 0.2 0.4 0.6 0.8 1.0

F
, 
s

-1

0

20

40

60

8 Ca
2+

8 Ba
2+

8 Ca+4 Eu
8 Ba+3 Eu

B

F
re

q
u
e
n
c
y
 o

f 
o
p
e
n
in

g
, 

s
-1

SC4 



9
th

 Slovak Biophysical Symposium 

23 

Regulation of the CaV2.2 channel by Grina/TMBIM3 protein 

resembles that by G-protein-coupled receptors 

L. Lacinová
1,2

, R.T. Mallmann
3
, L. Moravčíková

1
, 

B. Jurkovičová-Tarabová
1
, N. Klugbauer

3
 

1
 Center of Biosciences, Institute of Molecular Physiology and Genetics, Bratislava, Slovakia  

2
Faculty of Natural Sciences, University of Ss. Cyril and Methodius, Trnava, Slovakia 

3
 Institut für Experimentelle und Klinische Pharmakologie und Toxikologie, Albert-Ludwigs-Universität, 

Freiburg, Germany 

e-mail: lubica.lacinova@savba.sk 

 CaV2.2 channels are high-voltage activatedcalcium channels expressed exclusively in 

neurons. They are recognized for their unique role in nociception. Most investigated modulatory 

pathway regulating the CaV2.2 channels is G-protein-coupled receptor (GPRC) activated pathway 

leading to current inhibition by Gβγ subunit of G-protein.Pharmaceutical inhibition of CaV2.2 

channels by an activation of GPRC e.g. by opioid drugsis a common strategy for treatment of 

chronic and/or neuropathic pain. 

 We have applied the yeast split-ubiquitin system with its specific advantages to search for 

interaction partners of the CaV2.2 channel and identified several proteins directly interacting with 

the channel [1, 2]. Some of them appeared to be able to inhibit the channel. Most interesting 

interaction partner was Grina/TMBIM3 protein, which inhibited the channel by a mechanism 

resembling that of GPRC [3]. 

 When coexpressed with CaV2.2 channels,Grina/TMBIM3 protein significantly suppressed 

the current amplitude up to 50% and slowed the kinetics ofcurrent activation. This effect was 

accompanied by a significant shift of the voltage dependencies of activationtime constants towards 

more depolarized voltages. Application of a stimulus protocol including a strong depolarizingpulse 

relieved inhibition of current amplitude by Grina/TMBIM3. When Grina/TMBIM3 was 

present,inactivation by an action potential-like train of pulses was diminished. Both observations 

resemble mechanism ofhow the release of G-protein βγ subunits following activation of GPCR 

inhibits CaV2 channels. The impact of Grina/TMBIM3 and G-protein βγ subunits are rather 

comparable with respect to suppression of current amplitude andslowing of activation kinetics. 

Furthermore, both modulators had the same effect on current inactivation whenevoked by an action 

potential-like train of pulses. Kinetics of relief of current inhibition during strong depolarization and 

its restoration during prolonged repolarization was similar for both Grina/TMBIM3 and G-protein 

βγ subunits. 
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 Calcium ions play a central role in excitation–contraction coupling (ECC) by being 

themessenger linking electrical activation to mechanical contraction of cardiac myocytes.The most 

of calcium ions incardiac myocytes pass through the ryanodine receptors (RyRs) that form the 

calcium release sites (CRSs) on the membrane of sarcoplasmic reticulum.Calcium release from 

individual CRSs can be observed using calcium sensitive fluorescent dyes as intracellular calcium 

sparks. Recent experimental data show heterogeneity of RyR distribution inside the CRS of cardiac 

myocytes [1-3]. It is not clearwhether RyR distribution in the CRS influences properties of calcium 

sparks (amplitude, spatial and temporal properties).  

We developed a basic stochastic model of a CRS, which allows to manipulate RyR 

distributioninto arbitrary patterns. RyR activity was approximated by a two-state gating model 

conforming to published RyR properties such as sensitivity to allosteric activation by Ca
2+

 ions and 

sensitivity to competitive/non-competitive inhibition by Mg
2+

 ions. [4-5]. Calcium dynamics was 

treated using the linearized buffered diffusion approximation [6].  

 The results of the Monte-Carlo (MC) simulations and the mean-field (MF)simplification [7], 

which allows a huge decrease in computational demands, showed a significant influence of RyR 

distribution on calcium spark properties. However, MF simulations did not reproduce the results of 

MC simulations for RyR distributions observed experimentally. 

  MC simulations produced three types of calcium released events, namely quarks, blips and 

sparks, with characteristics responsive to the RyR distribution. We introduced ameasure of the RyR 

distribution calledvicinityv, defined as: 

 

where NRyR is the number of RyRs in the CRS and  is the distance between the i
th

 and j
th

RyR.The 

vicinity was foundto be a reasonable predictor of the calcium spark activity at different RyR 

distributions.While being simple, this model can befurther improved, and it makes this approach 

promisingfor studies on dynamics of calcium release. 
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The lecture proposes the research experience at the Department of Medical Biophysics, 

JFMED in Martin, CU in Bratislava related to electromagnetic fields (EMF) and their effects on 

living organisms, which the beginnings date back to 2009. 

Our experiments in humans focused on determining the responses of the Autonomic 

Nervous System (sympathetic, parasympathetic nerve activities) after exposure to a generated 

radiofrequency signal [1]. The aim of the study in humans (grammar school students: 25 exposed; 

25 control) at exposure to EMF limit values was to analyze heart rate variability (HRV) as an 

indicator of autonomic nervous system (ANS) excitability and reactivity. The results showed no 

statistically significant changes in HRV of the control group and physiological parameters (body 

temperature and blood pressure) in both groups. However, the results revealed an increase in 

parasympathetic activity in the spectral as well as time domain parameters of HRV analysis in the 

supination position in the exposed group compared to the control group. The numeric simulation 

revealed increased absorption in some parts of the CNS. At the end of this study, we confirmed that 

short-term exposure to EMF limits can significantly modulate ANS activity, and that the ortho-

clinostatic test is adequate to investigate the effects of EMF fields in humans. 

The new exposure system using mobile communication frequency bands was developed at 

the department [2]. This selective system allows in vitro as well as in vivo experimental procedures 

to be performed on cells and other biological tissues, as well as on small laboratory animals. It uses 

a real telecommunication signal from base stations. The system was tested on group of the 

experimental animals (rabbits) which were exposed to occupation levels of EMF. The aim of this 

study [3] was to evaluate HRV in awake (Group 1) as well as anesthetized animals (Group 2) after 

exposure to above-limits EMFs. In both groups, we observed a slight increase in vagal tone. These 

results correspond to the results in humans. Temperature changes revealed an increase in central 

temperature with maximum in 60 min of the exposure in group 1. We attribute this to the direct 

effect of EMF on biological tissue. Group 2 was not characterized by a significantly elevated 

temperature, which is attributed to the attenuated function of the thermoregulatory system caused by 

the anesthetics. In conclusion, we can hypothesize the potential effect of EMF on some structures of 

the brain´s tissue with subsequent hyper or hypoactivity of the relevant segments either directly or 

through a compensatory mechanism. Further research, focusing mainly on the modulation of 

neurotransmitters and the overall activity of specific regions of the CNS, is necessary. 
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Our department has established close cooperation with the Institute of Medical Physics, 

Biophysics, Informatics and Telemedicine, FMED, CU in Bratislava. The research in a pilot study 

led to the demonstration of dystrophic changes in Purkinje cells as well as the formation of iron 

deposits in several areas of the brain [4] after exposure the rabbits by occupational EMF intensities.  

In cooperation with the Department of Public Health JFMED in Martin, CU in Bratislava, 

our staff participates in epidemiological questionnaire studies, monitoring of EMF in the 

environment, especially adolescent students at high school and areas with increased movement of 

people (shopping centers, schools, etc.). These spaces are often “EMF shielded”, increasing the 

radiation power from the cell phone [5]. Analysis of spaces in schools, shops and restaurants has 

shown an increase in EMF intensity in the case of data communication [6]. 

The research groups agree that the non-thermal effects of long-term EMF exposure play an 

important role in assessing the effects of these fields on human health. The currently valid limit 

values are obsolete for the needs of modern world. These standards are adapted from short-term 

exposures and thermal effects. However, they do not consider cumulative, long-term low-level 

EMF, which can also cause the so-called non - thermal bioelectromagnetic effects. 
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 Electromyography (EMG) is an important method of diagnosing neuromuscular diseases. 

There is a lack of practical literature for individual medical specializations, which deals with 

detailed clinical procedures in clinical diagnostics. 

 So far, the following has been published in the Slovak language: " Základná príručka 

elektromyografických techník – EMG atlas " [1]. Due to the technological possibilities of the time, 

the publication provides only a schematic representation of the location of EMG electrodes and not 

for all currently used montages. From this publication, doctors are learning the basic techniques of 

electromyographic diagnostics to this day. The current basic diagnostic procedures in EMG have 

changed and the instrumentation has undergone its natural technological development. 

 Due to the new and more modern EMG technology and wider possibilities of information 

distribution, we decided to develop a new manual of electromyographic techniques, which will 

contain all commonly used electromyographic montages for conductivity studies with detailed 

textual and pictorial (photographic) description. 

To demonstrate the most commonly used diagnostic procedures, we used the Natus UltraPro S100 

EMG instrument with Viking 22.1 software. When placing the electrodes, we used the 

methodological manual Cibulčik and Šóth (1998). Surface plate and ring electrodes (Nicolet) were 

used as recording electrodes, Ten20 conductive paste and NuPrep abrasive paste were used to 

reduce the transient resistance. We demonstrated the methodical procedures for the examination of 

the nerves of the upper and lower limbs. For the upper limb: n. medianus, n ulnaris, n. radialis. For 

the lower limb: n. tibialis, n.suralis, n. peroneus, n. peroneus superficialis. Characteristics of 

examinations of motor and sensitive functions of peripheral nerves were developed for all 

mentioned nerves (if they are comonly performed for a given nerve). The methodology of 

examination of the given nerve contains a list of recording electrodes with a description of their 

location on the limb, including a photograph, a description of the location of the grounding 

electrode and a description of stimulation sites. For each examination, reference values according to 

Liveson (1992) [2] and Cibulčik and Šóth (1998) [1] will be given. 

 We plan to publish this manual in electronic form in the form of a web page and later also in 

paper form. 
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Electromagnetic radiation can impair structure and function of cells and tissues [1]. It can 

lead to accumulation of some chemical elements. The aim of this study was to examine iron 

accumulation in rabbit cerebellum after exposure to real telecommunication GSM signal 

characterized by frequency band 1805 – 1870 MHz and generated radio-frequency electromagnetic 

field (RF EMF)  under carrier frequency 1788 MHz generated by functional generator Agilent 

N9310A. Histochemical analysis of iron distribution by light and electron microscopy with energy-

dispersive microanalysis and particles induced X-ray emission (PIXE) analysis revealed dystrophic 

changes of Purkinje cells in irradiated groups and iron containing deposits located in various parts 

of cerebellum. Others elements detected in these deposits were C, O, Na, Mg, Al, Si, P, S, Cl, Ca. 

Focal concentration of iron in the sample after exposure to generator signal was found. Inductively 

coupled plasma mass spectrometry (ICP MS) showed differences of iron concentration among 

groups. We suggest that changes probably reflect thermal effects of RF EMF on cells and tissues. 

We found higher iron accumulation as a result of either higher blood brain barrier (BBB) 

permeability or actuation and redistribution of endogenous iron. Since ICP MS obtained results 

showed differences of iron concentration among groups it may indicate higher BBB permeation 

occurs. We suggest that iron accumulation may be result of impairment of BBB but actuation or 

aggregation of endogenous iron in extra- and intracellular space cannot be ruled out. 

 

 
Fig. 1. Rabbit, cerebellum, PIXE. Iron concentration in rabbit cerebellum for four different groups: 

a) generator, b) GSM + generator, c) GSM, d) control. 
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 Cough is a main respiratory defensive reflex. Cough can be elicited by both mechanical and 

chemical stimulation of the airway mucosa and is mediated by Aδ and C-fibers, respectively. These 

fibers project to the neurons of nucleus of the solitary tract (NTS). Excitatory afferent drive for the 

cough network is produced by activation of ionotropic glutamatergic receptors). Cough network 

generates cough motor pattern, which is transmitted by descending neural pathways to inspiratory 

and expiratory muscles. 

 We attempted to simulate effects on cough obtained from in vivo experiments [1], using 

neural simulator developed at University of South Florida, Tampa USA [2]. The study of Simera et. 

al [1] is dedicated to various modulations of afferent signal to the cough network and their effect on 

the output characteristics of cough (cough number, inspiratory and expiratory muscle activity 

intensities and time characteristics). Specifically, we focused on unilateral cooling of vagus nerve. 

We hypothesized that reducing afferent information to half would result in the same decrease of 

respiratory muscle activity as was seen in vivo experiments. We simulated this reduction by cutting 

various parameters of afferent neurons (number of fibers in population, number of terminals and 

synaptic strength) to half, which all resulted in mild decrease of output signal, contrary to in vivo 

experiments. Further decrease in number of fibers (1/10 of the original count) in afferent population 

resulted in satisfactory decrease in cough number, however the effect on respiratory muscle 

activities were uneven. We then embraced more complex changes in afferent neural population 

(simultaneous change in count of fibers, number of terminals, synaptic strength and extended delay 

time), with different effects on inspiratory and expiratory cells of the NTS, which resulted in 

desired outcome. Results of our simulations show that 1) processing of afferent signal at the level of 

NTS neurons is nonlinear and 2) processing of afferent information is different for inspiratory and 

expiratory components of cough. 

 In spite of a significant progress in our understanding of neural control of the cough reflex, 

our current level of knowledge is still not capable to achieve effective treatment of various 

pathologies of this defensive reflex. Still, animal models are providing us with invaluable 

knowledge of reflexes of the respiratory tract. However, there is a big potential in revisiting 

previously conducted experiments by the means of computational modeling. These simulations may 

provide insights that may lead us to better understand and/or improve present-day model of cough 

generation. 
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 Release of calcium ions in cardiac myocytes takes place at special structures known as 

dyads. The structure of cardiac dyads can be studied in situ in molecular detail [1-3]. However, the 

function at molecular level can be studied only in vitro [4], while in situ function can be studied 

only at cellular level [5]. Since the exact relationship between structure and function of dyads and 

their calcium release sites (CRS) is not accessible experimentally, we employed our recently 

developed modeling approach [6] to investigate how the structure of calcium release sites controls 

their function. Understanding of molecular factors is crucial for understanding mechanisms of 

excitation contraction coupling and their role in health and disease. 

We defined the calcium release sites as components of the dyad, with accent on organization 

and function of ryanodine receptors. We simulated the calcium release function in a model that 

employed the latest data on spatial distribution and clustering of RyRs [1, 2], on calcium diffusion 

in a cytosolic buffer [7], and on RyR channel gating [6] adjusted to simulate the resting 

physiological state of myocytes. Simulated traces of group RyR behavior showed either no 

activation of calcium spark, or transient activation of a small group of RyRs in CRS, or stationary 

activation of a large group of RyRs during 200 ms following the first RyR opening. Simulated 

calcium sparks revealed that the arrangement of RyRs to checkerboard, side-by-side, or random 

form is much less important than the number and surface density of RyRs in the CRS. The kinetic 

parameters, probability of occurrence and amplitude of the simulated transient and stationary CRS 

events could be well described by a weighed function of the number of RyRs, inter-RyR distances, 

and RyR single-channel calcium current. The CRS model could predict a change in spark activity 

after rearrangement of RyRs in a CRS in response to changed intracellular conditions. Examination 

of the defined parametric space of CRSs illustrated the exploratory potential of correct in silico 

models to emulate difficult-to-perform experiments. These results explain the synergy between 

geometrical arrangement of cardiac dyads and calcium flux through RyRs based on the law of mass 

action.  
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During the last decade, FMN (flavin mononucleotide) containing genetically-encoded 

singlet oxygen photosensitizing proteins have been developed for PDT (photodynamic therapy) 

applications. Such photosensitizers can be targeted by means of various tags. However, when FMN 

is encapsulated in protein environment, the quantum yield of 
1
O2 production by FMN is 

significantly diminished due to its interactions with surrounding amino acid residues. Recently, an 

increase of 
1
O2 production yield, was in such cases achieved by a decrease of quenching of the 

cofactor excited states by weakening of the protein-FMN interactions while still forming a complex.  

An alternative approach, which we suggest here, relies on the blue light irradiation-induced 

dissociation of FMN to solvent. This dissociation prevents the protein-FMN interactions and thus 

increases the quantum yield of 
1
O2 production. Our suggestion is based on the study of the 

irradiation effect on two variants of the LOV2 domain from Avena sativa; wild type, AsLOV2 wt, 

and the variant with a replaced cysteine residue, AsLOV2 C450A.We detected oxidation of several 

amino acids as well as irradiation-induced conformational changes in both AsLOV2 variants. A 

thorough analysis of these observations indicates that irradiation-induced increase in 
1
O2 production 

is caused by a release of FMN from the protein. Moreover, an increased FMN dissociation from 

AsLOV2 wt in comparison with AsLOV2 C450A points to a role of C450 oxidation in repelling the 

cofactor from the protein. 
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 The ventral respiratory column generates rhythmical respiration and is divided into four 

compartments: the Bötzinger complex (BOT), pre-Bötzinger complex (pre-BOT), rostral ventral 

respiratory group and caudal ventral respiratory group. BOT is a neuronal population containing 

expiratory augmenting neurons. The BOT region and surrounding reticular formation also contain a 

smaller number of expiratory units with decrementing discharge patterns, as well as other related 

respiratory neurons. The BOT area and the pre-BOT are important in generating respiratory rhythm 

and modulating respiratory motor activity. It is also known that the respiratory network in BOT / 

pre-BOT is a significant part of the neural network that generates a central pattern of cough reflex.  

 The impact of D, L – homocysteic acid microinjection (non-specific glutamate receptor 

agonist that causes excitation of neurons) into the BOT area was observed on computer model of 

quiet breathing and cough reflex. Integrated signals from neural populations innervating main 

respiratory motor neurons inspiratory phrenic and expiratory lumbar were obtained from 

simulations. We analysed durations and amplitudes of phrenic and lumbar activity during quiet 

breathing and cough reflex, number of coughs elicited by 10 s long stimulation. Fibre population 

providing virtual DLH related excitation signal to expiratory neural populations with augmenting 

discharge pattern was added after control simulations. The excitation had 2 levels, DLH1 

represented excitation by higher number of fibres and terminals and by lower synaptic strength 

(simulated higher number of excitatory inputs), DLH2 represented excitation by lower number of 

terminals and by higher synaptic strength (simulated higher effect of excitatory inputs). 

 Our simulations have demonstrated a high level of analogy with the cough reflex and 

breathing changes observed in the experiments. Simulated excitations in the area of the BOT led to 

cough depression represented by the decrease in the number of coughs and the neuronal activity of 

the lumbar nerve neuronal population during cough. Despite the shortening of phrenic activity 

during cough (compared to quiet breathing), which was not observed in animal experiments, our 

simulations confirm the ability of the computer model to simulate functional processes in neural 

populations. Our results suggest that a suitable computer model of a functional neural network is 

capable to confirm and predict the results obtained on animals. 
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 Transmembrane ion flux in living cells is mediated by ion channels and depends on their 

number, conductance, and open probability. Gating of channels is sensitive to experimental 

conditions and is characterized by open probability PO and mean open time tOthat are determined in 

single-channel experiments. Datasets of individual experimental records of single-channel activity 

measurements represent compound random samples of stochastic gating continuous in time. The 

aim of this study was to understand the relationship between the accuracy (trueness and precision) 

of POand tOdetermination and the method of single-channel activity data collection.  

Two simple gating models with a single closed time and one of two open times were used of 

simulation of a long sequence of openings and closures comprising up to 50000 events. Simulated 

single-channel activity of sequential channel gating events was partitioned into records of different 

duration (5 - 30 s). Collections of 8 - 1024 records were combined into datasets. PO and tO estimates 

of individual datasets were statistically evaluated.We found that the trueness of PO determination, 

defined as relative systematic erroreS – normalized absolute difference between the estimated and 

the true value, depends on the average number of channel openings per record(Fig. 1A). The level 

of precision of POand tOdetermination was defined using the notion of precision level . To reach 

a precision levelof , therelative random error of estimate has to be less than in α% of 

independent random datasets.In the tested models, the precision levelsof PO and tOdepended on the 

number of channel openings in the whole dataset and on the coefficient of variation of mean open 

timeCVto (Fig.1B,C).In the tested models, estimation of PO required twice as many openings to 

reach the same precision level as tO estimation.     
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Fig. 1. Trueness and precision of PO and tO estimation.A –Relative systematic error eS of PO estimates depends on the 

mean number of openings per record nOM.Dashed lines correspond to 1% and 5% levels of systematic srror. Solid line - 

the best fit of the data by the equation eS = A/(nO)B (A = 0.138 ± 0.003 and B = 1.41 ± 0.01). Colorsrepresentdifferent 

record durations; different symbols stand for different mean open time. B, C–Precision levels of open probability(B) 

and open time(C) as functions of normalized number of openings in the datasetnOT/(CVto)
2
. Squares, circles and triangles 

denote values of precision limitcorresponding to α of 80, 90 and 98%. In B, colors represent different open times and 

coefficients of their variation.Dashed lines markprecision levels of 0.05, 0.1, and 0.2. 

Next we have derived general, model-independent relationships relating the coefficients of 

variation of POto coefficients of variation of tO and tC. We found that while the precision of tO 

depends on the number of openings and on the coefficient of variation of open time, the precision of 
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PO depends on the number of openings, level of open probability, and on the coefficients of 

variation of open as well as closed times.Precise estimation of PO may require collecting up to 

16×more openings that analogous estimation of tO (Fig. 2). These findings allow planning of single-

channel experiments for the required accuracy of PO determination over a large span of open 

probabilities. According to the presented results, planning and evaluating single-channel 

experiments should include definition of the required precision level for PO and tOand 

determination of the number of openings necessary to achieve the required level of precision. 
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Fig. 2.The relationship between the ratio , open probability PO and the ratio R between the number 

of openings needed to obtain the same relative error of open probability estimation 

and that of open time estimation. Squares, circles, up triangles and down triangles represent 

the estimated values of PO,  and  for RyR2 channels activated by calcium [1], 

adenosine [2], ATP [3] and AMP [4], respectively. 
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 Aptamers are single stranded DNA or RNA molecules that are selected by method of 

Systematic Evolution of Ligands by EXponencial enrichment (SELEX) toward various targets, such 

as proteins, drugs, biomarkers, viruses, bacteria or whole cells [1]. In a solution aptamers fold into 

3D structure containing binding site for the target. The affinity of aptamers to their targets is in the 

micromolar to the subnanomolar range and can therefore be comparable and in certain cases even 

better than, those of antibodies for the same targets. In contrast with antibodies, aptamers are 

selected in vitro. In comparison with antibodies they are more stable and flexible. Already 

developed aptamer can be reproduced with high accuracy. In addition, aptamers can be chemically 

modified by various labels that allowing them to be immobilized at various surfaces at which can 

serve as receptors in biosensors [2]. The chemical modification also increases the aptamer stability. 

Electroactive, optical labels, quantum dots and nanoparticles can also be conjugated with aptamers, 

which allowing signals amplification using electrochemical, optical and piezoelectric methods. 

Aptamers can be connected to the AFM tips, which allowing measurement of the forces between 

aptamer and its target at the solid support or at the surface of the cell [3]. In addition aptamers can 

be used as a probe for imaging of the specific molecules at the surfaces and thus allowing analyzing 

their lateral distribution. Nanocarriers modified by aptamers are very effective for targeted drug 

delivery.  

 This contribution is focused on the introduction into the structure and physical properties of 

DNA aptamers and on demonstration of several applications of aptamers as a receptors in targeted 

drug delivery and in diagnosis of the cancer by means of detection of cancer markers at the surface 

of the cells using thickness shear mode acoustic method (TSM) and single molecule force 

spectroscopy (SMFS).  
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Nano/micromotors are synthetic nano/microscale structures capable of converting chemical 

fuel or external energy into mechanical movement [1]. Various nanomotors are showing promising 

potential towards diverse biomedical application including diagnostics, targeted drug delivery and 

active delivery of therapeutics [2]. We have demonstrated ultrasound (US)-propelled graphene-

oxide (GO) coated gold nanowires (AuNWs), functionalized with fluorescein-labeled DNA 

aptamers (FAM-AIB1-apt) as nanomotors for qualitative intracellular detection of overexpressed 

AIB1 oncoproteins in MCF-7 breast cancer cells. AIB1, also known as steroid receptor coactivator 

3 (SRC-3), belongs to the p160 steroid receptor family and acts as a transcriptional coactivator. 

AIB1 plays important roles in regulation growth signaling pathways and is frequently 

overexpressed mostly in breast cancer.  

The current sensing strategy is based on an attractive OFF-ON intracellular fluorescent 

switching. The fluorescence signal is quenched while FAM-AIB1-apt is adsorbed on GO/AuNWs 

(signal OFF) due to fluorescence resonance energy transfer. Then, in the presence of the specific 

target AIB1, the FAM-AIB1-apt is released from the GO/AuNWs surface leading to a fluorescence 

signal recovery. The fast movement of nanomotors under the US field facilitated accelerated 

intracellular uptake and resulted in a faster aptamer binding with the target protein and thus faster 

fluorescence recovery. The propulsion behavior of the aptamer functionalized nanomotors greatly 

enhanced the fluorescence intensity compared to static conditions. Negligible fluorescence intensity 

was observed in negative control HFF-1 cells as well as in positive control MCF-7 treated with 

nonspecific fluorescein-labeled aptamers. This new aptamer functionalized nanomotor-based 

strategy offers considerable potential for further development of sensing methodologies towards 

early diagnosis of breast cancer [3]. US-propelled nanomotors were also demonstrated for active 

delivery of dendrimers. The resulting complexes were tested as active intracellular transporters 

being propelled by US fields and using breast cancer cells as a model [4]. 
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 Upregulation of anti-apoptotic Bcl2 family members (Bcl2, BclXL, Mcl1) is present in many 

types of cancer cells and underscores their resistance to apoptosis. To circumvent this, the inhibitors 

of anti-apoptotic Bcl2 members, termed BH3 mimetics, have been explored [1]. Recently, we have 

discovered that hypericin (Hyp), a naturally occurring photosensitive compound,had significant 

effects on ultrastructure, mitochondria function and metabolism, and Bcl2 proteins [2].We have 

hypothesized that Bcl2-Hyp interactions might be one possible mechanism underlying these effects. 

Our aim was to test how Hyp interacts with anti-apoptotic members of the Bcl2 family (Bcl2 

and Mcl1) and compare these interactions to known BH3 mimetics such as gossypol (Goss) and 

ABT263. We have shown that Hyp binds into the Bcl2 hydrophobic groove comprised of BH3 and 

BH1 domains [3]. In addition, the molecular docking revealed that Hyp may also interact with other 

anti-apoptotic members of the Bcl2 family, BclXL and Mcl1 comparableto panBcl2 BH3 mimetics. 

We tested thesepredictions by immunocytochemistry, fluorescent spectroscopy and cell viability 

assay to investigate interactions between Hyp and anti-apoptotic Bcl2 members.  

We have explored interactions of BH3 and BH1 domains and Hyp further. Our results show 

that Hyp interacts with BH3 and BH1 peptides in concentration dependent manner and shows the 

stronger interactions than Goss and ABT263. In addition, we have also studied interaction of three 

compounds, Hyp, Goss and ABT-263, with whole purified Bcl2 and Mcl1proteins by fluorescence 

spectroscopy. Our findings indicate that Hyp interacts stronger than Goss or ABT263 with the Bcl2 

protein. The Goss is the strongest interactor with Mcl1 protein followed by Hyp and the ABT263. 

Our findings indicate that Hyp may function in cell signaling pathways as a novel BH3 mimetic 

molecule and has the potential to enhance other cancer treatments. 

 
Fig. 1. The fluorescence quenching spectra of Bcl2 and Mcl1 protein (1M) with different 

concentration of Hyp (A), Goss (B) and ABT-263 (C). 
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 Biophotonics is a modern science that aims to study the interaction of light with living cells, 

tissues or organisms, but also includes the development and validation of new optical and imaging 

diagnostic techniques. The Biophotonics industry is one of the fastest growing industries in need of 

an increasing number of specialized professionals. Biophotonics therefore presupposes 

interdisciplinary knowledge, e.g. knowledge at the interface of disciplines such as physics (optics, 

laser physics, biophysics), biomedical engineering, biology, chemistry, biotechnology, informatics 

as well as medicine and biomedicine [1]. The development of the field of Biophotonics is thus 

closely related to the increasing use of Biophotonics in cell and tissue diagnostics, the emergence of 

nanotechnology and their use in Biophotonics, as well as the development of new imaging systems. 

The concept of the design of an international project for teaching Biophotonics is thus highly 

desirable for Slovakia from the point of view of modern education [2]. 

 Currently, in the field of Biophotonics, there are training activities at the level of M.Sc. and 

Ph.D that, together with development of novel Biophotonics tools for higher education [3], allowing 

at least basic preservation of the Biophotonic education. In the future, education in Biophotonics in 

Slovakia needs to be improved by more profound collaboration with large state-of-the-art laser, 

microscopy and biomedical imaging infrastructures, namely via new biomedical and biotechnology 

infrastructures in Europe, including Laserlab Europe [4] or EuroBioImaging [5]. To be part of these 

infrastructures is a fundamental condition for a successful international cooperation in Biophotonics 

education. Only in this way can students gain the latest knowledge at the interface of optics, 

photonics, biophysics, but also chemistry, molecular biology, physiology, biomedicine and 

nanobiophotonics. 

 Our aim in the future is to actively participate in educational activities with specialized 

workplaces at European universities cooperating within other EU projects (eg Laserlab Europe V, 

CARLA, COST projects, etc.). It is also highly desirable to improve existing schemes, such as the 

European Erasmus plus or Marie-Curie Fellowship programs and/or double diploma programs, 

including development of international teams within European Universities [6]. At the same time, 

the design of such a education must be preceded by the improvement of teaching and support of 

modern higher education in Slovakia.  
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 Wolfram syndrome (WS) is a rare recessive disorder caused by mutations in the Wfs1 gene 

encoding the wolframin protein (Wfs1). Wfs1 is located in the membrane of endoplasmic reticulum 

(ER) and is involved in ER stress, mitochondrial function and calcium signalling. For the latter, in 

Wfs1 deficient neurons the cytosolic calcium response after stimulation has been significantly 

depressed [1] and it has been demonstrated that Wfs1 co-immunoprecipitates with SERCA [2]. 

Beyond brain and pancreas, Wfs1 is highly expressed in the heart [3]. Since calcium is the principal 

trigger of cardiomyocyte contraction and since Wfs1 is highly expressed in the cardiac tissue, we 

have evaluated calcium metabolism and contractility in the Wfs1 exon5-deleted (Wfs1
-e5/-e5

) cardiac 

myocytes using confocal microscopy, patch-clamp and molecular biology. 

In four months old male rats, invalidation of Wfs1 resulted in a significant increase of the 

amplitude of myocyte contraction as well as in prolongation of contraction in field-stimulated 

myocytes (Fig.1 left). Calcium transients of the Fluo-3/AM stained Wfs1
-e5/-e5

 myocytes, recorded 

simultaneously with contractions, showed significantly prolonged calcium transient, but no 

significant change of the amplitude (Fig. 1 right). Moreover, sarcoplasmic reticulum calcium 

content was not changed in the absence of functional Wfs1, as revealed by caffeine application.  

 
Fig. 1. Typical records of sarcomere length and cytosolic Ca

2+
 in response to field stimulation (arrowheads). Left 

column – transmitted light records of line-scans along the myocyte long axis. Deflections correspond to contractions of 

the myocyte. Right column – fluorescence records of calcium signal in confocal line-scans corresponding to the 

contraction records (left). The yellow rectangles denote the analyzed region. Top row – Wfs1
+/+

 myocyte. Middle row – 

Wfs1
-e5/-e5

 myocyte. Horizontal lines – applications of caffeine. Bottom row – the time course of changes in the relative 

sarcomere length (left) and cytosolic calcium signals (right) corresponding to the top and middle row records 

(black - Wfs1
+/+

, grey - Wfs1
-e5/-e5

). 
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The change in contractility could result from a change of the calcium current (the trigger for 

calcium release) and/or from a change of calcium release itself. Calcium currents showed no 

statistically significant differences between parameters of the current-voltage curves between the 

groups (Fig. 2A). The efficiency of calcium current to induce calcium release was estimated 

according to [4] from the extent of calcium release-dependent inactivation of calcium current. The 

voltage dependence of inactivation was not significantly different but the fraction FiV of inactivated 

calcium current was significantly larger in Wfs1
-e5/-e5

 than in Wfs1
+/+

 myocytes (Fig. 2B). When 

calcium release was triggered by tail calcium currents evoked after +60 mV prepulses of variable 

duration, known to selectively induce only the calcium release-dependent component of inactivation 

[4], the dependence of inactivation on prepulse duration was not significantly different between the 

two myocyte groups but the fraction Fit of inactivated calcium current was again significantly 

elevated in Wfs1
-e5/-e5

 myocytes (Fig. 2C).  

 
Fig. 2. Analysis of calcium currents. A: Voltage dependence of the peak calcium current amplitudes. The curves 

represent the respective fits by the equation ICa(V) = gmax (V - Vr) / (1+exp(-(V - V1/2) / VS))
4
. B: Fractional inactivation 

of the test pulse calcium current amplitude by variable prepulse voltages of 5-ms duration. The curves represent the 

respective fits by the Boltzmann equation. C: Fractional inactivation of the test pulse calcium current amplitude by 

prepulses to +60 mV of variable duration. The curves represent the respective fits by the Boltzmann equation. In all 

panels, black – Wfs1
+/+

, grey – Wfs1
-e5/-e5

. Data are given as mean ± S.E.M.  

In addition, we have observed a decrease in expression of the plasma membrane sodium-

calcium exchanger in Wfs1
-e5/-e5

 myocytes both at the mRNA and at the protein level, whereas the 

expression levels of L-type calcium channel, ryanodine receptor type 2, SERCA2 and 

calsequestrin2 were not different.   

The decrease of NCX expression might slow down extrusion of Ca
2+

 from the myocytes, 

leading to prolongation of calcium transient, and curtailing of calcium current due to increased 

calcium release-dependent inactivation of ICa. This would explain the unchanged SR calcium 

content.  
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 Autofluorescence of tissue samples is a serious obstacle in immunofluorescent imaging, as it 

interferes with fluorescence signal of labels. Especially problematic is the high background in 

glutaraldehyde-fixed samples, which is inevitable in biopsies primarily targeted for electron 

microscopy analysis. 

Here we used 2D spectral analysis of biopsies from human hearts from elderly ischemic 

patients (men, 66 – 73 y) that were fixed in Karnovsky's Fixative (2% formaldehyde and 2.5% 

glutaraldehyde in 0.1 M sodium phosphate buffer) and embedded in paraffin. In addition to the 

increased background, high local autofluorescence was present in intracellular bodies, presumably 

ceroid/lipofuscin granules. 

We have used Leica TCS SP8 X with white laser to create Λ-λ scans of 15 µm thick tissue 

slices. The samples were treated by xylene to remove paraffin, rehydrated, permeabilized in PBS 

containing 0.1% Triton X-100 and blocked in 1% BSA in PBS with 0.1% Tween-20. A subgroup of 

samples was quenched by 10 mM CuSO4 in 50 mM ammonium acetate buffer. The remaining 

samples were incubated in 10 μg/ml WGA-Texas Red conjugate in antibody solution buffer (1% 

BSA in PBS, pH 7,4) at 4°C overnight and after washing in PBS for 3x 15 min incubated at 4°C 

overnight with mouse anti-CytC antibody (ab13575, 1:200) and then for 2h at RT with goat anti-

mouse-Star635P conjugate (Abberior 2-0002-007-5, 1:100) in the antibody solution buffer. All 

slides were mounted using ProLong Gold mounting buffer. 

Images were obtained by sequential excitation by laser light in 10 nm increments between 470 and 

670 nm. At each excitation wavelength, emission was recorded at 20-nm bandwidth in the 480 – 

785 nm range in 15 nm increments. A 2D plot of fluorescent intensities from the whole images as 

well as from regions of interest showed high autofluorescence intensities at blue excitations (470 – 

500 nm in quenched and up to 540 nm in unquenched samples) in the whole range of emission 

wavelengths, and high autofluorescence with a small Stokes shift at a majority of excitation 

wavelengths (Fig. 1). 
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Fig. 1. Autofluorescence signal intensities from quenched (left).and unquenched (right) samples. Excitation 

wavelengths are on the vertical axis, while emission windows are on the horizontal axis. 

Relative intensity scale is in the center. 
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Nevertheless, comparison of fluorescence intensities of negative controls and fluorescently labeled 

samples revealed specific excitation/emission pairs that were not present in the unlabeled images 

and could therefore be attributed to specific labeling by WGA or anti-CytC antibody. The labeling-

specific excitation/emission pairs correspond to excitation wavelength of 560 and emission band of 

610-650 nm for WGA and two pairs – 590 and 640 nm excitation wavelengths and 660-710 and 

715-760 nm emission windows for Star 635P-conjugated antibody (Fig. 2). 

 
490 505 520 535 550 565 580 595 610 625 640 655 670 685 700 715 730 745 760 775

670

660

650

640

630

620

610

600

590

580

570

560

550

540

530

520

510

500

490

480

470   

490 505 520 535 550 565 580 595 610 625 640 655 670 685 700 715 730 745 760 775

670

660

650

640

630

620

610

600

590

580

570

560

550

540

530

520

510

500

490

480

470  
Fig. 2. Fluorescent signal intensities from Texas Red-conjugated WGA (left).and Star 635P-conjugated secondary 

antibody (right). Excitation wavelengths are on the vertical axis, while emission windows 

are on the horizontal axis. Relative intensity scale is in the center. 

 

Overlay of images from the specific excitation-emission pairs enabled us to clearly distinguish the 

sarcolemma, CytC aggregates and autofluorescent granules (Fig. 3). 

 

 
Fig. 3. Overlay of images acquired from the autofluorescence (blue), WGA-Texas Red (green) and Star-635P (red) 

fluorescence. 
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 Cytochrome c (cyt c), in addition to its function as an electron shuttle in respiratory chain, is 

able to perform as a pseudo-peroxidase with a critical role during apoptosis.  

We show that pseudo-peroxidase activity, measured by guaiacol oxidation and the ferrous 

oxidation in xylenol orange methods, correlates with the accessibility of the heme iron, which was 

assessed from the association rate constant of cyanide binding to cyt c [1]. 

Incubation of cyt c with an excess of hydrogen peroxide lead to a suicide inactivation of the 

protein, which is accompanied by heme destruction and covalent modification of numerous amino 

acid residues. Although steady-state reaction of cyt c with an excess of hydrogen peroxide 

represents non-physiological conditions, they might be used for analysis of the so-called first-hit 

amino acid modifications in in vivo. Oxidation of tyrosine residues 67 and 74, detected by mass 

spectrometry bottom-up approach, are the first amino acid residues modifications found upon 

incubation with hydrogen peroxide. The positions of the oxidized tyrosines suggest a possible 

migration pathway of hydrogen peroxide-induced radicals from the site of heme localization to the 

protein surface. Analysis of a size of folded fraction of cyt c upon limited incubation with hydrogen 

peroxide indicates that the early oxidation of amino acids triggers an accelerated destruction of cyt 

c. Position of tunnels from molecular dynamics simulation structures of cyt c points to a location of 

amino acid residues exposed to a higher concentration of reactive oxidants that are thus likely more 

prone to covalent modification [2]. 
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Fig. 1. Schematic representation of the heme region of cyt c in the inactive 

and active conformation upon interaction with hydrogen peroxide. 
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 DnaK is an ATP-regulated Hsp70 chaperone, which is a central molecular chaperone of the 

protein quality control network in the cell 1. Once ATP is bound to the nucleotide-binding domain 

(NBD) of DnaK, the closed substrate-binding domain (SBD) opens its binding cleft and, at the same 

time, the SBD -subdomain engages the N-terminal lobe of the NBD. Overall, the SBD undergoes 

a dramatic ∼10 Å displacement of its lid subdomain to allow the exchange of substrates 2. Here, 

we can show that a significant conformational change of the SBD can be observed in single-

molecule mechanical experiments during a single ATP hydrolysis event.  

 Recently, single-molecule force experiments have focused on nanomechanics of the 

individual domains of Hsp70 3, 4  while mechanical investigations of the two-domain protein that 

consists of NBD and SBD domains in various ATP/ADP and peptide bound states were missing. In 

this study, we designed the full-length DnaK construct for optical trapping experiments, which 

includes the introduction of N and C terminal cysteines, their modification by DNA-maleimide 

conjugates and hybridize the protein-cysteine-maleimide-DNA construct with a single-stranded 

overhang of longer DNA handles attached to functionalized beads (see 3, 4 and references 

therein). Force-extension curves of the apoform of Hsp70 revealed contour-length increases and 

rupture forces, which are in excellent agreement with the reported fingerprints of the NBD and SBD 

domains. The NBD fingerprint consists of a single unfolding event at 30 pN with the contour length 

of ca. 134 nm. The SBD fingerprint consists of two unfolding events at 15 and 20 pN with 22 nm 

and 39 nm contour-length increase. To study slow conformational exchanges between various 

Hsp70 states, we applied a pulling speed of 20 nm/s.  

 Interestingly, in our first set of experiments at a slow pulling speed of the Hsp70 chaperone, 

we observed that the first peak of the SBD unfolding event display downward overshoot-like 

behavior , which was consistently seen for the isolated SBD domain as well. We interpreted this 

unusual behavior as the binding of the part of the unfolded helical lid of the Hsp70 by the still-

folded beta subdomain of the SBD. Such auto-inhibited conformation of Hsp70 was observed 

earlier under conditions that destabilize SBD, and it is attributed to the presence of Hsp70 

recognizable sequence motif HLLH as a part of the own sequence. If true, such overshoot kinetics 

can be suppressed in the presence of a peptide substrate. Indeed, the auto-inhibition behavior of the 

Hsp70 chaperone disappeared when the peptide substrate was added to the solution. To by-pass 

such autoinhibitory behavior, we decided to switch to the so-called DnaK*ye variant of the Hsp70 

chaperone, which does not show such auto-inhibitory conformation 5. 

 To observe ATP/ADP cycling of the Hsp70 protein DnaK*ye, the protein was incubated in 

the presence of large excess of MgATP in the presence of the 50 M 
32

 peptide substrate 6. 

Under given conditions, the ATP cycle depends on the situation whether DnaK*ye has bound 

peptide substrate or not (Fig. 1A, rates at zero load). To confirm the identity of a single DnaK*ye 

molecule, the caught protein was first pulled to 40-50 pN, and unfolding of both domains was 

monitored. Based on the worm-like-chain (WLC) fit, the refolding of both domains can be 

observed. Hence, verification of the correct pulling geometry and folding status enables us in later 

cycles to watch the mechanical properties of SBD*ye in a two-domain DnaK*ye (Fig1B). During a 
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series of force-extension traces, the cycling of SBD*ye between various states can be observed 

(Fig1B). We showed that SBD*ye in the ATP-only state is in a weak mechanical state, which can 

unfold at low forces (Fig.1B red) while in the ADP state, SBD*ye is in a mechanical highly stable 

state which unfolds at 40-50 pN (not shown). Hence, by monitoring SBD*ye mechanical stability, 

we can assign an ATP/ADP state of DnaK*ye. Because of a slow ADP exchange, even under highly 

supersaturating ATP conditions, ADP states exist transiently (red-to-blue transitions, Fig.1C). After 

dissociation, an ATP molecule binds quickly and SBD*ye transform into mechanically weak state. 

Hence, we were able to monitor the hydrolysis of a single ATP molecule during the Hsp70 cycle. 

 

 
 

Fig. 1. (A) ATP cycle of Hsp70 in the absence or presence of bound NR peptide. (B) Force-extension curves of 

DnaK*ye in the presence of Mg2+ATP and peptide. The protein was pulled to 20 pN; only ATP-form can unfold at 

these forces. Three different force-extension patterns are possible: SBD*ye is folded and does not unfold during the 

cycle (ADP form), is folded and does unfold (ATP-form), or it SBD*ye is initially unfolded (no information about the 

state). (C) Cycling between ATP (red)/ADP (blue) form or unfolded SBD*ye (no color). A transition from red to blue 

indicates the hydrolysis of a single ATP molecule. 
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This presentation aims to serve as an introductory guide into the molecular processes behind 

heart contraction and into the experimental procedures for observation of cardiac myocytes.  

The heart is a vital organ that beats and pumps the blood to all parts of the body. Thus, the 

heart does mechanical work. The signal for performing work is provided by the conduction system 

of the heart that sends electrical signal from pacemaker cells to the myocardium for contraction [1]. 

The electrical signal and the mechanical response are coupled by a subcellular mechanism called 

cardiac excitation-contraction coupling (ECC). Calcium ions play a key role in ECC both as 

signalling elements and as regulators of the molecular contractile machinery [2,3]. 

 

 
Fig. 1. Schematic description of a cardiomyocyte. The systems responsible for different 

functions are color-coded as follows: electrical excitation - red; calcium release - blue; 

excitation-contraction coupling - purple; mechanical work - green; other functions - grey.  

 

Cardiomyocytes join end-to-end through intercalated discs and are composed of 

sarcolemmaandsarcoplasm, which contains nucleus, myofibrils and mitochondria. The structure of 

cardiomyocytes and the functional relationship between activation and contraction are shown in 

Fig. 1.  

An electrical signal comes from the conduction system of the heart, moves across the 

sarcolemma into the t-tubules, and induces opening of voltage-gated calcium L-type-channels in the 

cell membrane. Then Ca
2+

 from the extracellular space flows into the dyadic space between the 

tubule and the sarcoplasmic reticulum cisterna. This process activates ryanodine receptors (RyRs), 

which release Ca
2+

 from the sarcoplasmic reticulum (SR) into the cytosol, creating a local calcium 

release. Multiple releases from different dyads sum to create the cytosolic calcium transient [3]. The 
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elevated cytosolic calcium binds to troponin C in the myofilaments, which enables interaction 

between actin and myosin [1].After contraction Ca
2+

 unbinds from troponin C and is removed from 

the cytosol. Most of Ca
2+

 is transported back into the SR with the help of the sarco/endoplasmic 

reticulum Ca
2+

-ATPase,SERCA. A smaller part of Ca
2+

 is removed from the cell in exchange for 

Na
+
by the Na

+
- Ca

2+
 exchanger (NCX) and pumped out by the plasma membrane Ca

2+
-ATPase 

(PMCA).  

In each cardiac cycle, the amount of calcium influx from the extracellular space must be 

equal to calcium efflux back to the extracellular space, and the amount of calcium released from the 

SR must equal the amount of calcium uptake back to the SR - otherwise the cell would either gain 

or lose Ca
2+

. Imbalances between Ca
2+

 entry and exit can only occur transiently and then they result 

in changes of the amplitude of the Ca
2+

 transient and thence contractility [3]. 
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 Insulin is an excellent amyloid model protein for understanding amyloidogenesis, and its 

fibrils formation and structural characterization are well reported. However, the knowledge of early 

events during insulin fibrillation is still obscure [1]. 

Therefore, we have studied how structural and sequence similarity of insulin variants from 

human (HI), bovine (BI), and the modified glargine (GI) influence their thermal stability and 

aggregation propensity. We investigated the structural features and kinetics of fibrils formation 

using thioflavin T assay, atomic force microscopy (AFM) and NMR to shed a light on the role of B-

chain C-terminal dynamics and salt-bridge stability in the initial steps of insulin fibrillation. Kinetic 

analysis of insulins fibrillization showed that fibrils formation of GI is slower than BI and HI. The 

longer lag phase of GI fibrillization was confirmed also by AFM imaging. After 42 h, BI and HI 

formed protofibrillar and fibrillar species; but, only globular oligomers of GI were observed. These 

data point to higher stability of GI due to two additional Arginine residues, Arg31B and Arg32B. 

NMR experiment showed atomic contacts and residue specific interactions, particularly the salt-

bridge and H-bond formed among C-terminal residues Arg31B, Lys29B and Glu4 in GI. We 

propose that enhanced the stability of native GI by strengthening salt bridge can retard tertiary 

collapse, a crucial biochemical event for oligomerization and subsequent fibril formation.  

Our data indicate that fluctuation of the C-terminal residues of the insulin B-chain play a 

key role in the growth phase of insulin aggregation. 
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 Glyphosate ((N-phosphonomethyl)glycine, Figure 1) is one of the world's most popular, 

non-selective and broad-spectrum herbicide which directly pollutes the environment and 

contaminated foods [1, 2]. It is an active ingredient of the commercial Roundup (known and used 

also in the Slovak Republic) which is very often and commonly applied against weeds. The 

Glyphosate's use is not banned currently, however, its safety for human health is a subject of wide 

debate. Glyphosate is considered toxicologically harmful and presents potential association with 

human carcinogenesis and other chronic diseases, including mental and reproductive behaviors 

which is associated mainly with its accumulation in the water at the environments [1, 3]. Moreover, 

current European legislation allows Glyphosate's use until December 2022 [4]. In general, detection 

of pesticides residues is an essential step in regulating and monitoring the levels of pesticides. Thus, 

the issue of the Glyphosate monitoring is becoming increasingly important. 

 

Fig. 1. Glyphosate is one of the most commonly-used and non-selective herbicides in agriculture, which may directly 

pollute the environment and threaten human health. It works by blocking an enzyme essential for plant growth. In the 

recent years, certified laboratories developed selective residue method for testing of glyphosate residues in water 

samples. However, the main drawback of this method is too high polarity of glyphosate. Raman spectroscopy technique 

is suitable for pesticide detection in aqueous solution. In addition, increased Raman signal acquired by employment of 

appropriate SERS substrates transforms Raman spectroscopy from a structural analytical method into a structurally 

sensitive nano-probe able to detect very low concentration of molecules down to the single-molecule level. 

Since the 1980s, glyphosate residue determination has been and is still conducted by 

chromatographic methods combined with mass spectroscopy. However, these techniques are 

suffering from complex cleanup process and multiple derivative operation steps what results in an 

expensive and slow detection and quantification of glyphosate.  In addition, glyphosate has no 

fluorescence group that can be detected by fluorescence detector. [1, 2] Raman spectroscopy as a 

technique of the fingerprint provides specific structural information at the level of molecules. On 
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the other hand, surface-enhanced Raman spectroscopy (SERS) can magnify molecular vibrations in 

a system and allows to detect even a single molecule. SERS technique consists of the Raman signal 

of a molecule in the proximity of a nanostructured noble metal surface that is enhanced by the 

enormous electromagnetic field concentrated in the interphase. This effect is related to localized 

plasmon resonances of the metal [5]. Therefore, definition of conditions and the development of 

technology for sensitive and selective SERS glyphosate detection, that would not be time-

consuming and materially demanding and would be also feasible on site, represents a hot topic 

research project. Our aim is to develop methodology based on SERS technique for the sensitive and 

selective detection of glyphosate and to determine its detection limits.  
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Alzheimer’s disease (AD) is the most common cause of dementia and thus a disease that 

radically reduces the quality of life not only for patient but also for the patient’s family. An 

important role in the development and progression of this disease is played by the accumulation of 

two proteins, namely the tau protein and β-amyloid, caused by changes in their structures. 

 The structural insights into the pathological and physiological tau protein conformations 

may help to answer the key questions of the pathogenesis of AD and other tauopathies. All isoforms 

of tau protein consist of four main domains and differ according to number of N-terminal inserts 

(0N, 1N, 2N) and repetitive domains (3R, 4R). An important regulatory role is played by C-terminal 

domain which is believed to be responsible for inhibition of tau protein aggregation [1]. 

 We have been studying the kinetics of the interaction of an antibody DC39C, which epitope 

lies inside the last 12 C-terminal amino acids of tau, with various tau proteins by surface plasmon 

resonance. According to recent insights in the structure of tau protein obtained by cross-linking 

guided discrete molecular dynamics, where tau molecule was modelled as a rather globular and 

compact [2], epitope for DC39C antibody should be hidden in between the beta strand of first N-

terminal insert and N-terminus of tau protein (Fig. 1). Global conformation that was observed by 

FRET method supports that C-terminal domain is hidden between MTBR and N-terminal domain 

[3]. Our results had shown that isoforms without N-terminal inserts bind to DC39C antibody better 

than isoforms containing them; same results were obtained when truncated tau from N-terminal 

domain was used. To support our kinetic data and their link to the tau global folds, we have 

performed chemical crosslinking with mass spectrometry analysis. 

Subsequently, we measured the kinetics of filament formation by fluorescence with ThT via 

heparin-induced aggregation to observe the effect of C-terminal domain removal on aggregation 

compared to the full length and truncated tau (151-391/ 3R) which causes Alzheimer´s like 

pathology in the rat model [4]. The shortest construct of tau protein (1-391/3R) indicated very rapid 

filament formation; slightly slower filament formation was observed when tau protein without C-

terminal domain was used, and the slowest filament formation when isoform tau 39 (2N3R) was 

used. These findings also support the hypothesis of C-terminal domain inhibition of tau 

aggregation. 
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Fig. 1. Model of tau40 molecule (longest tau human CNS isoform-2N4R) obtained using short distance 

cross-linking guided discrete molecular dynamics simulations [2]. 
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 Exosomes belong to the group of extracellular vesicles (EVs). These spherical membrane 

structures with a diameter of 30 - 150 nm are involved in many biological processes, predominantly 

in the intercellular communication. EVs encapsulate proteins, RNA, lipids and metabolites whose 

changes reflect the biological state of the body. They occur in blood, lymph fluid, urine, as well as 

malignant ascites [1]. Exosomes have been reported as being secreted by a wide range of cells, but 

cancer cells secrete at greater rates and amounts. Especially in the condition of bladder cancer, 

where cancer cells are in direct contact with urine, EVs released into the urine could be a specific 

source of biomarkers [2]. Likewise, EVs circulating in the blood come from various tissues and 

their isolation can provide information about the pathological process [3]. Thus, there is an 

immense potential for the use of EVs for biomarker detection in clinical settings [1]. Additionally, 

by removing the internal components of the isolated exosomes and following uptake of the 

dendrimer nanoparticles into exosomes to provide the hybrid nanoparticles, which can be used as 

vectors in therapy [6]. Interestingly, an appealing feature of EV-based biomarker analysis is the 

significant reduction in the sample complexity compared to whole body fluids [1]. Currently, 

several techniques based on physicochemical and biochemical properties of exosomes are used to 

aid isolation of exosomes. The currently ongoing experiments are focused on the technique of 

isolation of exosomes from urine and blood of patients with bladder cancer using ultrafiltration and 

size exclusion chromatography (SEC) [4,5]. The efficiency and quality of exosome isolation has 

been monitored by estimating the size and concentration of isolated exosomes. In order to detect 

biomarkers of bladder cancer, we have also focused on the metabolites encapsulated into the 

exosomal membrane and their subsequent HPLC analysis.  
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Light chain is part of IgG which consists of variable (V-domain) and constant domain (C-

domain). The structure of both domains is composed of ca. 9 β – strands, which are assembled into 

compact typical immunoglobulin fold structure and covalently linked by a disulphide bond [1]. 

While sequence of C-domains is highly conserved, V-domains contain at certain positions 

hypervariable sequences, so-called CDRs (acronym of Complementarity Determining Regions). 

Because of their large sequence variability in CDRs, V- domains can have an increased tendency to 

form amyloid fibrils and aggregates. If light chain expression is dysregulated, high aggregation 

propensity of V-domainscan lead to severe pathologies such as amyloidosis and multiple myeloma 

[2]. 

Multiple myeloma (MM) is the second most common haematological malignancy, 

manifested by uncontrolled proliferation and accumulation of damaged plasma cells in the bone 

marrow. As a result of genetic dysregulation of heavy chain of immunoglobulin G (IgG) 

production, myelomatic plasma cells produce in very high concentration of light chain of IgG (LC) 

which is subsequently secreted into the bloodstream. From the blood circulation, LC is gradually 

captured in organs important for life, such as heart, kidney and liver, where due to the low colloidal 

stability of the LC it forms aggregates and at the final stage it forms the microscopic fibrils or 

amyloid deposits (for amyloidosis) [2, 3].  

Understanding the molecular nature of protein aggregation and the effect of the 

physicochemical environment that accelerates the conversion of functional forms of proteins into 

pathogenic aggregates is a key to discovering the reasons for the high morbidity of these leukemic 

diseases and consequently the rational development of drugs that inhibit the formation of toxic 

aggregates [4]. 

For a first time in our laboratory, we have obtained highly pure recombinant human λ-type 

light chain. After controlled cytoplasmic expression of the protein in E.coli, we found that 

recombinant light chain protein accumulates exclusively in inclusion bodies. Following several 

purification steps, including oxidative refolding in the presence of GSH/GSSG shuffle, Q-

sepharoseanion exchange chromatography, size-exclusion gel chromatography, the protein shows 

a single band on SDS/PAGE gel under reducing conditions. Circular dichroism in far UV region 

and differential scanning calorimetry have confirmed that the protein is correctly folded. The yield 

is 7.5 mg of the light chain protein per 1 L of bacterial culture. 

Having a pure protein in our hands, we have now started excessive biophysical 

characterization Specifically, our goal is to understand mechanistic questions of the relation 

between conformational and colloidal stability. 
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Firstly, the colloidal stability of proteins is connected with solubility of proteins in native, 

partially unfolded or unfolded state. Molecular mechanism of colloidal stability involves two 

seemingly unrelated factors – the strength of the protein-protein interaction as well as the 

contribution of conformational stability that controls the integrity of the native protein. Low 

conformational stability can lead to partial unfolding that exposes portions of the protein with a 

tendency to aggregation [5]. Secondly, the conformational stability of proteins involves both – 

equilibrium and non-equilibrium folding/unfolding steps. In the case of multi-domain proteins, the 

unfolding mechanism can be more complex and hence ad hocmodels have to be developed [6]. 
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 Haloalkane dehalogenases are microbial enzymes able to cleave carbon-halogen bonds in 

halogenated compounds yielding primary alcohol, halide ion and a proton. In addition, they act on 

prominent environmental pollutants in the process of dehalogenation, which has also a great value 

for biotechnology [1]. Nevertheless, further extension of these enzymes into practical applications is 

accompanied by obstacles such as low catalytic activity, stability, as well as product inhibition and 

insufficient enzyme selectivity. To overcome these limitations, protein engineering through directed 

evolution represents promising strategy. 

  Our study aims to investigate utilization of ribosome display in development of haloalkane 

dehalogenases for industrial applications. Ribosome display is powerful in vitro evolution technique 

used to select proteins from large libraries in order to improve desire protein property, such as 

affinity, stability or specificity. The main advantage of this method is its unique robustness. In fact, 

in one selection round we are able to screen for enriched mutants within sequence space up to 10
12

 

variants. Selection criterion is usually binding against immobilized ligand [2]. 

Experimental set up for utilization of ribosome display, directed evolution approach in 

general, to engineer haloalkane dehalogenases with improved properties, consists of three basic 

steps: (i) creation of the library, (ii) selection step and (iii) characterization of the selected variants. 

There are several available strategies to generate directed evolution libraries ranging from point 

mutagenesis through gene recombination or shuffling, to different computational tools dedicated to 

designing DNA/protein libraries [3]. We chose the PCR-based method using mutagenic nucleotide 

analogs 8-oxo-GTP and dPTP and created initial library of DhaA variant H272F with mutational 

frequency 5 mutations per gene on average. This library was subsequently adopted to consecutive 

rounds of ribosome display during which mutant enzymes were selected against immobilized 

biotinylated chloroalkane. Capturing of the enzymes in selection step was mediated through 

formation of covalent bond between displayed enzyme and immobilized ligand[Fig.1] when in case 

of H272F only first part of the reaction takes place and proteins stayed captured [4]. As we were 

able to see positively evolving trend towards improved binders, this approach suggests the 

feasibility using ribosome display in evolution-directed engineering of haloalkane dehalogenases. 
 

 
 

Fig. 1. A. Immobilization of mutant enzyme DhaA through biotinylated chloroalkane. B. Formation of covalent bond 

between chloroalkaneand Asp106 inside the catalytic site of DhaA H272F. Taken from Los, G.V. et al. [4]. 
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Iron gall inks (IGIs) were probably the most important writing and drawing materials used 

from the Antiquity as well in the Middle Ages and even until to the modern times [1].
 
The frequent 

use of this type of ink is due to its simple preparation, good quality of the written records, their 

indelibility as well as no-clogging of writing pens and brushes [2]. Nevertheless, during the 20
th

 

century, they were progressively replaced by modern writing media based on synthetic dyes and 

colorants which do not show corrosive properties [3, 4]
.
 In any case, a significant part of the human 

historical and cultural heritage found, exhibited and stored in libraries, archives, museums, 

galleries, etc. all over the world were recorded/made with the IGIs [4, 5]
.
 Despite their historical 

importance and a huge number of studies dedicated to IGIs, there is only a little consensus on the 

chemical structure or composition of these complex compounds. 

 

Figure 1. Main ingredients in the production of iron-gall ink. Formula structures 

of the studied (poly)phenol compounds. 

 

Historical IGIs recipes typically consist of three or four basic ingredients: tannins, ferrous 

sulfates, Arabic gum and liquid medium [6, 7].
 
Hydrolyzable tannins are derivatives of the gallic 

acid and their function in the IGIs depends on their chelation properties to bind metal ions, 

especially iron ions. To analyze such complex systems, it is important to do an identification and 

characterization of their individual components. In addition, development of an appropriate 

analytical method is also an important task. That is why we focused during our research project on 
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studying complex formation of gallic acid and other structurally related (poly)phenolic – model – 

compounds (Pyrogallol, Syringic acid, Tannic acid) with iron and copper ions by means of optical 

spectroscopy, mainly by Raman and SERS techniques. Spectroscopy results confirmed the known 

fact that tannins possessing catechol or pyrogallol residues are excellent chelators of various metal 

ions. Besides, the effect of pH seems to be a crucial parameter in the preparation, use and 

degradation of IGIs deposited on different paper-based supports. In particular, the degree of 

polymerization processes and formation of new species followed by the interaction of phenolic 

compounds with metal ions are closely related with the pH variations. Therefore, this basic research 

is important not only to understand reaction mechanisms and kinetics of such complexes, but also to 

investigate IGIs present in mock-up samples and to detect them in different artifacts. Last but not 

least, to study tannins interaction with metal ions is also important regarding their antioxidant 

properties and corresponding biological consequences. 
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 Activation of a contractile apparatus essential for cardiomyocyte contraction requires Ca
2+

 

release from the sarcoplasmic reticulum (SR) into the cytoplasm. Ca
2+

 ions are released through the 

cardiac ryanodine receptor (RYR2) that functions as a Ca
2+

 channel embedded in the SR membrane. 

Using a synchrotron X-ray induced fluorescence technique, it has been proposed that in 

cardiomyocyte additional physiological relevant divalent, Zn
2+

, is buffered in intracellular structures 

highly consistent with the SR [1]. Zn
2+

 is essential for many cellular functions having a catalytic, 

structural or signaling function. Two families of Zn
2+

 transporters have been identified in membrane 

of the SR, namely ZIP and ZnT. Since the RYR2 channel is able to conduct in addition to Ca
2+

 also 

other divalents such as Ba
2+

, Sr
2+

 or Mg
2+

, we were interested whether the RYR2 channel with 

conductive pathway appropriately accommodated for various divalents could also function as an 

effective pathway for Zn
2+

 transport in cardiomyocytes. 

 Our aim was to investigate whether Zn
2+

 could permeate through the conductive pore of the 

RYR2 channel employing electrophysiological methods. RYR2 enriched microsomes were isolated 

from adult rat hearts by differential centrifugation and subsequently incorporated into the BLM, 

which mimics the native membrane environment by appropriate lipid composition. As a source of 

Zn
2+ 

ions, we used ZnCl2 with acceptable solubility at physiological pH of 7.35. Since we have not 

succeeded to record any activity of the RYR2 channel in the BLM using solely Zn
2+

 gradient as a 

driving force, we had to search for an alternative experimental approach. We considered  detection 

of changes in reversal membrane potential Um when  manipulating concentration ratio of Ca
2+

 and 

Zn
2+

 on the luminal face of the RYR2 channel as a promising way. The permeability coefficient for 

Zn
2+

 was estimated by the theoretical equation of the total ionic current considering only positive 

ionic species (Ca
2+

, Zn
2+

, K
+
, and Tris

+
) present in experimental solutions.  

 From our experimental results, we could conclude that Zn
2+

 indeed permeates through the 

RYR2 channel and its permeability coefficient is three times lower than for Ca
2+

. Because the 

RYR2 channel exhibits almost identical permeation characteristics for Mg
2+

 and Ca
2+

,  it is obvious 

that Zn
2+

 is less permeable through the RYR2 channel also in comparison to Mg
2+

. This is 

interesting because Mg
2+

 and Zn
2+

 possess comparable charge density and similar ionic radius. The 

physiological relevance of our finding might be related to the presence of a specific protein 

structural motif - zinc finger- within the RYR2 channel. Recently identified zinc finger (type 

Cys2His2) is localized in the connection between the prolonged S6 transmembrane segment and the 

C-terminal domain. This connection is rigidified by Zn
2+

 coordinated by residues Cys-4874, Cys-

4877, His-4894 and His-4899 (rat RYR2 numbering) [2] and it seems that mentioned rigidity is 

critical for RYR2 gating [3]. We assume that even small Zn
2+

 release from the SR, driven by a Zn
2+

 

gradient, during each opening of the RYR2 channel might positively contribute to a stable 

Zn
2+

environment around the zinc finger motif, and thus ensuring appropriate RYR2 gating.  
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 Heat shock proteins 70 (Hsp70) are ubiquitous ATP-dependent chaperones (folding helpers) 

existing in all kingdoms of life. Structurally, canonical Hsp70 consists of two folded domains and 

C-terminal intrinsically disordered part. A nucleotide binding domain (NBD) binds ATP. A 

substrate binding domain (SBD) binds protein clients, and the binding affinity depends on 

ATP/ADP status of the NBD. The function of the C-terminal disordered part is less understood.   

In the ATP-bound state, the SBD undergoes a conformational change which leads to the 

opening of the binding cleft and subsequently to the decrease in the binding affinity for a client. 

During the functional cycle of this chaperone, the ATP is hydrolyzed, which is used to drive 

conformational changes.  After the ATP hydrolysis, structural rearrangements in the NBD domain 

trigger the closure of the SBD’s binding pocket. The closure of the binding pocket leads to the 

capture of a client protein. In the SBD closed state, the client dissociates very slowly, and hence, the 

SBD closed state has a higher affinity to the client protein. Under in vivo conditions, ATP/ADP is 

controlled by the ATP levels and by the action of nucleotide-exchange factors (GrpE in E. coli) and 

other cochaperones (DnaJ). Co-chaperones regulate the ATP-ADP cycle of Hsp70 at different 

checkpoints.   

The Hsp70 chaperone system from E.coli called DnaK have been identified as the first 

Hsp70 chaperone and it has been studied intensively. In addition, DnaK 3D structure has been 

solved using hybrid approach combining NMR spectroscopy and crystal structure determination. 

While the 3D structure offers valuable insights into a spatial localization of individual amino acids, 

the question how this complex nanomachine works have remained elusive. Recently, single-

molecule force spectroscopy Hsp70 provided information on the mechanics of the domains [1-3] . 

These studies pointed out a strong interplay between mechanical vulnerable/stable regions in Hsp70 

domains. Here we asked how such mechanical constraints are affected during the evolution of 

Hsp70. In particular, insertions/deletions can be highly disrupted for the mechanical interplay since 

such changes introduce a large shift in the register of the interactions.  

To analyze the evolution of Hsp70s, we collected 244 sequences of Hsp70 from 12 bacterial 

phyla. In our collection, we included Hsp70 from recently sequenced extremophiles as well as 

clinically important bacterial species, and we performed multiple sequence alignment using 

MUSCLE algorithm [4] as implemented in MEGA-X [5]. In the collection of our sequences, the 

pairwise sequence identity is distributed around the median of ca. 56% with a standard deviation of 

 10%. Multiple sequence alignment was further processed and analyzed with the focus on: 

conserved residues/motifs, sequence variability, insertion/deletion (indel) occurrence and 

differences in selected attributes (e.g. amino acid composition or number of indels) between 

sequences of extremophilic and non-extremophilic bacteria. We found 109 conserved residues 

(>99.2% conserved). The NBD has 21.1 % conserved positions while the SBD has 12.4 % and, as 

expected, the C-terminus does not have any conserved position. Remarkable, two relatively long 

contiguous conserved sequence motifs located at the N-terminus (6-14, DnaK E.coli numbering) 

and at the NBD lobe-lobe interface (194-201, DnaK E.coli numbering). Interestingly, the bilobal 

NBD structure is a result of a gene duplication event and conserved stretches are located at N-
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terminal part of both lobes [6]. Consistently, Wu-Kabat variability analysis showed that SBD and 

the C-terminal part are significantly more variable as compared to the NBD. The analysis of the 

indel incidents in Hsp70 shows that the large part of the SBD structure (431-595 residues) does not 

contain any indels. Given the gap positional frequency (ca. 30%) in the Hsp70 alignment, such 

indel-free region is highly unusual (of order 10
-26

). We speculate that the absence of the indels in 

this region is the consequence of requirements for precise structural/geometrical mechanics of 

domains during Hsp70 allostery and hence insertion/deletion in the SBD domain can cause loss-of-

function of such precisely balanced molecular machine. 
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 Exogenous insulin, used as a therapeutic agent for diabetes, forms insoluble deposits 

containing amyloid fibrillar structures in proximity of the administration site. We analysed the in 

vitro anti-amyloid activity of four green tea constituents: (-)-epigallocatechin gallate (EGCG), (-)-

epicatechin (EC), gallic acid (GA) and caffeine (CF), and their equimolar mixtures. Regarding 

individually tested compounds, only EGCG inhibited the amyloid fibrillization of insulin. 

Molecular docking revealed that EGCG interacts with an essential amyloidogenic region of insulin 

chain B (Fig. 1). The individual EC, GA and CF molecules were ineffective. The presence of 

EGCG in equimolar binary – quaternary mixtures in combination with GA, EC, and/or CF was 

required for the inhibitory activity of most mixtures. Interestingly, individually inactive GA had a 

potentiating effect on the activity of EGCG in mixtures while EC and CF had a negative effect. We 

observed different amount of insulin amyloid aggregates the formed in the presence of studied 

green tea constituents and their mixtures. Moreover, the diverse morphology of aggregates indicates 

distinct types of aggregates. Results indicate that the biological activity of individual molecules is 

not directly applicable to the pooled samples effects prediction. 

 

 
Fig. 1. Structure of human insulin at pH 1.9 (PDB ID: 2MVC) and best docking poses for studied compounds (GA - 

magenta; EGCG - green; EC - turquoise; CF - ochre) Calculated amyloidogenic regions are colored in grey. 
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Hyperbranched dendritic polymers and liposomes have been intensively studied individually 

with promising results towards their potential use as drug carriers. This work focuses on the 

combination of liposomal and dendrimer technology for the development of a binary system, 

suitable for delivery of cytostatic drugs, which could potentially overcome deficiencies present in 

each individual group; thus, enable more efficient and safer chemotherapy. 

We used fluorescently labeled carbosilane dendrimers FITC-CRD13 based on ruthenium that 

possess several unique anticancer properties [1]. Liposomes were prepared by hydration method 

using zwitterionic 1,2-dimyristoyl-sn-glycero-3-phosphocholine (DMPC). Locking dendrimers into 

the DMPC liposomes was performed by introducing FITC-CRD13 into the step of 1) dissolving 

lipids in organic solvent; 2) lipid film hydration. The samples were analyzed by transmission 

electron microscopy and fluorescent confocal microscopy. The microscopic images indicated the 

presence of dendrimers in the multilamellar liposomal structures forming vesicles of several 

micrometers. Size reduction of liposomes and their purification from unlocked dendrimers was 

performed by extrusion through 400nm polycarbonate membranes followed by several 

centrifugation steps. Preliminary results from the hemotoxicity assay show the concentration 

dependent hemolytic activity of dendrimers in concentration range of 0.5 µM – 5 µM, which seems 

to be reduced while being locked in liposomes. 

Acknowledgement 

This work was supported by the Slovak Research and Development Agency, APVV (Projects No. SK-PL-18-0080 and 

APVV-14-0267, SK-BY-RD-19-0019), VEGA 1/0756/20, COST CA17140 and Polish National Agency for Academic 

Exchange, NAWA (Pl-SK 2019–2020, Project No. PPN/BIL/2018/1/00150), by Polish Ministry of Science and Higher 

Education together with joint project EUROPARTNER: Strengthening and spreading international partnership activities 

of the Faculty of Biology and Environmental Protection for interdisciplinary research and innovation of the University 

of Lodz, which is financed by NAWA International Academic Partnership Programme. Authors also thanks funding by 

grants from CTQ2017-86224-P (MINECO), and SBPLY/17/180501/000358 Junta de Comunidades de Castilla-la 

Mancha (JCCM). CIBER-BBN is an initiative funded by the VI National R&D&i Plan 2008-2011, Iniciativa Ingenio 

2010, the Consolider Program, and CIBER Actions and financed by the Instituto de Salud Carlos III with assistance 

from the European Regional Development Fund. 

 

References 

[1] S. Michlewska, M. Kubczak, M. Maroto-Díaz, N.  Sanz del Olmo,  P. Ortega,  D. Shcharbin,  R. Gomez Ramirez, 

F. Javier de la Mata,  M. Ionov,  M. Bryszewska, Biomolecules 2019, 9,411; doi:10.3390/biom9090411. 

 

PO12 

mailto:garaiova.zuzana7@gmail.com
https://www.ncbi.nlm.nih.gov/pubmed/?term=Michlewska%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31450702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kubczak%20M%5BAuthor%5D&cauthor=true&cauthor_uid=31450702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maroto-D%C3%ADaz%20M%5BAuthor%5D&cauthor=true&cauthor_uid=31450702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sanz%20Del%20Olmo%20N%5BAuthor%5D&cauthor=true&cauthor_uid=31450702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ortega%20P%5BAuthor%5D&cauthor=true&cauthor_uid=31450702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shcharbin%20D%5BAuthor%5D&cauthor=true&cauthor_uid=31450702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gomez%20Ramirez%20R%5BAuthor%5D&cauthor=true&cauthor_uid=31450702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gomez%20Ramirez%20R%5BAuthor%5D&cauthor=true&cauthor_uid=31450702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gomez%20Ramirez%20R%5BAuthor%5D&cauthor=true&cauthor_uid=31450702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Javier%20de%20la%20Mata%20F%5BAuthor%5D&cauthor=true&cauthor_uid=31450702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ionov%20M%5BAuthor%5D&cauthor=true&cauthor_uid=31450702
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bryszewska%20M%5BAuthor%5D&cauthor=true&cauthor_uid=31450702


9
th

 Slovak Biophysical Symposium 

65 

The polyphenol rottlerin: assessment of disassembly 

activity of protein aggregates and cytotoxicity 

A
I. Garcarova, 

A 
K. Siposova, 

B 
V. Huntosova, 

A 
A. Musatov 

a
Department of Biophysics, Institute of Experimental Physics, Slovak Academy of Sciences, Kosice, Slovakia 

a
Center for Interdisciplinary Biosciences, Technology and Innovation Park, P.J. Safarik University in Kosice, Kosice, 

Slovakia 

Amyloid fibrils formed by normally soluble proteins, that assemble to form insoluble fibers, 

resistant to degradation are characteristic feature of many neurodegenerative and non-neuropathic 

amyloid-related diseases [1]. Over the last decades, there has been increased interest in the 

investigation of therapeutic potential of naturally occurring compounds, such as polyphenols. 

However, polyphenols are very abundant in nature and extremely diverse. Given their great 

heterogeneity, it is difficultto predicta structure-activity relationship, and a more appropriate 

approach is to combine a theoretical and experimental analysisto reveal their biological effects and 

the associated signal-transduction pathways [2]. 

In the present work, the anti-amyloid potential of polyphenolrottlerin was assessed on 

different proteins prone to aggregation, namely insulin, lysozyme, α-lactalbumin and β-

lactoglobulin. Two different experimental approaches have been applied. First, the 

disassemblycapability of rottlerin was evaluated by addition of rottlerin to already pre-formed 

fibrils. Second, confocal fluorescence microscopy and cell viability assay were performed in order 

to assess the cytotoxicity of rottlerin. The efficiency of rottlerinto disassemble of pre-formed fibrils 

was found to be a time- and dose-dependent. The apparent DC50 values in the range from ~15 μM to 

~30 μM suggest significant effectof rottlerin on the disaggregationprocess. In addition to ThT 

fluorescence assay kinetic studies the efficiency of rottlerin was confirmed by visualization of 

fibrils by atomic force microscopy. Especially significant was the finding that rottlerin possesses 

very strong and rapid ability to disassemble pre-formed fibrils. The disassembling effect of rottlerin 

was achieved during the first 5 min of incubation of rottlerin with pre-formed fibrils. 

Cell viability was measured by MTT assay, performed on glioblastoma astrocytoma cells 

(U87MG) exposed to: i) intact amyloid fibrils (10 µM), ii) fibrils (10 μM) in the presence of 

rottlerin at molar ratios 1:1 and 1:0.5(fibrils to rottlerin)without previous incubation,and iii) mixture 

of fibrils (10 μM) pre-incubated with rottlerin for 24 hours at molar ratios 1:1 and 1:0.5(fibrils to 

rottlerin). While rottlerin did not induce significant changes detected by absorption as compared to 

control, cells treated with 10 μM amyloid fibril showed significantly reduced formazan production. 

However, viability of cells incubated in the presence of amyloid fibrils was improved after adding 

of rottlerin. Moreover, better cells survival was observed when treated with mixture of fibrils pre-

incubated with rottlerin.Our in vitro studies indicate that the polyphenolrottlerin can be used for the 

rational design of potential therapeutics for amyloidogenesis and chemical modifications on 

rottlerin could be tested in the future as a promising strategy for the modulation of amyloidogenic 

proteins aggregation. 
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19
F NMR has been a very useful complementary approach to traditional NMR techniques - 

double labelling by 
13

C and 
15

N, especially due to the excellent magnetic properties of the 
19

F isotope. 1) It has a spin ½ and strong dipolar coupling (useful in NOESY), 2) High sensitivity 

(83% relative to 
1
H) and broad chemical shift range (up to 400 ppm), 3) 

19
F is 100% abundant in 

nature and virtually non-present in biologically relevant samples [1-3]. Selective 
19

F isotopic 

labelling is therefore an outstanding technique for monitoring region-specific changes in protein 

structure thanks to minimal background signal [4,5]. 

Here, we present our progress in the preparation of protein samples for 
19

F NMR 

measurements, labelled with 
19

F modified aromatic amino acids (AAs): 5-
19

F-Trp, 4-
19

F-Phe, and 

3-
19

F-Tyr. Distinct AAs had different incorporation efficiency rates, even though we used identical 

protocols. 
19

F tryptophan was readily incorporated with 100% efficiency. However, the extent of 
19

F 

phenylalanine and 
19

F tyrosine incorporation ranged between 50-90%, presumably due to the 

similar biosynthetic pathways or non-optimal culture conditions. On the other hand, the amount and 

purity of samples was sufficient for pilot experiments, as demonstrated by well-resolved 1D 
19

F 

NMR spectra.  
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 Irregularities in oxygen supply and oxygenation of the tissue often reflect the injury and 

malformations of the tissue [1]. Low oxygenated tissues are often found in cancer. The efficacy of 

anticancer treatment depends on the level of cancer tissue oxygenation. Fluorescence microscopy 

represents the imaging method by which the molecular probes sensitive to oxygenation and 

oxidative stress can be identified within the living cells. However, fluorescence intensity-based 

techniques have limitations when detecting the molecular probes at low concentrations and in the 

presence of their quenchers (molecular oxygen and reactive oxygen species - ROS). For this reason, 

we have applied fluorescence and phosphorescence lifetime imaging of selected probes (curcumin, 

MitorTracker Orange CMTM/Ros (MTO), and [Ru(Phen)3]
2+

) localized in extracellular and 

intracellular space of cancer cells. The basal level of oxidative stress maintained in cells can be 

increased or decreased by external or internal stimuli. Curcumin represents the molecule that can 

decrease the ROS in the dark and induce oxidative stress after its irradiation. In this work, we have 

shown that MitorTracker Orange CMTM/Ros (MTO) dramatically varies its fluorescence lifetime 

in the presence of ROS along with the relocalization into the nucleus [2]. Finally, we focused on 

developing a time-resolved luminescence detection approach (Fig.1) to demonstrate both oxygen 

accumulation and oxidative stress levels in cancer spheroids in the presence of curcumin. 

 

Fig. 1. Representative FLIM images of MTO and PLIM images of curcumin/[Ru(Phen)3]
2+ 

applied in the U87 MG 

human glioma cells. FLIM and PLIM luminescence lifetime distribution histograms are plotted for each condition. The 

luminescence lifetimes are color-coded (minima- red, maxima - blue). The hypothesis of oxidative stress and hypoxia 

evolution in the spheroid is proposed by the white arrows. 
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 Nicotinamide adenine dinucleotide (phosphate), NAD(P)H, is one of the main sources of 

endogenous fluorescence in living cells [1], including bacteria E-coli that are well known for their 

glycolytic metabolism, allowing to monitor non-invasively changes in metabolic oxidative state 

directly in these cells during biotechnological processes. Our aim was to examine time-resolved 

NADH fluorescence characteristics in various solvents to estimate the activation energy Ea for 

nonradiative processes of NADH molecule.  In order to determine Ea, we used values of the 

fluorescence lifetime τ1 recorded by time-resolved spectroscopy (BDL-473nm excitation laser, 

LP500 nm filter, HPM 100-40 photomultiplier array, SPC-830 TCSPC board; all Becker&Hickl, 

Germany) in different solvents, in dependence on the temperature T (in Kelvin), taking into 

consideration equation for non radiative rate constant knr:  ,          

 Where r is radiative lifetime and R is universal gas constant. The value of Ea was thus 

estimated based on equation:  

 

 Gathered results in different solvents (Fig. 1, red) were compared to a model (Fig. 1, green), 

where Ea was fitted using following relationship:  

 
where η is viscosity,  activation energy of processes, expressed as a function of solvatochromic 

parameters , β and α. The use of a model of multiparametric activation energy and its dependence 

on the physicochemical parameters of the environment of the NADH molecule allowed us to 

observe that most pronounced effect is related to polarisability ( ), then basicity (β) or acidity (α), 

and viscosity η as the least characteristics that affects observable fluorescence lifetime. Gathered 

results are a prerequisite for understanding of the influence of environmental changes on NAD(P)H 

autofluorescence in living cells. 

 
Fig. 1. Activation energy (y axes), calculated (green) and estimated experimentally (red) for different solvents. 
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Depression is one of the neuropsychiatric disorders that is a serious global problem and is 

increasingly diagnosed in children and adolescents [1]. The disease is multifactorial and is affected 

by genetic, environmental, psychological, biological and biochemical factors, but its molecular 

basis in children and adolescents is not yet known. It has been hypothesized that disturbance of 

neurotransmitter metabolism (mainly serotonin) is responsible for the etiopathogenesis of 

depression [2]. The only known serotonin precursor is tryptophan. It is thought that increased 

tryptophan metabolism via the kynurenine pathway may be involved in the development of 

depression, which leads to decrease level of tryptophan for serotonin synthesis. Activation of the 

immune system also plays a key role, where neopterin in body fluids serves as a marker of cellular 

immune system activation [3]. In the study, we analyzed selected metabolites (tryptophan, 

kynurenine, neopterin) in urine by high performance liquid chromatography (HPLC) with 

absorption and fluorescence detection. 
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 Yeast has an irreplaceable place in science and industry. Especially in the food industry to 

produce baked goods, alcoholic beverages and dairy products. In science, and pharmaceutical 

industry they are widely used as a model organism. On another hand, certain yeast strains can act as 

primary or opportunistic pathogens. All yeasts diseases are treated with antifungal drugs. The most 

widespread and effective class of antifungal agents are azole drugs. At present, however, their 

increasing rate of azole antifungals resistance presents complications in the treatment of yeast 

infections. This is particularly important in Candida, especially Candida albicans. Candida are the 

most common cause of human opportunistic yeast infections worldwide, accounting up to 96% of 

yeast infections, where 50% of all cases are caused by Candida albicans [2].  

 The plasma membrane is the most important cell membrane and it plays a key role in drug 

resistance mechanisms. Its properties depend on the lipid and protein composition. One of the most 

abundant lipids in cell membranes is phosphatidylinositol (PITP). The PDR16 gene encodes the 

major phosphatidylinositol transfer protein and is implicated in drug sensitivity. Deletion of the 

PDR16 gene leads to increased susceptibility to azole antifungals, affects the phospholipid and 

sterol composition of the plasma membrane, and alters the total lipid composition in yeast 

membranes [3]. It has been shown that altered plasma membrane phospholipid and sterol 

composition can change membrane barrier function [4]. The membrane serves as a diffusion barrier 

to the movement of ions, especially to ions which are involved in membrane potential generation. 

The aim of this work is to study the effect of the PDR16 gene deletion on the biophysical properties 

of Candida albicans membrane, namely the membrane potential as this attribute is notable in 

membrane barrier function. 

 The effect of the PRD16 gene deletion on yeast transmembrane potential values was studied 

by shift in the emission maximum position (∆λmax) in the fluorescence spectrum of the DiS-C3(3) 

probe, after its incorporation into the sample. In our experiments, deletion of the PDR16 gene did 

not have a significant effect on the ∆λmax value of the deleted mutants, although the plasma 

membrane of the mutants was slightly hyperpolarized compared to the wild-type strain. This change 

is most likely due to a change in the lipid and/or sterol composition of the mutant membrane, which 

may lead to increased susceptibility to azole antimycotics.  
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 Cancer is the second leading cause of the death in the world. Therefore, it is very important 

and crucial to develop an effective transport system of anticancer drugs for targeted distribution to 

the tumor cells in order to overcome undesirable side effects of conventional chemotherapy. Our 

aim was to construct polyoxazoline polymeric micelles, their physico-chemical characterization, 

and testing of these drug delivery systems as effective carriers of hydrophobic anticancer drug 

curcumin (CUR) and natural potent photosensitizer hypericin (HYP). The aim of this study was also 

to find the possibility of co-loading of CUR and HYP into the lipoprotein molecules - low density 

lipoproteins (LDL) and high density lipoproteins (HDL). The results of this work show that the size 

of all synthesised polyoxazoline polymeric micelles incorporated with CUR or HYP was less than 

100 nm and therefore these micelles are suitable candidates for passive targeting of cancer tissues. 

CUR-loaded and HYP-loaded polyoxazoline polymeric micelles are highly stable for long-term 

storage and have high drug loading capacity. CUR inside polyoxazoline polymeric micelles is 

highly protected from the degradation and therefore this copolymer can be considered as an 

excellent stabilizer of CUR in aqueous solution. It has been also shown that CUR molecules can be 

successfully incorporated into lipoproteins, and LDL particles have a much higher loading capacity 

for CUR than HDL particles. We have found that CUR and HYP can be simultaneously 

incorporated into LDL with high level of efficiency without affecting each other. 
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 Liposomes are spherical supramolecular aggregates of lipid molecules. Lipids make up lipid 

bilayer which separates intraliposomal space from outside. Liposomes are used as model of 

biological cells as their membranes are build up by lipids. We use liposomes to model 

physicochemical events during cryopreservation of biological cells. Cryopreservation is a process 

where biological material susceptible to damage by unregulated chemical kinetics is preserved by 

cooling and storing at low subzero temperatures [1]. However, there is risk that comes with 

reaching low temperatures – formation of ice crystals as water is present in biological cells. 

Formation of intracellular ice is almost always lethal for the cells. It has been found that addition of 

some foreign substances into the cells medium, e.g. dimethyl sulfoxide or glycerol, can have 

cryoprotective effect and therefore substantially increase cell viability after thawing [2]. It is crucial 

to minimize toxic effect of these cryoprotective substances using low concentrated suspensions but 

high enough to secure cryoprotection [3]. There are some hypotheses concerning cryoprotective 

effects of dimethyl sulfoxide, but complete understanding is still lacking [3]. 

 Our aim was to examine phase behavior of liposomal dispersions with dimethyl sulfoxide as 

cryoprotectant in concentration range of 0 – 10 vol. % with respect to water. Liposomes consisted 

of dimyristoylphosphatidylcholine.  Emphasis was put on how dimethyl sulfoxide affects freezing 

of medium inside as well as outside of liposomes. Main method used was differential scanning 

calorimetry which allows for heat capacity scans in wide range of relevant temperatures for 

cryopreservation. Phase transitions are accompanied by change in heat capacity. As supporting 

methods we used: positron annihilation lifetime spectroscopy that can detect temperature induced 

changes in free volume characteristics with relevant information about phase behavior and also we 

used molecular dynamics simulations as a tool for tracking interaction between dimethyl sulfoxide 

and lipid bilayer during cooling and heating of the system as well for examination of phase behavior 

of water-dimethyl sulfoxide mixtures. 

 Our results indicate that dimethyl sulfoxide has major effect on phase behavior of liposomal 

dispersions, mainly: reducing the temperature at which intraliposomal medium freezes; raising the 

main phase transition temperature of lipid and enhancing structural integrity of freeze-thawed 

liposomes with increasing concentration of dimethyl sulfoxide in dispersions. 
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In this work we report on the fabrication of elastic microstructures and their use for viscosity 

measurement. Elastic 20 µm long head-and-neck-like micro-sized cantilevers with a thickness of 

approx. 0.3 µmare prepared by two-photon polymerization of trimethylolpropanetriacrylate, 

thebiocompatible photoresist calledOrmoComp®.The fabricated microstructures are equipped witha 

spherical head, which can be trapped by focused laser beams. A holographic optical tweezerssetup 

is used to manipulate the head of the cantilever and to bend it actively from the equilibrium 

position. After the release, the overdamped oscillations are recorded by video-tracking and are 

subjected to image analysis.The time dependence of the head position contains the information 

about the properties of both: the surrounding environment and the cantilever material.  

The effect of solvent viscosity on the cantilever recovery motion is studied in details. Our 

results indicate that the elastic microstructures can be utilized for viscosity measurements in a 

straightforward way. Linear dependence is found between the recovery time of the overdamped 

cantilever oscillations and the viscosity of surrounding solution. The microstructures were tested by 

measuring the viscosity of aqueous glucose solutions and water-glycerol mixtures. 

The small dimension of the structures opens the way for viscosity measurements in sub-

microliter volumes, which may be of high interest in manyapplications. For example, injectable 

drug formulations in pharmacology can be mentioned, where the smallmeasured volume reduces 

the experimental demands on expensive samples. 
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 Nano-technologies are becoming synonymous with the present times. One of the 

requirements for their effective development is the need to characterize the properties of the 

investigated nano-objects. There are many experimental and theoretical approaches [1]. 3D imaging 

of the topographic surface using an atomic force microscope (AFM) allows you to get an idea about 

how objects look like at nanoscale. The autocorrelation function (ACF) method provides a fast and 

elegant estimate of the nanoparticle distribution parameters, but it has one significant drawback. Its 

cross-correlation component causes a large increase in error or it makes analysis impossible in the 

case of dense distributions [2].  

 

 
Fig. 1. Decomposition of half-sphere surfaces distribution. Simulated AFM topography (left), 

model growth curve (mid) and corresponding extracted size distribution (right). 

3D view was made using Gwyddion software [3]. 

  

One possible solution to this problem is to use an image histogram of the distribution. By 

incorporating a statistical distribution function of the sizes of the given objects into a model of a 

topographic surface (e.g. from an AFM microscope, represented by a set of brightness values of 

individual pixels), its decomposition and acquisition of appropriate parameters of distribution 

functions is possible. Since the image histogram of such a surface is an invariant with respect to the 

relative position of the objects that make up the surface, the problem of cross-correlation of 

neighbouring objects will be solved. In this way, a method of analysis can be created for a quick 

and simple estimation of the distribution function of objects in an image. A by-product of this 

analysis is a possibility to model the curves of different growth processes through the cumulative 

function of object distribution (Fig.1).   
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 Human skin admittedly contains endogenous fluorophores distributed in various 

concentration in different skin layers [1]. The skin endogenous fluorophores include tyrosine, 

tryptophan, collagen, keratin, nicotinamide adenine dinucleotide, elastin and others [2]. All these 

fluorescent compounds exhibit changes in fluorescence characteristics related to modifications of 

skin functionality. 

 Our aim was to examine endogenous skin fluorescence (autofluorescence) by fluorescence 

spectroscopy method. We compare skin on fifth finger – digitus minimus of atopic dermatitis 

(eczema) and healthy skin (Fig. 1). The Luminescence Spectrometer LS 55 (PerkinElmer, 

Beaconsfield, UK) with Remote Fiber Optic Accessory (PerkinElmer) and BS Studio Software was 

used, as described previously [3]. The Excitation-Emission Matrix (EEM) was collected with 

excitation wavelength from 260 nm to 450 nm in 10 nm steps and emission wavelength from 

280 nm to 650 nm with step 0.5 nm. The EEM represent the relation between the fluorescence 

intensity and excitation and emission wavelength. 

 Our preliminary experiments with complex fluorescence monitoring of eczema skin show 

differences in some regions of EEM in eczema skin and healthy skin. This emphasize the utilization 

of modern fluorescence techniques as prospective candidates for fast, safe, highly sensitive, and 

non-invasive monitoring of the human skin condition even in in vivo mode and its potential usage in 

dermatology. 

 

  
Fig. 1. The Excitation-Emission Matrix of skin autofluorescence on fifth finger – digitus minimus 

of (A) atopic dermatitis (eczema) and (B) healthy skin. 
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Presence of protein amyloid deposits is associated with pathologies of many amyloid-related 

disorders, including Alzheimer´s disease, Parkinson´s disease, diabetes mellitus, non-neuropathic 

lysozyme systemic amyloidosis, and others. We have studied effect of 4 compounds based on bis-

coumarin homodimers connected via linker with increasing length (3-7 carbons)(Fig. 1) on amyloid 

fibrils of globular proteins (human insulin and hen egg white lysozyme) and intrinsically disordered 

protein (Aβ40 peptide).  

The ability of bis-coumarin homodimers to destroy amyloid fibrils was studied by means of 

ThT fluorescence assay, FTIR spectroscopy, and atomic force microscopy. We have found that the 

homodimers destroy protein amyloid fibrils differently. In the case of fibrils made of globular 

proteins, the destroying efficiency is weak for homodimers with short linker (3 and 4 carbons) but is 

significantly increased with linker length (Fig. 2). On the other hand, the studied compounds 

showed significantly higher efficiency to destroy fibrils of Aβ40 peptide, but independent on the 

length of the linker.  

The present work is a step towards understanding the relationship between the structure and anti-

amyloid properties of compounds as an inevitable condition for design of potential treatment of 

amyloidosis.    
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Fig. 2. Atomicforcemicroscopyimaging of 10 μM hen 

eggwhitelysozymefibrilsbefore(A) and after(B) 

incubationwithwith100 μM bis-coumarinhomodimere MH7. 

Lysozymefibrilswereprepared in glycine/NaCl buffer at low 

pH after 2h incubation at 65°C and 1200 rpm.  

The bar is 2 μm. 

 

Fig. 1. Structure of studied bis-
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The theory of Brownian fluctuations of spherical particles in harmonic potentials was 

elaborated in connection with optically trapped beads in the past. This theory can be directly 

applied to the microscopic cantilever systems equipped with spherical particles at their end.In this 

case the harmonic potential is created by the cantilever itself (without optical trapping). It can be 

shown, that the power spectral density of such oscillations is given by a Lorentzian curve: 

P(f)~1/(f
2
+fc

2
), where the corner frequency fc is inversely proportional to the viscous damping of the 

system. It follows, that the viscosity of the surrounding medium can be evaluated from the power 

spectrum of the Brownian oscillations. Practically, it means that the end-bead oscillations are to be 

recorded during a certain period, so that the power spectrum can be calculated and fitted with a 

Lorentzian curve, using conventional mathematical methods. Our preliminary tests have confirmed 

the Lorentzian frequency dependence of the end-bead oscillations’ power spectral density. The bead 

position was detected in back-scattered arrangement, using a few tens of micro-Watts 532 nm laser 

for illumination. The intensity of the back-reflected light was found to have a linear dependence on 

the bead position, when illuminating the microstructure edges. The power spectral density was 

analyzed to gain information on the surrounding medium viscosity. 
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 Both natural and synthetic nanoparticles have practical applications in a variety of areas, 

ranging from environmental remediation to an emerging multidisciplinary field that combines 

chemistry, engineering, physics, biology, and medicine. Additionally, over the last decades, there 

has been increased interest in the studies of in vitro and in vivo applications of NPs in radiation, 

photodynamic and thermal therapies. Proteins are important biological macromolecules that are 

fundamental to the proper functioning of cells and organisms; therefore, the impact of nanoparticles 

in living organisms at the protein level is a critical issue that is attracting increasing attention from 

researchers. In turn, natural zeolite nanoparticles, especially clinoptilolite zeolite (CZ) is a 

promising material for biomedicine and pharmaceutics due to its non-toxicity, thermal stability, 

expanded surface area, and exceptional ability to adsorb various atoms, organic molecules, 

photodynamic agents, and nanoparticles into micro- and mesopores. 

Our aims were: i) to prepare magnetic nano/micro-particles of clinoptilolite type of natural 

zeolite as promising carriers for controlled drug delivery/release; and ii) to probe CZ particles as 

anti-amyloidogenic agents.  

Adsorption of photodynamic active dyes and their release from CZ in the presence of 

biomolecules were quantitatively investigated by absorption and fluorescence spectrometry. Using 

multiphoton microscopy, we demonstrated that effective inducing of two-photon excited 

luminescence and second harmonic generation signals in nano/micro-particles of CZ by 

femtosecond near-infrared laser excitation can be successfully utilized in multiphoton imaging of 

CZ particles and the dye adsorption processes.  

The amyloid aggregation process involves the association of peptides into supramolecular 

complexes, fibrils. Accumulation of formed fibrils are characteristic features for a range of, if not 

all, neurodegenerative disorders such as Alzheimer’s, Huntington’s, Parkinson’s, as well as non-

neuropathic amyloidosis. We have found that CZ particles affect amyloid aggregation of proteins, 

namely insulin and lysozyme in dose-dependent manner. Determined half-maximal inhibiting (IC50) 

and half-maximal disassembly (DC50) values of CZ particles were found to be in sub-miligram/mL 

concentrations range. Intriguingly, IC50 and DC50 values for insulin were one-half lower in 

comparison to those determined for lysozyme. In addition, anti-amyloid activity of CZ was 

enhanced after incorporation of magnetic (Fe3O4-based) nanoparticles into pores of CZ particles. 

This anti-amyloidogenic activity could be enhanced by co-application of external magnetic field 

and induction of hyperthermia or co-application of radiation. It is important to be noted that a 

synthetic zeolite (Zeolite Y) did not affect amyloid aggregation. 

We could conclude, that CZ magnetic nano/micro-particles can be considered as safe and 

effective multimodal probes for MRI and optical imaging, thermo- and phototherapy as well as 

effective containers for controlled drug delivery not only for amyloid-related diseases. 
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Dendrons are artificially synthetized molecules representing a group of nanosized dendritic 

structures (dendrimer sections) which gain an interest for their possible therapeutic and anticancer 

properties[1]. Based on the compounds used for the synthesis avarious type of dendrons with 

tailored physicochemical properties can be prepared. We have studiedthree amphiphilic phosphorus 

dendrons (APDs) of the first and second generation: jq108 (C124H198Cl10N34O8P8S5), jq170 

(C134H218Cl10N34O8P8S5) and jq111(C264H418Cl20N74O18P18S15), respectively. 

Fluorescence anisotropy – inversely related to membrane fluidity – was calculated according 

to equation:r = (IVV−GIVH)/(IVV+GIVH), where IVV and IVH = the vertical and horizontal intensities 

with respect to the vertical polarization of the excitation light, G = IVH/IVV was grating correction 

factor. The relative change of fluorescence anisotropywas expressed as (r/r0), where r and r0were the 

observed and background anisotropiesof a probe DPH (1,6-diphenyl-1,3,5-hexatriene) or TMA-

DPH (1-[4-(trimethyl-ammonium) phenyl]-6-phenyl-1,3,5-hexatriene) being intercalated in isolated 

erythrocyte membranes.Effect of ADPs on the anisotropy was measured in the range of1 µM - 

110 µM.Since effects of ratios are multiplicative rather than additive, the logarithms of the (r/r0) 

were analysed. 
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Fig. 1 Fluorescence anisotropy of DPH upon increasing concentrations of dendrons. Analysis with the original 

data on the ratio scale (Fig. 1 left). Analysis after logarithmic transformation (Fig. 1 right). 

Using a nonlinear regression, we were able to prove significant differences in the effect of 

dendrons on the fluidity (P = 0.005, different curve for each data set; Fig. 1 right). The goodness-of-

fit was quantified by coefficient of determination R
2
, and the differences between the curves were 

tested using an extra-sum-of-squares F test. Analysis with the original data on the ratio scale failed 

to prove differences (P = 0.880, one curve for all data sets).Similar behaviour, but with higher 

steady-state anisotropy values was observed for TMA-DPH. 
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Thanks to the remarkable combination of mechanical strength and elasticity as well as 

biocompatibility, the spider silk is an interesting subject of study in applied research [1-3].The 

spider silk formation in nature is a complex process including changes in pH, salt concentration and 

sheer forces which trigger transformation of highly concentrated protein solution into insoluble 

fibre [4]. 

This work focuses on a detailed analysis of fibril formation from the recombinant spider silk 

protein eADF4(C16) using spectroscopy methods (turbidity measurements, ThT and ANS 

fluorescence). Special focus is devoted to determination of a kinetic model of the self-assembly as 

well as an impact of chaotropic and kosmotropic ions on fibril morphology.We also studyinfluence 

of different pH environments onthe protein solubility.  

Overall, we conclude thatthe model of secondary nucleation describes the self-assembly of 

recombinant spider silk protein eADF4(C16). Our results show divergent influences of ionic 

environments on the fibril formation.In this process, chaotropic ions act as inhibitorsand 

kosmotropic phosphate ions seem to be the most efficient. The results also illustrate that different 

pH environments, without the ion addition, significantly affect the transformation of recombinant 

spider silk protein intoaggregation structures.Low pH values (pH = 3,4,5) lead to the formation of 

fibrils. In environments with a pH higher than 5, the protein remains unfolded. 
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Cytochrome c (cyt c) is a well-known heme protein located on the external side of the inner 

mitochondrial membrane. The main function of cyt c is to shuttle electrons in mitochondrial 

respiratory chain between Complex III and Complex IV. Recently, it has been found out that cyt c 

plays important role in the activation of a programmed cell death cascade, can function as a 

cardiolipin-specific oxygenase that chemically oxidizes cardiolipin, and is an active player in 

regulation of oxidative stress by removal of H2O2. All the above alternative functions of cyt c 

depends on its peroxidase-like activity [1]. However, the peroxidase-like activity of cyt c in its 

native and non-native hexacoordinated conformational states is still puzzling since in order for the 

H2O2 to be consumed it needs to interact with the heme iron [2]. While some authors proposed that 

cyt c peroxidase-like activity has to be activated by H2O2-induced covalent modifications [3], 

several other reports clearly demonstrated that an increased peroxidase-like activity of cyt c induced 

by point mutation [4] or as the result of interaction with cardiolipin containing vesicles [5] was not 

accompanied by significant conformational change of cyt c and its heme region remained in the 

native-like state. The apparent absence of conformational change suggests that the increased 

peroxidase-like activity is intermediated by transiently populated pentacoordinated state of the 

heme iron likely due to increased dynamics of the heme region as a result of reversible unfolding of 

the least stable foldons of cyt c. This suggestion was supported by demonstration of the binding of 

small ligands, such as cyanide [6] to the heme iron. 

In our work, we show that peroxidase-like activity, measured by guaiacol oxidation and the 

ferrous oxidation in xylenol orange methods, correlates with the accessibility of the heme iron, 

which was assessed from the association rate constant of cyanide binding to cyt c. Our results 

suggest that dynamics equilibrium among the denaturant-induced non-native coordination states of 

cyt c, very likely due to reversible unfolding of the least stable foldons, is pre-requisite for enhanced 

peroxidase-like activity of cyt c in its compact state. Dynamics replacement of the native sixth 

coordination bond of methionine-80 by other ligands such as lysines (72, 73, and 79) and partially 

also by histidines (26 and 33) provides an efficient way how to increase peroxidase-like activity of 

cyt c without significant conformational change at physiological conditions. 
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 Amyloid aggregation is a well-known phenomenon connected to amyloid-related diseases 

(Alzheimer’s, diabetes type II, etc.). Recently, amyloid aggregates were also found to hold great 

potential to be used as biomaterials due to their physico-chemical properties. Their unique features 

include high mechanical stiffness, resistance against enzymatic degradation and chemical 

denaturation, or self-assembly into ordered fibrillar structures. The important step for the utilization 

and fabrication of amyloid-based biomaterials is finding strategies to control the outcome of the 

amyloid aggregation process. One of the useful tools for regulation of amyloid fibril formation, 

namely structural and morphological characteristics of fibrils, is the variation of the solvent 

properties.  

Ionic liquids (ILs) represent a class of novel solvents composed solely of ions, containing an 

organic cation and an organic or inorganic anion. A large number of ion combinations allow us to 

tune their physico-chemical properties (density, viscosity, melting point, polarity, water-miscibility, 

etc.) for a particular purpose [1]. 

In this work, we have studied the effect of two groups of imidazolium-based ILs on the 

kinetics of insulin fibril formation and morphology of amyloid fibrils using thioflavin T 

fluorescence assay, circular dichroism, FTIR and Raman spectroscopy, calorimetry and atomic 

force microscopy. The first group of ILs consisted of 1-ethyl-3-methylimidazolium cation and 

chaotropic or kosmotropic anions of Hofmeister series. We have found that the kinetics of insulin 

fibrillization in the presence of studied ILs follows the nucleation-dependent model characterized 

by the sigmoidal kinetic curve. The lag-time and half-time of aggregation were shortened compared 

to conditions without ILs. The extent of the effect depended on ILs concentration and correlated 

with reverse Hofmeister series, suggesting specific ion interactions with protein surface. The 

morphology of obtained fibrils was quantified by image analysis processing. The fibril morphology 

varied with the concentration and type of anion without any correlation to the Hofmeister series. ILs 

consisting of chloride anion and imidazolium cations with n-alkyl substituents (n = 2, 4, 6, 8, 10) 

were studied to test the effect of cation hydrophobicity on the amyloid fibrillization kinetics and 

morphology of aggregates. Our data suggest that the kinetics of insulin amyloid fibrillization can be 

inhibited or promoted by selected cations according to cation hydrophobicity and concentration. 

The ILs with the longest side-chain-containing cation (the most hydrophobic one) inhibited the 

amyloid fibrillization of insulin in a wide concentration interval (10 – 1 000 mM). On the contrary, 

the ILs with the shortest hydrophobic cation accelerated the kinetics of insulin amyloid 

fibrillization. The remaining ILs inhibited or promoted insulin fibrillization based on their 

concentration pointing out the importance of hydrophobic interaction and the length of the aliphatic 

chain.  

The obtained results contribute to a better understanding of the processes responsible for the 

formation of structurally and morphologically defined fibrils. 
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 G-protein coupled receptors (GPCRs) are important cell surface receptors that mediate the 

cellular responses to endogenous signaling molecules. The importance of GPCR can be 

demonstrated in numerous diseases that are directly related to the disturbed GPCR signaling. Thus, 

GPCRs are major target for the pharmaceutical industry - more than 40% of all drugs available 

today act on a GPCR. Effective drug design and functional characterization of these receptors 

strongly depend on high-resolution structural information. The main problem in effort of 

crystallization and solving structure of GPCRs is associated with low solubility of membrane 

proteins. In principle, this obstacle can be overcome by improving solubility of the receptors, or in 

the extreme case by converting the receptors from “membrane-soluble” into water-soluble form.  

In the presented research, we attempted to convert κ-opioid receptor, member of GPCR 

family, to a water-soluble form. The main strategy to reach the goal was redesigning the membrane 

surface of a GPCR by changing the hydrophobic amino acids of the protein/lipid interface with 

suitable polar or charged residues. The goal is toproduce a molecule that is able to fold and function 

in aqueous solution. It is highly improbable that the desired result can be reached in a single step by 

rational design. Instead, we have chosen a highly interdisciplinary approach of in vitro protein 

evolution.  

For evolving GPCR we applied the method of ribosome display, that has beenrecently 

established in our laboratory. As a selection criterium we chose proper binding to its physiological 

ligand- dynorphin. The method of ribosome display proved to be powerful and efficient method for 

such complex modification of protein structure. From the κ-opioid receptor library we were able to 

select binders with specific affinity for dynorphin. The selected binders are variants of κ-opioid 

receptor and were purified without using a detergent. However, so far the selected analogues form 

water-soluble oligomers (from penta- to octa-mers). Despite the robustness of this selection method, 

we were not able to evolve water-soluble functional κ-opioid receptor, which would form 

monomeric or dimeric functional unit. We believe that optimizing of selection step and involvement 

of rational design in final steps of increasing solubility of the receptor might lead to preparation of 

water-soluble analogue of monomeric and/or dimeric structure of the receptor. 

 
Fig. 1. Schematic description of the project main goal 
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