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PROGRAM 

 

WEDNESDAY, May 30, 2018 

12:00 ï 14:00 Registration 

14:00 ï 14:10  Opening ceremony 

14:10 ï 15:40 Session I 

Chair: D. Jancura 

14:10 ï 15:00  

PL1  G. Ģold§k: 

 Single-molecule nanomechanics of protein machines 

15:00 ï 15:20  

SC1 E. Sedl§k, A. Pl¿ckthun: 

 Analysis of kinetic stability of antibodies by microcalorimetry 

15:20 ï 15:40  

SC2 E. Duġekov§, E. Sedl§k: 

 By substrates modulated Hofmeister effect on catalytic activity of chymotrypsin  

15:40 ï 16:00  Coffee break   

16:00 ï 17:10 Session II 

Chair: G. Ģold§k 

16:00 ï 16:20  

SC3 M. Petrenļ§kov§, D. Jancura, E. Sedl§k:  

Characterization of conformational properties of AsLOV2 domain 

16:20 ï 16:40  

SC4 M. Nemergut, E. Sedl§k: 

The use of DARPins in the purification of MBP-fused proteins 

16:40 ï 16:55  

CP1 Z. Kov§ļov§: 

Presentation of SHIMADZU company  

16:55 ï 17:10  

CP2 M. Karabin:  

Presentation of HERMES company 

17:10 ï Welcome drink 

17:20 ï 18:00  Poster session   

18:00 ï 18:30  Meeting of Slovak BioImaging section   
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THURSDAY, May 31, 2018 

9:00 ï 10:30 Session III 

Chair: E. Sedl§k 

9:00 ï 9:50  

PL2 Z. Bedn§rikov§, M. Ganļ§r, K. Uliļn§, D. Fedunov§, S. S.-S. Wang, J. W. Wu, R. 

Wang, Y. Tang, L. Ma, B.-B. Zheng, Z. Gaģov§: 

 Effect of natural and synthetic small molecules on aggregation of globular proteins 

9:50 ï 10:10  

SC5 A. Antoġov§, Z. Bedn§rikov§, M. Koneracka, V. Zavisov§, M. Kubovcikov§, I. Antal, 

J. Marek, Z. Gaģov§: 

 Amino acids functionalized magnetic nanoparticles as lysozyme amyloid inhibitors  

10:10 ï 10:30  

SC6 A. Hovan, S. Datta, A. Jutkov§, D. Jancura, P. MiġkovskĨ, G. B§n·: 

 Phosphorescence kinetics of singlet oxygen produced in nano-particles ï modelling and 

experiments 

10:30 ï 10:50  Coffee break 

10:50 ï 12:10 Session IV 

Chair: G. B§n· 

10:50 ï 11:10  

SC7 Z. Pavl²nska, T. TeplickĨ, D. Chorv§t, N. Ivoġeviĺ Denardis, A. Marļek Chorv§tov§: 

 Spectroscopy and time-resolved microscopy study of endogenous fluorescence in 

marine algae Dunalliela 

11:10 ï 11:30  

SC8 Z. Kronekov§, E. Pauloviļov§, L. Pauloviļov§, J. Kr onek: 

 Poly(2-isopropenyl-2-oxazoline) as a tool for combined cancer immunotherapy 

11:30 ï 11:50  

SC9 A. Jutkov§, S. Datta, P. Sramkov§, L. Lenkavsk§, V. Huntoġov§, D. Chorv§t, P. 

MiġkovskĨ, D. Jancura, J. Kronek: 

 Poly(2-oxazoline) gradient copolymer nanoparticles for curcumin loading and delivery 

to cancer cells 

11:50 ï 12:10  

SC10 K. Kopļov§, L. Blaġļ§kov§, T. Koģ§r, M. Fabian, D. Jancura: 

 Conformational transitions of respiratory cytochrome c oxidase 

12:10 ï 14:00  Lunch Break 
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14:00 ï 15:30 Session V 

Chair: V. Huntoġov§ 

14:00 ï 14:50  

PL3 S. Tomkov§, V. Huntoġov§, G. Wagnieres, K. Ġtroffekov§: 

 Photobiomodulation affects mitochondria morphogenesis and function 

14:50 ï 15:10 

SC11 A. Zahradn²kov§, M. M§jekov§, J. Ġevļ²k: 

 The effect of central helix mutations on the stability of the N-terminal region of the 

cardiac ryanodine receptor 

15:10 ï 15:30  

SC12 I. Zahradn²k, M. HoŠka: 

 On the thermal dependence of the electrical capacitance of cell membrane 

15:30 ï 16:00  Poster session ï Coffee break 

16:00 ï 17:00 SKBS prizes (ceremony and winners lectures) 

17:00 ï 18:00  General Assembly of the Slovak Biophysical Society 

18:45  Conference dinner 

 

FRIDAY, June 1, 2018 

9:30 ï 11:20 Session VI 

Chair: K. Ġtroffekov§ 

9:30 ï 10:20  

PL4  J. UliļnĨ: 

Architecture of cell DNA ï X-ray imaging approach  

10:20 ï 10:40  

SC13 P. Jakabļin, J. UliļnĨ: 

 Early diagnostics and therapy of gastrointestinal neoplasia (from diagnostics to 

therapy within 15 minutes) 

10:40 ï 11:00   

SC14 S. HrivŔak, J. UliļnĨ, P. Vagoviļ: 

 X-ray bioimaging using Bragg Magnifier Microscope 

11:00 ï 11:20   

SC15 S. Havadej: 

 Development of GPU accelerated ray-tracing based X-ray simulation enviroment  

  

11:20  Concluding remarks  
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A. ANTOSOVA, Z. BEDNARIKOVA , M. KONERACKA, V. ZAVISOVA , M. KUBOVCIKOVA , I. 

ANTAL, J. MAREK, Z. GAZOVA  

Institute of Experimental Physics, Slovak Academy of Sciences, Kosice, Slovakia 

SC6 Phosphorescence Kinetics of Singlet Oxygen Produced in Nano-Particles ï 

modelling and experiments 

A. HOVAN
1, S. DATTA

2, A. JUTKOVĆ1, D. JANCURA
1,2, P. MIĠKOVSKħ1,2, G. BĆNč1,2 

1Department of Biophysics, Faculty of Science, P. J. Ġaf§rik University in Koġice, Koġice, Slovakia 
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SC7 Spectroscopy and time-resolved microscopy study of endogenous fluorescence in 
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3RuĽer Boġkoviĺ Institute, Zagreb, Croatia 
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2, J. KRONEK

1 
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2Center for Interdisciplinary Biosciences, Technological and Innovation Park, P. J. Ġaf§rik University,   

Koġice, Slovakia. 

SC11 The effect of central helix mutations on the stability of the N-terminal region of the 

cardiac ryanodine receptor 

A. ZAHRADNĉKOVĆ1,2, M. MĆJEKOVĆ3, J. ĠEVĻĉK4 
1Institute of Molecular Physiology and Genetics, Centre of Biosciences, Slovak Academy of Sciences, 

Bratislava, Slovakia   
2Institute of Experimental Endocrinology, Biomedical Research Centre, Slovak Academy of Sciences, 

Bratislava, Slovakia   
3Institute of Experimental Pharmacology and Toxicology, Centre of Experimental Medicine, Slovak 

Academy of Sciences, Bratislava, Slovakia   
4Institute of Molecular Biology, Slovak Academy of Sciences, Bratislava, Slovakia 

SC12 On the thermal dependence of the electrical capacitance of cell membrane 

I. ZAHRADNĉK1, M. HOşKA2 
1Department of Cell Cardiology, Institute of Experimental Endocrinology, Biomedical Center SAS,  

Bratislava, Slovakia 
2Department of Neurophysiology and Neuropharmacology, Center of Physiology and Pharmacology, 

Medical University of Vienna, Vienna, Austria 

SC13 Early diagnostics and therapy of gastrointestinal neoplasia (from diagnostics to 

therapy within 15 minutes) 

P. JAKABĻIN1,2, J. ULIĻNħ1,2 
1Department of Biophysics, Faculty of Science, P. J. Ġaf§rik University in Koġice, Koġice, Slovakia 
2Saftra Imagine, s. r. o., Koġice, Slovakia 

SC14 X-ray bioimaging using Bragg Magnifier Microscope 

S. HRIVœAK1, J. ULIĻNħ1, P. VAGOVIĻ2 
1Department of Biophysics, Faculty of Science, P. J. Ġaf§rik University in Koġice, Koġice, Slovakia 
2European XFEL, Schenefeld-Hamburg, Germany 

SC15 Development of GPU accelerated ray-tracing based X-ray simulation enviroment 

S. HAVADEJ
1 

1Department of Biophysics, Faculty of Science, P. J. Ġaf§rik University in Koġice, Koġice, Slovakia 
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1 
1Department of Biophysics, Institute of Experimental Physics SAS, Koġice, Slovakia 
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from Wolframin1 -deficient rats 

M. CAGALINEC
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2, D. JANCURA
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 Three-dimensional structures of proteins are a source of fascination for scientists, due to the 

beauty of their sequence-encoded architectures and their highly diverse range of functions. 

When looking at protein structures at atomic resolution, it is tempting to use macroscopic 

mechanical analogies to describe their function as molecular machines. However, such 

analogies are often misleading because boundaries between independently stable subdomains 

cannot often be determined from structures, owing to the high cooperativity of protein folding 

and structural transitions. Single-molecule protein nanomechanics have emerged as a tool to 

force biomolecules through their conformational space and hence identify hinges, breaking 

points, as well as mechanically stable subdomains [1].  

 A prominent example of a protein machine undergoing large conformational change during 

its functional cycle is the ATP-regulated Hsp70 chaperone DnaK ï a central molecular 

chaperone of the protein quality control network in a cell [2]. Once ATP is bound to the 

nucleotide binding domain (NBD) of DnaK, the initially closed substrate binding domain 

(SBD) opens its binding cleft by engaging the a-subdomain to the NBD. In doing so, it 

undergoes a dramatic Ḑ10 ¡ displacement of its lid subdomain to allow the exchange of 

substrates [3]. Several crystal structures of the isolated SBD (in which the NBD is absent) have 

been solved [4, 5]. In these structures, the absence or presence of peptide clients or non-natural 

ligands induce no significant structural changes in the closed conformation. There is no 

indication in the crystal structures of the huge conformational change of the lid domain of the 

SBD, seen in the ATP-form of the full-length two-domain DnaK. Therefore, the large 

conformational change of the SBD is only observed in the two-domain DnaK after ATP 

binding. Thus, even though the crystal structures provide us with very valuable insights into the 

three-dimensional arrangement of individual atoms, the thermodynamic and mechanical 

stability of individual substructures are difficult to predict based on this information alone. Here 

we focused on how the large ATP-induced changes of the SBD, as seen in the two-domain 

DnaK, are mirrored in the subdomain integrity and nanomechanics of the closed form of the 

SBD and how this integrity is affected by peptide (client) binding.  

 Generally, a folded protein which undergoes large conformational changes (such as the 

substrate binding domain (SBD) of the Hsp70 chaperone) faces a seemingly contradictory 

demand; a high folding stability and cooperativity ensures that a protein is in a functional state, 

but at the same time it increases the energy penalty for disrupting the interactions in the native 

state during conformational transition. Recently, using single-molecule force spectroscopy, we 

investigated how such conundrum is solved for the SBD of Hsp70 [6]. Specifically, the parts 

involved in the conformational changes are mechanically weak and therefore amenable to 

deformations. Such mechanically weak regions are decoupled from the overall protein stability 

by selective destabilizing the elements of the secondary structures and thus are the Achillesô 

heels of the protein. In the case of the SBD,  b7-8 as well as subdomain interface are elements, 

which are energy-decoupled from the rest of the protein structure. Interestingly, previously 

various parts of the SBD have been implicated in a hinge function, based on local structural 

heterogeneity with a possible impact on allosteric signaling pathways in DnaK [4]. While such 

thermally accessible states can be readily populated on fast timescales, in our approach, force 

is used to drive the closed SBD structure toward the open state by providing a large energy bias 

to investigate collective dynamics at much slower timescales. 
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 Large allosteric shape changes of proteins, including the action of molecular motors as a 

prominent example, are often discussed using energy landscape concepts which distinguish 

between lever-arm type active motions of the protein and passive so-called Brownian ratchet 

models. We propose to apply such a picture also to the process of peptide-induced lid closing. 

In the case of the SBD of DnaK, an active motion would imply that peptide binding actively 

drives the lid from an open into a closed conformation through rotation of the hinge elements 

(ñlever armò) (i.e., b7-8). A ratchet model, however, would imply that peptide binding locks 

the interface between lid and core as soon as they form physical contact but does not drive the 

elements b7-8 involved in the transition actively. Our results favor a ratchet-type closing of the 

lid because b7-8 docking energies are independent of bound substrate, and hence substrates do 

not drive active docking elements. It means that thermal motions agitate the SBD until the lid 

touches the b-subdomain and the interface energy locks it in the closed conformation (the 

ratchet mechanism). 
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Amyloid diseases are characterized by the formation and deposition of amyloid 

aggregates inside or outside the cell. Amyloid-associated human diseases include Alzheimerôs 

disease, Parkinsonôs disease, prion diseases and type II diabetes. Currently, these diseases are 

incurable; thus, comprehensive search for novel inhibitors is required to develop treatment 

strategies [1]. Several types of potential inhibitors among them nanoparticles, short peptides, 

antibodies and small organic molecules have been studied so far but in spite of intense research, 

the mechanism of inhibition is poorly understood. However, several drug molecules are proven 

to be effective against amyloid fibrill ization process and have potential to either prevent the 

aggregate formation or to some extent reverse the process of protein aggregation [2].  

Herein we opted to test several small compounds with different structure, either 

extracted from herbs or obtained from multi-step synthesis, for anti-amyloid properties towards 

globular proteins. Hen egg white (HEW) lysozyme and human insulin were picked as model 

systems. The ability of extracts from traditional Chinese herbs (DB series) and synthesized 

tacrine ï coumarin derivatives (SH series) to inhibit amyloid fibril formation of globular 

proteins were studied using Thioflavin T fluorescence assay, atomic force microscopy and 

molecular docking methods. The inhibitory activities were further quantified through the IC50 

values.  

The obtained data suggest that inhibitory effect of compounds on lysozyme or insulin 

fibrillization depends on their composition, not origin as each of three studied series contained 

compound with weak, mild or strong inhibitory activity. Based on the results we can suggest 

that important factor is the planarity of the molecule. Extracts from herbs, DB series, were non 

planar and possess only weak inhibitory activity with IC50 values 100-times higher than 

concentration of protein. On the other hand, the most potent tacrine-coumarin derivatives were 

observed to influence the protein aggregation at the stoichiometric concentration (IC50 ~ 19-

100 ɛM). The functional groups and types as well as length of linker also play key roles in 

inhibiting the activity of compounds. 

 Our results provide useful information about the structure and composition for design 

of novel and potential lead compounds for a treatment of amyloid-related diseases. 
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The worldôs population is gradually aging. According to the World Health Organization 

(WHO), between 2015 and 2050, the proportion of the world's population over 60 years will 

nearly double from 12% to 22% [2]. The aging leads to an increased  cardiovascular and 

neurodegenerative diseases incidence. Increasing number of studies show that impaired 

mitochondrial function and dynamics play crucial roles in aging and pathogenesis of 

neurodegenerative diseases such as Parkinson (PD), Alzheimer (AD), and Huntington disease 

(HD)[3]. Treatments for most neurodegenerative disorders and for neurological trauma focus 

on slowing down the progress of disease and to alleviate the symptoms.  Therefore any 

additional neuroprotective and neuroregenerative approaches to the classical ones will have 

great benefit in treating neurological disorders, in particular in terms of socio-economic impact. 

Photobiomodulation (PBM)  represents very promising therapeutic approach that can 

improve mitochondria functionality. PBM uses non-ionizing light sources, including lasers and 

LEDs (light emitting diods), the most often with wavelength (~600ï950 nm) in visible and NiR 

spectrum. PBM effects involve nonthermal processes with endogenous chromophores eliciting 

photophysical and photochemical events at various biological scales. In the clinical practice, 

the PBM beneficial therapeutic outcomes include alleviation of pain or inflammation, 

immunomodulation, and promotion of wound healing and soft tissue regeneration[4,5]. 

In last decade, mounting evidence appears to the beneficial effects of PBM in treatment 

of neurodegenerative diseases [6-11]. However, PBM has not been widely adopted in clinical 

practice for a number of reasons. Therapeutic PBM effects are affected by many factors and 

conditions such as a spatial distribution of irradiation, treatment timing and repetition, 

irradiation type (continual or pulse) and wavelength. The implications of light penetration have 

not been thoroughly addressed, and PBM mechanisms of action are complex at various levels. 

There are effects at the direct cellular level, in many molecular and cellular signaling pathways, 

and at the systemic level, where NiR affects neurotrophic factors and synaptogenesis [5, 10,11].  

The underlying cellular and molecular mechanisms responsible for the therapeutic value of 

PBM are not completely understood, particularly with respect to tissue in nerve system. 

In our study, we have focused on the acute PBM effects at the direct cellular level in 

control and rotenone challenged cells (PD model) with respect on mitochondria morphogenesis, 

cell viability and metabolism. Our results indicate that PBM effects depend on irradiation 

wavelength and dose. In control and rotenone challenged cells, PBM treatment resulted in 

significant increase in mitochondria fusion with corresponding improvement in mitochondria 

function.  
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The structural dynamics of higher eukaryote genomes become lately subject of 

increased interest, fueled mainly by new experimental information provided by High-C and 

related experiments [1]. In spite of ongoing efforts, the actual 3D information about the way 

chromatin is folded in space remains an elusive goal. While topological contact maps provide 

invaluable information about an active part of genome and corroborate the importance of 

knowing the actual 3D conformation of chromatin in various cell states [2], the achievable 

resolution of single-cell experiments leaves a lot to desire.  

There are several lines of attack to achieve the resolution necessary to not only 

understand principal mechanisms and fundamental features of gene expression control and 

epigenomic programming of the cell, but also to get comprehensive view on the whole process. 

The highest resolution of High-C class of experiments is at the level of 10 kbp (smallest 

fragments of sequence), done at statistical ensembles of synchronized cells and subject of 

probabilistic interpretation and possible preparation artefacts. Cryo-EM, in spite of long years 

effort struggles with sample preparation issues [ref. Private comm NTU]. Amongst the most 

promising approach for single-cell imaging is the use of optical super resolution techniques 

[3,4], but carrying on its own methodological limitations.  

We will present here an alternative approaches based on modern coherent X-ray 

imaging techniques, available on synchrotrons, free-electron lasers such as European XFEL 

and in the future even on Ălaboratoryñ sources. Our experiments, using coherent diffraction 

imaging using hard X-ray at ESRF ID10, showed [6], that for existing experimental setup, 3D 

imaging of sufficiently contrasted sample is possible with spatial resolution at least 27 nm, 

technically the setup allows even sub-10 nm resolution. Limitations of resolving power are 

given by radiation damage of fragile biological samples rather than formal resolution limits [5]. 

While the resolving power seems to be competitive to immunomarkers used for optical super 

resolution techniques, the ultimate resolution requires careful sample preparation, efficient 

sequence-specific contrasting techniques and, last but not least, intense use of a priori   

information.  
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The stability of Immunoglobulin G (IgG) affects production, storage and usability, 

especially in the clinic. The complex thermal and isothermal transitions of IgGs, especially their 

irreversibilities, pose a challenge to the proper determination of parameters describing their 

thermodynamic and kinetic stability. Accelerated stability studies, e.g., by employing thermal 

denaturation, have the great potential for enabling high-throughput screening campaigns to find 

optimal molecular variants and formulations in a short time. Surprisingly, no validated 

quantitative analysis of these accelerated studies has been performed yet, which clearly limits 

their application for predicting IgG stability. 

Here, we present a reliable mathematical model to study the irreversible thermal 

denaturations of antibody variants [1], validation of the model [2], and its utilization in 

formulation development [3]. 

 We show that the proper analysis of DSC scans for full-length IgGs and their 

corresponding Fab fragments not only helps in ranking their stability in different formats and 

formulations but provides important mechanistic insights for improving the conformational 

kinetic stability of IgGs. 
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Our study focuses on the effect of inorganic salts, Hofmeister salts, that specifically 

affect the enzyme activity of chymotrypsin toward the different substrates. The motivation of 

such study is to clarify the mechanism of Hofmeister effect and consequently, to improve the 

enzyme properties or the enzyme formulation for biotechnological applications.  

Numerous works have been published about the Hofmeister effect of salts on properties 

of biomacromolecules but the mechanism of this effect remains unclear. There were developed 

several theories in the effort to explain the Hofmeister effect such as salt-in and salt-out 

interactions, water structure changes (low/high density water) and protein preferential 

hydration, and hydrophobic interactions. One of the first theories is the ion hydration 

characterizing by Jones-Dole viscosity B-coefficient. It has been found that salt solutions can 

be either more or less viscous than pure water depending on the nature of the salts. The ions 

with a positive value of B increased the viscosity of aqueous solutions and were supposed to 

ñmake the orderò in the water structure. They were called ñkosmotropesò. Those with negative 

value of B decreased viscosity of aqueous solutions and were supposed to ñbreak the orderò in 

the water structure. They were called ñchaotropesò. Based on this classification of ions as 

kosmotropes and chaotropes, one possible explanation for HofmeisterËs experiments was that 

kosmotropic anions withdraw the water molecules of the hydration layer of proteins, thus 

forcing them to aggregate. Chaotropic anions were thought to act with exactly the opposite 

mechanism [1,2].  

 

 

Fig. 1.  Hofmeister series of ions.  

 

One of the subjects of our study is chymotrypsin, which belongs to family of serine 

proteases that hydrolyzes the substrates after large hydrophobic amino acids residues (Phe, Tyr 

and Trp). This catalytic specificity is determined by the Ser residue at position 189 what is part 

of S1 binding pocket. Its tertiary structure is composed of two six stranded ɓ-barrels and its 

active center contains catalytic triad composed of His57, Asp102 and Ser195, which is localized 

between those two domains (Fig.2) [3,4].  
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Fig. 2. The tertiary structure of chymotrypsin with active site: His57 (red), Asp102 (yellow) and Ser195 

(orange). New cartoon representation made in program VMD 1.9.2. 

 

We have studied the Hofmeister effect of anions on catalytic activity of chymotrypsin 

in dependence on three different substrates, BTEE (N-benzoyl-L-tyrosine ethyl ester), SPNA 

(N-succinyl-L-phenylalanine-p-nitroanilide) and GPNA (N-glycyl-L-phenylalanine-p-

nitroanilide). Our results suggest that an extend of observed Hofmeister effect depends both on 

protein properties and on properties of substrates. We observed more significant Hofmeister 

effect on chymotrypsin catalytic activity in the presence of SPNA and GPNA compared to 

BTEE. The tendency of studied anions to affect the catalytic activity of chymotrypsin toward 

all three substrates was in accordance with the Hofmeister series.  
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Plants, algae, bacteria and fungi contain Light-Oxygen-Voltage (LOV) domains that 

function as blue light sensors and control cellular responses to light. Blue light activation occurs 

when the non-covalently bound FMN chromophore absorbs a photon and forms covalent bond 

between its C4a atom and conserved cysteine residue within the protein (Fig. 1).  After covalent 

bond formation protein undergoes a conformational change that results in the unfolding of the 

terminal JŬ helix. This conformational change, is completely reversible in the dark [1,2]. 

Thanks to its light induced conformational change LOV domains have potential widepread use 

in optogenetics, i.e. as molecular switch in cell signaling and can also be used as a fluorescent 

protein when their advantage over GFP is smaller size and utility under anaerobic conditions. 

Fig. 1. Schematic representation of LOV domain photochemistry.  Blue light illumination leads to covalent bond 

formation between FMN and conserved cysteine residue. The photoreaction process is fully reversible in 

darkness [3]. 

For the purpose of this study we used two forms of LOV2 from Avena sativa (AsLOV2) 

domain: native form, so-called lit form, and the variant, so-called dark state form. In the dark 

form, photoreactive cysteine is replaced by alanine and this form thus does not undergo 

a photoreaction upon blue light illumination.  Here, we present our findings regarding pH and 

thermal stability of AsLOV2 domain obtained by CD, fluorescence spectroscopy and 

differential scanning calorimetry. In addition, we investigated the effect of protein 

concentration and temperature on dark reversion kinetics of native AsLOV2.  
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DARPins (designed ankyrin repeat proteins) as a novel class of binding proteins with non-

immunoglobulin scaffolds are in the center of interest of protein engineering research [1]. DARPins can 

be rapidly engineered to detect diverse target proteins with high specificity and affinity [2]. From this 

point of view, they offer an attractive alternative to antibodies. In this work, we study DARPin, which 

was selected with high specificity and affinity against maltose binding protein (MBP), with an 

intention to explore its application potential. MBP is a globular protein that is commonly used 

as a tag for MBP-conjugates purification with purpose to increase their solubility and 

expression yield [3]. The main goal of this study is to develop the affinity chromatography for 

MBP-conjugates purification based on interaction between the DARPin and MBP. In the effort 

to find optimal working conditions, we studied the influence of solvent pH on the stability of 

these proteins as well as on affinity of interaction between them. The results, we have obtained, 

suggest that our model of affinity chromatography has strong potential in purification of 

proteins containing MBP tag with comparable or higher expression yield of purified protein 

than commercially available affinity chromatographies.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. A scheme of our designed affinity chromatography. 
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Aggregation of protein into amyloid fibrils is a very important process in biology 

associated with a number of devastating diseases (Alzheimer, Parkinson, diabetes type II and 

other) [1]. Inhibition of amyloid fibrillization and clearance of amyloid fibrils are essential for 

the prevention and treatment of amyloid-related diseases. Recently, differently modified 

nanoparticles become one of the useful tools to target a number of medical complications [4]. 

There-fore, effect of nanoparticles on amyloid aggregation of proteins is intensively 

investigated [2, 3]. 
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Fig. 1. ThT fluorescence measurement of lysozyme fibrils LF (white) and lysozyme fibrils in the presence of Gly 

MNPs (green), MNPs (red), Lys-MNPs (blue) and Trp-MNPs (yellow). Ratio of LF : all MNPs = 1 : 2.5. 

 

In the present work we have investigated in vitro interference of lysozyme amyloid 

aggregation with bare Fe3O4-based magnetic nanoparticles (MNPs) as well as MNPs 

functionalized by three different amino acids, namely with polar lysine (Lys-MNPs), non-polar 

aliphatic glycine (Gly-MNPs) and aromatic tryptophan (Trp-MNPs) o. Using Thioflavin T 

fluorescence assay it was found that all studied nanoparticles are able to inhibit formation of 

lysozyme amyloid self-assembly as fluorescence intensities are lower compare to intensity 

determined for lysozyme fibrils (Figure 1). The observed inhibitory efficiency was in the order: 

Gly-MNPs (59%) ᾽ MNPs (75%) ᾽ Lys-MNPs 80% ᾽ Trp-MNps (89%). 

To better understand the mechanism of nanoparticle inhibitory activities the kinetic of 

lysozyme fibrillization alone and in presence of all studied nanoparticles was investigated. The 

fibrillization kinetic of lysozyme alone displayed a sigmoidal profile typical for the formation 

of amyloid fibrils. Presence of studied MNPs leads to shortening of the lag phases and 

significant decrease of steady-state fluorescence intensities in the above mentioned amino acid 

order. The inhibitory effect of all studied nanoparticles was confirmed by atomic force 

microscopy. 
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Moreover, the effect of all our studied nanoparticles on the viability of human SH-SY5Y 

neuroblastoma cells was investigated. We found that studied magnetic nanoparticles are not 

toxic to the cells. 

Based on the results, the presence of aromatic side chain rings on nanoparticle surface is 

an important factor determining the inhibitory effect of MNPs. 
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Oxidative stress induced by singlet oxygen inside living cells plays a key role in 

photodynamic therapy (PDT) of cancer [1,2]. Singlet oxygen, which is usually produced by 

energy-transfer between excited photosensitizer (pts) and ground state molecular oxygen, can 

be detected by measuring its phosphorescence at 1270 nm. To promote targeted pts delivery in 

the host body, various types of nano-carrier systems are studied extensively. The singlet oxygen 

phosphorescence kinetics produced by short laser-pulse photosensitization of pts inside nano-

particles is influenced by diffusion of singlet oxygen in the heterogeneous environment [3]. In 

order to describe this effect, two theoretical models were developed: a more complex numerical 

one and a simple analytical one. These models predict the time-course of singlet oxygen 

concentration inside and outside of the spherical nano-particles following short-pulse excitation 

of the pts. A linear combination of the two concentrations (inside and outside the particle) 

multiplied with corresponding emission rate constants can be used to reproduce experimentally 

measured phosphorescence intensity of singlet oxygen in pts-loaded nano-carrier systems. The 

results of the models were applied to explain the phosphorescence kinetics of singlet oxygen 

produced by photosensitized hypericin inside of LDL particles. 
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Algae are aquatic organisms playing a key role in photosynthesis. In addition to their 

ecological roles as oxygen producers and as the food base for almost all aquatic life, algae are 

economically important as a source of crude oil, as well as sources of food and a number of 

pharmaceutical and industrial products. Deep understanding of algal cell response is essential 

to predict how ecosystems may be affected by the climate change and other human activities. 

Our aim was to examine endogenous fluorescence (autofluorescence) by spectroscopy 

and microscopy methods and monitor cell behavioural changes under influence of stressors 

(salinity, heavy metals) for ecotoxic risk assessment in aquatic environment and 

bioremediation. We have chosen a marine alga Dunalliela [1], unicellular green algae, used 

extensively as model organisms for various research areas, as well as for mass culture, for these 

studies. We have previously demonstrated application of fluorescence spectroscopy and 

microscopy tools to record endogenous fluorescence in Chlorella algae [2], as well as its 

potential to be employed as a biosensing tool [3]. 

Non-invasive monitoring of processes underlying metabolic changes in living cells in 

their real environmental conditions is a prerequisite for understanding their pathophysiological 

changes. Among the brightest endogenous fluorophores inside biological tissue are 

chlorophylls in plants and NADP(H) and flavins in mitochondria. These molecules are the main 

electron donors and acceptors in the biochemical processes such as photosynthesis, or oxidative 

phosphorylation. Changes in autofluorescence thus reflect metabolic modifications in the living 

organism. We tested a possibility to record spectrally- and time-resolved autofluorescence in 

Dunalliela algae. Our first experiments tested the feasibility to evaluate the properties of 

endogenous fluorescence in these algae. 

 

 

 

 

 

 

 

 

 

 
Fig. 1. Laser scanning confocal microscopy imaging of Dunalliela algae, exc. 458nm, green spectral region 480-

520nm (left), red spectral region 620-680nm (middle) and transmission image (right), scale 20mm. 

 

Emission spectra, recorded using spectrophotometer (Fluorolog 3-11 SPEX, USA) at 

excitation 375nm in the algae revealed main peak at 680nm, as expected for the peak of the 

chlorophyll, as well as an increased fluorescence emission between 420-540nm (data not 

shown). Based on these measurements, we have chosen two emission windows for recordings 

of spatial distribution of Dunalliela endogenous fluorescence using laser scanning confocal 

fluorescence microscopy (Axiovert 200 LSM 510 Meta, Carl Zeiss Germany, equipped with C-

Apochromat 40x, 1.2 NA). First recording window was in the green spectral region, 480-
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520nm, and the second one in a red spectral region, 620-680nm (Fig. 1), following excitation 

at 458nm. Intensity in the red spectral region was several times higher than that in the green 

one, as expected for the major contribution of chlorophylls. Gathered data confirmed recordable 

autofluorescence at both spectral channels, with spatial distribution mainly situated around the 

algae nuclei. 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 2. Time-resolved fluorescence images of Dunalliela algae. Excitation 475nm, LP550nm, scale 500-700ps. 

 

Time-resolved fluorescence imaging present a novel tool for evaluation of the sensitivity 

of the endogenous fluorophores to their environment and thus bring potentially very useful 

information for examination of changes in the algae responsiveness to stress conditions. 

Fluorescence lifetime images (FLIM) were recorded using time-correlated single photon 

counting (HPM 100-40 photomultiplier array (Becker&Hickl, Germany, employing SPC-830 

TCSPC board, LP 500 nm) on fluorescence microscopy (Axiovert 200 LSM 510 Meta, Carl 

Zeiss Germany), following excitation at 475nm (BDL-475, Becker&Hickl, Germany). Algae 

fluorescence presented at least double exponential decays of 500 and 700ps, as represented at 

Fig. 2. For the first time, we thus demonstrate a possibility to record the FLIM images in the 

Dunalliela algae. 

Gathered results on spectral and time-resolved characteristics of Dunalliela algae 

endogenous fluorescence demonstrate successful application of novel methodological 

approaches to evaluate the algae behaviour. In the future, physicochemical and structural 

characterizations of algal responsiveness will become of key importance to interpret and 

rationalize the behaviour of these cells under environmental stress conditions and to predict 

their fate in the aquatic systems. 
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Poly(2-alkyl-2-oxazolines) (POx) represent a very promising materials for different 

areas of biomedicine due to very low cytotoxicity, immunogenicity, and non-biofouling 

properties [1]. On the other hand, poly(2-isopropenyl-2-oxazoline) (PIPOx) prepared by radical 

polymerization is a functional polymer with reactive 2-oxazoline group in each structural unit 

(Fig. 1). 
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Fig. 1. Scheme of the free-radical polymerization of 2-isopropenyl-2-oxazoline initiated by AIBN. 

 

 Such type of synthetic polymers is currently attractive for different fields of 

biotechnology and medicine due to possible modification and conjugation with peptides, 

saccharides, or drugs. Recently, we showed that PIPOx is a biocompatible material and is 

suitable for biomedical applications (Fig. 2) [2]. 

  

 
Fig. 2. In vitro toxicity of poly(2-ethyl-2-oxazoline) (PETOx) and poly(2-isopropenyl-2-oxazoline) (PIPOx) 

compared to polyethylene imine (PEI) as a positive control evaluated by a MTT test on mice macrophage cell line. 
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We demonstrated that PIPOx significantly stimulates proliferation of macrophages in 

vitro as well as ex vivo proliferation of non-adherent cells isolated from T-lymphocyte-enriched 

splenocytes following co-stimulation of PIPOX-induced adherent cells enriched in dendritic 

cells [1]. These results suggest that PIPOx may play a role in various immunomodulatory 

processes.  

In vitro internalization of fluorescently labelled PIPOx to fibroblast and macrophage 

cell lines was studied by CLSM using organelles tracking dyes. Results indicate that PIPOx is 

mainly localized in lysosomes and other vesicles which are part of endosomal pathway. 

PIPOx was also used for the conjugation with non-steroidal anti-inflammatory drugs (NSAIDs), 

which have been demonstrated as effective drugs in a cancer treatment. Conjugates with aspirin 

and ibuprofen exhibited enhanced toxicity toward cancer cell lines compared to non-conjugated 

drugs.  
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Curcumin (CM), a naturally-occuring polyphenol, is renowned for its anti-cancer 

activity, however, its use as a viable drug is impeded by its low stability in water [1]. To address 

this, we have investigated the potential of amphiphilic gradient copolymers based on poly(2-

oxazolines) (POx). POx may be considered as the next generation of the polymers in cancer 

therapy because of their tunable properties and biocompatibility [2-4]. Here we report on the 

synthesis of a POx based gradient copolymer and its self-assembly to prepare polymeric 

micelles for the targeted delivery of CM. Initial solvents of different polarity and hydrogen 

bonding ability used for dissolving either POx copolymer or POx/CM system plays an 

important role on the size, morphology and drug loading capacity of these nanoparticles. The 

chemical stability and solubility of CM is highly enhanced due to encapsulation inside micelles. 

CM within these spherical nanoparticles has become stable for one month after nanoparticles 

preparation. Moreover, we have investigated the cell cytotoxicity and uptake of these polymeric 

nanoparticles by two different cancerous cell lines (U87 MG and HeLa) to reveal a potential 

biomedical application of these nanoparticles. 
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Membrane bound respiratory oxidases catalyze the four-electron reduction of molecular 

oxygen to H2O. This redox reaction is associated with the generation of the transmembrane 

proton gradient. In spite of significant progress the identity of the structural elements involved 

in the proton translocation have not been fully elucidated. 

The reduction of O2 by bacterial and mitochondrial cytochrome c oxidases (CcO) is 

facilitated by four redox active centers, CuA, cytochrome a, cytochrome a3 and CuB [1]. Clearly, 

at least one of these four redox centers should provide the thermodynamic driving force for the 

transmembrane proton transfer. Several alternative models of the redox-linked proton pumping 

have been suggested. A common feature of these models is a redox dependent conformational 

cycling between the proton-input state and proton-output state. These two conformations should 

be present in both oxidized and reduced forms of the participating metal center. 

Here we explore in more detail the availability of two conformational states for 

individual cytochrome a and a3 of bovine heart CcO in both oxidized and reduced states. The 

optical spectra of heme cofactors were utilized as indicators of the structural state of the both 

cytochromes. To increase the sensitivity of detection of possible conformational changes the 

second-derivative absorption spectroscopy was applied [2]. 

Our data revealed the redox-dependent transition in the structure of cytochrome a. It 

appears that the reduction is associated with the increase of the polarity in the immediate 

surroundings of heme of cytochrome a. We suggest that the major determinant of this change 

of polarity is water access to the heme via the open channel in the ferrous cytochrome a. 
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Mutations in the cardiac ryanodine receptor calcium release channel (RyR2) are the 

cause of several inherited cardiac arrhythmias, but the mechanism of their effect is not clear. 

We have examined a mutation cluster in the central helix of the N-terminal region (NTR) of 

RyR2, which contains five mutation sites, in which 7 different arrhythmogenic mutations have 

been found. Using the X-ray structure of the human RyR2 NTR [1] as a template, we have 

created structural models of the NTR in the closed and open conformation for the wild type 

(WT) human RyR2 and for the 7 mutations (Fig. 1). The models were compared to those of a 

hypothetical complex of NTR with the domain peptide DPcpvtN2 that activated RyR2 under 

diastolic conditions [2].  

 
Fig.1. Construction of models of the closed and open NTR from human RyR2. Software used for individual 

steps is indicated. 

 

Mutated NTRs contained less H-bonds than WT NTR and therefore were energetically 

less favourable. In contrast, the NTR-DPcpvtN2 complex was energetically more favourable than 

WT NTR [2] due to creation of interaction networks between the NTR and DPcpvtN2. The energy 

of the closed-to-open transition, determined by energy minimization in vacuo, was in 6 of the 

7 mutations lower than in the WT NTR (Fig. 2), as has been previously observed for the NTR-

DPcpvtN2 complex [2]. In the mutated NTRs, the larger relative stability of the open conformation 

was due to a smaller mutation-induced decrease of the number of H-bonds between amino acid 

side-chains in the open (by 3 Ñ 0.7) than in the closed conformation (by 21Ñ 2.7). In the 

complex, it was due to disruption of the central interaction network within NTR in the closed 

but not in the open conformation [2]. The activating effect of DPcpvtN2 binding and of mutations 
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in the central helix thus might be explained by their similar effect on the transition energy 

between the closed and open conformation of RyR2 NTR. 

 
Fig. 2. Left: Comparison of the energies of the closed and open conformation of mutant NTRs (orange) with 

those of the wild type (blue) and of the complex of NTR with the domain peptide DPcpvtN2 (magenta). Right: 

The energies of closed-open transition. The data for the complex are taken from [2]. 

In the presentation we will compare the results of equilibrium calculations in vacuo to 

estimation of the thermodynamics of the closed and open NTR conformations in aqua, using 

free energy perturbation methods in NAMD [8].   
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Irradiation by brief infrared laser pulses causes excitation of the neural tissue in vivo [1, 2] and 

in vitro [3], as well as of cardiac tissue in vivo [4, 5]. The effect was attributed to thermal effects 

due the water absorption of the short wave infrared radiation [6]. The specific molecular target 

was not identified, although ion channels were considered as likely candidates. Shapiro et al. 

[7] showed that the excitation comes from the transient increase of electrical capacitance of the 

cell membrane. The increase of membrane capacitance was confirmed in model lipid 

membranes and various cell types in vitro [7], including cardiac myocytes [8]. The experiments 

were supported by Gouy-Chapman-Stern theory of charged surfaces used to model the effect 

of temperature on the membrane surface electrical double layer (Fig 1) [7]. This allowed 

Shapiro et al. to conclude that the temperature increase causes increase of cell membrane 

capacitance, which leads to redistribution of ions causing displacement currents that locally 

depolarize the membrane [7]. The depolarization secondarily activates voltage dependent ion 

channels and gives rise to initiation and spreading of action potentials. However, there was a 

caveat, as pointed out by Plaksin et al. [9]. These authors revealed contradictions in the 

proposed theory claiming that, from the energetic considerations, the thermal energy caused 

increase of capacitance should be offset by higher electrical energy and absolute surface 

potentials. These effects should result in decrease, not increase of capacitance. This decrease is 

further compounded by the decrease in dielectric constant of water at increased temperature. 

Reanalyzing the model of Shapiro et al. they found that, indeed, according this model the 

capacitance should decrease, not increase (Fig 1d), if a mathematical convention error was not 

involved [9]. In the revised model, Plaksin et al. [10] incorporated also other physical factors 

that vary with temperature. Their model provided quantitative agreement with the 

experimentally observed increase in membrane capacitance at elevated temperatures (Fig 2a) 

and attributed the effect to reduced thickness of the membrane bilayer and to increased area per 

phospholipid molecule (Fig 2b). The explicit calculations directly confirmed universal 

experimental findings on the thermal effects of laser pulse irradiation on membrane capacitance 

and allowed the original estimation of the membrane surface charge difference that gives rise 

to action potential initiation. 
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Fig. 1.* Predicted membrane electrical capacitance after temperature increase. a Theoretical GouyïChapmanï

Stern model with phospholipid (hydrophobic) core and extra-membranal boundary sub-regions. The model is 

shown under conventional charge notation (Boron and Boulpaep Medical Physiology, Elsevier Health Sci, 2016) 

and the non-standard notation of Genet et al., Acta Biotheor., 48, 2000, 273, where the charge derivative has 

opposite direction to the current convention. b Membrane-equivalent electrical circuit reproduced from Shapiro et 

al. (2012); the membrane current is marked according to the conventional convention. c Illustration of potential 

distribution at the extra-membranal boundary regions. Temperature elevation leads to higher potential gradients, 

which according to the classical capacitor formula corresponds to a reduction in capacitance of the extra-

membranal regions. d Discrepancy between capacitance measurement (reproduced from Shapiro et al. (2012) and 

sign-corrected model simulations (PE:PC bilayers1, laser parameters: 10 ms, 7.3 mJ) 
 

 
Fig. 2.* Universal membrane capacitance thermal response rate, explained by membrane dimensional changes. a 

Membrane capacitance change rates measured in different studies and preparations (gray bars) vs. predictions from 

the thermal dimensional response of POPC bilayers (Naive model), and from a detailed biophysical model 

accounting for spatial charge distribution. (b) Schematized membrane thinning and area expansion under 

temperature elevation. This observed process is thought to result from an increase in the fatty acid chains transï

gauche rotational isomerization, which shortens the tails effective length (ŭ) and increases the area per 

phospholipid molecule (d). Biophysically, these two phenomena contribute to a predictable increase in both the 

membrane hydrophobic core and total capacitance. Error bars for the direct capacitance measurements are Ñs.e.m, 

and for the model predictions are Ñ chi-squares distribution-related uncertainty. 

 

* Fig 1 and Fig 2 were reproduced from References [9] and [10], under the license Creative Commons Attribution 

4.0 International license http://creativecommons.org/licenses/by/4.0/. Both texts were slightly modified.


