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ELECTROSTATIC INTERACTION EFFECTS IN 

THE KINETICS OF CONFORMATIONAL 

TRANSITIONS OF PROTEINS 
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Experimental approaches to study electrostatic effects in 

biomolecular processes include investigation of their 

dependence on the ionic strength of the medium in which 

they occur. One interesting class of biomolecular processes 

subject to such studies are conformational transitions of 

proteins. Such transitions range from spontaneous 

conformational fluctuations to more substantial transitions 

triggered by different factors like binding of ligands. 

Recently, we investigated ionic strength dependence of the 

kinetics of tri-N-acetylglucosamine binding to lysozyme 

(Antosiewicz & Długosz, 2018). We found that forward 

and backward conformational transitions in lysozyme, 

following formation of the initial encounter complex, both 

become faster as the ionic strength of the solvent is 

increased. We suggest that this might be a general feature. 

It is supported by a simple calculation within the Poisson-

Boltzmann model of the solute-solvent system, which 

shows that the electrostatic free energy barrier for 

conformational transitions is lowered by increased 

concentration of low-molecular-weight salt. Here I would 

like to consider these issues in a more systematic manner. 
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In recent years, considerable attention has been focused on 

understanding and controlling supramolecular interactions 

between organic molecules and well-recognized 

macrocyclic hosts: cyclodextrins, cucurbit[n]urils, crown 

ethers, calixarenes and cyclophanes [1]. Furthermore, 

host–guest inclusion has attracted attention for its wide 

applications in nano-machines and smart materials [2-3]. 

Recently, our group has contributed to this field of interest 

by introducing the role of specific solute-solvent 

interactions (H-bonding) and excited-state intramolecular 

charge (proton and electron) transfer process in the 

formation of inclusion complexes between fluorophore 

and cyclodextrins [4-6]. 
In the present paper, the effects of γ-cyclodextrins (γ-

CDs) on the both emission modes (LE – locally excited 

and ICT – intramolecular charge transfer) of the 

fluorescence spectrum of ethyl 5-(4-

dimethylaminophenyl)-3amino-2,4-dicyanobenzoate 

(EDMAADCy) in DMSO and aqueous DMSO solution 

have been investigated using steady-state and time-

resolved fluorescence techniques. Because the main 

purpose of this work was to investigate the influence of 

molecular conformation of investigated D-A dye on the 

formation of inclusion complexes with cyclodextrins, the 

basic, concentration-dependent luminescent characteristics 

(absorption, fluorescence excitation, and emission spectra, 

as well as fluorescence decay times) were measured in 

DMSO and DMSO-water binary mixtures in the presence 

of γ-CD. The relation between molecular conformations of 

EDMAADCy and the concentration-dependent spectral 

behaviour was interpreted in terms of concentration-

induced planarization model. Performed spectroscopic 

studies clearly demonstrate that “perpendicular” form of 

EDMAADCy is considerable more included in the 

cyclodextrin cavity than the “flattened” form. 
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Certain flavonoids, including naringenin, have 

cytoprotective properties. Although the antioxidant effect 

has long been thought to be a crucial factor accounting for 

the cellular effects of flavonoids, mitochondrial channels 

have emerged recently as targets for cytoprotective 

strategies [1,2]. 
In the present study, we characterized interactions 

between naringenin and the mitochondrial BKCa channels 

recently described in dermal fibroblasts and endothelial 

cells. Our path-clamp study shows that naringenin in 

micromolar concentrations leads to an increase in 

mitoBKCa channel activity. The opening probability of the 

channel decreased from 0.97 in the control conditions (200 

μM Ca
2+

) to 0.06 at a low Ca
2+

 level (1 μM) and increased 

to 0.85 after the application of 10 μM naringenin. 

Additionally, the activity of the mitoKATP channel 

increased following the application of 10 μM naringenin. 

To investigate the effects of naringenin on mitochondrial 

function, the oxygen consumption of dermal fibroblast 

cells was measured in potassium-containing media. The 

addition of naringenin significantly and dose-dependently 

increased the respiratory rate from 5.8 ± 0.2 to 14.0 ± 0.6 

nmol O2 x min
-1

 x mg protein
-1

. 
In this study, we demonstrated that a citrus flavonoid, 

naringenin, can activate KATP- and BKCa-type channels 

present in the inner mitochondrial membrane of dermal 

fibroblasts and endothelial cells [3]. 
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Protein and nanoparticles PEGylation is a widely used 

technique to improve delivery and bioavailability of 

pharmaceutics. The PEGylation of biological and chemical 

compounds have many advantages and can improve the 

safety of many drugs. The PEG chain possess properties 

such as good water solubility, lack of toxicity and low 

immunogenicity. The effects of PEGylation on structural, 

dynamical and functional stability of protein and 

nanoparticles have been investigated for years [1-3]. 

However, till now there is not sufficient knowledge about 

the effects of PEGylation on binding properties of 

nanoparticles to protein and vice versa. In our study we 

discover the role of PEG which is attached to protein in 

catching the dendrimers. The PEG attached to albumin is 

able to bind cationic dendrimers and transport them 

without creating the characteristic protein-dendrimer 

corona where, protein properties are disrupt. Moreover, we 

are going to present the first results about role of 

PEGylation of dendritic silver nanoparticles for binding 

behavior to protein with different isoelectric point. We 

suggest that PEGylation of cationic nanoparticles not only 

change the charge of nanoparticles surface but completely 

change the kinetics and thermodynamic of binding process 

between nanoparticles and proteins. 
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Lipids are key structural components of biological 

membranes. In addition, they are indispensable for a wide 

range of cellular functions, including signal transduction 

and modulation of membrane protein functions. Until 

recently, the lipid-protein recognition processes were 

considered as simple ligand-receptor events, based largely 

on specific interactions of proteins with lipid head groups. 

Each of signaling lipids (e.g. phosphatidic acid - PA and 

phosphatidylinositides - PIPs) may be involved in a broad 

array of cellular pathways, which suggests that regulation 

of their biological activity has to be precise. While the 

local action of numerous specific lipid-metabolizing 

enzymes control levels and turnover of signaling lipids, 

additional molecular mechanisms are necessary to tightly 

regulate protein-lipid recognition [1,2]. Membrane lipid 

composition, bilayer organization/morphology and the 

presence of specific ions in the aqueous phase can lead to 

conformational changes of lipid head group conformation, 

exposition to the water-bilayer interface and/or domain 

formation. In a consequence, these factors govern the 

mechanisms of lipid recognition by peripheral membrane 

proteins – a concept known as lipid presentation [3].  
In our study we employ membrane model systems, 

including lipid monolayers and vesicles of different size to 

analyze how peripheral membrane proteins selectively 

recognize individual signaling lipid species in the context 

of membrane of different composition and in variable 

conditions. Using state-of-the-art biophysical approaches 

together with molecular dynamics simulations, we 

elucidate molecular mechanisms that modulate the 

behavior of signaling lipid and their recognition. Such 

approach led us to discover that calcium strongly 

influences PIP head group conformation, which is 

reflected by altered recognition of the lipid by peripheral 

proteins [4]. Also, cholesterol appeared to be a potent 

modulator of PIP-protein interactions, although the 

mechanism does not rely on head group conformational 

changes (Czogalla et al. unpublished). The effect of 

cholesterol on signaling lipid presentation appeared to be 

one of the major modulatory mechanisms also in case of 

other lipids (e.g. PA), although the consequences to protein 

membrane recruitment and/or activation strongly depend 

on structural features of membrane-binding domains. 

Moreover, we observed that lipid recognition depend also 

on its acyl chain configuration [5], which suggest that 

within a cell several subspecies of a particular signaling 

lipid may play different physiological roles.            
Our results allow to decode the mechanisms, by which 

signaling lipids are selectively recognized by effector 

proteins. This is crucial to understand cellular signaling 

pathways and consider additional, so far poorly defined 

aspects of their regulation and mutual relationships. 
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Last year Christ and co-workers proved the formation of i-

motif structures in vivo and their work indicate that i-

motifs may have relevance in key biological processes. On 

the other hand, there is growing interest in utilizing i-motif 

forming sequences in nanotechnology and bioanalytical 

platforms [1]. Molecular beacons based on cytosine-rich 

sequences can serve as tools for monitoring intracellular 

pH due to their ability to form tetraplex structure called i-

motif in response to pH decreasing [2]. The transition of 

cytosine-rich sequence from an open state into a non-

canonical DNA conformation is a consequence of forming 

cytosine-hemiprotonated cytosine (C-C+) base pairs [3,4]. 

We developed fluorescent molecular beacons, which 

exploited (a) pyrene excimer emission, (b) 5-(1-

pyrenylethynyl)-2'-deoxyuridine emission or (c) the 1,3-

diazo-2-oxo-phenothiazine (analog tC) emission for the 

transduction of the proton-binding event by the 

recognition pH-sensitive fragment of molecular beacon 

sequence. In latter approach, the hairpin structure contains 

tC analogue incorporated in cytosine-rich loop or the 

analogue tC is located in the stem of probe, in which, both 

the core and part of the loop contain cytosine repeats. The 

spectral behaviour of all systems were examined by 
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recording the UV-vis, fluorescence, and CD spectra in 

solutions pH range from 5.5 till 8.0. Efficient fluorescence 

quenching of tC fluorophore occurred upon lowering the 

pH from 8.0 to 5.5. The possibility of using of the sensors 

for monitoring pH changes are demonstrated. 
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One of the main techniques used in biophysics is 

fluorescence. It has many applications due to its 

measurement’s simplicity. However, one of the main 

problems in literature is using uncorrected spectra for 

inner filter effect I and II.  
To avoid these effects, absorbancies in cuvette should be 

less than 0.05, which limit to great extend application of 

fluorescence technique. Other way is to make amendments 

which correct spectra for inner filters.  
In this presentation we propose new method for dealing 

with inner filters based on novel way of finding cuvette 

geoemetry, necessary for precise corrections. Examples of 

such results is presented alongside with simplified method 

for calculating quantum yield.   
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G-quadruplexes are the structures formed by DNA and 

RNA strands rich in guanine residues. The research on 

those structures attracted great interest since their 

formation was confirmed in human genome [1]. G-

quadruplex is formed by four strands and stabilized by 

Hoogsteen hydrogen bonds, stacking between nucleic 

bases and electrostatic interaction with metal cation 

(typically potassium or sodium cation). Depending on the 

number of molecules and direction of the strands many 

topologies can be distinguished.  The most interesting 

from biological point of view are unimolecular G-

quadruplexes which corresponds to the structures found in 

the human genome. However other structures are also 

investigated for various applications like DNA 

nanotechnology and biosensing. 
One of the application of G-quadruplexes is formation of 

DNAzyme by complexation with hemin molecule. Such 

DNAzyme catalyzes the reaction between hydrogen 

peroxide and organic substrate. This peroxidase-

mimicking DNAzyme found application in many 

bioassays [2]. In the presented study we decided to 

develop new method of signal amplification using 3+1 G-

quadruplexes. Such G-quadruplex should be formed by 

two DNA oligonucleotides: one with three guanine tracts 

(probe) and the other one with one guanine tract (target). 

The idea of this project is to form many G-quadruplexes 

on one long target. Such approach will allow on double 

amplification of the signal: by the formation of many 3+1 

G-quadruplexes on one strand and DNAzyme activity. 
The first part of this project included spectral 

characteristic of designed probes. We designed two probes 

and two targets. First system allowed on the study of 3+1 

G-quadruplex. The second system included formation of 

3+1 G-quadruplex stabilized by duplex formation. The 

third system included elongated target which in theory 

could form up to 10 3+1 G-quadruplexes. The 

oligonucleotides were based on telomeric sequence 

((TTAGGG)n). This sequence is present at the end of 

human chromosomes and is responsible for maintaining 

the length of the chromosome. In some cells (stem and 

cancer cells) is present enzyme telomerase which is able to 

elongate the telomeres. Since this enzyme is only present 

in stem cells and cancer cells it is believed to be a cancer 

marker. All systems were examined using circular 

dichroism spectrometry. This technique allows on 

determination of G-quadruplex topology (parallel, 

antiparallel or hybrid). Using this technique we were able 

to determine the formation of 3+1 G-quadruplexes by 

changes in the spectra between probe alone and probe with 

target. We also observed that probes alone can form 

intermolecular G-quadruplexes. The next stage of the 

research focused on determination of melting temperatures 

of studied systems. Melting temperature provides the 

information on stability of the G-quadruplex. For this 

purpose we used CD spectrometry and UV-Vis 

spectrophotometry. Melting temperature were determined 

from melting profiles obtained by measuring CD or 

absorbance changes during temperature change (10-90°C). 

Melting temperatures proved that 3+1 G-quadruplexes 

possessed higher stability than G-quadruples formed by 

probes alone. The addition of hemin also increased 

stability of the studied systems. 
The presented results are the first stage of the project 

aiming to develop new signal enhancement method. The 



 Abstracts of the XVIIth Conference of the Polish Biophysical Society, Olsztyn, June 24-27, 2019                   11 

results proved that designed systems are able to form 3+1 

G-quadruplexes. In the next stage the activity of 

DNAzymes formed by 3+1 G-quadruplexes will be tested. 

The final stage of the study will include the development 

of assays for telomerase and other biologically significant 

analytes. 
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There are many reports that fullerenols C60(OH)x, x>24 

could be applied in biomedical applications to protect cells 

against oxidative stress generated by chemical or physical 

factors i.e. ionizing radiation. Biological antioxidants such 

as ascorbic acid and alpha-tocopherol are also capable of 

inhibiting oxidative damage. Our group demonstrated that 

highly hydroxylated fullerenol C60(OH)36 is non-toxic to 

human erythrocytes, however, can adsorb to plasma 

membrane proteins, especially to ion-dependent ATPases 

and the band 3 protein. Fullerenol C60(OH)36 at relatively 

high concentration of 120 μM protected the erythrocytes 

against the radiation-induced hemolysis. In this work the 

antioxidant properties of lower concentration of fullerenol 

C60(OH)36 combined with L-ascorbic acid or with an 

analogue of α-tocopherol (2,2,5,7,8-pentamethyl-6-

hydroxychroman, PMHC) were assessed under oxidative 

stress induced by ionizing radiation in erythrocyte 

membranes. 
Erythrocyte plasma membranes (1 mg of membrane 

protein per mL) in PBS were incubated with fullerenol (16 

μM), or fullerenol and ascorbic acid (20 μM), or PMHC (1 

μM) for 1 h at room temperature and exposed under air to 

high energy electrons from the 6 MeV ELU-6 linear 

accelerator. The absorbed dose was 325 Gy as evaluated 

by a Fricke dosimeter. 
Lipid peroxidation was quantified by measuring the 

formation of thiobarbituric acid reactive substances 

(TBARS) after extraction of TBARS from an aqueous 

phase by 1-butanol. 
SDS-PAGE was performed according to Laemmli (1970) 

using Bio-Rad system. The gels were digitalized and 

analyzed using GelScan software (Kucharczyk TE). 
Our results showed that irradiation of erythrocyte 

membranes caused lipid peroxidation and degradation of 

band 3 protein. All antioxidants and their systems used in 

this study suppressed oxidative damage in the membrane. 

However, mixtures of fullerenol with ascorbic acid or 

PMHC did not enhance the protection of membranes as 

compared to the each antioxidant used alone. 
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Human cytosolic 5’ nucleotidase cNIIIB, belongs to the 

family of eight enzymes catalyzing the hydrolytic 

dephosphorylation of nucleoside 5’-monophosphates to 

nucleosides and orthophosphate. As a one of catabolic 

enzymes, it contributes to the regulation of nucleotide 

levels in living cells, but its exact role in the cell has not 

been established so far. Due to the distinctive activity 

towards m
7
GMP, it has been proposed that cNIIIB 

participates in mRNA cap turnover and protects cells 

against undesired salvage of m
7
GMP that could lead to its 

incorporation into nucleic acids. [1] We envisaged that 

properly designed inhibitors or chemical probes could aid 

in the elucidation of biological roles of cNIIIB. Rational 

design of compounds suitable for cNIIIB activity 

modulation or monitoring is crucial to ensure selectivity, 

especially in biological samples where additional, 

interfering 5’ nucleotidase activities are present. 

Considering m
7
GMP as the hallmark of substrate 

specificity for cNIIIB, we prepared a synthetic library of 

nucleoside monophosphates, analogs of m
7
GMP, to 

investigate their inhibitory properties towards cNIIIB. This 

allowed us to identify a set of modifications of m
7
GMP 

that ensured both hydrolytic resistance and inhibitory 

properties. The identified inhibitors were then used as 

leads to design second-generation library of inhibitors and 

for crystallization trials to determine detailed structure-

activity relationship for cNIIIB. The most potent inhibitors 

were also investigated in more detail to verify their 

selectivity in the context of other m
7
GMP binding 

proteins, including eIF4E and DcpS. Finally, the activity 

of the identified inhibitors was confirmed on endogenous 

cNIIIB activity present in HEK293 lysate using LC-

MS/MS method, thereby placing the compounds as new 

molecular tools for studies on mRNA cap metabolism.    
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A deeper understanding of biological systems and 

processes requires a multi-disciplinary approach 

employing methods of biology, chemistry, as well as 

computational sciences and physics, with the leading role 

of the latter. Quantum-classical molecular dynamics 

(QCMD) combines quantum and classical MD algorithms, 

and is capable to describe atomic motions as well as 

electron and proton transfer processes in biomolecules. 

There are two basic problems to be solved: how to 

generate effective and reliable potential energy functions 

and how to run the dynamics. In practical applications, the 

separation of the phase space into quantum and classical 

domains is dictated by the problem under study, as well as 

by the required accuracy of the time-dependent solutions. 

Typically, the dynamics of a quantum subsystem is 

described by the time-dependent Schroedinger equation, 

while the rest of the system is described by the Newtonian 

equations of motion. The coupling between the quantum 

{x} and classical, { (t)}, domains is described by the 

time-dependent potential function V=V(x,{ (t)}) in the 

Schroedinger equation and by Hellmann-Feynman forces 

 modifying the classical forces in the 

Newtonian equations of motion. Other models and 

theories, in particular Car-Parrinello molecular dynamics 

(CPMD), will also be described. For more information see 

e.g. [1-3]. 

Selected applications in the studies of (bio)molecular 

systems and processes will be reported. In particular: 

- CPMD simulation study of intramolecular vibrational 

mode-sensitive double proton-transfer in porphycene [3], 

- QCMD study of an enzymatic process catalysed by 

phospholipase A2, [4], and a 

- QCMD simulation study of the enzymatic process 

involving KPC β-lactamase and a model ligand for a novel 

class of boron-based antibiotics [5]. 

Finally, the basic principles of causal analysis of 

dynamical structural changes in (bio)molecules, in 

particular those observed in MD simulations, will be 

presented - see also [6]. Practical applications of this 

methodology for the study of correlated intramolecular 

atomic motions in HIV-1 protease will be shown. 
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CHEMICAL ANALYSIS WITH INFRARED 

SPECTROSCOPY COUPLED WITH 

CHEMOMETRICS 
 

M. Menke 
 

Infrared spectroscopy is characterized by the ability to 

recognize the tested organic compounds. It is said, it 

reveals so-called molecular fingerprint - each compound 

has its own unique spectrum. Moreover, this technique is 

quite simple to use - minimal sample preparation, 

relatively inexpensive apparatus. 

These features are complemented by a specific method of 

data processing, known as chemometrics. Based on the 

spectra sets, appropriate correlations of spectral variations 

and interesting physicochemical parameters of samples are 

found. It is also possible to study several parameters 

simultaneously or to reveal subtle material properties. 
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Bisphenols (BPs) are chemical substances used in massive 

amounts in the synthesis of polymers (polycarbonates, 

epoxy resins, polysulfones) and thermal paper, which are 

utilized in the production of numerous every day products 

including food containers, drinking bottles, toys, medical 

equipment, electronic devices, register receipts, books, 

newspapers, and food cartons.  
The main representative of BPs is bisphenol A (BPA) 

with annual production exceeded 7 million tons but also 

other BPs (BPA analogs) including bisphenol F (BPF), 

bisphenol S (BPS) and bisphenol AF (BPAF) are 

commonly used in the industry.  
It has been proven that BPs as a result of diffusion and 

hydrolysis of polymers, can migrate into the environment 

(the atmosphere, surface waters) and human surrounding 

(water, food, dust, etc.), and then accumulate in the human 

body (blood, urine, adipose tissue). Food has been 

considered to be the most important source of the exposure 

of the general population to BPs; nevertheless drinking 

water consumption, dust inhalation and dermal contact 

with thermal paper must be taken into consideration to 

estimate human exposure to these substances.  
It has been observed that BPs may influence animal and 

human organisms by interactions with estrogen, androgen, 

aryl hydrocarbon and peroxisome proliferator-activated 

receptors; therefore they can disturb function not only 

endocrine system (changes in sex hormones, insulin, leptin 

or thyroxin levels) but also impacts other systems of the 

body including the immune or nervous ones.  

The results of the investigations have shown that BPs 

exert multidirectional effects in living organisms by 

affecting various receptors, ROS level, cell signaling as 

well as genotoxic and epigenetic modifications. 

Epidemiological studies have found that the exposure of 

the general human population to BPA and some of its 

analogs may increase risk of coronary heart disease and 

metabolic disorders including obesity and diabetes; 

nevertheless further investigations must be conducted  

in order to confirm these findings. 
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Methylxanthines (MTX) are probably one of the most 

commonly consumed alkaloids worldwide. Carbon and 

metal nanoparticles (NPs) are another group of 

increasingly used substances, especially as drug delivery 

system agents. Both MTX and NPs may affect the activity 

of other biologically active compounds (BACs). Direct 

non-covalent interactions between MTX or NPs and other 

BACs is one of possible explanation of this phenomenon. 

For MTX, the mechanism of such interactions is based on 

stacking mixed aggregates formation with BACs. For NPs, 

physical van der Waals and electrostatic interactions 

between surface of NPs and BACs are probably 

responsible for formation of mixed aggregates. The 

interactions of MTX or NPs with BACs may be analyzed 

with several statistical-thermodynamical models. This 

allows to determine association constants and 

concentrations for all mixture components. Based on 

determined appropriate thermodynamic parameters, it is 

possible to investigate correlation between concentration 

of free active, form of BACs and their biological activity, 

measured with e.g., mutagenicity Ames assay. 

Additionally, confocal microscopy may be applied to 

observe accumulation of fluorescent drugs in the cells and 

to assess possible impact of MTX and NPs on this process. 

Summarizing, biophysical methods provide useful tool to 

analyze interactions of MTX/NPs with other BACs and to 

assess possible modulatory effects. Many of BACs that 

exhibit cytostatic properties are being used in anticancer 

chemotherapy. 
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Protein Nucleoside Phosphorylase (PNP) is an enzyme, 

which catalyzes reversible conversion process 

(ribosylation and phosphorolysis) between nucleobases 

(purines) and their nucleosides. PNP plays important role 

in nucleotide metabolism, because it participates in a 

salvage metabolic pathway of nucleotide synthesis, which 

utilizes nucleobases and nucleosides available in the cell. 

This is an alternative pathway to more common, but 

energetically more expensive, de novo synthesis process 

[1]. Biochemical properties of PNP can be utilized in 

pharmacological, medical and practical processes. One of 

the negative consequences of PNP activity can be 

phosphorolysis of nucleoside drugs and therefore 

appropriate inhibitors must be applied to attenuate this 

process [2]. On the other hand, PNP can activate prodrugs, 

which can be either nucleosides or nucleobases. Some of 

the PNP enzymes, e.g. from E. Coli, can be used in gene 

therapy of cancer, in which cytotoxic nucleic acids are 

released as a result of phosphorolysis of non-toxic 

nucleosides [3]. It has been shown, that deficiency or lack 

of PNP activity leads to dysfunction of T-cells and it 

causes decreased cell immunity. PNP can also be used as 

immunosuppressive drug for transplant rejection, drug for 

cancers causing overproduction of T-cells and drug for 

autoimmune diseases such as gout, rheumatoid arthritis, 

psoriasis, multiple sclerosis [4]. 

Experimental studies showed that calf PNP ribosylates 

purine analogs in specific positions – diamino-aza-purine 

(DaaPur) in positions 7 or 8 (1 to 1 ratio) and 8azaGuanine 

(azaGua) in position 9 of the triazole ring.[5] The reason 

of this phenomena can be a different exposition of purine 

substrates to the channel leading to the binding site. This 

hypothesis was verified by application of molecular 

modelling techniques to two complexes of purine analogs 

DaaPur-calfPNP(pdb-code: 1LVU) and azaGua-

calfPNP(pdb-code: 2AI1). Docking and molecular 

dynamics simulations of these complexes were carried out 

in order to select the most probable binding poses and 

examine their exposition to the binding channel of calf 

PNP. Only the most populated tautomers, obtained from 

quantum chemistry computations of DaaPur (H9, H8 

protons) and azaGua (H1-H9, H1-H7, H1-H8 protons), 

were selected for docking procedure, which led to the 

selection of 11 and 15 possible binding poses for DaaPur 

and azaGua, respectively. Results of docking procedure do 

not resolve validity of our hypothesis, because of close 

proximity of scoring functions obtained for different 

poses. Therefore, molecular dynamics simulations 

combined with MM-PBSA solvation free energy 

computations and normal modes analysis were performed 

on selected binding poses obtained from docking 

procedure. The final binding free energies showed that 

most probable binding poses expose N8 nitrogen for 

DaaPur and N9 or N8 nitrogens for azaGua into the 

binding channel and ruled out exposition of N9 for DaaPur 

and N7 for azaGua, partially in agreement with the 

experimental data. 
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Recently much attention is payed to the influence of 

natural compounds present in every-day diet on human 

health. Much emphasis is put on non-medical or semi-

medical cosmetics, food and drink products, like herbs 

(fresh and dried), teas and infusions, as well as juices and 

extracts and that their antioxidant performance is one of 

crucial factors. 
One of possible antioxidants source are fruits of 

European bird cherry (prunus padus) which is european 

and asian native tree of a rose family. The bark, leaves and 

fruits has been known in folk medicine, considering their 

antibacterial, diuretic, antirheumatic, styptic and other 

applications. Nevertheless, properties of any part of the 

tree, including fruits and fruit extracts are poorly known, 

and only a few reports on the topic are yet available [1]. 

They show that bird cherry fruits contain a number of 

compounds including polyphenols and bioactive 

compounds, especially vitamins and where many of above 

poses antioxidant activities. 
In this study we have examined the extracts from bird 

cherry fruits pulp (stones were removed manually), 

obtained by elution and from partially dried, squeezed 

fruits to obtain pure native juice. The stock samples of 

fruit extracts were prepared from water, ethanol and 

organic solvents with different hydrophobicity. Two fruits 

and 3 ml of solvent were used to prepare each stock 

sample. Stock samples were diluted directly before 

measurements. The dilution rate was adjusted as required 

for absorption and fluorescence spectroscopy 

measurements.  
To estimate composition of obtained extracts for each 

sample we measured absorption spectra in the UV-VIS 
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range, the fluorescence spectra at different excitation 

wavelengths and additionally the fluorescence lifetime of 

each sample was recorded. 
The results of our studies on the extracts indicated the 

presence of vitamin E, strong antioxidant, or its 

derivatives. Moreover, using solvents with hydrophilic and 

hydrophobic we were able to observe presence of different 

types of polyphenols, including anthocyanin and flavones, 

compounds with strong antioxidant properties. The above 

detected compounds were present in both, a native juice 

squeezed from fruit and in extracts. 
Considering presence of antioxidant compounds in 

obtained samples, we carried out additional tests to 

estimate antioxidant potential of water and ethanol extracts 

of bird cherry fruits. For this purpose we have used DPPH 

method, and obtained results have shown that both 

aqueous and alcoholic extracts poses high antioxidant 

potential, were DL-alpha-tocopherol and ascorbic acid, 

were used as standards. 
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Here we are showing the energy transfer in a net, 

composed of nanoparticles and fluorescent or redox-active 

proteins. We used two types of nanoparticles: colloidal 

quantum dots (QD) and carbon nanodots (CND). QDs are 

a semiconductor, quasi-spherical fluorescent nanoparticles, 

with a diameter of a few to several nanometers. Here we 

used QDs composed of cadmium telluride, varied in size 

and, at the same time, emission maximum (510-750 nm).  

CNDs are also fluorescent nanoparticles but produced as a 

result of carbohydrates (here, glucose) carbonization [1]. 

The bio-part of our nanohybrid nets were redox-active, 

non fluorescent cytochrome c (Cyt c), its fluorescent 

derivative with iron substituted by zinc, and fluorescent 

proteins (green fluorescent protein GFP, mCHERRY, 

mBANANA and phycocyanine). We already characterized 

electron transfer between CdTe QDs  and Cyt c [2,3]. Here 

we analysed competition between photoinduced electron 

transfer (PET) from CdTe (but not CNDs) to Cyt c and 

fluorescent energy transfer (FRET) to Cyt c fluorescent 

derivatives. For other fluorescent proteins, we showed 

FRET occurrence in solution, between QD-protein pairs 

and in bigger complexes (especially for phycocyanine), 

with QDs as donor, mediator and acceptor. We also 

characterised energy transfer between sequential 

monolayers, composed of QDs or CNDs, fluorescent 

proteins and optional spacers. The possible consequences 

and applications of such systems will be discussed. 
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Voltage-gated potassium channels of the Kv1.3 type are 

widely expressed in many cells, both normal and cancer. 

Kv1.3 channels participate in several processes including 

proliferation and apoptosis of Kv1.3-channels’ expressing 

normal and cancer cells. Kv1.3 channels were discovered 

both in the plasma membrane and in the inner 

mitochondrial membrane (mito Kv1.3 channels). For some 

years, both plasma membrane and mito Kv1.3 channels are 

considered as a potentially new molecular target in several 

pathologies including some cancer disorders [1].  
It is known that some small-molecule organic inhibitors 

of the channels including biologically active plant-derived 

polycyclic compounds may selectively induce apoptosis of 

Kv1.3 channels’ expressing cancer cells, while sparing 

normal ones. These compounds may be promising 

candidates for a putative application in a therapy of some 

cancer disorders, characterized by an over-expression of 

Kv1.3 channels, such as breast, colon and lymph node 

cancer, melanoma or B-type chronic lymphocytic 

leukaemia (B-CLL) [1]. 
Electrophysiological studies on the influence of selected 

plant-derived polycyclic compounds on the activity of 

Kv1.3 channels are carried out in the Laboratory of 
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Bioelectricity at the Department of Biophysics at Wrocław 

Medical University. The whole-cell „patch-clamp” 

technique is applied in these studies [2]. Studies are 

carried out on Kv1.3 channels endogenously expressed 

both in normal human T lymphocytes isolated from 

peripheral blood of healthy donors and on cancer cells – 

human leukemic T cell line Jurkat T [1].   
This presentation shows a summary of results of our 

studies on the influence of selected plant-derived 

polycyclic compounds, and their selected derivatives, from 

the groups of flavonoids, stilbenes and chalcones on the 

activity of Kv1.3 channels expressed both in normal and in 

cancer cells. It is pointed out that some of the selected 

compounds inhibit Kv1.3 channels in normal and in cancer 

cells. Ability for Kv1.3 channels’ inhibition is not a 

general property of examined compounds [1]. Differences 

in a chemical structure between the channels’ inhibitors 

and non-inhibitors are subtle. The presence of a prenyl 

group is a factor that facilitates the ability of flavonoids 

and chalcones to inhibit Kv1.3 channels [1]. The inhibition 

of Kv1.3 channels may contribute to the total anti-

proliferative and pro-apoptotic effects of these compounds 

on cancer cells, however, the mechanism of this 

contribution remains to be elucidated [1]. Finally, it is 

mentioned that statins represent a new group of potentially 

effective inhibitors of Kv1.3 channels in cancer cells. 

These compounds known as inhibitors of biosynthesis of 

cholesterol and isoprenoid metabolites, are widely applied 

in a treatment of hypercholesterolemia and atherosclerosis 

[3]. It was shown that statins – mevastatin and simvastatin 

exert antiproliferative, pro-apoptotic and reversing drug 

resistance effect in human colon adenocarcinoma cell line 

LoVo and its doxorubicin-resistant subline LoVo/Dx [3]. 

Preliminary results of electrophysiological studies, 

presented separately on a poster, show that three selected 

statins: mevastatin, simvastatin and pravastatin are all 

effective inhibitors of Kv1.3 channels in cancer cells.  
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Antifreeze glycoproteins are a class of biological agents 

which enable living at temperatures below the freezing 

point of the body fluids. Antifreeze glycopeptides usually 

consist of repeating tripeptide unit (-Ala-Ala-Thr*-), 

glycosylated at the threonine side chain. However, on the 

microscopic level, the mechanism of action of these 

compounds remains unclear. As previous research has 

shown, antifreeze activity of antifreeze glycopeptides 

strongly relies on the overall conformation of the molecule 

as well on stereochemistry of amino acid residues. The 

desired monoglycosylated analogues with acetylated 

amino termini and the carboxy termini in a form of N-

methylamide have been synthesized. Conformational 

nuclear magnetic resonance (NMR) studies of the designed 

analogues have shown a strong influence of the 

stereochemistry of amino acid residues on the peptide 

chain stability, which could be connected to antifreeze 

activity of these compounds. A better understanding of the 

mechanism of action of antifreeze glycopeptides would 

allow applying these materials e.g. in food industry and 

biomedicine. 
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ATP-sensitive potassium channels (KATP) play a key role 

in insulin secretion from pancreatic beta-cells. They close 

in response to a change in the ATP/ADP ratio stopping the 

K- outflow, which leads to insulin release. In normal 

conditions this happens when the blood glucose revel 

rises. Malfunctions in the dynamics of KATP may lead to 

diabetes.  
Despite its enormous physiological role, the mechanism 

of closing/opening of KATP is not known yet. Fortunately, 

since 2017 the KATP structure is known (Lee, 2017; 

Martin, 2017; Wu, 2018). It is a huge complex (~8000aa) 

composed of four Kir6.2 subunits and four sulfonylurea 

receptor moieties. This discovery opens a way to model 

the KATP channel gating. The complexity of KATP system 

calls for methods able to monitor structural changes. One 

of them is molecular dynamics. By performing extensive 

computer modeling of the whole KATP complex we hope 

http://wcss.pl/
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to move towards understanding mechanisms of the KATP 

channel gating. 
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Here, we report preliminary results of investigation of 

binding kinetics of tri-N-acetylglucosamine (NAG3) to 

wild type chicken egg lysozyme and to its mutant 

(D48N/K116Q), in 20 mM glycine-HCl buffer, pH 4.0, at 

20°C. At acidic pHs, both proteins have similar average 

charge, close to +14.0e, and similar magnitudes of the 

electric dipole moment, around 200 Debyes. However, 

both dipoles are oriented with respect to each other at an 

angle of about 150
o
. Therefore, one expects substantial 

differences in the electrostatic steering of polar NAG3 

ligand (19 Debyes) towards the binding sites of these 

proteins. We intend to detect these differences by 

following ionic strength dependence of NAG3 binding by 

both proteins. 
Binding of NAG3 to respective proteins was followed 

by tryptophyl fluorescence observation of the transients in 

a stopped-flow spectrofluorimeter, using a 320 nm cut-off 

filter and a LED light source excitation of 295 nm. The 

ionic strength of the solution was changed by adding KCl 

in the range 0-500 mM. The registered progress curves 

were analyzed with the DynaFit program. The model 

discrimination procedure, implemented in the program, 

indicates as the best, the two-step binding model in the 

case of wild-type lysozyme, which is consistent with 

earlier work on the binding of NAG3 to this protein. 

Analysis of residual variations shows that in the case of 

the mutant, the two-stage model is at least as good as the 

one-step model.  
Our results show that the association rate constants of 

the protein-ligand complex, ka, have similar values for 

both proteins, for all ionic strengths. However, they differ 

with respect to the dissociation rate constant, kd. The 

equilibrium dissociation constant (KD = kd/ka) assumes 

similar values for both proteins at salt concentration of 0 

mM. With increasing concentration of KCl, the difference 

between the values of this constant increases to reach the 

highest value for 200 mM KCl, and then decreases with 

further increase of salt concentration. These results 

confirm that stopped-flow fluorimetry and investigation of 

ionic strength dependence of the kinetics of ligand binding 

give a useful tool for studying electrostatic effects in 

biomolecular association processes. 
 

 

ACKNOWLEDGMENTS 
 

This work was funded by the National Science Center, 

Poland (UMO-2014/13/B/ST4/03011) 
 

 

BENDING THE RULES – PLASTOGLOBULES OF 

SEVERAL MUTANTS OF ARABIDOPSIS 
 

J. Wójtowicz
1
, J. Grzyb

2
, K. Gieczewska

1 
 

1Department of Plant Anatomy and Cytology, Institute of Experimental 

Plant Biology and Biotechnology, Faculty of Biology, University of 

Warsaw, I. Miecznikowa 1, PL-02-096 Warsaw, Poland 
 2Department of Biophysics, Faculty of Biotechnology, University of 

Wroclaw, F. Joliot-Curie 14a, PL-50-383 Wroclaw, Poland 
 

Plastoglobules (PGLs) are lipoprotein structures – 

suborganellar compartment of the chloroplast. Very closely 

related to thylakoids membranes in most cases in physical 

touch with them [1]. Their numbers increase during the 

upregulation of plastid lipid metabolism in response to 

oxidative stress and during senescence. It has been 

observed that the size and number of these small structures 

are regulated in correlation with the fitness of the 

thylakoid membranes. Therefore, appears to be essential to 

characterize their lipid composition in correlation to their 

topography and physical properties.  
We have chosen for this study Arabidopsis thaliana 

mutants of three groups: chilling sensitive ones (cs, chs5 

and chs6), with a different arrangement of main membrane 

lipids (mgd1, dgd1) and with different saturation levels of 

lipids’ acyl chains (fad3, fad5, fad7-1-8) with appropriate 

backgrounds of Columbia accessions (Col0 and Col1). We 

used AFM and TEM measurements as well as HPLC/MS 

chromatography for polar lipid composition of PGLs and 

thylakoids, and FTIR spectroscopy for possible lipid-

protein interactions within the membranes.  
PGLs, as imaged with AFM, are spherical, soft 

structures. The elasticity of all tested PGLs measured by 

Young’s modulus (E), was close to 1 MPa. This value is in 

the range of fibroblasts as well as structures like gelatine 

and significantly lowers than the elasticity of collagen [2]. 

The specific E, however, differs between A. thaliana 

mutants. Interestingly, we observe using TEM a broad 

distribution of PGLs in terms of size between all analyzed 
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plants with diameters ranging from 20 nm to 

approximately 700 nm. We tried to correlate size 

distribution and physical properties of PGLs with their 

polar lipid composition. 
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Cystic Fibrosis (CF) is the most common fatal human 

genetic disease, which is caused by a defect in an anion 

channel protein (CFTR) affecting ion and water transport 

across the epithelium. We devised an apparatus to enable 

the measurement of concentration changes of sodium, 

potassium, chloride, pH, and transepithelial potential 

difference by means of ion-selective electrodes, which 

were placed on both sides of a 16HBE14σ human 

bronchial epithelial cell line grown on a porous support. 

Using of flat miniaturized ISE electrodes allows reducing 

the medium volume adjacent to cells to approximately 20 

μl and detecting changes in ion concentrations caused by 

transport through the cell layer (Zając et al., 2019). In 

contrast to classic electrochemical measurements, in our 

experiments neither the calibration of electrodes nor the 

interpretation of results is simple. The calibration solutions 

might affect cell physiology, the medium composition 

might change the direction of actions of the membrane 

channels and transporters, and the transport of ions is 

accompanied by water flow that might trigger or cut off 

the transport pathways. We found that, in the isosmotic 

transepithelial concentration gradient of sodium or 

chloride ions, there is an electroneutral transport of sodium 

chloride in both directions of the cell monolayer. The ions 

and water are transported as an isosmotic solution of 

145mM of NaCl. 
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