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The Slovak Biophysical Symposium is already a well-established biannual meeting of
biophysicists. The V. Slovak Biophysical Symposium held on March 19-21, 2012, has been
organized by The Slovak Biophysical Society (SKBS). SKBS has established in 2001. The
members of SKBS include not only teachers and researchers working in the field of
biophysics but also those working in other interdisciplinary areas.

The Vth. Slovak Biophysical Symposium was focused on following topics
* membrane systems and transport processes
* photobiophysics, modern microscopy and spectroscopy techniques
» protein structure and stability, interactions of ligands with biomacromolecules
* Dbiosensors and nanobiotechnology
* applications of biophysics in medicine
* molecular modeling
* education in biophysics
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Program

Monday, March 19, 2012

12.30-14.30 Registration (Ground Floor F1)
12.30-14.30 Establishment of posters (Ground Floor F1)
14.45-15.00 Opening ceremony (Lecture Room C)

15:00-15:30
SKBS Young Researcher Prize Lecture

M. Simera, M. Veternik, 1. Poliagek, J. Jakus, Study of the antitussive effect of codeine in
the brainstem in the anaesthetized animals

1. Biophysics of Brain, Tissues and Cells
Chairs: J. Jakus, 1. Poliac¢ek

15.30-16.15

Tutorial Lecture

T1 M. Kopani. J. Dekan, M. Miglierini, L. Dlhan, R. Boca, M. Caplovicova, V.
Sisovsky, J. Jakubovsky, Iron oxides particles in human brain

16.15-17.15 Coffee break and posters

17.15-18.45

01 N. Visiovcovd, V. JakuSova, N. ViSiioveova Jr., J. Jakus, Effects of high energy
radiation on the organ systems in human medicine

02 I. Waczulikova, O. Uli¢na, Z. Tomaskova, M. Grman, O. Vancova, K. Ondrias,
Voltammetric measurements of mitochondrial (dys)function in studying the effects of
external stimuli

03 K. Ondrias§, A. Misdk, M. Grman, N. Pronayova, T. Liptaj, On the H,S-NO
interaction and the effects of thiols

04 M. Grman, A. Misék, K. Ondrias, Effect of pH, thiols and oxygen on the H,S/HS
induced NO release from S-nitrosoglutathione

19.15 Dinner
Tuesday, March 20, 2012

2. Molecular Modeling and Ionic Channels
Chairs: I. Zahradnik, A. Zahradnikova

09.30-10.15
Tutorial Lecture

T2 V. Frecer, P. Seneci, S. Miertus Computer-assisted combinatorial design of inhibitors
of thymidine monophosphate kinase of Mycobacterium tuberculosis

10.15-11.00
O5 M. Karmazinova, S. Beyl, N. Klugbauer, S Hering, L Lacinova, Cysteines in the
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extracellular loop in domain I of the Cay3.1 channel are essential for channel opening
06 M. Gaburjikova, J. Gaburjakova, Gating behavior of coupled cardiac ryanodine
receptors is not altered by luminal calcium

11.00-11.30 Coffee break and posters

11.30-12.30

07  A.Misak, M. Grman, L. Malekova, Z. Tomaskova, K. Ondrias, pH-modulation of
single-channel properties of anion channels derived from inner mitochondrial
membranes of the rat heart

08 R. Janiéek, M. Hotka, A. Zahradnikova, Jr., A. Zahradnikova, 1. Zahradnik,
SpikeAnalyzer — the MATLAB-based analysis software for calcium spikes

09 M. Hotka, I. Zahradnik, Software suite for analysis of fluctuations in electrical
properties of cells

13.00-14.30 Lunch

3. Biophysics of DNA and Proteins
Chair: A. Chorvatova, K. Ondria$

15.00-15.45

Tutorial Lecture

T3 V. Viglasky, General insight to G-quadruplex structure: biophysical and biological
aspects

15.45-16.30

010 Z.Gazova, K. Siposova, Antosova, D. Fedunova, J. Bagel'ova, J. Imrich, Inhibitors of
protein amyloid aggregation

O11 D.Jancura, V. Berka, J. Stanicova, M. Fabian, Functional equivalence of as
»isolated” and “high-energy” metastable states of the oxidized mitochondrial
cytochrome c oxidase

16.30-17.00 Coffee break and posters

17.00-17.40

012  P. Sebest, H. Pivoitkova , M. Fojta, The stability of the p53 protein complexes with
DNA substrates against salt-induced dissociation

013 H. Pivoiikova, K. Némcova, P. Sebest, M. F ojta, Electrochemical
immunoprecitipitation assays for DNA-protein interactions

17.45-18.45 General Assembly of the Slovak Biophysical Society

19.30 Symposium Dinner
Wednesday, March 21, 2012

4. New Spectroscopic Techniques
Chairs: D. Chorvat, P. Miskovsky.

09.30-10.15
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Tutorial Lecture
T4 V. Baumruk, Solution structure and dynamics of biomolecules from Raman optical
activity

10.15-11.35

014 A. Strejckova, G. Bano, J. Stanicova, K. Stroffekova, G. Fabriciova, P. Miskovsky,
Hypericin fluorescence in bilayer lipid membranes

015 L. Dzurova, V. HuntoSov4, D. Petrovajovd, P. Miskovsky, Competition of anti-
apoptotic protein kinase C o and pro-apoptotic protein kinase C ¢ in hypericin induced
photodynamic action in U-87 MG

016 Z. Jurasekova, C. Domingo, J. V. Garcia-Ramos, S. Sanchez-Cortés, In situ SERS
detection of natural organic dyes and pigments in Cultural Heritage objects

017 J. Horilova, M. Bucko, A. Illésova, D. Chorvat, A. Chorvatova, Time-resolved
measurements of endogenous NAD(P)H fluorescence in living systems

11.35-12.10 Coffee break

5. Education in Biophysics
Chairs: T. Hianik, P. Mi§kovsky

12.10-13.30

018 D. Chorvat, LASERLAB-EUROPE working modes and opportunities

019 A. Chorvitova, Inauguration of SPIE Student Chapter in Slovakia

020 J. Jakus, PhD study in medical biophysics in Jesenius Medical Faculty of Comenius
University in Martin

021 T. Hianik, PhD study in biophysics in FMFI UK

022 P. MiSkovsky, PhD study in biophysics in Faculty of Natural Sciences of Safarik
University

General discussion

13.30 Closing ceremony
14.00 Lunch
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ABSTRACTS
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single-channel properties of anion channels derived from inner mitochondrial
membranes of the rat heart
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immunoprecitipitation assays for DNA-protein interactions

A. Strej¢kova, G. Bano, J. Stanicova, K. Stroffekova, G. Fabriciova, P. Miskovsky,
Hypericin fluorescence in bilayer lipid membranes

L. Dzurova, V. HuntosSovd, D. Petrovajova, P. Miskovsky, Competition of anti-
apoptotic protein kinase C o and pro-apoptotic protein kinase C ¢ in hypericin induced
photodynamic action in U-87 MG

Z. JuraSekova, C. Domingo, J. V. Garcia-Ramos, S. Sanchez-Cortés, In situ SERS
detection of natural organic dyes and pigments in Cultural Heritage objects

J. Horilova, M. Bucko, A. Illésova, D. Chorvat, A. Chorvatova, Time-resolved
measurements of endogenous NAD(P)H fluorescence in living systems

D. Chorviat, LASERLAB-EUROPE working modes and opportunities

A. Chorvitova, Inauguration of SPIE Student Chapter in Slovakia

J. Jaku§, PhD study in medical biophysics in Jesenius Medical Faculty of Comenius
University in Martin

T. Hianik, PhD study in biophysics in FMFI UK
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POSTERS

P1: L. Balogovi, M. Maslanakova, P. Miskovsky, K. Stroffekova, Proapoptotic proteins
distribution in U-87 MG glioma cells before and after photodynamic action
P2: L. Dzurova, D. Petrovajova, K. Stroffekova, Z. Nad’ova, P. Miskovsky, Activity of PKC
isoforms in U-87MG glioma cells before and after PDT treatment- Western blot study
P3: 1. Cavarga, B. Bil¢ik, P. Vyboh, P. Miskovsky, I. Kost'al, P. Kasak, B. Cunderlikova, P.
Mlkvy, A. Mateasik, D. Chorvat, A. Chorvatova, The use chorioallantoic membrane of
quail embryo as an in vivo model for the study of photodynamically active drugs
P4: M.Zvarik, L. Sikurova, L. Hunakova, D. Martinicky, Changes in synchronous
fluorescence spectra of human urine induced by ovarian tumors
P5: M. Uherek, L. Sikurova, O. Uli¢na, A study of fish oil influence on aorta fluorescence
of healthy and diabetic rats
P6: M. Morvovi, L. Sikurova, Measurement of fluorescence anisotropy as a parameter of
membrane fluidity in patients with chronic kidney disease
P7: D. Fedunova, P. Huba, J. Bagel'ova, M. Antalik, Thioflavin as probe for different
biophysical processes
P8: K. éipo§0vé, M. Kubovc¢ikova, Z. Bednarikova, A. AntoSova, M. Koneracka, V.
Zavisova, P. Kopcansky, Z. Daxnerova, Z. Gazova, Magnetic fluid targets insulin-related
amyloidosis
P9: J. Sukelova, Z. Nichtova, M. Novotova, 1. Zahradnik, Implementation of the method of
correlative light/electron microscopy on the same cell
P10: H. Vrbovska, A. Olas, M. Babincov4, Interaction of magnetic nanostructures with
antioxidants: Risks, benefits, and possible therapeutic applications
P11: J. Gallova, C. Duréovi¢ova, P. Balgavy, Partial molecular volumes of DMPC and
cholesterol in mixed bilayers
P12: Z. Garaiova, D. Wrobel, I. Waczulikova, M. lonov, M. Bryszewska, T. Hianik,
Fluorescence anisotropy measurements of lipid vesicles incorporated calixarenes
P13: A. Poturnayova, M. Snejdarkova, 1. Neudlinger, A. Ebner, T. Hianik, AFM imaging of
lipid layers containing calixarenes after addition of cytochrome c
P14: M. Snejdarkov4, A. Poturnayov4, 1. Neundlinger, A. Ebner, T. Hianik, DNA-
aptamers: sensitive tool for thrombin detection by quartz crystal microbalance
P15: G. Castillo, A. Miodek, H. Dorizon, H. Korri-Youssoufi, T. Hianik, Functionalization
of multiwalled carbon nanotubes with dendrimers for aptamer-based biosensor sensitive
to human cellular prions
P16: L. Navratilova, M. Adamik, M. Brazdova, H. Pivonkova, M. Fojta, Binding of p53
(wt/mut), p63 and p73 to different DNA substrates
P17: M. Veternik, M. Simera, J. Jakus, I. Poliacek, Effect of moving average window width
on integration of EMG signal
P18 D. Racko, Effect of confinement on molecular mobility and free volume as seen by
computer simulations and positron annihilation lifetime spectroscopy
P19 C. Uli¢n4, J. Uliény, Quantitative proteomics and integration of systems biology models
- our first experience
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SKBS YOUNG RESEARCHER PRIZE LECTURE

Study of the antitussive effect of codeine in the brainstem in the
anaesthetized animals.

M. Simera, M. Veternik, L. Poliagek, J. Jakug

Department of Medical Biophysics, Jessenius Faculty of Medicine, Comenius University, Mala Hora 4, 036 01
Martin, Slovakia, e-mail: simera@)jfmed.uniba.sk

Neural circuits controlling breathing and respiratory reflexes such as cough are organized
within a network of respiratory-related neurones in the brainstem. This central nervous
mechanism known as the respiratory central pattern generator (CPG) extends from the pons
to the lower medulla [1]. The brainstem respiratory network has rhythmogenic capability
probably at multiple hierarchical levels, which together with complexity and adaptability
enables large system flexibility depending on physiological and metabolic conditions [1]. The
basic elements of the CPG are brainstem respiratory neurones with dynamic interactions
between pre-Botzinger complex (pre-BotC) containing pacemaker inspiratory neurons, the
rostral ventral respiratory group (rVRG) with mainly inspiratory neurones and the
retrotrapezoid/parafacial respiratory group (RTN/pFRG) which control the active expiration
and play an important role in central chemosensitivity [2,3,4]. Population of the pre-BotC
inspiratory neurones provide an inhibition within the respiratory network, and the population
of the BotC thus generates expiratory inhibition [1]. Mentioned brainstem regions are
connected with the nuclei of the solitary tract (NTS), which are innervated by visceral inputs
from peripheral receptors located within the gastrointestinal, gustatory, cardiovascular and
pulmonary/respiratory systems, and reflexly affect an autonomic motor outputs, controlling
also breathing and airway resistance [5,6].

Central antitussives such as codeine modulate cough-related neuronal network at the level
of brainstem (mentioned before), where the basic neural circuitry responsible for generation
of cough is located [7]. Codeine binds mainly to p-, but also to 8- and k-opioid receptors with
different affinities [5, 8, 9]. E.g. u-opioid receptors are located in the ambiguus nucleus, NTS,
the dorsal vagal nerve nucleus, the medial parabrachial nucleus, and the raphe nuclei. Similar
or less density of the k-opioid receptors is placed in these region, too. d-opioid receptors are
generally less expressed in the brainstem, being sparsely found in NTS. Contrary the
pneumotaxic center, including the nucleus parabrachialis, contains a very high density of o-
binding sites [10].

There are several reports [5,11,12] indicating that opioids inhibit synaptic transmission by
decreasing a transmitter release from presynaptic terminals, also activate K* channels in the
presynaptic terminals and inhibit N- and P/Q-type Ca*"channels. Since p-opioid receptors are
predominantly expressed within NTS region [5,13], it seems the cough reflex induced by
mechanical stimulation of the "the cough receptors" can be attenuated by codeine at NTS
level via an inhibition of glutamatergic transmission. Gaba-ergic, serotoninergic systems and
activity of NMDA receptors also play an important role in the mechanism of action of
antitussive drugs [10,14]. Central action of codeine and another central antitussives is
deduced from their much higher efficiency when they are administered centrally (either via
the vertebral or carotid arteries or intracerebroventricularly — i.c.v.), compared to their
intravenous (i.v.) route of application [15].

Our previous results [16] in anesthetized rabbits confirmed the central antitussive effect of
codeine with the effective cummulative dose necessary for 50% reduction of cough number
in doses of 3.9 mg/kg and 0.11 mg/kg following (i.v.) and (i.c.v) administrations,
respectively. It represents about 35-fold higher efficacy of i.c.v. in comparison with i.v.
application. We did not detect significant changes in analyzed temporary parameters of the
cough, however, the tendency to prolong the quiescent periods of the cough expiratory phase
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and the total cough cycle durations were proved. No significant changes in single expiratory
responses as well as no alteration in parameters of the sneeze reflex were established. Very
low sensitivity of sneeze and possibly the expiration reflex to codeine were proved, too. Pre-
treatment by Naloxone (an p-opioid receptor competitive antagonist) regularly abolished the
antitussive effect of the codeine in rabbits (Fig. 1). Our findings confirmed the involvement
of p-opioid mechanism mediating the central antitussive effect of codeine in this animal
species.

Control Naloxone Codeine

[emg.] - - = = - e wm mm - = = - [
mechanical stim. mechanical stim. mechanical stim. 100 ms

Fig. 1. Pretreatment by naloxone (4 mg/kg 1.v.) abolished the antitussive effect of the codeine
in rabbits. (7 mg/kg i.v. dose > ED50%). BP — blood pressure, EP — esophageal pressure,
[DIA, JABD emg. — integrated electromyografic activity of the diafgram and the abdominal
muscles.
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T1
Iron oxides particles in human brain

M. Kopani', J. Dekan®, M. Miglierini**, L. Dlhan*, R. Boca“, M. Caplovicova’,
V. Sisovsky', J. Jakubovsky'

'Department of Pathology, Faculty of Medicine, Comenius University, Sasinkova 4, 811 08 Bratislava,
Slovakia, e-mail: martin.kopani@fmed.uniba.sk

“Institute of Nuclear and Physical Engineering, Faculty of Electrical Engineering and Information Technology,
Slovak University of Technology, Bratislava, Slovakia,

*Regional Centre of Advanced Technologies and Materials, Palacky University, Olomouc, Czech Republic
‘Department of Inorganic Chemistry, Faculty of Chemical and Food Technology, Slovak University of
Technology, Bratislava, Slovakia,

*Department of Geology of Mineral Deposits, Faculty of Natural Sciences, Comenius University, Bratislava,
Slovakia,

Introduction

Iron is the most important metal with high concentration in some regions of the brain. The
basal ganglia have the highestiron concentrations in the brain, particularly the globus pallidus
and substantia nigra. Iron catalyzes reactions forming reactive oxygen species and is one of
the major factors associated with neurogedenerative disease [1]. But its activity depends
greatly on its ligand-based environment.

Results
Histochemical analysis

Sites of Fe(Ill) and Fe(Il) accumulation in the samples of human basal ganglia showed
round, lamellar hematoxylin and eosine positive structures with the size of 15-40 pum. Iron
positive sites revealed PAS (neutral) and Alcian blue (acidic glycoconjugates) positive round
structures with diameter from 5-25 um. Histochemical analysis revealed both sulphated and
carboxylated glycoconjugates. Ag-NOR staining revealed sporadically argyrophilic positive
black round deposits in the form of iron phosphate (ferritin). The size of these deposits was 5-
20 pum. Scanning electron microscope with EDX microanalysis showed the occurrence of
regular globular iron positive deposits of the size from 5-10 um.

Mossbauer spectrometry

*’Fe Mossbauer spectra were taken from suitably prepared samples at room temperature
using a standard constant acceleration spectrometer with ’Co/Rh source. Transmission
geometry was used. The spectra were first recorded in high velocity range (+/- 10.5 mm/s) to
check for possible occurrence of magnetically active iron compounds. They were not
identified which means that the size of probable Fe-containing structures should be lower
than several nanometres. Consequently, Mdssbauer spectra were acquired at lower velocity
range (+/- 3 mm/s) to allow more precise identification of iron structural positions. All
investigated samples exhibit quadrupole doublets.

A typical example of a room temperature Mdssbauer spectrum (male, 26 years) is shown
in Fig. 1. Decomposition of the spectra into their components has demonstrated a presence of
two different doublets, i.e. structural positions of the resonant atoms. They mainly belong to
Fe(Il) high spin states but in some samples also Fe(IIl), and Fe’" tetrahedral structural
positions as well as ferrihydrite were revealed. According to the spectral parameters (isomer
shift and quadrupole splitting), Fe(II) atoms are localised in five distinct positions.
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Fig. 1. ”"Fe Mossbauer spectrum of male basal ganglia, 26 years old taken at 300 K.

SQUID magnetometry

The samples of basal ganglia showed a dominating diamagnetism and/or paramagnetism
superimposed by a ferromagnetic impurity (probably magnetite). The hysteresis loop has a
complex shape that alters with temperature (Fig. 2).
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Fig. 2 Hysteresis curves of female basal ganglia, 83 years old taken at 300 K at 20 K.

Discussion

Eosinophilic and argyrophilic spheroid-like structures and iron pigment in monkeys
globus pallidus were found by many authors regardless of the presence of diseases or
conditions and are associated with iron mediated oxidative stress [2]. Our histochemical
findings indicate the presence of iron accumulation in the physiological form (ferritin).
Maossbauer spectra and SQUID measurements show the presence of various forms of iron
compounds.

Glycoconjugates are complex macromolecules containing oligosaccharides side chains
covalently linked to a protein backbone. Polysaccharides interact with Fe(III) cations to form
water soluble complexes or serve as template assembly of nanocrystals. Presence of
glycoconjugates in the samples is result of elimination and inactivation of iron as inductor of
reactive oxygen species and can be useful neuroprotective agent in CNS degradation.
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T2
Computer-assisted combinatorial design of inhibitors of thymidine
monophosphate kinase of Mycobacterium tuberculosis

V. Frecer'?, P. Seneci’, S. Miertus*

' Department of Physical Chemistry of Drugs, Faculty of Pharmacy, Comenius University, Odbojarov 10, 832
32 Bratislava, Slovakia, e-mail: frecer@fpharm.uniba.sk

% Cancer Research Institute, Slovak Academy of Sciences, Vlarska 7, 833 91 Bratislava, Slovakia

* Department of Organic and Industrial Chemistry, University of Milan, 20133 Milan, Italy

* International Centre for Applied Research and Sustainable Technology, 841 04 Bratislava, Slovakia

It is estimated that about one-third of the world’s population is currently infected with
Mycobacterium tuberculosis (MTB), the causative agent of tuberculosis (TB). TB is an
airborne disease leading annually to more than 9 million infections and claiming almost 2
million of lives each year [1]. Currently active TB is treated with first-line drugs introduced
to clinical practice more than 4 decades ago and requires treatment with duration of at least
six months. According to WHO, up to 80% of the treated TB cases develop drug-resistance
[2]. Extended treatment for up to two years is needed for cases infected with multidrug-
resistant (MDR) and extensively drug-resistant (XDR) strains, using expensive injectable
second-line drugs with much more severe side effects [3]. Consequently, TB has re-emerged
as a serious public health threat worldwide.

The global emergency posed by the M/XDR TB has stimulated the search for new
targets and discovery of innovative more effective antibiotic drugs. Determination of the
complete genome sequence of MTB strain H37Rv allowed identification of new potential
anti-mycobacterial drug targets [4]. M. tuberculosis thymidine monophosphate kinase
(TMPK.,,) has emerged as an attractive target [5]. It catalyses the phosphorylation of
deoxythymidine monophosphate (d{TMP) to deoxythymidine diphosphate utilizing adenosine
triphosphate as the phosphoryl donor. This step lies at the junction of the de novo and salvage
pathways of deoxythymidine triphosphate (dTTP) metabolism and is the last specific enzyme
for its synthesis [6]. TMPK,, was shown to be essential in providing the bacteria with dTTP
and for DNA synthesis [5]. Low sequence identity (22%) of TMPK,, with its human isozyme
and identification of 3'-azido-2'-deoxythymidine monophosphate (AZTMP, inhibition
constant K; = 10 puM, Figure 1) as a selective competitive inhibitor made TMPK,, an
attractive target for blocking the mycobacterial DNA synthesis [5-7].
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Figure 1. Chemical structures of the substrate and of competitive inhibitors of TMPK,, [5,8,9].

The three-dimensional structure of TMPK,: bound to dTMP was solved, thus
allowing to perform structure-based drug design studies [7,10]. The active site of TMPK,
complexed with dTMP displays a fully closed conformation and contains an Mg** ion that is
responsible for positioning the phosphate oxygens of dTMP. Closer examination of the
catalytic site revealed that the main interactions between dTMP and the enzyme include a
stacking interaction between the pyrimidine ring of thymine and Phe70, as well as a number
of hydrogen bonds.

In this work we have carried out computer-assisted combinatorial design of bicyclic
thymidine analogs as inhibitors of the TMPK,, [11]. We have explored the chemical space
around the 2', 3'-bicyclic thymidine nucleus by designing and in silico screening of a virtual
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focused library selected via structure-based methods to identify more potent analogs endowed
with favorable ADME-related properties. In all the library members we have exchanged the
ribose ring of the template with a cyclopentane moiety that is less prone to enzymatic
degradation. In addition, we have replaced the six-membered 2', 3'-ring by a number of five-
membered and six-membered heterocyclic rings containing alternative proton donor and
acceptor groups, to exploit the interaction with the carboxylate groups of Asp9 and Asp163
as well as with several cationic residues present in the vicinity of the TMPK,, binding site.
The three-dimensional structure of the TMPK,,, complexed with 5-hydroxymethyl-dUMP, an
analog of dTMP, was employed to develop a QSAR model, to parameterize a scoring
function specific for the TMPK,, target and to select analogues which display the highest
predicted binding to the target. As a result, we identified a small highly focused
combinatorial subset of bicyclic thymidine analogues as virtual hits that are predicted to
inhibit the mycobacterial TMPK in the submicromolar concentration range and to display
favorable ADME-related properties (Figure 2).

pre

D1 Analog-5-19-11  K; =0.29 uM ’ .
Figure 2. Chemical structure of the best designed analog D1 (left). D1 docked to the active site of the TMPK
receptor (right).
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G-rich DNA sequences can fold into secondary structures so-called G-quadruplexes.
These structural motifs are four-stranded and they are stabilized by the stacking of guanine
G-quartets and extensive Hoogsteen hydrogen bonding. At the beginning G-quadruplexes
were simply a structural curiosity, but recently it has become clear that they play important
physiological roles. This interest has been reflected in the rate of publications with an
exponential growth in the number of articles mentioning the term G-quadruplex over the past
decade. These unusual DNA motifs are believed to be involved in a variety of biological
functions; it is suggested that they may also be important causal factors in cell aging and
human diseases such as cancer [1,2].

Considerable circumstantial evidence suggests that these structures can exist in vivo in
specific regions of the genome including the telomeric ends of chromosomes, many oncogene
regulatory regions and RNA transcrips. There is also evidence that telomeres serve as a type
of biological clock, as the telomere structures appear to become shorter with each successive
cell cycle. In immortalized cells and in cancer cells, however, telomerase is activated to
maintain the length of the telomere [3]. Higher-order DNA and RNA G-quadruplexes are
attractive anticancer drug targets. A highly G-rich regions are frequently located upstream of
many oncogenic promoters and it is believed that it is G-quadruplex formation, and not the
sequence itself, that plays an important role in the transcriptional regulation. The quadruplex-
forming sequence shows a high level of sequence conservation across mammalians (human,
mouse, rat, and chimpanzee) and viruses [4]. Many recent studies have demonstrated that
small molecules can facilitate the formation of, and stabilize, G-quadruplexes. [5] Therefore,
these structures have become an attractive target for the anticancer drugs, because it
effectively inhibits telomerase activity.

G-quaruplexes show extreme structural variability and we now have only poor
information about their formation. For example telomeric DNA can spontaneously assemble
into a number of different G-quadruplex conformations, as can be monitored by NMR, X-ray
crystallography, atomic absorption spectroscopy, FRET and CD spectral analysis. We
analyzed different telomeric, viral and oncogenic G-quadruplex forming sequences in the
presence of Na+, K+ and PEG 200 by using UV absorption spectroscopy, circular dichroism
and electrophoretic methods. The presence of multiple G-quadruplex conformations in
solution was observed, making structural elucidation difficult. Temperature gradient gel
electrophoresis (TGGE) was used for the elucidation of structural variability and thermal
stability of quadruplex conformers. TGGE allows us to separate and evaluate the most
abundant conformers and to obtain relevant thermodynamic parameters [6]. Our work
describes the structural diversity and folding of quadruplexes, and it examines fundamental
aspects of topology and the emerging relationships with sequence.
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Raman optical activity (ROA) is a chirality related variant of vibrational spectroscopy
which measures small intensity difference of Raman scattering from chiral molecules in right
and left circularly polarized incident light or, alternatively, a small circular component in the
scattered light [1]. ROA is closely related to its companion effect, the vibrational circular
dichroism (VCD), and these two techniques together form a wider branch of vibrational
spectroscopy known as vibrational optical activity (VOA) [2]. The VOA spectrum of a chiral
molecule contains up to 3N-6 fundamental bands (N being the number of atoms), each
associated with a specific normal mode of vibration. These contain information on
conformation and absolute configuration of the particular part of the structure embraced by
the normal mode in question. Unlike electronic optical activity, VOA probes the
stereochemistry of molecular framework locally. The enormous increase of stereochemical
information content in the VOA spectrum thus represents its primary advantage when
compared to conventional electronic CD.

The attempts to extract structural information embedded in ROA spectra of biological
systems range from totally empirical correlations to fully theoretical predictions. For proteins,
principal component analysis (PCA) approach (based on pattern recognition) has been
developed to identify protein folds from ROA spectral band shapes [3]. At the same time, at
least for short peptides, full ab initio quantum mechanical ROA simulations are possible and
computational protocols now provide sufficiently impressive results to suggest that ROA
measurements together with theoretical simulations will become the method of choice for
determination of aqueous solution structure, at least for small biomolecules [4]. Simulation of
ROA spectra is a complex process that involves several steps. Initially, a starting geometry is
proposed. In this step for complex systems molecular mechanics was often successfully used.
Then the starting geometry is optimized on a selected level of approximation (functionals in
density functional theory (DFT), basis sets, solvent models, etc.). Harmonic approximation
was used for frequency calculations. High precision of the computed force field (Hessian) is
required for correct reproduction of the fine mode splitting that determines the ROA
intensities. This could not be achieved without the use of realistic solvent model. It has been
shown that simulation techniques considering system dynamics and averaging over molecular
conformations and solvent configurations are able to provide Raman and ROA spectra of
flexible and polar molecules in a good agreement with experiment in terms of correct band
intensities, line widths and in case of ROA also signs [5].

Recently, we concentrated our efforts to study flexibility and dynamics of the three
rotating side groups in alanine zwitterion, as such motion seems to be crucial for correct
interpretation of Raman and ROA spectra [5]. Detailed analysis of Raman and ROA spectra
of L-alanine zwitterion revealed that bandshapes are to a large extent determined by the
rotation of NH;", CO, and CHj; groups. The bands exhibit different sensitivity to the motion
of the rotating group; typically for more susceptible bands the Raman signal becomes broader
and the ROA intensity decreases or even cancels. When these dynamical factors are taken
into account in Boltzmann averaging of individual conformer contributions, simulated spectra
agree better with experiment. Besides, spectra of zwitterionic dipeptides (Gly-Pro, Pro-Gly,
Ala-Pro, Pro-Ala) suggest that the potential of this method to monitor molecular flexibility is
retained even for larger systems.

Analysis of Raman and ROA spectra of poly-L-proline based on comparison of ab
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initio simulations of spectral band positions and intensities confirmed presence of two
conformers of the five-membered ring, which are approximately equally populated in the
polypeptide [6]. Additionally, Raman and ROA spectral patterns indicated that the peptide
adopts polyproline II helical conformation (PPII) both in aqueous and TFE solutions. The
helix, however, is perturbed by fluctuations, which affects the vibrational coupling among
amino acid residues and broadens the ROA bands. Contributions of the side and main peptide
chains to the poly-L-proline ROA intensity have comparable magnitudes. Thus the
understanding of the origins of both signals is important for determination of the peptide
structure by ROA. To understand in detail the dependence of the secondary structure on the
length and the interplay between the side chain and main chain conformation, zwitterionic
(Pro)y models (with N=2, 3, 4, 6, 9, 12) were studied by combination of Raman and ROA
spectroscopy with the density functional theory. Potential surfaces were systematically
explored for the shorter oligoprolines, and Boltzmann conformational ratios were obtained
both for the main chain and the proline ring puckering. The predictions were verified by
comparison of the experimental and simulated ROA spectra [7].

Disulfide group is the only chromophore in proteins and peptides, which by itself
exhibits inherent chirality and therefore should give rise to substantial chiroptical
manifestation in electronic spectra. In practice, it is unfortunately not the case and especially
the low energy CD bands of the disulfide group with the maximum at about 260 nm are low
in intensity and rather broad. If we consider, in addition, the possible overlap with CD bands
of aromatic chromophores of phenylalanine, tyrosine and tryptophan residues, it is not
surprising that structure oriented application of electronic CD spectroscopy to a disulfide
chromophore is quite difficult. Recently we scrutinized chiral disulfides by ROA. Raman
spectroscopy is for this purpose rather promising already in its non chiral variant, but one
should underline that the obtained information is not complete. In that way no information
about ‘absolute conformation’ of the disulfide bridge can be acquired. We have identified
features in ROA spectra which are associated with the S-S (~500 cm™) and C-S (~700 cm™)
stretching vibrations. These allow us to infer the sense of disulfide twist in particular
compounds when signs of ROA features are compared to ROA calculations on simple model
disulfides [8] and verified by a comparison with spectra of disulfide-bridged cyclodextrins
[9]. ROA signals in the S-S and C-S stretching vibration regions are observable also with
neurohypophyseal hormones and their sign can be used to deduce the sense of disulfide twist.
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Introduction

Treatment with ionizing radiation is after the surgery the second oldest treatment modality of
the cancer therapy. After a paliative ( non radical) surgery the ionizing radiation is a kind of
effective treatment also in a case of breast carcinoma what is described as the primary
radiotherapy of a mammary gland in a literature. More than 90 % of female patients
underwent treatment by the high energy radiation have met with undesirable sides effects
visible mainly on a skin. These reactions are manifested like skin erythema characterized by
ared coloured skin, swelling, burning sensation, etc. The skin is dry, squamous, scurfy and
can itch. [1, 4] Another undesirable sides effects can also develop such as wet squamous and
painful skin with an exudative ulcers and necrosis. [1, 2, 4]. These skin reactions can
influence a progress of the radiotherapy and even can hurt a general quality of a life of
irradiated patient. Thus, proper management of a skin radiation side effects requires
a multidisciplinary cooperation (between oncologist, physicist, radiology asistent and nurses
psychologist, etc.) as an important part of a complex therapy. [3, 5]

Material and methods

We have observed 100 female patients being suffered from early state of a mammary gland
carcinoma. Entering criteria were: age under 70 years, 100 % of the Karnofsky Score had
excluded tumor bilaterality, tumors in stages T1 and T2. Female patients had finished non-
radical surgery, consisting from quadrantectomy and excentration of the axilla (at 1. and 2.
levels). In the patients an adjunct chemotherapy was applied (in those with a high relaps risk
and the positive axillar nodes) as well as the curative radiotherapy afterwards. In our patients
three phototypes of the skin were classified and consulted with the dermatologist. Patients
were treated in a period 2009-2011 years , both at the Radiotherapy Clinic, Oncology Centre
of the University hospital in Martin and at Clinic of Radiotherapy, Faculty hospital in Zilina .
Median of patient’s observation was 5 weeks (we observated an acute post-radiation changes
on the skin, which originated from an irradiation. The radiotherapy was applied to all patients
by the megavolt irradiator — the linear irradiator LINAC, the energy of the high energy
radiation ( HER ) X rays was 6 MeV and 18 MeV in an average dose TD 43,44 Gy = 1,07
Gy, and by accelerated electrons an average dose 11,6 = 0,33 Gy such as boots . Female
patients were irradiated by the technique of 2 tangential fields on the breast area and 2
opposite fields on the catchment area of the lymph nodes.

We have observed and wanted to determine the following parameters:

1. size of an average dose of high energy radiation ( HER) and the level of breast skin
change

2. relationship between localization and the level of a breast skin change

Results

Dependence of an average dose size and a level of breast skin change

We observed that each average entering dose of HER (accelerated electrons and X rays )
caused a presence of change level No.l and 2 (Fig.1, Table 1). The changes were proved by
a light macroscopy method (in accordace with RTOG/EORTC criteria).
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No.1 level of the skin change rised up with an averge dose of 37 Gy and the level of skin
No.2 had appeared with an averge dose of 44 Gy.
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Table 1. Dependence of average dose size of HER (X rays and electrons) and a level of the skin change

Change level | Interva | Media | SE SD
1 n
of dose | (Gy)
(Gy)
level no.1 30-46 | 37 *1,16 | 9.8
level no.2 42 -46 | 44 * 1,07 | 5,3

Dependence of the localization of the breast skin and the change level

Another parameter, which we observed was a dependence of change level and a location of
the change on the breast skin (Fig. 2, Table 2). We have assumed, that more frequent
localization of the acute postradiation changes is olaced in the intramammary breast line
(because there is a connection of the brest skin whith the skin on the thoracic area). Another
frequent location we assumed is an area of the papila. We have found, that area of the
intramammary breast line and the papila were significantly affected by the change levels
No.1 and 2. and there is no significant dependance between the breast area and axilla and the
change levels No.1 and 2.

Table 2 Dependence of the localization on the breast skin and the change level

Level of change Intramammary papilla all breast  axilla
Breast line
level n. 1 p = 0,001 p =0,003 ns ns
level n. 2 p =0,003 ns ns ns
C