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The Slovak Biophysical Symposium is already a wsthblished biannual meeting of
biophysicists. The lll. Slovak Biophysical Sympasiuheld on April 18-20, 2008, was
organized by The Slovak Biophysical Society (SKBSkollaboration with Department of
Nuclear Physics and Biophysics, Faculty of MathérsaPhysics and Informatics, Comenius
University (FMFI UK) in the year, when the FMFI Ugelebrates the 30 anniversary of
establishment of the Department of Biophysics. Thépartment was the first in Slovakia
focused on education of students in biophysicsherbse of the application of fundamental
knowledge in physics for understanding of the maddms of the processes in living
systems. The Department of Biophysics was estaalish 1978 at the Faculty of Natural
Science of the Comenius University. The first he&this Department was Prof. Dr. DuSan
Chorvat, D.Sc. After establishment of the Faculty Mathematics and Physics, this
Department was among the basic departments of alcelty. In 1990 the Department of
Biophysics was renamed on Department of Biophyaias Chemical Physics (DBCP). This
underlined focus in education also on chemical jgsy$Jntil now more than 120 master and
50 PhD students have been graduated mostly in ¥éigs In 2004 the DBPC was merged
with Department of Nuclear Physics and is now knasnDepartment of Nuclear Physics
and Biophysics.

The Slovak Biophysical Society was established 0012and nowadays has almost
one hundred active members. The members of SKB#idecnot only teachers and
researchers working in the field of biophysics bailso those working in other
interdisciplinary areas.

The 1ll. Slovak Biophysical Symposium was focusedalowing topics
- membrane systems and transport processes
photobiophysics, modern microscopy and spectrostegyniques
protein structure and stability, interactions ghlnds with biomacromolecules
biosensors and nanobiotechnology
applications of biophysics in medicine
molecular modeling
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Organizing committee
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Program

Friday, April 18, 2008
11.00-14.00 Registration (Lecture Room F2)
13.00-14.00 Bster installation (Ground Floor F1)

14.00-14.30 Opening ceremony(Lecture Room F1)

1. Membrane systems and transport processes
Chairs:K. Ondrias, |. Zahradnik

14.30-15.15
Tutorial Lecture
T1 P. Balgavy.Effects of lipids on the activity of sarcoplasméticulum calcium pump

15.15-15.35
01 K. Ondria$, L. Malekova, Effect of kS on intracellular chloride channels

15.35-16.3@Coffee break, posters and scientific exhibition

16.30-18.10

02 | Valent, |. ZahradnikA. Zahradnikova, The effect of altered ryanodine receptor
gating on generation of calcium sparks and propagatf calcium waves in a cardiac
myocyte model

03 J. GaburjakovalM. Gaburjakova, Effect of luminal C&" on the stability of coupled
gating between ryanodine receptors from the ratthea

04 B. Tencerovd J. Gaburjakova, A. Zahradnikova, M. Gaburjakd@nsitivity of the
ca;diac ryanodine receptor to ATP and its impackimetics with different luminal
C +

O5 Z. TomaSkovd M. Gaburjdkova, New permeation properties of izardyanodine
receptor in conflict with single-ion channel mogegdictions

06 R. Krivanek, C.G. Jeworrek, L. Okoro, C. Czeslik, R. Winter, IMoe and
compositional fluctuations in phospholipid/sterebicles

18.30 Welcome Dinner
Saturday, April 19, 2008

2. Molecular interactions, thermodynamics, spectrasopy
Chairs:D. Chorvét, jr, D. Jancura

09.30-10.15
Tutorial Lecture
T2 M. Antalik, Thermodynamics of protein conformational transiio

10.15-11.00
O7 L. _Lacinova, M. Pavloviova, M. Kurejova, N. Klugbauer, Participation ofeth
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outermost basic residues in the S4 segments dat#h@.1 T-type calcium channel in
channel closing

08 P. Gbur, R. Dedic, D. Chorvat jr., J. Hala, P. kdisky,D. Jancura, Time resolved
luminescence and singlet oxygen formation aftemihation of hypericin in complex
with low-density lipoproteins

11.00-11.30@Coffee break and posters

11.30-12.30

09 D. Chorvat, Jr., A. MateaSik, A. Chorvatova, Sequential spectramixing of
spectrally-resolved time-correlated single photoartting data

010 P. Jaseminteraction of MA* ions with DNA studied by microcalorimetry

011 M. Kopéni, M. Weis, J. Dekan, J. Jakubovsky, M. MiglieriAnalysis of iron forms
in the human spleen

12.45-14.15 Lunch

3. Novel trends
Chair: M. Antalik

14.15-15.00
Tutorial Lecture
T3  T. Hianik, DNA/RNA aptamers — structure and applications

15.00-15.45 Meeting of the Slovak Biophysical Society
16.00 Visit of Devin Castle

18.30 Symposium Dinner
Sunday, April 20, 2008

4. Biosensors and nanobiotechnology
Chairs:M. Fojta, J. Labuda.

09.30-10.15

Tutorial Lecture

T4 M. Fojta, Possibilities of application of electrochemicaltlteues in DNA damage
studies

10.15-11.00

012 J. Labuda, J. Galandov4, A. Ferancova, Detection of dsDNAraggtion using
impedimetric DNA-based biosensor

013 FE. Kienberger, G. Kada, Atomic force microscopy in bio-nanotealogy

11.00-11.3CCoffee break
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5. Molecular modeling. Application of biophysics inmedicine
Chairs:T. Bleha, J. Jakus.

11.30-13.10

014 P. Cifra, Z. Benkovdl. Bleha, Modeling DNA chain dimensions in nanochannels

015 J. SuchanekWhat is revealed about the evolution of the genadide by similarities
between tRNA genes

016 |.Kinclova, G. Ruttkay-Nedecky, I. K. Haverlik, Phylogeneticalysis of influenza
A virus neuraminidase

017 1. Poliacek, J. JakuS, What is known (and what is not) ab@uironal mechanisms
controlling the cough reflex

018 P. Jasem P. Jasem Ji;. Horowék, Review of medical imaging methods

13.10 Closing ceremony

13.30 Lunch
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Proceedings

TUTORIAL LECTURES

P. Balgavy, Effects of lipids on the activity of sarcoplasméticulum calcium pump
M. Antalik , Thermodynamics of protein conformational traosis

T. Hianik, DNA/RNA aptamers — structure and applications

M. Fojta, Possibilities of application of electrochemicatiiniques in DNA damage
studies

SHORT ORAL PRESENTATIONS

K. Ondrias, L. Malekova, Effect of b5 on intracellular chloride channels

I. Valent, |. ZahradnikA. Zahradnikova, The Effect of Altered Ryanodine Receptor
Gating on Generation of Calcium Sparks and Propagaif Calcium Waves in a
Cardiac Myocyte Model

J. GaburjakovaM. Gaburjakova, Effect of luminal C&" on the stability of coupled
gating between ryanodine receptors from the ratthea

B.Tencerova J.Gaburjdkova, A.Zahradnikova, M.Gaburjakova, s@eity of the
ca;diac ryanodine receptor to ATP and its impackimetics with different luminal
C +

Z. TomasSkovd M. Gaburjakova, New permeation properties of ieardyanodine
receptor in conflict with single-ion channel mogegdictions

R. Krivanek C.G. Jeworrek, L. Okoro, C. Czeslik, R. Winter, IMoe and
compositional fluctuations in phospholipid/sterebicles

L. Lacinova, M. Pavlovicova, M. Kurejova, N. Klugbauer, Paietion of the
outermost basic residues in the S4 segments dCah@.1 T-type calcium channel in
channel closing

P. Gbur, R. Dedic, D. Chorvét jr., J. Hala, P. kdisky,D. Jancura, Time resolved
luminescence and singlet oxygen formation aftemihation of hypericin in complex
with low-density lipoproteins

D. Chorvat, Jr., A. Mateasik, A. Chorvatova, Sequential spectraimixing of
spectrally-resolved time-correlated single photoanting data

P. Jaseminteraction of MA* ions with DNA studied by microcalorimetry

M. Kopéni, M. Weis, J. Dekan, J. Jakubovsky, M. MiglieriAnalysis of iron forms
in the human spleen

J. Labuda, J. Galandov4, A. Ferancova, Detection of dsDNAragtion using
impedimetric DNA-based biosensor.

F. Kienberger, G. Kada, Atomic force microscopy in bio-nanotealogy

P. Cifra, Z. Benkovdal. Bleha, Modeling DNA chain dimensions in nanochannels
J. SuchanekWhat is revealed about the evolution of the gensdide by similarities
between tRNA genes

I. Kinclova, G. Ruttkay-Nedecky, I. K. Haverlik, Phylogeneticalysis of influenza
A virus neuraminidase

|. Poliacek, J. JakuS, What is known (and what is not) abeuironal mechanisms
controlling the cough reflex

P. Jasem P. Jasem Ji;. Horowak, Review of medical imaging methods
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POSTERS

Pl J. Gallova, M. Svorkova, D. Uhrikova, S.S. Funari, P. Balgamfluence of sterols on
the egg yolk phosphatidylcholine bilayer: a smalii@ synchrotron X-ray diffraction
study

P2 M. Kotalova, D. Uhrikova, J. Teixeira, P. Balgavy, SANS stuyextruded unilamellar
DOPC+DOPS liposomes containing long-chain aliphktadcohols

P3. A._Caro, M. Zana,L. Lacinova, Voltage-dependent Channels in Nativd AIGF-
Differentiated Rat PC12 Cells

P4: M.Zvarik, L. Sikurova, Monitoring possibilities of the maleondrial membrane
potential by a thiadicarbocyanine tribromide flusrent probe

P5: E. Cocherovg J. Parulek, A. Zahradnikova, Effects of changesyanodine receptor
gating on the susceptibility to arrhythmias in heayocytes: a modeling study

P6:l. Zahradnik, A. Zahradnikova, Jr., Z. Kubalova, E. Polakovya,Pavelkova, A.
Zahradnikov&Calcium channels and calcium signaling in cardieaitation-contraction
coupling

P7. Zs. Kohu§ L. Lacinov4, Inhibition of the G&.1 T-type calcium channel by silver ions

P8._P. Pullmannova D. Uhrikova, S. S. Funari, |. Lacko, F. Devinsky, Balgavy, SAX
diffraction study of DNA-phospholipid-gemini surtants aggregates

P9._M. Drigelova, M. PavlovEova, L. Lacinova, The use of trivalent cations for
a measurement of gating current from thg3Clchannel

P10 M. Simera, V. Foltin, M. Morvova, E. Neu, J. Foltinova, Intkesciplinary proof of lead
in placenta — contribution for diagnostic practice

P11 P. Slezék L. Sikurova, Influence of storage of insulatedtergcytes membranes on
membrane fluidity

P12 J. Kirchnerova, P. Topor, M. Uherek, V. Strbak, D. Chorvat jr. AD(P)H/flavin
autofluorescence imaging of INS-1E insulinoma oetabolism

P13 G. Lajos, S. Sanchez-Cortds, Fabriciovd, P. MiSkovsky, J. V. Garcia-Ramos, D.
Jancura, Study of the interaction of hypericin wihospholipids and low-density
lipoproteins by a surface-enhanced Raman and #geree spectroscopy

P14 E. Jacobsen]. Stanikova, P. Gbur, P. MiSkovsky, D. Jancura, Determinatibbinding
constants and kinetics of hypericin incorporatiato iserum albumins

P15 L. Bryndzova, M. AndraSova, V. HuntoSova, Z. Nlava, P. MiSkovsky, Investigation
of hypericin fluorescence in isolated mitochondni&)-87MMG cells

P16 P. Topor,. M. Sramek, A. Mateasik, Iterative deconvolutadgorithms in confocal data
reconstruction

P17 S. Ponikovd M. Antalik, T. Hianik, A CD spectroscopy study tife formation of
guanine quadruplexes by DNA aptamers that seldgtibgnd thrombin at different
exosites

P18 M. Fojta, L. Havran, P. Horadkova, H. Piitkova, S. Hasp, P. Kostéka, J. Vacek, K.
Némcova, E. Palek, Magnetic beads-based electrochemical nucleds and protein
sensing strategies

P19 M. Karabaliev, Formation of thin lipid films on glassy carbon|dj@and Si/SiQ wafers
by the method of electrostriction

P20 M. Snejdarkova, L. Babelova, V. Polohova, T. Hianik, Developmentidsensor with
aptamer as bio-recognition element for QCM detectiblgE

P21 T. Hianik, A. Porfireva,l. Grman, G. Evtugyn, Biosensor based on aptabodies and
carbon nanotubes — new tool for detection proteins

P22 Z. Kaderjakova, P.GreSner, C.Watala, L. Sikurova, |. Waczulikofect of
acetylsalicylic acid on platelet aggregation in dition of in vitro induced
hypercholesterolemia 5

P23 M. KardoSova, O. Ulicna, O. Vagiova, B. Klajnert, L. Sikurova, |. Waczulikova,
Spectroscopic method in the testing of pharmaco#@lyi active compounds on
mitochondrial function
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P24 Z. Garaiova, O. Ulicnd, O. Vagova, M. Labieniec, C.Watala, |.Waczulikova,
Polarographic method in the testing of the effe€t phharmacologically active
compounds on mitochondrial function

P25 I. K. Haverlik, G. Ruttkay-Nedeckyl, Kinclova, Phylogenetic analysis of influenza
A virus — neuraminidase active site

P26 A. Holubekova, P. Mach, J. UrbarSpectra calculation d¥-cyclodextrin - coumarine
complexes

P27 P. Palertéar, P. Cifra, T. Bleha, Simulations of unfolding oblppeptide chains in
confinement

P28 M. Kraj &i, J. Urban, P. Mach, Theoretical study of strudtutaanges caused by
applying mechanical strain on peptidg L

P29 D. Fedunovg M. Bang, A. Bellova, J.Badeva, Z. GaZzova, M. Antalik, Vicsometric
detection of lysozyme and poly-L-lysine amyloid eggation

P30 J. Bagéova,D. Fedunova Z. Gazova, M. Antalik, Effect of HClOon conformational
transitions of ferricytochrome ¢

P31 Z. GaZzovg A. Bellova , J. Imrich , P. Kristian, Z. Daxnei&gvM. Antalik, Anti-
amyloidogenic activity of acridines

P32 A. Bellov4, Z._Gazova J. Imrich, P. Kristian, Z. Daxnerova, M. Antalikcridine
derivatives as potent inhibitors of lysozyme aggt&m
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T1
Effects of lipids on the activity of sarcoplasmic eticulum calcium pump

P. Balgavy, J. Karlovskd, M. Kotalovd2, D. Uhrikov&, J. Gallova, N. Kuterkal -3,
J. Teixeird, T. Murugova, A. Kuklin®

1 Department of Physical Chemistry of Drugs, FAF WBdbojarov 10, 832 32 Bratislava, Slovakia, e-mail:
kfchl@fpharm.uniba.sk

2 Department of Nuclear Physics and Biophysics, FMK| Mlynskéa dolina F1, 842 48 Bratislava, Slovakia
3 canadian Neutron Beam Centre, National Researcn@pChalk River, Ontario KOJ 1P0, Canada

4 | aboratoire Léon Brillouin (CEA-CNRS), CEA Sacl®1,191 Gif-sur-Yvette, France

S Frank Laboratory of Neutron Physics, Joint Insgitior Nuclear Research, 141980 Dubna, Russia

P-type ATPases are fundamental in establishinggralients by coupling the ATP
hydrolysis to ion transport across biological meamas [1, 2]. Of many P-type ATPases
known today, M§'-dependent CAATPase (ATP phosphohydrolase, EC 3.6.1.38,
SERCAL1) from skeletal muscle sarcoplasmic reticu@R) is structurally and functionally
the best studied member [3]. SR’*GATPase is one of the most studied intrinsic meméra
proteins because it is a single-chain transmemlpestein [4] with a conveniently measured
function that is present in high concentrationtia SR membrane. It transports 2 moleé'Ca
from the cytoplasm into the reticulum across thens&mbrane with concomitant hydrolysis
of 1 mol ATP; two or three moles Hare counter-transported. The estimation of crystal
structures of the SR &aATPase with two bound Giions in the transmembrane protein
region [5] and in the absence of®C@ns and in the presence of inhibitor thapsigaf§]mas
provided an opportunity to interpret the’6ATPase conformational changes accompanying
the reaction cycle in structural terms [7 - 10].wéwer, to elucidate fully the structure and
function of the C&-ATPase in membrane, and particularly the role ipidiprotein
interactions that influence ATP hydrolysis and toansport, it is necessary to reconstitute it
into defined synthetic phospholipids. The most ssstul approach so far involves the use of
various detergents for €aATPase solubilization and reconstitution. Usinig tpproach, it
has been found that the Ta\TPase activity depends on phase states, hydrogachain
lengths, structure and charges of polar head grotipsnular lipids surrounding the protein
[11 - 15]: a) the activity is practically zero ihet solid-like (gel phase) bilayer, high in the
fluid (liquid crystalline) bilayer, but the partiar value of fluidity in the fluid state has no
effect; b) for high activity, a fluid bilayer frontipids with zwitterionic head groups is
required - charged lipids support low activitiey;javer activity is observed in lipids under
conditions when they form non-bilayer aggregates isonlation; d) the activity in
(zwitterionic)  diacylphosphatidylcholines is highesin the fluid bilayer of
1,2-dioleoylphosphatidylcholine (DOPC), but lowerfluid bilayers with shorter or longer
acyl chains. These results indicate, that the A&Pastivity is modulated by a delicate
interplay of several physical factors — bilayer toghobic thickness, hydrogen bonding
potential and hydration, surface charge, dipoleemidl and curvature frustration of the
bilayer seem to be the most important.

We have studied effects afdecane (C10), cholesterol (CHOL) aNetdodecylN,N-
dimethylamineN-oxide (C12NO) on bilayers of unilamellar vesicleepared by extrusion
from diacylphosphatidylcholines with monounsatutatacyl chains using small-angle
neutron scattering (SANS) and turbidimetry [16 -].2lh the present contribution, we
compare bilayer physical parameters obtained fluesd studies with effects of these bilayer
admixtures on the specific €aATPase activity of purified protein reconstitutédo the
same unilamellar vesicles. The effect of CHOL isstmprobably caused by the bilayer
thickening. C12NO inhibits the DOPC-recontituted®©ATPase activity at concentrations
where the DOPC vesicles transform into mixed mésellAt lower C12NO concentrations,
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the effect of DOPC bilayer thickness decrease ofi-&&Pase activity is compensated by
a change in the DOPC conformation in the bilayelapaegion observed by'P-NMR
spectroscopy studies of multilamellar vesicles awrimg C12NO. C10 effect on the bilayer
thickness observed by SANS is rather small to atfee C&*-ATPase activity. The intrinsic
C&*-ATPase fluorescence quenching studies using catibits of non-brominated and
brominated C10 and DOPC indicate a direct inteoactif C10 with protein rather than with
annular lipids in the bilayer in DOPC-reconstitutd-ATPase.

Acknowledgement
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supported by the JINR project 07-4-1031-99/2008 bmdthe European Commission through the Access
Activities of the Integrated Infrastructure Inifieg for Neutron Scattering and Muon Spectroscopiv(3y,
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T2
Thermodynamics of protein conformational transitions

M. Antalik

Department of Biophysics, Institute of ExperimerRalsics, SAS, Watsonova 47 and Department of
Biochemistry, Faculty of Science, UPJS, Moyzesbl/aKoSice, Slovakia, e-mail: antalik@saske.sk

The study of the proteins results to the knowletiige¢ atoms of these structures are
sitting in their sites by interactions between héigring atoms. Proteins present dynamically
variable systems allowing their functionality bynamber of van der Waals, hydrogen,
coulombic and hydrophobic interactions. The inidnprotein structure is similar to the
aperiodic crystal. The important element affectthg global protein structure is solvent
which enveloped the molecule. The disturbancesénpolypeptide chain as well as in the
vicinity can lead to the disruption of the threeadnsion structure of the protein. The
structural unfolding is associated with small creoj the free Gibbs energy. The folding of
proteins into the functional structures is spontase process which does not require a
catalytic assistance principally. Specific inteiaas between the individual parts of proteins
determine cooperativity of the transitions betwées functional and unfolding states. The
increase of the cooperativity of the unfolding e can be achieved by formation of the
supramolecular complexes of proteins. The abovetiored facts will be demonstrate by
cytochrome c, one of the most frequently studieatgins in term of the characterization of
the thermodynamical principles of protein conforimadl transitions.

Acknowledgement
This work was supported by Slovak Grant AgencyéttoNo. 2/6167/06.
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T3
DNA/RNA aptamers — structure and applications

T. Hianik

Department of Nuclear Physics and Biophysics, FMK| Mlynska dolina F1, 842 48 Bratislva, Slovakia,
e-mail: tibor.hianik@fmph.uniba.sk

DNA/RNA aptamers are in vitro synthesized singlarmstled nucleic acids with high
affinity to proteins or to other low and macromallsc compounds, which is comparable
with affinity of antibodies. Aptamers are of coresidble interest for their potential use in
medical diagnostics and therapy. Biosensors basddNA or RNA aptamers (aptasensors)
are of substantial interest as an alternative ¢éohlosensors based on antibodies. Although
the first SELEX-related patent was filed in 1989, fthe potentialities of the aptamer-based
biosensors have not been realized in a full scaketd the problems with aptamer stability
during immobilization and signal registration. Sealeproblems related to the practical
application of aptamers are still under solutidasexample how immobilization of aptamers
to the supported films and their microenvironmenll affect the aptamer structure and
aptamer-ligand interactions. Problems are connegtittdapplication of aptamers in complex
biological systems, where interferences with othetecules could take place and especially
RNA aptamers are unstable due to cleavage by mededSo far mostly radio labeled
aptamers were used. However, to be widely emplayedinical practice, aptamers must be
detected via a nonradioisotope method. Moreovestmadiable and cost effective would be
exploitation of the direct physical methods that mmt require labeling of aptamers by
additional chemical ligands. This highly promisimyite is currently in considerable focus of
many laboratories [2-5]. Novel trends in biophybioesearch consist in the study of the
mechanisms of the ligand-aptamer interactions @] af the effect of various conditions on
the aptamer structure [7].

This contribution represents introduction into @yatamer structure, properties and
their applications in medical diagnostics and thgra
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T4
Possibilities of application of electrochemical tdmiques in DNA damage
studies

M. Fojta

Institute of Biophysics, v.v.i., Academy of Scieaad the Czech Republic, Kralovopolska 135, CZ-6%2
Brno, Czech Republic, e-mail: fojta@ibp.cz

Nucleic acids are electroactive and surface-acéiastances yielding at mercury,
carbon and some other electrodes redox and/orrtensgic signals. Some of these signals
exhibit a remarkable sensitivity to alterations time DNA structure. Electrochemical
techniques have proved useful in detecting DNA dgemihat is usually accompanied with
changes in electrochemical activity of particulaaisé residues, changes in the DNA
conformation affecting DNA adsorption at the eled& surfaces, and/or may result in
appearance of new signals specific for electroadiNA adducts (reviewed [d]).

Behavior of double stranded DNA and mercury and es@malgam electrodes is
strongly influenced by presence of DNA strand bseg@db; interruptions of the DNA sugar-
phosphate backbone). Upon formation of the sb {dwexposure to DNA damaging agents),
a qualitative change in the DNA AC voltammetricpesse is observed. This principle has
been utilized for studies of DNA damage at thetedele surface bin situ electrochemically
generated reactive species [1]. Analogous technigueonnection with DNA cleavage by
DNA repair enzymes, has been applied in detectamgatje to DNA bases [2].

The most common electrochemical techniques applistudies of DNA damage use
various types of carbon electrodes and a signaltawwectrochemical oxidation of guanine
(which is the primary target for a variety of toxdompounds and its modification usually
results in a loss of its electrochemical activity})] Some approaches employ surface-
confined or soluble mediators of electrocatalyti@gine oxidation [3]. In addition to the
label-free techniques utilizing intrinsic electrechical activity of DNA, techniques
involving non-covalently bound redox indicatorsstas [Co(bipyy** binding selectively
to double-stranded DNA) or covalently bound marketeh as osmium tetroxide complexes,
Os,L, selectively modifying single-stranded DNA)vbeabeen proposed. Upon extensive
DNA damage, its double-helical structure is disegptbinding of the[Co(bipy)] %"
indicator is reduced and its signal decreasesPiimidine bases in single-stranded regions
of damaged (and/or enzymatically post-treated) DédéA be modified by Os,L followed by
electrochemical detection of the osmium markers [5]
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Effect of H,S on intracellular chloride channels
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H,S is produced endogenously, it is involved in newdulation, cell proliferation,
apoptosis, regulation of cardiac function and agrhtection, vasorelaxation, hypertension,
and septic, endotoxin and haemorrhagic shocks affairimation processes [1]. Reduced
endogenous b concentration was found in hypertension, coronapart disease,
cataractogenesis, atherosclerosis, choleresis @mrihgis. Increased endogenousSHwas
associated with inflammation, shock, sepsis, patiti® and diabetes. 43 was reported to
either enhance, or to attenuate the relaxant efiédlO in the rat aorta [2]. Molecular
mechanisms of the numerous3effects are not fully understood. An activatidnkarp
channel, decrease in calcium influx and increasgatbium release by 4% has been reported
[3]. In order to contribute to the understandinghed numerous biological effects 0% we
tested whether % can influence intracellular chloride channels.

We characterized the effect ot&on single channel properties of the chloride okén
derived from the rat heart lysosomal vesicles ipoaated into a bilayer lipid membrane. The
single chloride channel currents were measuredsi5® mmol/l KClcis/trans solutions.
H,S inhibited the chloride chaals by decreasing the channel open probabilitya
concentration-dependent manner, at the conventragioge of 50-10@mol/l. The inhibitory
effect of HS was side dependeM/e assume that the inhibitory effect o§SHon chloride
channels may be responsible for some of its nunséb@mlogical effects.
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The Effect of Altered Ryanodine Receptor Gating orGeneration of
Calglulm Sparks and Propagation of Calcium Waves im Cardiac Myocyte
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I. Valent, I. Zahradnik, A. Zahradnikova

Institute of Molecular Physiology and Genetics,valo Academy of Sciences, Vlarska 5, 833 34, Biatgs|
Slovakia, e-mail: alexandra.zahradnikova@savba.sk

Diastolic C&" spark frequency, a key regulator of sarcoplasneiiculum calcium
content, is increased in the failing heart as wasllin ryanodine receptor (RyR)-mediated
stress-induced ventricular arrhythmias (CPVT andVBIR The increased diastolic calcium
release has been implicated as the main causasterfof the increased propensity to
arrhythmias in these diseases. Both in heart faiand in CPVT/ARVD, diastolic calcium
waves are observed at the cellular level. Sevemécnlar mechanisms leading to calcium
wave formation have been implicated in RyR dysratjoh; these include changes in the
interaction of RyR with FKBP12.6, in intramolecularteractions within RyRs, in the
inhibition of the channel by Mg ions, or in the RyR activation by luminal €awe have
tested the effects of changes in the thermodynamickinetic parameters of RyR gating, as
well as the effect of RyR refractoriness in a mathgcal model of calcium spark generation.

Release sites composed of clusters of RyR chanvitlissteady-state open probability
governed by a calcium-dependent mechanistic gatmagel were simulated using a
stochastic model. A Gaspark was activated upon opening of at least oiR iR the cluster.
The aEMG model [1], based on intramonomeric allasteoupling between calcium binding
and channel opening, was used for description d® Bgting. The apparent sensitivity of
RyRs to cytosolic Cd was changed by all regulatory mechanisms in alaimiay but with

£:0075 f=005 toe=0.5  tpu=0.1 different sensitivity. Dif-

fusion of calcium and its
uptake by SERCA were
approximated by the fire-
diffuse-fire model [2],

i.e., it was assumed that

2501 m | release  events have
9 Z200] Tt constant amplitude nx
S § and constant duratiosng,
S S . and that release events
o 100 " | occurring at the same site
;c% ;c% 50 « = | are separated by at least

the refractory timeggr =
o0 01 o0z 03 o4|R T where R is an
Cytosolic Ca?* (UM) integer. Release events
could occur only at times
M /N g, where M and N
are integers.
The frequency of Ga
. sparks predicted by this
model depended steeply
on C&" con-centration.
The calcium dependence of spark frequency wasairul that observed experimentally [3]
when the apparent RyR calcium sensitivity was clasphysiological (KK, ~10 pM), and if
the remaining RyR gating parameters were unmodffieah the original model [1]. Calcium
spark frequency was very sensitive to changes IR Bgting parameters because of the

o

Cytosolic Ca?* (ULM)

The effect of changes in RyR gating parameters han
calcium dependence of Ca spark frequency. Diffeceidrs
represent different values of the allosteric cauplfactorf
(left panel) and refractory periotkes (right panel). Inset
show typical simulations for control and modifidtaanels.
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positive feedback of the released?Can the open probability of RyRs in neighboringeeele
sites. Changes in steady-state open probabilitythadargest impact on spark frequency at
diastolic calcium concentrations, while changethim refractoriness of RyRs had the largest
effect at elevated cytosolic calcium concentrations

In conclusion, we have developed a novel modelatdiem spark formation and wave
propagation based on RyR gating that can be coemtyiused for investigating the
mechanisms of altered calcium homeostasis in diselasart.
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Effect of luminal Ca?* on the stability of coupled gating between ryanodie
receptors from the rat heart
J. Gaburjakova, M. Gaburjdkova

Institute of Molecular Physiology and Genetics,valo Academy of Sciences, Vlarska 5, 833 34 Bratssla
Slovakia, e-mail: marta.gaburjakova@savba.sk

In cardiac muscle, the intracellular trigger forntraction is a transient rise in
intracellular free CH released from the sarcoplasmic reticulum (SR)ubhoryanodine
receptors (RYR2) channels by a process of calciwngéed calcium release (CICR) [1]. The
major stimulus for CICR is the entry of a small ambof C&" into the cell via a L-type G&
channel into the close vicinity of RYR2 channetssulting in their activation and a massive
release of C& from the SR. Local CICR is intrinsically regenevati and thus a mechanism
leading to robust termination of €arelease is required to ensure periodic contraciioa
relaxation of cardiac muscle.

Although identifying such a termination mechanigman outstanding unsolved problem
in the field of cardiac excitation-contraction (B-€bupling, several termination mechanisms
have been suggested and considered [2-4]. One=of i the phenomenon termed “coupled
gating” [3]. It is manifested by simultaneous opwys and closings of multiple RYR2
channels. Although the physiological importancecofipled gating of RYR2 channels as a
termination mechanism is largely open to debatbepresent time, it has been considered in
a number of E-C coupling models [5,6]. Stern efglfirst introduced allosteric interactions
between nearest-adjacent RYR2 channels, experiityemtanifested by coupled gating, into
their model of local control of E-C coupling in @rdto restore stability to the model. Liang et
al. [7] found that the constant coupling betweenaamay of closed RYR channels and an
array of open RYR channels would delay the systemmihation rate; therefore, they
proposed a novel working mechanism termed “dynantgr-RYR coupling,” meaning that
allosteric interactions among RYR channels are ratdd by the channel functional state.
Experimental evidence for destabilization of comgliamong open RYR2 channels was
already provided by Marx et al. [3]. They notedtthmst coupled RYR2 channels exhibited
a “noisy” open state current level when comparetth wibaseline. This feature has been more
pronounced when the transition from the couplefdily uncoupled state of individual RYR2
channels was induced. Thus, the extent of noiséh@fcurrent level likely reflects the
strength of coupling in a given functional state.

The aim of our work was to examine in more deth# stability of functional
interaction between two RYR2 channels in closed apdn states, using the method of
reconstitution of an ion channel into a planardipnembrane. All coupled RYR2 channels
exhibited a “noisy” open state current level (Fig). Mostly, it was manifested by the
asymmetric current amplitude peak of open currenell (Fig. 1b). In contrast, we did not
observe such behaviour for the single RYR2 chaimelying that it is solely a result of
coupling between RYR2 channels. Thus, the maincppi@ of our analysis was a
determination of current amplitude peak asymmety & selected current level as a
consequence of a transient modification of couplatiggngth and we introduced a new
parameter - the coupling stability.

First, we compared the coupling stability deterrdirier the closed level with that
obtained for the open level. Under all tested expental conditions, closed-closed channel
interactions were significantly stronger in compan with open-open channel interactions.
The coupling stability reached almost maximum (8)9.Bdicating very strong interaction
between channels in the closed state. Indeed, wer saw brief openings from the baseline
that would be a manifestation of a tendency foividdial channels to escape from the tightly
synchronized regime of their functioning.
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Second, we quantitatively examined whether lumidal" has the potential to aid the
coupled gating of RYR2 channels. We recorded caliplennels at different luminal Ea
concentrations ranging from 0 mMto 53 mM. Lumir@#"* significantly influenced the
strength of interaction between open RYR2 chanriésnarkable brief closings from the
open current level were easily recognized on the garrent traces when luminal tavas
either absent or present in concentration of 53 ke weaker interaction between open
channels was retained during the tested time pdr8dnin) and never led to a complete
disappearance of the functional communication betwehannels. From the quantitative
point of view, the coupling stability was the highe-0.95 when luminal Garanged from 8
mM to 20 mM. At 0 mM and 53 mM luminal €a the coupling stability was significantly
reduced by ~ 0.2. In contrast to the open levégraction between coupled RYR2 channels
in the closed state was not modulated by luminal @ad the coupling stability was almost
maximal (~0.99) under all tested conditions.

Fig. 1: Analysis of the coupling stability of
coupled RYR2 channels. (a) Representative
current trace of the coupled RYR2 channels with
one opening. The channel opening is in the
upward direction. Dashes at the left of the tracing
200 indicate closed (C) and open stateb) (The
% current amplitude peaks for the closed and open

100 current levels in generated all-points amplitude

(a)
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histograms were divided into a symmetrical part
fitted by Gaussian function (area S) and an
asymmetrical part (area A). A new parameter, the

coupling stability, was introduced. This parameter
is given by S/(S+A), where (S+A) represents the
area under the whole current amplitude peak

Our study led to new observations that may have ortapt implications for
understanding the principles of the mechanismgérigg the termination of CICR in cardiac
muscle. We revealed on single-channel level thatabupling stability of coupled RYR2
channels was significantly reduced when the chaneetered the open state. Furthermore,
we showed, for the first time, the new role of lnaliC&" in a recently suggested “dynamic
inter-RYR coupling mechanism,” a process that cdutdinvolved in the acceleration of
termination of CICR in cardiac muscle.
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Introduction
Ryanodine receptor (RyR) is a calcium-activatedicicmn-permeable channel of the
sarcoplasmic reticulum (SR) that mediates excmationtraction coupling in cardiac muscle
cells. There is growing evidence that’Cim the lumen of the SR can be effectively involved
in different aspects of RYR channel regulationdJL,To contribute to a deeper understanding
of the mechanism by which luminal €aegulates the RyR2 channel it was interesting to
investigate its effect on the response of RyR2 phhto different activators. Previously, the
effect of luminal C& on RyR activation by cytosolic €aand caffeine has been studied [3].
Luminal C&" induced prolongation of both, open and closed Dtimles over the whole
range of open probability (caffeine) or in the lewange of open probabilities (cytosolic
cd"). Alteration of gating kinetics provides furthevigence of the existence of luminally
located C&' regulatory sites.

Adenosine triphosphate (ATP) is a well-known adtiveof the RYR channel with
potential physiological importance. ATP bindingesit like those of most RyR ligands, are
located on the large cytoplasmic domain.

Aims. In this study, we tested whether luminal’Caffects the sensitivity of RyR
channels to ATP at diastolic levels of cytosoli~ ,,_

C&* (~100 nM) and analyzed the gatin
kinetics of ATP-activated RyR2 channel in th
presence of luminal Ga

Methods

RyR2 channels from rat cardiac microsome
were reconstituted into planar lipic
membranes. Single-channel currents we
recorded at 0 mV potential under voltage
clamp conditions in asymmetric trans/ci
environment. The trans chamber, Ca[mM]

corresponding to the SR lumen, was fillecFig.1. Comparison of the averagg. of RyR2
with 53 mM C&", mixture of 27.5 mM CZ / channels in the presence of ATP at 90 nM
27.5 mM B§+, 27.5 mM Céf, 15 mM C5.+, cytosolic C&", recorded in the presence of 53

. n + . mM, 27 mM, 15 mM, 1 mM and 0 mM luminal
mixture of 52 mM B&"/ 1 mM C&" or with 2+ 1" graphs 'show that luminal %a

53 mM Bd" - as the charge carrier, andsignificantly increased the maximal extent of
contained additionally 50 mM KCI and 250channel activation. Grey and red bars denote

mM HEPES (pH = 7.35). Luminal Bh conditions, urlderwhich ionic curient was czirried
mimicked the situation when no ais ©nly by C& or by both, C& and BA
present at the luminal face of the channel (SE?SpeCt'Vely'

mM B&™), or it was used in a mixture with €a&o maintain the concentra-tion gradient for
divalent ions. Theis chamber, corresponding to the cytosolic side ofctiennel, contained
0.5 mM CaCJ, 1 mM EGTA (free Ca =90 nM), 125 mM Tris, 50 mM KCI, 250 mM
HEPES, pH = 7.35.
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Results

In the absence of luminal &€athe RyR channels were only marginally activated a
displayed short open times. In the presence ofdahC&*, ATP induced dose-dependent
activation of the channel. The maximum open prdigl{iP..,) increased, while the Egof
ATP activation decreased with elevating luminaf‘Gaoncentration from 1 mM to 53 mM.
Both, the increase ofdfand the decrease of E&howed hyperbolic dependence on luminal
C&* concentration. In the presence of luminal®Calwell times were prolonged and
frequency of events was increased.

Conclusion

The potency and efficacy of ATP as activator of thediac RYR channel at diastolic Ca
concentrations is dramatically modulated by theihahC&" concentration. Luminal Ga
positively regulates the responsiveness of the RgR&nel to ATP and unambiguously
accounts for the strong effect of ATP on RyR2 cledugiating kinetics.
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single-ion channel model predictions
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Ryanodine receptor (RyR) is the major intracellu@a” release channel. RyR
channels are involved in the process of excitationtraction coupling in cardiac and skeletal
muscles. The crystallographic structure of thisncieh is currently unavailable. Thus, the
mechanism of ion handling, which is tightly conmettwith architecture of the channel’s
conductive pore, can be probed only indirectly kgreining the permeability properties of
the channel. Two distinct mechanisms of ion trarnsgpwough a conductive pore are known.
They differ in the number of ions the conductivegpoan contain at a time. An ion channel
can be either single-ion or a multi-ion channel.

Two different models describe the possible mecmamition permeation through the
conductive pore — barrier models and Poisson-Né?lasick (PNP) models. The barrier
models, based on Eyring rate theory, predict sorapesties by which single-ion and multi-
ion channels could be identified [1]. The first oisethe presence of an anomalous mole
fraction effect, AMFE. AMFE is measured in a mixduof two ions at one side of the
channel. The total ion concentration of the mixtusefixed, but the ratio of the ion
concentrations within the mixture is varied. If tt@nductance of the channel falls below the
individual conductances for the two permeant ioresent, we talk about AMFE. According
to the barrier model, multi-ion channels can exhdioi AMFE, but they are not obliged to do
so. The second important property used to idemtifiti-ion channels is the concentration
dependence of the zero-current potential. Thisgnyps measured under bi-ionic conditions
with only one ion type present at each side of channel. The zero-current potential is
measured when the concentrations of the two ioms rarsed but the ratio of these
concentrations is held constant. The changes ofz#ére-current potential are predicted
specifically for multi-ion channels. Several expeents have been done with a view to
determine the mechanism of ion handling in RyR cde&n2-3]. The mole-fraction
dependence of the conductance was studied by lyretsal. [2] in symmetrical mixtures of
Na™-K" and Li"-K*. No minimum of the conductance was present. Saxpergnents with
one-sided mixtures of divalent ions KegCa?" and B&*-C&* were done by Tinker et al. [3]
and gave the same results. No anomaly was préaker et al. used 210 mM concentration
of K ions on the other side of the membrane. The caratéan of all mixtures studied by
Lindsay et al. and Tinker et al. was 210 mM. Tinkéral. measured also the zero-current
potential under bi-ionic conditions with"Kons on one side of the membrane ané’ @a the
other. The concentration of'Kvas increased from 50 mM to 400 mM. The conceiotmatf
ca&* was matched with Kconcentration in way that concentration ratio oft& C&* was
unchanged. The zero-current potential was contftamtighout the used concentration range.

The PNP model is based on electrodiffusion. Thisdehois used to fit the
experimental data and describes the profile ofefleetric potential or concentration within
the pore. One of the outputs of the PNP model & rlhmber of ions occupying the
conductive pore. Recently, a new extended PNP maidByR channel has been published
[4]. The authors simulated various experimentaldittons. The model predicted presence of
AMFE for mixture of C$ and N4 ions and this AMFE was confirmed experimentallpeT
AMFE is explained differently by the two models.eTRNP model does not relate AMFE
only to multi-ion channels. But the model of Gilbés et al. [4] calculated the occupancy of a
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constrained part of the conductive pore, calleéality filter. The filter could contain 3
monovalent cations or 2 €aions. This result directly points to multi-ion chater of RyR
channel.

Our goal was to re-examine the behaviour of theduotance and of the zero-current
potential depending on the mole-fraction of varioas mixtures. We used 8 mM total
concentration of divalent mixtures and of combinadnovalent-divalent mixtures. The
concentration of monovalent mixtures was equal 961. mThese concentrations
approximately correspond to concentrations at whial-maximal C4 and Li' current,
respectively, occurs. We chose these concentratiecsuse it has been shown that saturation
of the pore may mask the presence of AMFE [5].lantwe have measured the zero-current
potential under bi-ionic conditions. €zons were present on the luminal side of the chhnn
and monovalent cations Lor Na” were present on the cytosolic side. The conceotratf
C&" ions was in range of 5-53 mM. The concentratidio raf monovalents to Gawas set
at 1, 5 and 12. In each set of experiments, thearhgoncentration ratio was held constant.
Microsomes containing RyR channels were isolatechfthe rat heart. RyR channels were
reconstituted into planar lipid membrane and skufiannel current was measured. The zero-
current potential and the conductance of the cHaweee determined from the current-
voltage relationship obtained under various iominditions.

The conductance of RyR channel showed a minimurh wétrying C$/Na" molar
fraction at the luminal face of the channel. Untiexse conditions, the zero-current potential
changed monotonically. No extremum of conductanczeo-current potential was observed
for other mixtures such as Nai*, C&£*-Li*, C&€*-Cs", C&*-Ba’* and C4&*-Sr**. The zero-
current potential showed significant concentratiependence when Lor Na were present
at 12-fold concentration of &aconcentration at the luminal side of the chanfiéle
concentration dependence of the zero-current patemtas less pronounced when the
concentration ratio was lowered from 12 to 1.

In the light of the barrier model of ion permeattbnough channels, the concentration
dependence of the zero-current potential is ondefcharacteristics predicted for multi-ion
channels [1]. According to this model, the preseat@ minimum of the conductance in
mixture of two types of ions is also consideredadeature of multi-ion channels. However,
the absence of extremum in either the conductandtleeozero-current potential in the other
ionic mixtures is not in contradiction with posshulti-ion character of RyR channel. Thus,
our results support the hypothesis of the multi-i@iure of the RyR channel conductive
pathway, first predicted by Gillespie et al. [4].

Acknowledgement
This work was supported by the Slovak Grant AgeViE{5A, project No. 2/6011/26

References

[1] G. Eisenman, R. Hord, Membr. Biol.76 (1983) 197-225.

[2] A.R.G. Lindsay, S.D. Manning, A.J. Williamg, Physiol.439 (1991) 463-480.

[3] A. Tinker, A.J. Williams,J. Gen. Physiol100 (1992) 479-493.

[4] D. Gillespie, L. Xu, Y. Wang, G. Meissnér Phys. Chem. B09 (2005) 15598-15610.
[5] D.L. Campbell, R.L. Rasmusson, H.C. StraBgsphys.J. 54 (1988) 945-954.



24 SKBS 2008, FMFI UK Bratislava

06
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In eukaryotic cells, sterols regulate biologicabgesses and sustain the domain
structure of cellular membranes. While cholestemlthe major sterol of vertebrates,
ergosterol plays a key role in fungi. Even thoudjogpholipid-sterol interactions are in the
focus of interest for decades now, a complete tbdymamic description of these systems is
still missing. We have employed a variety of teciueis, including ultrasound velocimetry,
densimetry, calorimetries (differential scanningl gressure perturbation), and small-angle
scattering (both neutron and X-ray) methods, tonméra both volume and compositional
fluctuations in phospholipid (DPPC)-sterol binarixtares [1,2].

Fig. 1 shows the temperature dependence of theheisoal compressibility

coefficient, ﬂTlipid, of the lipid mixtures of 70 T y
H X
DPPC and ergosterol (erg). In pure DPF'g gr%o .
lipid a 9t if 1 0.05 -
LUV, Bt has been found to bo 44| 0.12 oo
[ 0.22
3.8+01x1010Pal and 5.8+0.2x10 7 5| 024 -
10p41l in the gel and fluid phaseX 10l 30 50, 0.30 -
respectively. These values are ~10 % higlﬁ . -
than the corresponding adiabat 10 30 50 70

compressibility dataﬁslipid. Based on our T/°C

results we have not found any marké Y 1:| The temgﬁ.rtat“re ff‘.je.’pet”dﬁﬁe of the
difference in the effect of different sterdfsﬁip%ma compressibiity coetiicient of the T
(cholesterol and ergosterol) on the varidirs
thermodynamic properties studied, nameigosterol molarfractiomxerg.

the partial specific volume, the adiabatic and

isothermal compressibility as well as the volumetiiations. Such behavior is in contrast to
the distinct structural and dynamical differencles two sterols exhibit when incorporated
into lipid bilayers, where it has been shown thejosterol orders DPPC chains more

effectively than cholesterol [3]. Significant difeaces ir)BTlipid andﬁslipid are seen in the

gel and fluid phases of the lipid bilayers, asgblrent and lipid membranes are adiabatically
uncoupled in the MHz region by the ultrasound expent. These differences become
dramatic in the gel-fluid transition region, indiicay a significant degree of slow relaxational
processes in th@s time range in the transition region. Maximum eslwf the relative
volume fluctuations of 15 % are reached for DPP@atmain transition, which are strongly
damped upon addition of both sterols. Within theuaacy of the measurements, no
significant differences are observed for the twitedent sterols.

SANS measurements on DPPgxlirg (22 mol% ergosterol, the putative critical

concentration) were performed under contrast magchbnditions determined from known
nuclear scattering lengths and molecular volumasFig. 2, SANS curves measured at
various temperatures are shown for sample-to-dateiistance of 6 m with = 10.62 A. At
temperatures of 26 and 29 °C (see Fig. 2), the D&P4&rg mixture forms coexisting,snd

lo phases, as can be inferred from the DSC tracés tWh-phase region is characterized by a
significantly higher SANS intensity as comparedthat of the §+l, two-phase region at

, in DPPClergosterol mixtures at different
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36 °C and higher, indicating extended compositlantéiations under these conditions in the
lipid membrane of the vesicles. Thg ghase is rich in DPPCgg and the § phase is rich in

ergosterol, resulting in a pronounced differencevben the scattering length densities of
these two phases. Furthermore, a close inspectite GANS curves measured in thgls)

and the }+l5 phase regions reveals that the composition fltictog of the g+, membranes

are causing the strongest SANS intensity aro@nd 0.02 AL, corresponding to a length
scale of about 300 A(21/Q).
As expected, no straight Guinier plots

1200 (n(1(Q)) vs. Q2 are obtained at all
temperatures studied, indicating the absence of
S 800 1 well-defined scattering objects of uniform size
© in the range covered by the SANS
pug experiments. An Ornstein-Zernike analysis of
2 400 1 the SANS curves in the critical point region

reveals the absence of critical-point-like
composition fluctuations with  diverging
correlation lengthf, approaching the critical
temperature. Furthermore, no large-scale
composition fluctuations within the lipid

Figure 2. SANS diffraction curves of DPPCmembrane in thestl - two-phase redion were
d62/ergosterol MLVs (22nol% ergosterol) under € € *lo tWo-phase reg €

observed. In contrast, significant composition
fluctuations within the lipid membrane appear
at lower temperatures, where thgahd g, phases coexist, on a length scale between 200 and

1800 A.

Our results indicate that it seems more appropriatecharacterize these binary
phospholipid-sterol mixtures in the liquid-ordedegliid-disordered coexistence region in
terms of an essentially homogeneous phase of fitioty nanoscale domains rather than a
macroscopically phase-separated two-phase coegésteegion as observed for ternary
phospholipid-sterol mixtures, such as DPPC/DOPQésherol. Such small domains are
expected to have particular properties like anaased line energy, spontaneous curvature
and limited lifetimes, which are probably also ddior the small raft-like domains in cellular
membranes.

Q/10° A

contrast matched conditions.
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Voltage-gated calcium channels (VGCC) play an irtgdr role in mediating
plasmalemmal calcium ion influx in all electricallyxcitable cells [1]. The main pore-
forming subunit ¢;) of all VGCC consists of four homologous domaihb/), each with six
transmembrane segments (S1-S6). Segments S4 cahfaibhasic amino acids and form
putative voltage sensor of the channel. It was ssiggl that the movement of the S4 segment
accompanies opening and closing of voltage-gatednrdls [2]. We examined the
significance of the S4 segments of each domairdéactivation of the G&.1 channel. We
have neutralised uppermost basic amino acids oBtheegments from each single domain
and in two neighbouring domains by exchanging amgifor cystein (R180C, R834C,
R1379C, and R1717C) and compared them to the wplel thannel.

All experiments were carried out on HEK 293 cetlsnsiently transfected by wild
type or mutant Gg8.1 channels. The acurrent was studied by whole-cell patch-clamp
using the HEKA-10 patch clamp amplifier. The exalhdar solution contained (in mM):
NaCl, 155; CaGl 2; MgCh, 1; CsCl, 5; HEPES, 10; pH 7.4 (NaOH). The intHater
solution contained (in mM): CsCl, 130; EGTA, 10; ®lg 5; TEA-CI, 10; Na-ATP, 5; and
HEPES, 10; pH 7.4 (CsOH). Data were recorded wiiKA Pulse 8.5 and analyzed off line
using HEKA Pulsefit 8.5 and Origin 7.5 software.

Holding potential (HP) in all experiments was -1Q¥. Deactivation was determined
by pulse protocol consisting of 10 ms long conditigy pulse to +60 mV followed by 100 ms
long repolarisation to membrane potentials varysegween —140 mV and 0 mV. Voltage
dependencies of deactivation time constagig(V) were fitted by the equation:

Tdeac(v) = 1/(exp('(V'V[deaC)/dV) + |‘OI) (1)

where dV is a slope factor representing voltagesiggity of each construct,ds is the rate
constant of the transition of each construct frbe @pne state to the closest inactivated state
and VigeactiS the voltage at which deactivation time constaathes the value 1/(1 $k[3].

Removal of a single charged residue in domainidghsly accelerated the kinetics of
channel closing while all other single mutations.(iin domains Il and IV and, to a lesser
extent, domain I) slowed down deactivation (Figliye Acceleration of channel closing by
neutralisation of one basic amino acid in domaiwdk further enhanced when another basic
amino acid in the adjacent domain | or Il was naliged (Figure 1). We can conclude that
these mutations destabilised an open channel statethe other hand, most prominent
stabilisation of the open channel state that wéleated in a prolonged time constant of
channel closing was caused by neutralisation of lasic amino acid in domain IV.
Furthermore, voltage dependencies of deactivatina tonstants were shifted along the axis
X. This effect was quantified by fitting experimahtdata by the equation (1) (Table 1).
Mutations, which increased deactivation time camstashifted their voltage dependence to
more negative potentials (111S4, IVS4 and IlI+1VS4)
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Figure 1. Deactivation time constants for ¢&al constructs calculated according to the equdtipnExamples
of current traces recorded during repolarisation®® mV are shown on the right.

Decrease of deactivation time constants was accoegbaby shift of their voltage
dependence in an opposite direction, i.e., towandse depolarised membrane potentials
(I+11S4). Voltage sensitivity of channel deactivati reflected in slope factor of voltage
dependence afyeactWas not altered by introduced mutations excepttHersingle mutation in
the domain IV.

Table 1.
V1geactCalculated according to the Equation 1. *, p80:0, p<0.01.
Construct _ WTG IS4 IS4 1S4 Y= I+IS4 1+1IS4_ 1IKIVS4  1+IVS4
Vrdeact

(mV) 110.6+4.6 112.5+3.5 102.5+4.5 134.5+4.4** 127.3+2.5** 945+2.9* 105.2+3.1 123.6+3.8* 116.5+3.3

In conclusion, the kinetics of channel deactivatieftects the stability of the open channel
state. Removal of a basic amino acid in domainan¥ Il and, to a lesser extent, in the
domain | stabilised an open channel state whiléraksation of the basic amino acid in
domain Il destabilised it.
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Photosensitized generation of singlet oxyg&dy) by molecules of a photosensitizer
(pts) is a crucial process in photodynamic ther@P®T). Upon administration into blood
stream photosensitizers associate predominantlly serum proteins. Hypericin (Hyp), a
natural photosensitizing agent occurring in thenfdeof the genuslypericum associates
mainly with low density lipoproteins (LDL) and to lesser extent with human serum
albumin.

Time—-resolved fluorescence and phosphorescencg sfuidyp in complex LDL as
well as the evolution of singlet oygetOf) formation and annihilition after illumination of
Hyp/LDL complex at room temerature are presentetiiswork. The observed shortening of
the fluorescence lifetime of Hyp at higher Hyp/LDL ftao ratios (>25:1) suggests
guenching of excited singlet state of monomeric ldythese Hyp/LDL concentration ratios.
The very short lifetime (~0.5 ns) of Hyp fluorescerat very high Hyp/LDL ratios (>150:1)
suggest that at high local Hyp concentration indigédic structures fast and ultrafast
nonradative decay processes from excited singits sf Hyp become more important.

The amount of producetD, as wellas integral intensity of Hyp phosphorescence
after illumination of Hyp/LDL complex show a satticen behavior with respect to the
Hyp/LDL ratio. This behavior resembles the depelwéearnt the concentration of molecules of
Hyp in monomeric state on this ratio. This fachfions that only monomeric Hyp is able to
produce excited triplet state of Hyp. which consayly, in hypoxic conditions, leads to
singlet oxygen production.

The analysis of phosphorescence decay curve of idythe presence of LDL
manifests its non-trivial kinetics. We suppose tthegt primary process of Hyp triplet state
depopulation is the energy transfer to ground sthtmolecular oxygen and formation of
singlet oxygen, but the presence of other depoipulgirocesses are not excluded. The value
of singlet oxygen lifetime (~@s) after its formation from the excited triplettstaf Hyp in
LDL suggest that molecules of singlet oxygen reniaira certain period of time inside LDL
particle and are not immediately released to theeaas surrounding. Furthermore, it is
demonstrated that Hyp exists in the complex withLLib monodeprotonated state.
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Recent advances in time-correlated single photamtiny (TCSPC) allowed to
experimentally measure sub-nanosecond fluoresceecay kinetics of fluorophores on
multiple wavelengths simultaneously [1,2]. In these of spectrally overlapping emission
from several fluorescent species, obtained speatrditemporal decay patterns are often too
complex to be analyzed by means of classical rexibenential analysis, especially in live
cell environment. In our contribution we therefgreesent a newly developed approach,
based on sequential spectral unmixing.

The developed method has following steps:

1. Identification of the number of spectral componeusing area-normalized
time-resolved emission spectroscopy (TRANES), singular value decomposition
2. Estimation of the spectral profiles of all signdit components either by

measurement of the pure samples, or by principaipoment analysis assessing
variations in the data following application of sgie modulators in the case of cell
autofluorescence

3. Sequential spectral unmixing of the recorded mud#irelength TCSPC
datasets according to the database of referenadrapéollowed by fluorescence
lifetime analysis.

We will discuss both the benefits and the limitaicof the developed approach [3]
and demonstrate its ability to efficiently separatatributions of individual components
from multi-component mixtures of spectrally ovepap fluorophores, such as intrinsic cell
autofluorescence and/or fluorescent proteins.
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Interest in the study of the thermodynamic propsriof DNA metallocomplexes is
due to the major role played by metal ions in tmectioning of nucleic acids and also by the
constantly increasing pollution of the environmbgtheavy metal salts. For example, they
stabilize the structure of nucleic acids, influertbe synthesis rate and accuracy of the
nucleotide sequence in DNA- and RNA-polymeraseesyst take part in the processes of
DNA transcription and replication, and cause mutagés and carcinogenesis [1]. These
effects depend not only on the type of metal, Hgb an the value of their effective
concentration [2]. It is also important to notetttiee interaction of metal ions with DNA can
serve as a simplest model for its binding to mammglex ligands, including many drugs,
mainly antibiotics, and lends itself to a corrdetdretical interpretation [3].

DNA-metal ion interactions and their effects on DNgtructure have been
investigated using a variety of techniques. From th/-visible spectroscopy and circular
dichroism experiments, it was concluded that tlkelade earths interact primarily with DNA
phosphates, stabilizing the double helix througlduced charge repulsion of its
complementary strands. For example, they enhanse btacking, probably by reducing
electrostatic repulsion along the DNA chain [4].

In this work, we aim to characterize thermodynactianges that DNA undergoes
upon thermal melting in the presence of divalentainmns. We investigate the effect of
manganese ions on the parameters of the helix4taiisition of DNA at low N&
concentration. As a target of metal interactiorlf taymus DNA and DNA from chicken
erythrocytes in agueous solution was employed.

Native DNA (Sigma) of molecular mass 1.9 *Tilton, protein content lower than
0.1%, RNA content lower than 0.2%, hypochromic @ffef 36% and turbidity (D320 for
DNA concentration of 1 mg/ml) lower than 0.025 pwas used. The concentration of Na
taking into account the counter-ions introducedhwNA, was 4.2 x 18 M. The
microcalorimetric investigations were made using®PS$AM-4 differential scanning
calorimeter. The temperature scanning rate was i@/ This enabled us to observe the
complex nature of the process and evaluate thedrmatye and enthalpy of the transition in a
wide range of concentrations of metal ions. As tifamsition temperatur&,, we took the
value of the temperature of the maximum of the mglturve, width of the transition interval
AT was defined as the halfwidth of the peak, the dweanded by the curve of the
temperature dependence of the heat cap@gityf(T) corresponds to the heat of the observed
conversion procesaHgy. The maximum error of the heat capacity measuréndid not
exceed 1.5 % in the 0-100 °C.

The helix-coil transition of deoxyribonucleic adidpresence of chloride salt of Kfn
was studied at elevated temperatures in the ramgen f20 °C. to 100 °C. by
microcalorimetry. The Mfi concentration was varied between 0 and 20%M®]. The
secondary structure of DNA remained in the frameahef B-form family in the whole ion
concentration range at room temperature. No siamfi DNA denaturation was revealed at
room temperature even at the highest concentrafiometal ions studied. The dependence of
the melting temperature of DNA, the width of itsltimg) curve, and the enthalpy of the helix-
coil transition on the molar ratio [M/[PO;] have been determined. The thermal stability
of DNA is affected by the ion concentration and tiaure of solvent. It increases at low
[Mn#]/[PO;] ratios and the melting temperatuFg, AT increases relative to characteristic
for DNA without divalent ions and H,y decrease. This implies than cations stabilize the
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DNA structure by reducing the charge repulsion leetwthe phosphate groups. When the
concentration MfY" increasesT, passes through the maximum arifidecreases. It is due to
elevating of cooperativity of the helix-coil tratish of DNA. With a further increase of the
ion concentrationT,, AT and AH.y changes very slightly, and decreases at high
concentrations.

DNA denaturation and a significant decrease ofriedting temperaturd&,, AT and
AHca of DNA connected with a decrease of the stabilityDNA induced by MA" ions
occurred and demonstrated sensitivity to DNA cosdéon and aggregation as well as an
ability to distinguish between these two proce4des]. No condensation or aggregation of
DNA was observed at room temperature at any ofrté&l ion concentrations studied. DNA
condensation was revealed in a very narrow rangexpérimental conditions at around 2.0
[Mn#]/[P]. DNA aggregation was observed in the presenteMn®" ions at elevated
temperatures during or after denaturation.
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Abstract

We examined 3 samples of human spleen tissues didlgnosis of hereditary
spherocytosis, hemochromatosis and after splengctwith no signs of spleen disease.
Scanning electron microscopy wit energy — dispersimicroanalysis (SEM-EDX),
transmission electron microscopy (TEM), Mdssbaymcgoscopy (MS), X-ray diffraction
(XRD) were used for analysis of iron particles. Mldsuer spectroscopy of studied tissues
revealed different phase of iron oxide in the hunspleen. On the ground of this
consideration we can claim all samples of investidatissues exhibit presence of two
different paramagnetic iron phases, both basechmreivalent (F€) atoms. Consequently
only 4 different iron-oxides correspond with expeental results. Multielemental
composition of iron particles was found by SEM-E@Kalysis. We suppose that pH and
various chemical elements are significant factaftieénce biomineralization of iron in the
human spleen.

Introduction

Iron can be found in human body mainly in the fasfrferritin. This protein creates
spherical formation with the size of 12 nm. Theecof ferritin is 8 nm big and consists of
ferrihydrite - 5Fg03.9H,O with various amount of phosphorus. Studies perént via
nanodiffraction showed that physiological ferritin from crystalline ferrihydrite and
amorphous iron hydroxide [1], pathological ferriprevailed wistite (FeO) and magnetite —
like structure. In excessive volume of iron in trganism, the iron is stored in cells in the
form of hemosiderin [2]. Hemosiderin is considetedbe a proteolytic product of ferritin [3].
Besides the differences of diffraction image betw#e samples of hemosiderin it is found
also some differences in their element compos[dgsi.

Material and methods

We examined 3 samples of human spleen tissues dvitgnosis of hereditary
spherocytosis, hemochromatosis and after splengcteith no signs of spleen disease.
Sections were prepared for investigation in lightnescopy and stained with Perls’ Prussian
blue to locate ferric ion (P& deposits. Tissue probes have been prepared bynoom
methods for SEM-EDX and TEM investigation [6]. FdFe Mossbauer spectroscopy 3
powdered samples of spleen tissues were placedniple holders and measured at room-
temperature and liquid nitrogen temperature (LNIHe Mossbauer spectrometry measured
in transmission geometry was employed usiftCa(Rh) source and subsequently evaluation
of hyperfine parameters was done by the help oOB&IFIT fitting program.

Results

The Moéssbauer spectrum typical for paramagnetitgbes is observed, consisting of
the two paramagnetic doublets (paramagnetic state)common quadrupole splitting and
negligible hyperfine fields. Following data revéiaé results from MS of studied tissues.
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Table 1List of possible phases of the iron oxides presetite studied tissues

Phase of iron oxide Isomer shift Quadrupole splitting
[mm/s] [mm/s]
Lepidocrocite
y-FeO(OH) 0.37 0.53
Feroxyhyte
5-FeO(OH) 0.36 0.69
Ferrihydrite
5 Fe,0s - 9 Ho0 0.35 0.71
FePO4 0.38 0.80

Discussion

The investigation of Perls’ Prussian Blue stainétes by light microscope indicates iron
depositions in samples with diagnosis of hemochtosis and hereditary spherocytosis.
SEM-EDX microanalysis reveals multielemental conifpms. Sample of spleen tissue with
no signs of spleen disease can contain ferriny@Fisble 1). Presence of vestigial amounts of
some elements significantly influences oxidativeuion status of iron, its structure,
chemical composition and stoichiometry [7,8]. Thaoaint of phosphorus in iron oxides
influences iron oxidation [9]. The interaction afom Fe(ll) with ferrihydrite leads to
precipitation of goethite, lepidocrocite and mageefl0]. The magnetite and goethite-like
form of hemosiderin that has been observed in spatbological tissues [11] was not
detected. The significant source of Fe(ll) is tlegtgrbation in erythrophagocytosis, which
plays role in several diseases, including hemochtosis [12]. We suppose that pH and
various chemical elements are significant factafieénce biomineralization of iron in the
human spleen.

Conclusion
Mdssbauer spectroscopy of studied tissues reveliffsdent phase of iron oxide in the
human spleen. Multielemental composition of irortipkes was found by EDX analysis.
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Simple and disposable DNA-based biosensors witlyer| of multiwalled carbon
nanotubes (MWNT) and double stranded (ds) calf thg/and herring sperm DNA deposited
on the surface of a screen-printed carbon elect(8&) have been prepared using both,
layer-by-layer and mixed coverages. Electrocheniinpedance spectroscopy (EIS) has been
utilized as a powerful and effective tool for thevestigation of electric features of DNA
modified electrodes. The EIS measurements have pedormed in 0.1 M phosphate buffer
solution pH 7.0 using 1 mM potassium ferricyanideaaredox probe. Cyclic voltammetry
(CV) with the redox couple of [Fe(GN* / [Fe(CN)]* was used as an independent detection
method.

The presence of MWNT at the SPE surface signiflgashécreases the polarization
resistance of the electrode surface due to high MVEbinductivity. On the other hand, the
impedance increases at the electrodes modifiedthétlusDNA layer. To detect the presence
of dsDNA on the electrode, the normalized valukethe polarization resistance difference,
AR, the anodic to cathodic CV peak potential sepamatiE, as well as the cathodic current
signal obtained for [Fe(CM)*/[Fe(CN;)]* have been evaluated [1]. The application of
impedimetric nanostructured DNA-based biosensortheodetection of dsSDNA degradation
by the reactive oxygen species formedituand some synthetic compounds are presented.
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Within the field of scanning probe microscopy, aiorforce microscopy (AFM) is
extensively used in a wide range of disciplineshsas life science, solid-state physics, and
materials science. The AFM has evolved into an ingagethod that yields structural details
of biological samples such as proteins, nucleicdsscmembranes, and cells in their native
environment [1]. AFM is a unique technique for podrrg subnanometer resolution at a
reasonable signal-to-noise ratio under physioldgicaditions. As a result of continuous
developments in sample preparation, imaging teclasgand instrumentation, AFM is now a
companion technique to X-ray crystallography andctbn microscopy (EM) for the
determination of protein structures, for examplé. complements EM by allowing
visualization of biological samples in buffers thateserve their native structure over
extended time periods. AFM does not rely on symynetveraging and crystallization,
therefore revealing defects and structural anomatiet observable in classical ensemble
measurements. Unlike EM, AFM yields three-dimenalanaps with an exceptionally good
vertical resolution (less than a nanometer) (Figren addition to high-resolution imaging
of proteins, nucleotides, membranes, and livingscéhe measurement of mechanical forces
at the molecular level provides detailed insightgoithe function and structure of
biomolecular systems [2]. Inter- and intramolecuderactions can be studied directly at the
molecular level, as exemplified by the analysipaifysaccharide elasticity, DNA mechanics,
the function of molecular motors, and the bindinggntials of receptor—ligand pairs involved
in cell adhesion. In the latter case, defined feraee exerted on a receptor—ligand complex
and the dissociation process is followed over tiréith data obtained from force
measurements, molecular interactions can be amblyzderms of kinetic rate constants,
structural parameters of binding pockets, molectjaramics of the recognition process, and
the energy landscape of the interaction [3] (Fig2)reCompared with conventional ensemble
methods, single-molecule experiments offer sevadaiantages. First, by conducting many
sequential measurements, the distribution of mdédequroperties of inhomogeneous systems
can be determined. Second, single-molecule trajestosince they are direct records of the
system’s fluctuations, provide dynamic and statatinformation that is often hidden in
ensemble-averaged results. Finally, it is possl@onitor rarely populated transients in real
time, which are difficult or impossible to captwsing conventional methods.
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Figure 1. High-resolution topographical imaging of
biomolecular assemblies. (a) 3 kbp (base pairs) ADN
on a mica surface imaged in Ni2+ buffer solutiocal®

bar 150 nm. (b) Left: crystalline arrangement ofniaun
rhinovirus on a lipid bilayer containing receptdrsset:
Fourier spectrum and average lattice. Right: dense
packing of virus particles with regular patternssofall
protrusions ~0.5 nm high and ~3 nm in diameter
corresponding to protein structures protruding fribi@
virus capsid. (c) Topographical image of purple
membrane to which a single antibody is bound (left)
and a three-dimensional representation (right). The
hexagonal arrangement of bacteriorhodopsin trimers
and the two Fab fragments of the antibody can be
observed with a resolution of roughly 1 nm.

Figure 2. Simultaneous topography and
recognition imaging (TREC) of gently fixed

cells. (a) Signal processing for simultaneously
obtaining topography and recognition images.
The cantilever oscillation signal is split via the
TREC box into upper (recognition image) and
lower (topography image) parts. (b) Schematic
of dynamic recognition imaging to visualize VE-
cadherin binding sites on a cell surface. (c)
Simultaneous topography and recognition
images of an endothelial cell surface obtained
with VE-cadherin-Fc-functionalized AFM tips.
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Recent developments [1,2] in micro- and nanofluidevices fabricated by chip
lithography provide a new impetus to study the owrhent of principal biopolymers such as
DNA. Micro- and nanofabrication is a powerful td@olbuild up channels of precise geometry
and of characteristic dimensions on the order p$§ ter hundreds of nanometres. With the
availability of sub-100 nm channels, it has becopussible to study with detail the
conformation and dynamics of DNA at the length scaf the DNA persistence length.
Statistical properties of DNA and other biologipalymers confined in the channels deviate
from their values in bulk and depend on the stieagid geometry of confinement.

We employed Monte Carlo simulations to explore prtips of DNA and other
semiflexible polymers in confined spaces [3,4]. @ations were based on the coarse-grained
worm-like chain model, where a dsDNA molecule ipresented by a string of bead units
connected by springs. The relative chain elonga®fn(wherelL is the contour length) and
the persistence lengt of DNA were computed as a function of the chardiglensionD
and chain bending rigidity. In a cylinder and &, gliree regions of DNA elongation were
identified and rationalized by the blob and Odijkories of confined polymers. In a tube an
abrupt transition between the blob region (at materconfinement) and the deflection
(Odijk) region (at strong confinement) was found RL=0.8 and 2D~P. Overall, the
simulation results for channel-induced DNA elongatiR [3,4] are in harmony with
measurements of confined DNA at high salt concéntra [1,2]. The potential occurrence of
hairpins was elucidated as a trade-off between igement and chain stiffness. The
persistence lengtP represents a measure of the bending rigidity ofiféexible chains.
Unfortunately, several methods how to determinevtiiae ofP are employed in practice. In
computations of DNA chains we employed two basimdens, the projectionPy,,; and the
orientational correlationP,;  functions. For bulk (unconfined) DNA moleculeseske
definitions give practically an identical resB§=50 nm, representing the intrinsic stiffness of
DNA at high salt concentration. However, simulatiorvealed that the two above functions
of P substantially differ in case of DNA in channel®i€Tprojection functiorPy; turns into
an apparent quantity at confinement, since, in tamdito the intrinsic termP;, it also
involves the external orientational factor from twnfining field. Thus, in narrow channels
Poroj Of DNA may reach the values up to about 400 nm.t@ other hand, the simple
exponential function, suitable for description ofeatation correlations in free chains, was
found to be applicable in channels only to sh@tathces along the DNA chain contour. As a
result, the associated persistence lemgthdid not include the contribution of confinement
and reproduces the intrinsic valueRaf
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What is revealed about the evolution of the geneticode by similarities
between tRNA genes?
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The genetic code describes translational assigrameetween codons and amino
acids. tRNAs and aminoacyl-tRNA synthetases (aaR®s)those molecules by means of
which these assignments are established. Any aagfgmizes its tRNAs according to some
of their nucleotides called identity elements. Miata of major identity elementeads to the
strongest functional effects, whikainor identity elementhave moderate effects and tune
specificity. LetSg be a set of all identity elements of tRNAs, whigy,g be their most

major identity elements so as they are specifidéign 2 in our Supplemental Materials (SM)
to the chapter 3.1 of the 1st papemhtp://web.t-com.sk/hisymWe will often refer to this
web page. A pair of codons MG, NiN;A) or (NiN;C, NiN;U) can often be affected by one
tRNA thanks to “wobbling” of the 3rd codon baseidgrits interaction with this tRNA (Fig.
1in SMto 3.3).

We used a program DNAPARS v. 3.6f@ttp://evolution.genetics.washington.edu/
phylip.htm|) by Felsensteirt al, which computes phylogenies finding the minimuamier
of nucleotide substitutions necessary to obtairamxnucleic acid sequences from their
common ancestor. We used it for various group®lated organisms to obtain an ancestor of
tRNA geneseparately for each codon

Let a similarity between two sequencestRNA genese the number of sites that

have the same nucleotide in the two sequences. dhkut-similarity STT\l is defined

(o]8

Mut, §
as the average similarity between suBINA geneof a group of related organismgr”
whose codons differ by one point mutation (indidabg ‘1Mut’). The paramete specifies

those sites ofRNA geneghat are included in computation. When the aversigglarity
STnglrl S is computed between dRNA genesnot only between those whose codons differ
by one point mutation, it is calledodain similarity.

Sakset al [1] demonstrate by their experiméntvivoin Escherichia colithat atRNA
genecan be recruited from one isoaccepting group tothar by a point mutation of its

anticodon. They inactivated the originﬂNA&‘gU gene and transformedtRNAGrgU gene

by mutating its anticodon UCU to UGU. The recruited tRNA&ar out to be fully functional
in expression of Thr from a codon ACA, although lesgient.

We developed a genetic algorithm to search a global maxiofulMut-similarities
Sﬁf&i‘;'? over a set of 32 2.63x10%5 such alternative genetic codes in which
assignments of wobbling pairs of codons were presesvethanged simultaneously. This
global maximum is reached at the standard cod&_filiA gene®f no archaealor bacterial
species, but it is done 27 times for 4 sets of idept@gynents otukaryoticspecies. However,
a global maximum of plain similaritieﬁnzﬁeé'esis reached at the standard code only 5
times for theeukaryoticspecies (Table 1 in SM to 3.1). We performed analegxperiments
with ancestors ofRNA gene®f these species. A global maximum is reached at theasthnd

code 17 times foﬁ&i‘??”cemrf but only 5 times forSanzﬁe;ieanceStors (Table 1.2).

This all approves that point mutations of anticodonseweglly tested by nature and that
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tRNAs were adapting to minimize consequences of suchit@ents from one isoaccepting
group to another by a point mutation of their anticodamch then could not be exceptional
events at allThis confirms the adequacy of our definition of a Idimilarity betweentRNA
genes

We searched the order of tRNAs in which they were mosbably assigned to their
codons and amino acids. Because Ala and Val are aauits with the highest means of
their 1Mut-similarities with other amino acids, let us inserheighiversal ancestors tRNA
genesassigned to eight present codons of Ala and Val intacbronology (1) as the set our
algorithm starts from. Ala and Val also belong among firg four amino acids in a
chronology of Trifonov [2] searching a consensus ketw40 most important hypotheses
about the evolution of the code. Then we obtain a chrogplog

AVPIKRWMDCSTFHGXYLEQZN 1)

The beginning Ala, (Val), Pro, lle, Lys, Arg, Trp, MeéAsp, Cys, (Ser) of this

chronology lies under a plateau on a grap@ﬁ‘&ﬁf&fsmrs plotted over (1) foiSg of

tRNA genegFig. 4 in SM to 3.3). This plateau could not appear by chdmemause it has
remained preserved along the whole line of evolution efdbde. The plateau occurs in
universal ancestors only f&g, while it occurs for botl§,\e and Sg in their domain

ancestors (Fig. 5) and only &g in their kingdom ancestors (Fig. 6). In this way, these
plateaux have shifted frol§g to Sy\me during evolution. Therefore, they must represent

some very profound and principal feature of organizaticthe code.

Our cascades of plateaux correlate with observatidnRilbas de Pouplana and
Schimmel [3]. There are two classes of aaRSs that haweing in common except
biochemistry of the reactions they catalyze. They bindosie sides of a tRNA acceptor
stem. The authors noticed that active-site domains offgppairs of synthetases — one from
each class — can be docked simultaneously onto thetacstgm. Most striking is the way
that PheRS and TyrRS are mutually accommodalirtyeir conclusions were correct, then
aaRSs would be incorporated in the early reduced quoi®@mately by octets of codons in
each step of its transformation from a possible eartianfto a new organization utilizing
tRNAs or their precursors. For example, this would mtban all codons coding lle and Thr
today should be simultaneously assigned to one of thesamim acids initially and a half
of them would be reassigned to the other amino acid anhdjtionally. The plateau over the
beginning of (1) well correlates with the pairs of mutpa@tcommodating aaRSs indicated
by the authors.

All our computations were performed with our applicatiBtNALab running under
Windows, whose installation file is available at the samb wages as SM. What we wrote
personally in it is about 54,000 lines of the code infides *.cpp and *.h. It provides a rich
interface (57 windows) with many intermediate results witmmentaries as well as many
additional functions. We are going to explain its main festat the lecture.

Acknowledgement
This study was supported by the Slovak Grant Agarte@A 1/0253/03 and APVT-51-013802.

References

[1] M. E. Saks, J. R. Sampson, J. AbelsBrience279 (1998) 1665-1670.

[2] E. N. Trifonov,Gene261 (2000) 139-151.

[3] L. R. Ribas de Pouplana, P. Schimniegknds Biochem. S&26 (2001) 591-598.



40 SKBS 2008, FMFI UK Bratislava

016
Phylogenetic analysis of influenza A virus neuramiidase
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Influenza viruses evolve by means of two different Inaeisms, which are gene
reassortment (in the case of influenza A viruses it cagemetic shift) and genetic drift
(gradual changes in antigenic places caused by mutafigns)

Virulence of influenza A type is controlled by multiple genig® most important is
RNA segment 4 which codes for hemagglutinin (HA) andgymsent 6 coding for
neuraminidase (NA), both being integral membrane prsteidiating outward from the lipid
envelope of influenza virus. At present, sixteen sulstyafanfluenza A virus hemagglutinin
are known which are denoted H1-H16 and nine subtgpagluenza A virus neuraminidase,
N1-N9 [2].

The aim of this work was to find the percentage divecge between neuraminidases
within individual neuraminidase subtypes.

Material and methods

The total number of 611 complete amino acid sequemdemfluenza A virus
neuraminidase were compared, the sequences wereaibfabm the GenBank database [3].
For a particular virus subtype (various combination$iaf and NA subtypes, e.g. HIN1,
H2N1, etc.), one neuraminidase isolate was always offos@ particular year.

Clustal [4] was used to align the sequences, with gegmiag 10.00, gap extension
0.20. Percentage divergence between two isolates wasatetton the basis of alignment.

Results and discussion

Table 1 shows the number of isolates belonging to spesiilitypes that were
compared to each other. It brings information about thenclengths, and percentage
divergences among the compared sequences belongirgpettific subtypes. Average
percentage divergences between isolates belonging to ispmditypes were at least 4.3%
(N9 subtype) and maximum 11.5% (N1 subtype), whitbms a high degree of homology
among isolates belonging to a specific neuraminidase subtype

Table 1. Comparison of percentage divergences betwekates within different
neuraminidase subtypes, based on amino acid sequem@aigson.

Subtype Number of Chain length (Number of Percentage divergences
isolates amino acid residues) between isolates (%)
used Min. Max. Max. Average

N1 128 445 470 23.7 11.5

N2 171 440 469 19.4 10.5

N3 67 441 469 23.2 7.5

N4 17 469 470 35.3 7.2

N5 31 464 473 14.2 6.5

N6 52 446 471 13.0 7.3

N7 27 469 471 211 11.1

N8 67 454 470 21.3 9.1

N9 51 469 470 10.9 4.3

The present study showed that neuraminidase sequarceslaconserved. Maximum
values of percentage divergence between isolates withimidodl subtypes were between
10.9 to 35.3%.
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Sequence analysis of neuraminidase showed that alsomine acid residues in the
enzyme active site are well conserved, as published etses].
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Cough is the most important defensive reflextlod airways. It participates on a
proper function of the respiratory system by an actemoving of irritants and foreign
particles from the airways [1]. Cough reflex is a cterpand complicated behavior that
interacts with the respiratory, cardiovascular, and othwstions of organisms.

At the level of pre-motoneurons the motor pattern of caagtompletely developed
[2]. However, the role of medullary mechanisms in miodifon of this pattern is not fully
understood. It was confirmed that the medullary respiyateurons substantially participate
on the production of the cough motor pattern [3,4]. Exgiratory neurons with incrementing
firing pattern (E-aug) or expiratory units with decremamtfiting (E-dec) are involved in
production of cough expulsions [4-6]. It seems that nmythand temporal characteristics of
the cough are produced by common respiratory / coagtral pattern generator (CPG) [4,5].
This CPG is located in a rostral extension of the vengspiratory group (VRG) within the
medulla oblongata. Nevertheless, pathways transmittinghé¢heonal signal of the cough
pattern from the CPG to the inspiratory and expirapygsmotor outputs are unknown. E.g.
direct connections of rostral VRG expiratory neurons (imoE-aug units) that fire in
correlated manner with abdominal expiratory muscles dwough [6] to the expiratory pre-
motoneuronal area in caudal VRG (other population of ge+@urons with axonal output
toward the expiratory motoneurons in the spinal cordjraustly inhibitory [7].

To date very little is known about additional spontaneoushiv& and recruited
neurons being involved in a process of coughing [4fti€ularly, their role and connectivity
are still uncovered. We exposed some new areas b#sidenain medullary respiratory
groups that are involved in production and modulatioi]IB-of the cough. These areas
include e.g. structures of the midbrain where cougheélactivated neurones were found
[11] in addition to a former view, that midbrain does nomtain neuronal structures being
necessary for reflex coughing [12].

The attenuation of the cough by e.g. central antitussivesiiged almost exclusively
by a reduction in cough number and expiratory amplitudeshe coughs. Temporal
characteristics of the cough pattern are not significantlyifiredd[13]. The mechanisms of
action of central antitussives, the receptors involved in giscesses [14], neuronal
populations affected by these drugs, and regions waereantitussive sensitive neurons
located retain obscure.

An interaction of several reflex and / or spontanecetsakiors including defensive
airway reflexes is arranged in order to establish @ama function of the organism [1,15].
Such functioning can be disrupted e.g. under pathologimadliton leading to unproper
reflex functions (gastroesophageal reflux) [16]. On ttieiohand, some another reflexes as
there are aspiration reflex and cough might providbilstang function for respiratory (at a
hypoxic apnea), cardiac (rhythmicity), and other systdivis Also the function, cooperation,
and hierarchy of central structures under the conditddnmultiple behaviors (e.qg.
simultaneous stimulations) such there is the cough iratisp reflex co-interaction are still
dimmed and mostly unknown.

In spite of a significant improvement of our knowledd®w the generation and
control of the cough and other reflex behaviors we still far away from the proper
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understanding of mollecular, cellular, and neuronal nétwproperties guiding these
behaviors.
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There are some basic methods of imadiedbdy, using x rays, gamma rays, sound
waves, or electromagnetic waves. Each method haswts mace; the techniques are
complementary, not mutually exclusivehe history of medical imaging methods and its nse
medicine, started around 19060ncentrate on using X rays, ionising radiation.

What is ionising radiation? lonising rditia is part of the electromagnetic spectrum
and is used in imaging techniques in the form of eith@lys—for conventional radiography,
angiography, mammography, fluoroscopy and computedgeoaphy - CT or gamma rays for
imaging in nuclear medicine, PET- and SPE@i&thods.

Whereas imaging with ionising radiation useays or gamma rays, non-ionising
radiation uses either sound waves, in the case dsoliind, magnetisation of protons in
magnetic resonance imaging (MRI), or near-infrared ligluptical tomography.

Apart from the standard two dimensional ubtwasl, other forms of ultrasound exist,
such as classical- mode, Doppler, colour Doppler anétlmefour- dimensional ultrasound.

MRI uses a strong magnetic field to aligrttedl hydrogen protons in the tissue. The
alignment is then disrupted by a specific radio frequeamargy called the Larmor frequency
as the protons recover their alignment, they emit radjoals and these can be measured and
converted by a computer using Fourier transforms tdyme an image. Each tissue produces
different radio signals which the computer recognises thod the image is made up of
shades of grey or colour.
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Sterols are ubiquitous components of biological membraviasmalian cells contain
one major sterol — cholesterol. It is known that cholestensures proper fluidity, passive
permeability and mechanical strength of membrane, itspdayimportant role as a signalling
molecule and as a modulator of lateral organizatiomeibrane. In higher plants, sterols are
present as complex mixturel-sitosterol is one of the predominat plant sterols. Hedsf
stucturally from cholesterol by the presence of an amidit ethyl group at C-24 in the side
chain. B-sitosterol, together with other plant sterols, effectivelguoes the absorption of
dietary cholesterol and thus protects from cardiovasdit@ases. Furthermorgssitosterol
was shown to have anti-carcinogenic, anti-inflammatonyi-raicrobial, anti-bacterial and
anti-fungal effects [1].

The aim of this work is to compare the effect of cholestand (3-sitosterol on the
structural properties of model membranes. Multilamellar sigmoes of egg yolk
phosphatidylcholine (EYPC) were chosen as an apptepmadel of lipid part of biological
membranes. Effect of increasing concentration of bethrols up to molar ratio
sterol:EYPC=1 on the repeat period was studied usingllemgle synchrotron X-ray
diffraction.

Weighted amounts of EYPC, cholesterol afiesitosterol were dissolved in
chloroform. An appropriate volume of EYPC solution waged with the sterol solution and
the solvent was evaporated to dryness. After addingrwatedispersions were homogenized
by hand shaking, brief sonication and vortexing.

Small- (SAXD) and wide-angle (WAXD) synchrotron radiatiogiffraction
experiments were performed at the soft-condensed mitten line A2 at HASYLAB at the
Deutsches Elektronen Synchrotron (DESY) in Hamburerig@any), using a monochromatic
radiation of wavelengtiA=0.15 nm. The evacuated double-focusing camera waip sy
with two linear delay line readout detectors. The SAXD detewas calibrated using rattail
tendon and the WAXD detector by tripalmitin. Difractogranesevmeasured at 25.

From the SAX region, the positions of the first- andos®l-order reflections were
directly determined by fitting the peaks by Lorentzian fiomctabove a linear background.
The positions of the first- and second-order reflectiares typical for lamellar structure
where lipid bilayers with the thicknessate separated by water layers with the thickngss d
The repeat period deethy was determined as a reciprocal value of the positiahefirst-
order reflection. The dependence of the repeat period the molar ratio sterol:EYPC is
shown on the Fig. 1. It is evident that the repeat peridelY PC in the presence of sterol was
higher than in pure EYPC in the whole concentration ranger molar ratio
sterol:EYPC>0.13-sitosterol was more effective in increasing d than dhetel. Repeat
period d increases approximately linearly up to me&io 0.4 with higher slope foB-
sitosterol compared to cholesterol. A plateau was obsetvBtlr:EYPC=0.4-0.9 molar ratio.
At the same range, a small decrease of repeat persegmsin the presence of cholesterol.

WAXD patterns exhibited one wide diffuse scattering pela#tracteristic of liquid-
like carbon chains of phospholipid in the whole studied entration range of cholesterol
+EYPC and of3-sitosterol+EYPC up to molar ratios 0-0.5.
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Fig. 1. Dependence of the repeat period on the molar ratiol & PC.
Circles — cholesterol, square-sitosterol.

Difractograms showed anomalous behavior in the presehfesitosterol at molar
ratio higher than 0.5. In SAX region, a new peak appe in the vicinity of the second-order
lamellar phase peak. Changes are evident also in f¢ kfgion where a reflection spacing
at about 0.59 nm was observed.

The increase of repeat period of EYPC in the preseficgholesterol is probably
connected with the increase of the bilayer thichndss taused by decreased number of
gaucheconformers in acyl chains of EYPC and the incredsaraering [2]. The increased
thickness of lipid bilayer in the presence cholesteraswobserved using diacyl
monounsaturated phosphatidylcholines [3]. But the dbchpnge in the repeat period at
molar ratio sterol:EYPC=0.4 is not explained and needbédr study.

In conclusion, the effect of cholesterol afiesitosterol on the structure of EYPC
bilayer is qualitatively similar but marked quantitative differes were observed that might
be physiologically relevant.
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According to Meyer-Overton rule [1,2], the anesthébicanother biological) potency
should increase with the partition coefficient between lipomh@dium and water. The
breakdown of this rule was first observed for aliphataldbohols [3]. The general anesthetic
potency of 1-alcohols (CnOH, n is the number of carbanalkyl chain) increases up to
C110H and than decreases, compounds with n > 18car@nesthetic. This cut-off effect is
not caused by anomalies in the partition equilibria — téanpartition coefficent increases
exponentially in whole region. Similar cut-off type deperzis have been observed also in
other CnOH biological effects. Within the context of lipitediated mechanism of general
anethesia, the solubilization of an anesthetic molecule inmimmbrane bilayer influences
such property of the bilayer that alters protein conforonati equilibria, and this depends on
the identity of the solute. However, which property of theninene bilayer is altered upon
incorporation of anesthetic 1-alkanols is still not knov@antor [4] has suggested that
anesthetic molecules cause a redistribution of lateral ymesssn the membrane bilayer,
which in turn shifts the conformational equilibria of meari® proteins such as ligand-gated
ion channels, which are associated with anesthessimg *H-NMR spectroscopy, it was
found that C80OH orders the acyl chains of dimyristoyfgatidylcholine (DMPC), unlike
C120H and C140H, which have little effects [5]. Vibratitudpe densitometric study has
demonstrated that the volume change of transferrinGndH from its pure state into the
DMPC bilayers was positive for small (C40H - C60H) kaalols while it was negative for
larger (C70H - C120H) 1-alkanols [6]. All these resusitgigest that the packing of CnOH
and lipid molecules in bilayers depends on the CnOM &kgth and bilayer depth.

In the present communication, we report our prelimimasylts of SANS study of the
effect of CnOHSs on fluid lipid bilayers in unilamellar vesss, prepared by extrusion through
50 nm pores in carbohydrate filters from mixtures @iOEi, dioleoylphosphatidylcholine
(DOPC) and dioleoylphosphatidylserine (DOPS), disgkrse heavy water. The small
amount (80) of DOPS present in bilayers charged the bilayer sarfzegatively and thus
prevented oligolamellar vesicle formation during extrusénd vesicle aggregation after
extrusion. The SANS measurements were performed asrital-angle neutron scattering
diffractometer PAXE at the extremity of the guide G5 (caddrse) at LLB Saclay. The
diffractometer was equipped with the xy position sensitiveatet.

The experimental data were evaluated using the small-dogte of the Kratky—
Porod approximation based on homogenous neutron segt@ensity distribution in the
bilayer.From the SANS spectra in the Guinier region (0.00%AY < 0.0064?), the bilayer
gyration radius was obtained by fitting the SANS intensity using function
I(Q) ~ I(O)exp(-(ﬁRg )Q? where Q is the scattering vector value, and the thickness
parameter g= 120'5Rg which is the scattering length density weighted bilayer tigsk The
bilayer thickness glwas studied as a function of temperature in the 25 - ¥§n. From
these data, the coefficient of thermal expansibityoindy(T)/0T was obtained.

Bilayer thickness parameter as a function of alcohollatkgin length, at 0.4 :1
alcohol : lipid molar ratio, at different temperaturesli®wn in Fig.1 (left panel). For each
temperature a linear increase of bilayer thickness witheasing alcohol chain length was
observed. The average increase presented ~ 1.5A.ini#masing alcohol : lipid molar ratio
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further increase of bilayer thickness parameter wasraddewith a maximum of ~ 41.9A for
C160H at 1:1 molar ratio. At the same time, for a giviealcohol, we observed a
temperature induced decrease of bilayer thickness,amitfinimum of ~ 40.7A for C8OH at
51°C. The decrease was more significant for longestwdied 1-alcohols. This decrease may
be due to the increasé@nsgauche isomerization and lateral bilayer expansicthenfluid
phase. The coefficient of thermal expansibility asrecfion of alcohol alkyl chain length is
shown in Fig.1 (right panel). With increasing alcohbkin length a linear increase of
coefficient f was observed. This observation is in contrast with rét®al assumption,
according to which longer 1-alcohols induce higher pholgplkd chain packing and thus
stabilize the bilayer.
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Fig.1 Bilayer thickness parameter (left panel) and doeifit of thermal expansibility (right panel) asuaction of alcohol
alkyl chain length at 0.4 : 1 alcohol : lipid molatio
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The aim of the current study was to characterize tieage dependent channels
expressed in native and differentiated (treated witlroreal growth factor) cells. PC12 cell
line was derived from a pheochromocytoma of the raerad medulla. PC12 cells stop
dividing and undergo terminal differentiation when treatéith werve growth factor, making
the line a useful model system for neuronal differeiotie[1].

In the following experiment the cells were divided into twougrs depending on their
condition — Group A comprised of non-treated PC12 ceits @roup B comprised of cells
treated with neuronal growth factor (NGF). NGF was idatiffor its trophic role for
different populations of neurons in the peripheriavoas system. [2]

Both groups were cultured in (DMEM 500 ml, 20% FoetalviBe Serum, 1%
Penicillin Streptomycin, 1% L-Glutamine) with 200 ng/ml NGFRded for group B. The
whole cell patch clamp technique was used. Two typeslofimas were used; one favoring
measurement of voltage dependeiitaid N& channels (1) and one favoring measurement of
voltage dependent €achannels (I). The composition of both solutions wasfalows
(mM): Pipette solution | - KCI 130, EGTA 10, Mg-ATP 8a&-ATP 0.4, HEPES 10, pH 7.2
(KOH). Pipette solution Il (mM) — CsCl 130, MATP 5, TEA-CI 10, HEPES 10, EGTA 10,
MgCl; 5, pH 7.4 (CsOH). The external (bath) solution | cored (mM): NaCl 110, KCI 3,
HEPES 10, CaCl2 10, Mgg&l, Glucose 5, pH 7.4 (NaOH). The solution Il contai(rai):
NMDG 115, CsCl 5, MgGl1, HEPES 10, BagPk0, Glucose 5 (10), pH 7.3 (CsOH).

Whole cell currents were measured using EPC 10 pdschpcamplifier (HEKA
Electronic). A standard patch clamp set-up was useperiment was controlled by HEKA™
PatchMaster software. The patch pipettes were pullech fborosilicate glass. Cell
capacitance varied between 6 and 16 pF in non diffieted and from 20 to 60 pF in
differentiated PC 12 cells. The results were analyzed vitihaSter and Origin 8.5.

Current-voltage (1V) relation for potassium current wiasasured by a series of 500
ms long depolarizing pulses from a holding potential (HR)6® mV to voltages between —
20 mV and +80 mV. IV relation for sodium current was sugad by a series of 5 ms long
depolarizing pulses from a HP of —100 mV to membraoitages between —90 mV and +60
mV. IV relation for calcium current was measured bseaes of 50 ms long pulses applied
from a HP of —80 mV to voltages between —70 mV andmY0

In non-differentiated cells two types of outward potassicurrent were detected —
delayed rectifier {p) and transient outward currenkA) (Fig. 1). In minor part of the cells
barium-carried current through the calcium channels absgrved (Fig.1 and Table 1). Na
current was not detected neither in Group A, nor iougrB.

After differentiation the absolute values of the regétdonic currents increased, but
as the cells increased also in size, this lead to decieaserrent density. Furthermore,
proportion of cells expressingal slightly increased and proportion of the cells expressing
functional calcium channels more than doubled.
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Figure 1. A — averagedy, and kp IV relation measured from non-differentiated geBs— averagedkh and
Ikp IV relation measured from differentiated cells; -€C averaged gl IV relation measured from non-
differentiated cells ; D — averageg IV relation measured from differentiated cells.

Table 1 Average current density amplitude measured at ¢l pf the IV-relation (§,) or at membrane
depolarization to +70 mV {p, | ka). N — number of tested cells; m — number of agith detected current.

Group ko (m/n) lka (M/N) lga (M/N) Ina (M/N)
A 90+12 (24/24) 4749 (9/24) -5+2 (6/26) (0724)
B 84+19 (7/7) 42+11 (3/7) -9+2 (8/15) (0/7)

The results obtained with native and NGF-treated celidiren that our PC 12 cells
function in the same way as it has been described lyth was demonstrated that NFG
treatment did not result in increase in the expressioMalf channels, but favored the
expression of Ca channels and Koutward channels.

PC12 line is a useful neurobiological model system meurobiological and
neurochemical studies and will be used for analysieffetts of silencing genes for calcium
channels on cell physiology.
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Introduction

Membrane potential is one of the most substantial plogicdl parameters of living cells
and their organelles. Mitochondrial membrane potentisirg from ionic gradients plays the
major role in cell bioenergetics. It is appropriate to eitplfluorescent probes for
measurements of the membrane potential in organeliels,as mitochondria, and in the cells
that are too small for microelectrodes. Carbocyanine thgdsng to the first and widely
used potentiometric fluorescent probes [1]. Thiadicayanime tribromide (TCBr) is a
fluorescent probe from the group of carbocyanines, vhias used only a short time ago [2,
3], and even without an appropriate explanation of itstsplechanges. That is why we will
examine, in the submitted work, the changes of the fhoere characteristics of TCBr at its
supposed interaction with mitochondria and we comphen with the ions triggered
changes.

Materials and methods

Mitochondria were isolated from hearts of adult male Wistats by differential
centrifugation (Hettich Zentrifugen Universal 320 R) while timmer membrane was
functionally fully preserved [4]. The isolation procedwvas performed at 4 °C and the
isolated mitochondria were diluted to the final concentratbrl.25 mg/ml in a buffer
solution. The mitochondria were stained with a fluoresceptobe N,N'-
di(3trimethylammoniumpropyl) thiadicarbocyanine tribromide (TZBpurchased from
Molecular Probes and used at the final

3 5 concentration of 5xI® mol/l. The
@E \/}—(CH:CH)Q—CH:< j@ fluorescence spectra were obtained using a
+
i) i)

LS45 (PerkinElmer) luminescence
{0H2)3 - l(CHg)E spectrometer. All the sample preparations
+1{T(CH3) ' +111(CH3) and measurements were carried out at
3 3

22+2°C and protected from light.

Thiadicarbocyanine tribromide (TCBr)

Results and discussion

The fluorescence emission spectrum of water solution ata¢giwn of 520 nm provides two
fluorescent maxima at 570 nm and at 667 nm (Fig la)adlition of KCI into the water
solution of TCBr, decrease of fluorescence intensityo@ nm will occur without any
significant change of fluorescence intensity at 570 Bependence of fluorescence intensity
at 667 nm on KCI concentration indicates a non-linearedese of the intensity with increase
of KCI concentration (Fig. 2). The decrease is probaaiysed by creation of non-fluorescent
species, maybe aggregates [5].

Presence of mitochondria in water solution induces oebtyahse of the fluorescence
intensity at 667 nm, while position of the peaks is simelasly preserved (Fig 1c).
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Fig. 1 Fluorescence spectrum of: a) TCBr in water (ekoite520 nm), b) TCBr in water (excitation 630nm) c
TCBr in mitochondria suspension, d) mitochondria.
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Fig. 2 Relationship between 667 nm-fluorescenégy. 3 Time dependence of 667 nm-fluorescence
intensity of TCBr (5umol/l) and concentration of KCl.intensity of TCBr a) without presence of mitochdadr
b) in presence of mitochondria. The data are espigks
as the means +SD of 6 independent experiments.

Interaction of the TCBr probe with mitochondria was recdrderring the period of 20
minutes. Fluorescence intensity decreases with time anelaghes the plateau after 12
minutes (Fig. 3b). Fluorescence of TCBr water solutionsdoet change within the
measurement error during the time of 20 min (Fig. 3a)

The presented results could be interpreted as accuanutatthe cationic carbocyanine dye
TCBr in intact mitochondria with preserved membrane m@&e[5].
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Changes in ryanodine receptor (RyR) gating were stedés be responsible for several
types of arrhythmias. It has been suggested that iremeldgR calcium sensitivity and/or
enhanced RyR activity at diastolic calcium levels leadmtancrease in cytosolic calcium at
the diastole and to activation of the sodium/calcium exchantpers initiating cell
depolarization and generation of delayed afterdepot#im and/or spontaneous action
potentials [1]. These events occur only upon adrenetigiulgtion.

Here we have investigated the effect of changed bas®ita and changed luminal
regulation of the ryanodine receptor (RyR) on the pmejig of the cardiac myocyte to
arrhythmias. A model of rabbit ventricular myocyte attipotential (AP), based on the
Shannon-Bers AP model [2,3], was developed and theemée of changed RyR channel
properties on initiation of heart arrhythmias was invettigia

The simulation was run for 300 s at a predefined détimn frequency to obtain steady-
state values of variables characterizing ion currents, bream potential, and calcium
concentration in individual cell compartments. External stittmdawas then excluded and
spontaneous behavior of the cell was observed. Urtdesiglogical conditions of a healthy
cell, no delayed afterdepolarizations leading to triggargitn potentials were observed.

Upon adrenergic stimulation, the sensitivity of RyR to calcinoreases. At the same
time, calcium concentration in the lumen of the sarcop@geticulum is elevated, thus
leading to increased activation of RyRs. Under these donditve were able to observe
triggered APs for certain
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generate spontaneous APs.
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The principal role of calcium channels and calcium iangriggering calcium release and
contraction of cardiac myocytes is well recognized. Hewethe mechanism by which
calcium signaling controls the intensity of calcium releaseaois well understood due to
stochastic nature of ion channel gating. This involvedagetdependent activation of
dihydropyridine receptor (DHPR) calcium channels, catetlependent activation of
ryanodine receptor (RyR) calcium channels and caldependent inactivation of DHPR
calcium channels. To disclose relations among thesegses, calcium release activation by
Ica was investigated at the level of local release sites wyiggl§) in rat ventricular myocytes
using patch-clamp, confocal microscopy and mathematicaleiimg. Calcium spikes, the
fluorescent signals proportional to intensity of local calciwstease, were activated by
temporally synchronized calcium current triggers. Syndhetion of calcium current
triggers was achieved by generating instantaneous ‘tiail’switched on by stepping the
membrane potential from the calcium reversal poterfiia;) to negative potential. The
synchronized trigger was modulated by duration of theytsepto \&, that modulated the
number of recruited DHPRs, and by the tail potential thadutated single DHPR channel
current amplitude and deactivation kinetics, and by the ®Higonist BayK8644 that
prolongs the mean DHPR channel open time. Effects ofhsgnized triggers on calcium
release were measured using the calcium dependentvatamti of calcium current and the
calcium spikes as local sensors of calcium releageeriErental records were approximated
by mathematical models of calcium current kinetics ahdcalcium spike kinetics that
allowed to estimated parameters related to calcium signalitign dyads, the tubulo-
reticular junctions. The coupling fidelity between DHPR &yR channels mediated by a
ions was determined using the temporal distribution of caldpike latencies and a model
based on exponential distribution of DHPR channel dpaas. The analysis provided the
first in situ estimate of DHPR mean open time of ~0.5 ms and estinfisabout 8 active
DHPR channels per dyad. The DHPR-RyR coupling fidelity voasd low in agreement
with prevalence of very short DHPR openings, inherenstbchastic gating, that did not
provide enough calcium to activate RyR channels. Howegespite low DHPR-RyR
coupling fidelity, the probability of calcium releaseigation was high, due to activation of
many DHPRs at individual release sites. Moreover, tfferdnce between efficiency of the
first and subsequent DHPR openings, and between paaatietequential DHPR openings,
was revealed and characterized.

It can be concluded that metabolic control of DHPR calaitiannels is tuned to control the
calcium release intensity by physiological stimuli that canfunction of DHPR channels.
These include modulation of single DHPR channels, like barmand duration of their
openings, and transfer the stochastic molecular behawigeliable cardiac function by
avoiding the danger of inadvertent triggering of calchetease.
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T-type or low-voltage activated calcium channels areadtarized by a low voltage
treshold of activation, small unitary conductance and fasttivation [1]. T-type channels
are blocked by multiple classes of drugs, including ailéptics, antihypertensives, and
anestethics [2]. They have high affinity to divalent [B¢idrivalent [4] cations.

Interaction of monovalent silver ions (Agwith Ca,3.1 calcium channel has been
described by Gromova and coautors [5], who tested different silver salts: AgCl and
AgNOs. Both forms of Ag blocked the C@.1 calcium channel. These experiments were
made using bath solution with nominal concentration ofigBis 171 mmol/l. High chloride
concentration may facilitate precipitation of Agons. The aim of our study was to
investigate the effect of Agon Cg3.1 in bath solution with low concentration of @ins.

Experiments were carried out on HEK 293 cells stablyasging the G&.1 subunit
of T-type C&" channel. The cells were grown in minimal essential nmediMEM) with
Earle’s salts, containing 10% fetal calf serum (vAQO L/ml penicillin-streptomycin, and
0.04 % (w/v) G418 at 3T in a humidified atmosphere of air/¢g@®5:5. The cells were
harvested from their culture flasks by trypsinization atated out 24-48 h before use in
electrophysiological experiments.

lon currents were recorded in whole cell configuratiorthaf patch-clamp method
using the EPC-10 patch clamp amplifier. All experiments ewearried out atroom
temperature in a bath solution containig (mmol/l): ;88:Na 135, HEPES 10, CaLP,
MgCl, and CsCl 5; pH 7.4 (NaOH). The pipette solution conthi(amol/l): CsCl 130,
NaATP 5, TEA-CI 10, HEPES 10, EGTA 10 and Mg6&j pH 7.4 (CsOH). Osmolarity of the
pipette solution was approximately 300 mOsm and osmolafitth® bath solution was
approximately 2-3 mOsm lower. L@mol/l Agcl, 1 umol/l AgCl and 10umol/l AgNGOs;
solutions were prepared freshly before each experirk@ntX).

Patch-clamp pipettes were manufactured from borosiligiates with input resistance
ranging between 1.6 and 2.5(MThe capacitance of individual cells ranged between 8 and
32 pF. The holding potential (HP) in all experiments wa¥)-V. The effect of the salts
was investigated using series of 50 ms long depolarizitgep applied from the HP to -30
mV with frequency 0.2 Hz. Current-voltage relations evereasured by a series of 40 ms
long depolarizing pulses applied from HP to membranentiate between -90 and + 70 mV.
Data were recorded using HEKA Pulse 8.5 and analyzddhEKA Pulsefit 8.5 and Origin
7.5 software.

AgNO; in concentrations 1Qumol/l inhibited the calcium current through the
expressed G&.1 channels in a concentration-dependent mannerbidbk was irreversible.

Higher concentration (10Qumol/l) of AgNO; were not fully soluble in our solution
and therefore were not tested.

AgCI dissolves relatively poorly in water, with maximum dxéu concentration 15
umol/l. Maximal concentration used in our experiment wasui®l/l. This concentration
blocked about 10% of the calcium current amplitude, bumdl/l AgCIl had no significant
effect on the calcium current.
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Figure 1 A: Voltage dependence of current densiffe#$ measured under the control condition andhe t

presence of 1@umol/l AgNOs;. B: Voltage dependence of current densities (I\@asured under the control
condition and in the presence of @fol/l AgCI.

The comparison of results of Gromova et al. with ourresults is in the Table 1.

Table 1
Gromova et al. (2003) This work
Concentration Amplitude inhibition (%) Amplitude inhibition (%)
1 umol/l AgClI 16.2 No effect
10 umol/l AgCl 24.3 12.1
10 umol/l AgNO; 20.3 5.5

Silver ions moderately inhibited the current through the esged C@&.1 calcium
channels. This inhibition was irreversible suggestingpirap Ag™ ion in a channel pore.

Blocking efficiency depend on composition of bath solutiming more effective in the
presence of high concentration of {©hs.
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The microstructure of aggregates formed by interactdnDNA with neutral
phospholipids either dioleylphosphatidylethanolamine (DORZE) dioleylphosphatidyl-
choline (DOPC), and alkanee-diyl-bis(dodecyldimethylammonium bromide) (CnGS,
spacer n = 2, 4, 6, 8, 10, 12) was studied usindlsaangle X-ray diffraction. The gemini
surfactants contain two alkyl chains and two quaternamp@mum groups connected by a
polymethylene chain (spacer). They are attracting growiteyest due to ability to form
aggregates with DNA [1,2]. They are perspective geglvaty vectors showing very good
transfection activityn vitro [3] andin vivo[4].

Three types of condensed organized cationic surfatipadtBDNA microstructures
were identified: i) spaghetti-like structures in which DNA ive®d by a cylindrical lipid
bilayer [5], i) condensed columnar inverted hexagophbse K;°) with linear DNA
molecules surrounded by lipid monolayers forming ireertylindrical micelles arranged on
a hexagonal lattice [6], iii) condensed lamellar phdsg With ordered DNA monolayers
intercalated between lipid bilayers [7] (so called sandvsizhcture). Recent data indicate
that lamellar complexesL{) have transfection efficiencies as high as those fdrimg
hexagonal phaséd(°) [8].

Small-angle (SAXD) synchrotron radiation diffraction expents were performed at
the soft condensed matter beamline A2 at HASYLAB at Deutsches Elektronen
Synchrotron (DESY) in Hamburg (Germany). The aggregatere prepared at isoelectric
point, CnGS:DNA = 0.5:1 mol/base in 0.1 M NaCl, and théam@tio CnGS:phospholipid =
0.15 mol/mol.

The fully hydrated DOPC forms a lamellar phase withrépeat distancd = 6.24+
0.01 nm and the fully hydrated DOPE forms a hexagphase with the lattice parameter
7.67+ 0.01 nm at 20°C. The repeat distadogas determined according to equatiba 1/s,
and for hexagonal phase, the lattice paramater given bya = 2/v3s, wheres; is the
position of the first order diffraction peak’s maximum.dresence of CnGS and DNA, the
aggregates have shown temperature dependent struditugwedity, as documents the Fig.1.

At 20°C, the DNA-C4GS-DOPC aggregate forms the lamellar phibel = 7.24+
0.01 nm, and also the DNA-C4GS-DOPE forms the lam@hased = 6.89+ 0.01 nm).
While the DNA-C4GS-DOPC aggregates have kept theiellamphase with increasing
temperature (not shown), in the DNA-C4GS-DOPE we hasemwed L°- H,° phase
transition. At 60° C, the coexistence of the lamellar phdse 6.29+ 0.01 nm) and the
hexagonal phasa €& 7.05+ 0.02 nm) is observed in DNA-C4GS-DOPE aggregates 1rig
After heating the aggregate up to ®) the hexagonal phase becomes dominant. We have
not observed any peak related to the DNA organizatiwden lipid bilayers what indicates
irregular packing of DNA strands in the sandwich strietggregates. Structural parameters
of the aggregates DNA-CnGS-phospholipid were evaluasea function of the length of the
spacer.
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Fig. 1: SAXD patterns of DNA-C4GS-DOPC and DNA-CAGS-O®#&ygregates.
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Voltage-operated calcium channels consist of four hogichl domains each
containing six transmembrane segments S1-S6 [1].SAheegments contain five to six basic
amino acids forming putative voltage sensors. Voltagedgnt openings and closings of
these ion channels are accompanied by movements db4hgegments, which could be
detected as so-called gating current. Gating currertisereable when inward ion current is
fully blocked. The aim of our study was to evaluate adility of trivalent cations —
gadolinium (Gd"), yttrium (Y*") and erbium (EY) as possible blockers of the @dl
calcium channel enabling measurement of gating current

Ca/3.1 calcium channel was permanently transfected into B&Kcells. Cells were
grown in EMEM (Eagle's modified essential medium), aonng 10% foetal calf serum, 100
U/ml penicillin and streptomycin and 0.04% G 418. Cellsenmarvested from culture flasks
by trypsinization and plated out 24-48 h before uselétct®physiological experiments.
Inward and gating currents were measured by wholga#th-clamp method.

10 mM stock solution of Ergl GdCE, YCl; were prepared daily in deionized water
and diluted into experimental concentration prior to the expatime
The bath solution contained (in mM): HEPES 10, G&ZIMgCh, NMDG 140; pH 7.4 with
HCI. The pipette solution contained: (in mM): CsCl 130, MgPAg, EGTA 10, HEPES 10;
pH 7.4 with CsOH. Osmolarity of pipette solutions was mesbu(typical value
approximately 300 mOsm) and osmolarity of bath solutias adjusted by adding glucose so
that the final value was by 2-3 mOsm lower, than osmglafibath solution.

Whole cell currents were measured using EPC 10 pderhpcamplifier (HEKA
Electronic). Patch pipettes were pulled from borosilicgass. Typical cell size was between
16 and 45 pF. Access resistance was typically betw&eangl 5.0 M.

Data were recorded with HEKA Pulse 8.5 software antyaed with HEKA Pulsefit 8.5 and
Origin 7.5 software.
Holding potential was -100 mV in all experiments. Gatingents were measured by 50 ms
long depolarizing pulses to membrane potentials betw&emy and +70 mV. Symmetrical
capacity transients and linear leak current were subtragt®-8 procedure. Three identical
pulses were averaged for each trace. Charge movenantownsistently observed in cells
with amplitude of inward current 1 nA or bigger. Asymneatl charge movement was
evaluated by integrating the area below charge transiseireed at the beginning  and
after the end of each depolarizing pulsexQ

Three criteria were used to evaluate suitability ahezation:

1. efficiency of the inward current inhibition

2. kinetics of current block development

3. cation must not influence charge movement itself.
First, we tested the concentration dependence of thedneuarent block. Experimental data
were fitted by Hill equation. Fitting procedure resulted @3pland Hill coefficient values
3.120.7 nM and 0.87+0.12 for &r 3743 nM and 0.76+0.05 for Gdand 357 nM and
0.55+0.50 for ¥*. Er* blocked the C#.1 channel ten times more effectively tharf Gahd
Y3*. All three tested cations inhibited inward calcium curreith comparable kinetics.
Finally, we evaluated the effect of concentration nfatent cations necessary for complete
block of current on gating current. Both tdand Y** in concentration necessary for
complete current block inhibited also the gating currgnt; in concentration of 30 pM was
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able to inhibit fully calcium inward current without inteiifeg with the gating current.
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Figure 1. Dose-response curves of the inhibitiorimfiard calcium current through al channel by trivalent
cations.
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Figure 2. Block of inward calcium current througla, &1 channel by trivalent cations. Beginnings ofheac
current record are enlarged in the botton panel.

In conclusion, most suitable calcium current blocker tfee analysis of gating currents
originating from the C@.1 channels was &r

Acknowledgement
This work was supported by the Slovak Grant AgeviE{5A, project No. 2/7001.

References
[1] F. Hofmann[. Lacinova, N. Klugbauer, Rev. Physiol. Biochemaihacol. 139 (1999) 33-87.



62 SKBS 2008, FMFI UK Bratislava

P10
Interdisciplinary proof of lead in placenta — contribution for diagnostic
practice

M. Simerd? V. Foltir®®, M. Morvov&, E. Ned, J. Foltinova

! Institute of Histology and Embryology, Faculty Medicine, Comenius University, Sasinkova 4, 81108
Bratislava, Slovakia, e-mail: msimera@gmail.com

2 Department of Experimental Physics — Plasma PhyBivision, Faculty of Mathematics, Physics and
Informatics, Comenius University, Mlynska dolina288 Bratislava, Slovakia,

% Institute of Natural Sciences, Humanities and &loStiences — Division of Physics, Faculty of Meatbal
Engineering, Slovak Technical University Bratislai@mestie slobody 17, 812 31 Bratislava, Slovakia

* Department of Astronomy, Physics of the Earth Btetieorology — Enviromental Physics Division, Faguf
Mathematics, Physics and Informatics, Comenius &hsity, Mlynska dolina 84248 Bratislava, Slovakia
SUmweltmedizin Institut, Feucht bei Nirnberg, German

Introduction

Environment plays important role in the rise of diseasesombt in case of the
respiratory system [1, 5] but also in case of othetesys of human organism [2, 3, 6, 12,
13]. Lead is toxic for hemopoetic, nervous and exeyesystem of developing fetus. Normal
placental levels of lead were found to be 0420,9 ug/g, whereas lead in placentas from
stillborns was 0,4% 0,32ug/g [8]. The mechanism for the transport of lead to thegmta is
not well defined [7, 10]. The microscopic studies and imahistochemical analyses have
demonstrated that the syncytiotrophoblast is the site ¢élatkionein synthesis, a protein
that binds cadmium, lead and may also enhance transptiré @ssential trace metals zinc
and copper [9, 10]. The primary mechanism for tramgpital lead transport is probably
simple diffusion and is probably related to fetal blood flate. It is suggested, however that
fetal tissue levels may be influenced by calcium trarispod intracellular calcium
metabolism. However, although maternal and umbilical ddabd Pb levels were low,
maternal blood Pb concentration was significantly linkedh tdecrease in Gauptake by
syncytiotrophoblast. This suggests that exposure to essnlow levels of Pb significantly
modifies C&" transfer in syncytiotrophoblasts [4, 6, 8]. In this inigciplinary study we
have paid attention to placenta, which represents impastgan in the life of developing
fetus.

Material and methods

In this work we prepared and evaluated sections frorsiexs of placentas of 104 healthy
patients. Excisions from placenta were fixed in AF@lcehol:formol: acid in the ratio 12:6:1
for light microscopy and in 3 % glutaraldehyd for SERn the 7um thick paraffin sections
we carried out the following histological staining methods:

1.New methodical approach after Foltinova et al. [6], whi&leombination of Mallory
and Parker method for proof of lead. Documentation ease by light microscope
Nikon Labophot 2, (Japonsko, Tokyo) at magnifications 2@@O0x and by Olympus
Camedia C707. Positivity in lead is manifested by turquisengcelour.

2.Concerrently we have studied identical samples from pladsntaeans of SEM using
X—ray microanalysis. We used SEM JEOL JXA 840 A elecpmwbe microanalyzer.

3.Concerrently we have studied identical samples from ptacby means of infrared
spectrometry using Kbr pellet making technique. We useftared spectrometer
SPECORD M80, Carl Zeiss, Jena (Germany).

Results and discussion
In the microscopic structure of placenta lead shows pitgitiend character of
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phagocytosis in the same places of the surface partyoéytsotrophoblast that is
neighbouring to the flowing mother’s blood (Figure 1, 2).

[ . \ ) 3 PN ey
Figure 1 Placenta — proof of lead. Cumulation of Figure 2 Placenta — the same sampleri bellow, in
lead deposit in erythrocyte(). Proved by new SEM. Magnified 400 x.
methodical approach after Foltinova et al. Magudifie
400 x.

On the IR spectrum of placenta (Figure 3)eaag of protoporfin (denoted as 4) into
bilirubin (3) can be seen. From metals presence of ieadater soluble Pb(N£), was
recorded (denoted as 6). This compound is soluble®odioo. If we assume that lead comes
from exhaust gases or as a residuum deposited in &futtees located near highways, we
may conclude that interaction of the metal with,Nifien occurs giving

4000

Figure 3 IR spectrum of placenta.

Pb(NQy), as a result. This compound frequently occurs in snsok®Q)* residues have
their origin in reactions and processes occuring on thed 8VRNA, DNA, ADP, and ATP.
Because of large amount of moisture in the original extssemd impossibility to dry them at
high temperature there remained 10-30 % of moisture im.tAs a result — OH band at 3600
cm™ appeared in the spectrum.

Conclusion

Lead accumulated in placenta and found by a relialdegaick method, as we have done and
presented, may help in prevention of the hyperkineticisyme of children immediately after
the childbirth in the hospital, because the presenceadfih the body is one of the reasons of
this syndrome. Validity of this method has the same degfréaportance as the method for
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proof of IgE for revealing allergic terrain in a newdprn child. These results emphasize
importance of physicists for the work in a medical reseéeam.
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Introduction

Several studies were elaborated, which examinednfluence of storage on the whole
blood or erythrocytes, eventually. They monitored thituegmce on electric properties of
membrane [1], biophysical, morphological and rheologitenges [2 - 4] and also influence
of storage on other kinds of biological membranes, f@amgte plasmatic membranes of
sperms, was studied [5]. However, we did not sutdédenow in finding an article in
literature, which is devoted to storage of insulated ergthieomembranes. That is why the
aim of this work, with reference to other measurements to find out the influence of
storing of insulated erythrocyte membranes on the valfilaorescence anisotropy, as well
as to investigate the possibility of objective comparisor whe results of measurements,
which are performed on samples of membranes of h@madhrocytes prepared on the day of
blood taking and also on the stored samples.

Material and methods

Biological material — human blood — came from seveluntary normal (healthy) adult
donors of both genders aged from 20 to 25 yearghAldonors agreed with utilisation of the
blood and they were informed about its use. The bloodtaken in cooperation with the
Neurologické oddelenie Fakultnej nemocnice (Neuroldgpartment of Faculty Hospital) in
Bratislava. A blood sample was processed within 12 dhadier the taking, while it was
stored in coldness at the temperature of 4°C all the timepalPation of erythrocyte
membranes — ghosts — was carried out by a standardodhetccording to Hanahan
and Ekholm [6] with petty adjustments. The samplesewstored at -30°C to -40°C in
darkness for the period of 2 days. Membrane fluisvigs evaluated with the degree of
fluorescence anisotropyMeasurements of the fluorescence stationary anisotriopy
erythrocytes membranes were performed at spectrafieter Perkin-Elmer LS 45. During
the measurements, fluorescent probe DPH (1.6 — diphdn$|5 — hexatriene) was used. The
resulting DPH concentration in the sample was 1.5".n6l/I, the final concentration of the
insulated membranes was 0.5 %. The measurementsareied out at the room temperature
(22+2°C) and at the temperature of a human body (3Z¢2Fhe Student pairing t-test was
used for the differences within the same group, caugekedinfluence of the storage. As the
criterion of the statistical significance, the value= 0.95 was chosen for the level of
statistical significance.

Results and discussion

We found out that after the storage of the samfieszing and defrosting) integrity of the
membranes retained, which is testified by the meastakes of the fluorescence anisotropy
in the range 0.194 — 0.229 measured at 37+2°C, angerf.236 — 0.260 measured at
22+2°C. If corruption of the membranes integrity ocedirthe values of the fluorescence
anisotropy would have the span about 0.1. The measutswere carried out on the samples
also after approximately 10 months, however, valuesualf.12 were measured, which
provides the testimony on corruption of membranes intactness
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Fig. 1 Sorage effect of insulated membranes leig. 2 Sorage effect of insulated membranes of
erythrocytes on the value of fluorescence anisgtrapythrocytes on the value of fluorescence anisgtrop
of probe DPH (blue — check, green — stored sampié)probe DPH (blue — check, green — stored sample),
the measurement was carried out at 22+2°C. e measurement was carried out at 37+2°C. The
values are introduced as the mean + S.D. fronvalues are introduced as the mean + S.D. from 7
independent experiments independent experiments. Significantly differenthwi

p <0.05

When measuring the anisotropy at room temperature 22#206Csignificant change for
stored erythrocytes membranes was observed in compavitothe fresh prepared samples
(Fig. 1). When measuring the fluorescence anisotraggraperature 37+2°C, a significant
increase of stationary fluorescence anisotropy by 4.®teéarred for the stored samples, in
comparison with the fresh prepared samples (Fig. 2¢ diffiect is probably caused by
increased peroxidation of lipids at a higher temperaturéchmvill not manifest itself at
temperature 22+2°C yet.
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Introduction

Insulin secretion is coupled to cytoplasmic and mitochondri@tabolism of pancreatig
cells, techniques assessing live cell redox state henmefore of interest. NAD(P)H/Flavin
redox fluorimetry is based on modulation of the intrinsgtt iluorescence by change in the
cell redox state; NAD(P)H exhibiting increase of fluoreseeme reduced and flavins
exhibiting increase of fluorescence in oxidized statee futheir spatial overlap and overlap
in their fluorescence excitation and emission spectra, migogsesing multiple excitation
wavelengths is necessary for understanding the congul®fluorescence signal. To apply
multiple excitation fluorescence microscopy approacimamitor cellular autofluorescence
changes, to decipher NAD(P)H and flavoprotein autofls@eace changes and relate them to
actual mitochondrial and cytoplasmic redox state in livirlgce

Materials and methods

Rat insulin-secreting INS-1E cells [1] were cultured ascdbed previously [2]. Before the
experiments, cells were washed and equilibrated in bak#ian and placed in POC-mini
(Zeiss) open chamber equipped with 38€perfusion at 0.5ml/min. Fluorescence imaging
was done using Axiovert 200 (Zeiss) microscope equipgtddmercury lamp Fluo Arc HBO
100 (Zeiss) (25% output power) illumination with a Pheefluar 20x/0.5 NA.
Nondescanned autofluorescence was collected througtbiced standard Filter Set 40
(Zeiss) (BP 360/51,485/17,560/18 / TFT 440+450+570 / #BB+520+600) using CCD
camera PentaMAX (Princeton Instruments) controlled byinSpec/32 (Princeton
Instruments) and in-house developed software MTB ExmarinmRegions of interest100
pixel ~40unf) of intracellular areas in background corrected irsagere outlined and
fluorescence intensity extracted using in-house developedC8Bier.
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Fig. 1 Triple channel excited INS-1E cell autofluoescence. (A)Wide field (top) and fluorescence
microscopy images of cellular autofluorescenceesponse to band pass excitation light. Cells aodileated
in basal solution containing 50 uM 2,4-DNP, baresponds to 50 pn(B) Left Mean+SEM (number of cells)
fluorescence intensity of cells equilibrated in &da@.5 mM glucose) solution (basal) and basal tswiu
containing 50 uM 2,4-DNP (DNP) or 10uM rotenone amM NaCN (rot.+NaCN).Right 360:485 nm
intensity ratio and 485:560 nm intensity ratio ohas
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(denoted by arrow) to basal solution containing®® 2,4-DNP (DNP) or 15 mM glucose (high glucose).
(Number of cells, meantSEM)

Results and discussion

To achieve simultaneous monitoring of multiple channelitedcautofluorescence, using
combined filter set and in-house developed software MXBeriment we minimized the
total fluorescence acquisition time to 30s. The 560/18 roiieekINS-1E autofluorescence is
localized to bright spots. The source of this redox-remponsive signal could be lipofuscin
deposits and lysozomes [3]. The source of 485/17 muiteel redox responsive
autofluorescence are flavins and flavoproteins locdlinemitochondria, however in addition
there were also high intensity fluorescence spots quarlg with 560/18 nm excited
autofluorescence. We therefore introduced the 485:56htensity ratio that reflects flavin
autofluorescence changes at 360/51 nm excitation, tleeefloence of both flavins and
NAD(P)H is responsible for the cellular autofluorescengead. We therefore introduced the
360:485 nm intensity ratio that reflects the NAD(P)H clemngObserved changes of both
ratios correspond to increased oxidation of coenzynmekiced by uncoupler 2,4-
Dinitrophenol or increased pool of reduced coenzymésr afihibition of respiration by
rotenone and sodium cyanide. To apply this approaémaging of INS-1E cell metabolism,
we recorded autofluorescence changes of cells exposedntinuous perfusion. Cellular
response to application of 2,4-DNP was delayed by tabh@Q s and observable in both
intensity ratios, suggesting that mitochondrial oxidation chube of autofluorescence
changes. On the other hand, 15mM glucose stimulationulteds in immediate
autofluorescence response, however, increase in 3BOMB intensity ratio was not
accompanied by simultaneous 485:560 nm intensity ratio geharsuggesting that
predominantly cytoplasmic NADPH reduction is responsiiolethe 360:485 nm intensity
ratio increase.

Conclusions.We have successfully applied multiple excitation fluoreseen&roscopy to
record INS-1E cell intrinsic fluorescence, introducedragph to decipher NAD(P)H and
flavin autofluorescence changes and demonstratedésilpe use for detection of cellular
metabolic stimuli responsiveness.
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Surface-enhanced Raman and fluorescence spectro8&RS and SEFS) were
applied in the study of the interactions of photodynaithicactive compound hypericin
(Hyp) with low density lipoproteins (LDL) and phosphatidythe (PCH). The SERS and
SEFS spectra of Hyp in the presence of LDL and PCH wecorded using excitation line
514 nm in the interval 200-8000 &mwhich enabled us to obtain simultaneously information
about vibrational and fluorescence properties of Hypmfrthe same spectrum. The
fluorescence part of the spectra informs about the sfasggregation of Hyp molecules,
which is an essential information from the point of viefattee biological activity of Hyp.
The Raman part of the spectra provides information tatibvational properties of Hyp due
to significant enhancement of the Raman bands of tHeames of Hyp, which are in the
vicinity of the surface of the Ag colloid particles usedour study as the substrate for the
surface-enhanced spectroscopy.

At constant concentration of Hyp, the intensity of SERStspeof Hyp increases
with the increasing of Hyp/LDL ratio. With respect to thedry of the enhancement of
intensity of Raman signal in SERS it was suggested, thatvaHyp/ LDI ratios (Hyp/LDL<
30:1) the molecules of Hyp are localized in the innet prLDL particles, which prohibits
the direct contact of Hyp with the metal surface. Whemtimaber of Hyp molecules per one
LDL particle is high (>100 :1), certain amount of them al@zed in the phospholipid outer
shell of LDL and in this situation these molecules arer tiea surface of colloid particles,
which consequently lead to the enhancement of Rangmalsof Hyp. Fluorescence part of
the spectra shows a new band in the red region of #arap(~750 nm) at high Hyp/LDL
ratios (>100:1). This band is attributed to the formatiomxafimers of Hyp. The increasing
of PCH concentration leads to the higher intensity of dathréscence and Raman spectra of
Hyp. This is due to higher solubility of Hyp in the prase of high concentration of PCH.
Small, but detectable changes in the positions dativee intensities of Raman bands of
Hyp were registered upon interaction of Hyp with LDL amd?€H in comparison with the
SERS spectrum of Hyp alone.
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Serum albumins are the most abundant plasma proteinsatribute significantly to
many transport and regulatory processes. These psdb@mad a wide variety of substrates
such as metals, amino acids, fatty acids, hormones amdpaessive spectrum of therapeutic
drugs [1]. The effectivity of drug transport in biologicalganism dependalso on the
binding ability and kinetics of interaction of transportedgdrwith plasma proteins including
serum albumins.

Hypericin (Hyp) is a natural photosensitizing pigment ogag in plants of the genus
Hypericum.Hyp under light illumination displays antiproliferative angtatoxic effects on
many tumor cell lines [2, 3]. These properties togethigh minimal dark toxicity, tumor
selectivity and high clearance from the host body makp Biyery promising agent in
photodynamic therapy of cancer

Because of the perspective of pharmaceutical utilizatfoRyp, its interaction with
albumins (human serum albumin (HSA) and bovine sealimmin (BSA)) has been widely
studied [4, 5]. The binding constant and binding sitetli@ interaction of Hyp with HSA
have been determined [4, 5]. On the other hand, thdingrconstant of the interaction of
Hyp with BSA has not been determined yet, however, Raspactroscopy studied revealed
different mode of Hyp interaction with BSA in comparisoithiHSA [5].

The increase of the Hyp fluorescence with the increasiadpbumins (BSA and HSA)
concentrations in aqueous solution was used for the deggran of the binding constants
for the interaction of Hyp witlhoth HSA and BSAOur experiments show that the affinity of
Hyp for binding to HSA is higher in comparison with binglim BSA.

Fluorescence spectroscopy was also used for the stidpe kinetics of the
incorporation of Hyp into BSA, and HSAL has been shown that Hyp is incorporated into
both albuminswith characteristic lifetime about tens of minut&¥e can concludehat
binding of Hyp into serum albumins is relatively slowogess and this fact should be
considered when Hyp is administered into a biologicalrosga.
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Hypericin (7,14- dione- 1,3,4,6,8,13- hexahydroxy 110, dimethyl- phenanthrol
[1,10,9,8- pgra] perylene) (Fig. 1) is a naturally occurring anthraqumeynthesized by
OH O HO plants of the genullypericumand is for its photosensitive properties
very interested for photodynamic therapy (PDT) of easc[l].
Photoactivated hypericin shows antiproliferative and cyioteffects
towards various cancerous cell-lines [2]. After its liglutivaation
generate the reactive oxygen species as singlet oxpugmeroxide
anion, hydrogen peroxide and as well as activates eathdsignaling
pathways [1]. Hypericin can be localized in different £atganelles
(mitochondria, endoplasmatic reticulum, Golgi complex¥[3%].
Concentration and localization of photosensitizers (includihypericin) in cells
significantly affect the efficiency of PDT. By using fléscence spectroscopy we
investigated behavior of hypericin in isolated mitoch@ndnd human glioma cells U-87
MG, respectively. The measurements were performed loarescence spectroscope
Shimadzu RF-5301 PC by excitation wavelength 488 mdhegmission between 500-700 nm.
It was demonstrated that the intensity of hypericin #soence depends on its
concentration and incubation time in both model systems. Anlimtaease of hypericin
fluorescence due to its dissolving in lipid environment of amtmdria was followed by
gradual decrease of fluorescence
in all studied concentrations (Fig. ] - A) =] B)
2A). On the other hand, we also- | . -
demonstrated that after extractions | * £ ol
of intra-mitochondrial content of ]
hypericin in 100% DMSO the : . : Sl |
fluorescence intensity increases | - o
linearly (Fig. 2B). This implies
that there is an aggregation effect o o

at higher hypericin Figure 2: Saturation of isolated mitahondria with
concentrations in isolated hypericin. A) Saturation of mitochondria with hypericin
mitochondria.  Similar  results PBS B) Mitochondria loaded with hypericin in DMSO.

were obtained in U-87 MG cells.
High concentration of hypericin in culture medium, whititin’t affect the cell survival, was
used for uptake time course study. Measurement of eltuder hypericin fluorescence levels
showed an initial increase following by a slight decregisie incubation time.

Our results indicate that concentration of biological activaanweric form of hypericin
could be significantly lower in comparison with overall ambof hypericin incorporated in
mitochondria or cells.

O H

. OH O .
Figure 1: Hypericin

5 8004
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Introduction. Fluorescence confocal microscopy is a powerful riepe for
observing intracellular structural and metabolic detailsfoldnnately, microscopy data is
distorted by several types of signal degradation and rsmisrces. Deconvolution can be used
to overcome or minimize most of these drawbacks [1]. M&ngwn deconvolution
algorithms are sensitive to proper PSF estimation andnedeas specification.

Aim. To investigate influence of parameters of selected dedtation algorithms on
their behavior, to optimize their performace by meanmeasuring the image quality by
wide-spread assessment criteria and to apply thesel tafgorithms to fluorescence
microscopy data.

Materials and Methods. The tested algorithms were: the Richardson-Lucy (R-L)
algorithm for Poisson noise distribution (RLP), the R-L &thon with Tikhonov-Miller
regularization (RLPTM), the R-L algorithm with total vareat regularization (RLPTV) and
the R-L algorithm based edge preserving algorithm widifférent regularization functions
(RLEDGE1-4) [2]. Data format and used algorithms weaeelll on an open-source project
f3d [3].

In testing, artificial computer generated set was useambnsisting of several
voxelized three dimensional geometrical objects with conttaitise level and degraded by
confocal microscope's PSF estimated using ImageJ (NIH) girplu
(http://bigwww.epfl.ch/demo/deconvolutiondp/ Real confocal data was scanned using the LSM 510
Meta (Zeiss) microscope with Plan Apochromat 100x/1,jeatlve, Hoechst stained and
excited with 405 nm UV laser. Data was provided byAarkas (UEE SAV, Bratislava).

Performance of selected algorithms
with different values of a regularizatid
paramete (weighting factor) was evaluatg
using established image quality measurg
the MSE (Mean Squared Error) and SSf
(Structural Similarity index). These measufs
were implemented according to [4].

Fig. 1: Generated test data, z-axis central slice (top
left), cross section intensity lapse on line o@tir{top-
right). Blurred original data (middle-left) and its
intensity cross section (middle-right). Deconvolved
test data using RLP algorithm — 18 iterations (att
row).

150 200
Distance (pixels)

Results and DiscussionDeconvolved data showed reduced noise level for every
algorithm. Distorted light intensities were assigned to thagirospots due to deconvolution
more than in original data. Best deconvolution results étin lneasures were achieved using
the RLEDGE3 algorithm. MSE was minimal for regularizaticargmeterA = 0,001, but
SSIM was optimal foA = 0,1. This difference showed a need for anotherosscsection
intensities comparison, where the RLEDGE3 algorithm achasgradation of homogenous
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intensity areas and its results were outperformed &RIbP algorithm. Our results indicate,
that the MSE and SSIM measures alone are not robust lerfiougpecification of optimal
deconvolution parameters and optimal number of iteratiamsh&r investigation in this area
- such as proposal of different quality measuremetdrai is needed.

Confocal chromosomal data was deconvolved using thmnpeter optimized
RLEDGES3 algorithm and the RLP algorithm. RLEDGES algonitteassigned fluorescence
to narrower bands with higher intensity values when coetpéa RLP. Results of both
algorithms showed reduced noise level and significantiyroved z-axis resolution - thus
allowing us to distinguish fluorescent chromosomal strudbareds, which were otherwise
blurred by neighboring layers and noise. Such procassges are eligible for precise DNA
cytometry, segmentation algorithms and further 3D cetl@hprocessing.

Fig. 2: Central slice of Drosophila melanogaster chromospmeginal data (left), deconvolved using RLP 18
iterations (right), Hoechst, LSM 510 Meta (Zeis8p4/1,4, 405 nm excitation. Dr. FarkasS (UEE SAV,
Bratislava).

Conclusions. Deconvolution algorithms are important in fluorescence rsewpy
when dealing with noise and blurred data. Regularizg@yameters are noise- and specimen
dependent and should be carefully investigated fdr epecific application.
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Thrombin is a multifunctional serine protease with prgotent and anticoagulant
functions. Because of its pivotal role in both thrombasid hemostasis, thrombin is a major
target for anticoagulant and cardiovascular diseaseapeA novel approach in thrombin
activity regulation is based on its interaction with DNAtamers. The first aptamer
developed for thrombin was reported in paper by Brick. [1]. This aptamer is composed of
15 nucleotides of the sequence 5-GGT TGG TGT GGT TGG@EBRI) and specifically
binds thrombin at its fibrinogen binding site [2]. Lat@gsset et al. [3] developed longer
DNA aptamer against heparin binding site of the thrombifollowing basic sequence: 5'-A
GTC CGT GGT AGG GCA GGT TGG5GT GAC T-3'. The underlined part (HEPA)
corresponds to the binding motif of this aptamer thatss eomposed of 15 nucleotides. A
unique peculiarity of these aptamers is formation of ifipelbinding motif composed of
guanine quadruplex. This is shown on figure below whiee structures of FIBRI and HEPA
are presentedt is seen that quadruplex consists of two guanine ersatihat are stabilized by
cyclic hydrogen bonds and connected by specific lobpthe case of FIBRI there are two
TT loops and one TGT loop, while for HEPA i substituted by Aand GCA replaces TGT
loop. It has been suggested, that substitutions of ntisésoin the loops of HEPA should
have unfavorable structural consequences on quadrigi@ation and additional stabilizing
factors of flanked sequences of spacers and duple2Qimer are necessary in order to
provide stability of quadruplex core [3, 4]. Howevdristassumption has not been confirmed
so far experimentally.

In this work we performed comparative analysis of thaperties of G-quadruplex in
FIBRI and HEPA by means of CD spectroscopy at presehpotassium and sodium ions. In
the first series of experiments we measured the CD speicthe two aptamers at presence of

various concentrations of potassium
FIBRI HEPA ions. In absence of potassium, CD
spectra showed low band amplitudes,

/Ga\ /%\ indicating small content of guarline

T 1{7 A G, quadruple>_<es. With increasing K

_G___/_g _____ X G/gG concentration the ar_nphtude of positive
15_—_’_’_’_41_G16—"’ ° FLliemn 41016’/ | and negative bands increased. The sharp
" . Gs-d-----Gy | __Gs-{-----G; maximum at 292 nm and deep
Ga \ fG1{’ / T \ _I-_G11” / minimum around 267 nm indicates
- }K/D \T 3 A formation of antiparallel guanine
19— Tiz 1 —Trz quadruplex [5]. Presence of sodium ions
Figure 1 Structures of FIBRI and HEPA aptan  IN @ concentration of 140 mM has
binding motifs unfavorable effect on binding of

potassium for HEPAwhereas FIBRI-

K" complex were only slightly affected.
In spite of hindered interaction of aptamer with potassatipresence of sodium ions, HEPA
aptamers form stable guanine quadruplexes at high@sgiom concentrations. We have
shown that the substitution of certain nucleotides in ABR purines and absence of flanked
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sequences did not disrupt formation of high ordered guamirelruplexes at presence of
potassium ions. From quantitative analysis of aptamers foldimgestimated dissociation
constants and determined changes in Gibbs energy. Madses showed slightly lower
stability of HEPA-K complexes in comparison with those for FIBRI.

For further comparative analysis of the stability of begpkamers we investigated their
thermal stability from CD melting profiles at presencesitfier sodium or potassium or both
cations. The plot of the amplitude of ellipticity at 292 nmaafinction of temperature for
both aptamers has sigmoidal shape and with increasithg ¢émperature the CD magnitudes
decreased. At 50 mM KCI, the results of thermal meltinglysis indicate slightly higher
thermal stability of FIBRI-K in comparison with HEPA-K complex. Presence of sodium
ions caused decrease of melting temperature and chamges't Hoff entalpy of both
aptamer — potassium complexes. However, larger urdalerinfluence of Naon the
stability of HEPA-K' complex was observed. Decrease in thermal stabilityestepce K
and N4 ions is probably caused by competition between theseations.

Different thermodynamic properties of both aptamersovolalso from analysis of
their transition temperatures as a function of aptamer otrat®ns. We observed increase
of T with increasing HEPA concentration, but for FIBRI the Vialue did not depend on
aptamer concentration. This phenomenon for FIBRI veg®rted earlier and suggests that
this aptamer is in monomer form at wide concentrationadfig7]. This suggests different
behavior of both aptamers in solution. While FIBRI is inrmomeric form at rather wide
concentration range, the HEPA forms aggregates at higineentrations that could stabilize
guadruplex structure.
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Magnetic particles coated with various biorecognition elemésuch as antibodies,
oligonucleotides, streptavidin, etc.) have proved to beepfmivtools for specific capture and
separation of biomolecules [1]. In connection with eledtemical detection, the magnetic
beads have successfully been applied in analysis @éatide sequences, antibody-antigen,
aptamer-ligand or DNA-protein interactions, chemical ricaiion of DNA, monitoring of
DNA in vitro synthesis etc. Contrary to electrochemical biosensamgprising an electrode
modified with the biorecognition layer, in the magnetic dsebased (double-surface, DS)
techniques the interaction and detection steps are pedoonedifferent surfaces. One
interacting partner (e.g., capture DNA probe or antibaslgnchored to the magnetic beads.
The beads possess large surface and offer effiammimulation and separation of the target
molecules. Then, optimum detection electrodes andretdemical methods can be chosen
only with respect to properties of the target moleculeaAety of DS techniques have been
proposed to detect DNA hybridization and/or mutations icleatide sequences. These
approaches include label-free determination of purireedat mercury, amalgam or carbon
electrodes, DNA labeling with electrochemically active msm complexes, enzymes,
nanoparticles or carbon nanotuljés A novel DNA labeling strategy has recently been
proposed, based on synthesis of deoxynucleoside tpphates conjugates with various
electroactive moieties (such as ferrocene [2], aminonitno phenyl groups [3]) and
incorporation of the modified nucleotides into DNA by BNbolymerases. Similar DS
techniques have been employed in ultrasensitive eléenoical immunoassays as well as in
monitoring DNA-protein interactions [4].
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Solid-supported lipid films have proved very useful bathbiomembrane mimetic
analogs and as a basis for electrode modifications icdhstruction of sensor devices [1].
The films are prepared in quite different manner, inclgdiiposome spreading, self-
assembly, Langmuir-Blodgett (LB), transfer of lipid monolsygom air/water interface to a
hanging mercury drop electrode surface or cast Bichitique [2 and refs. therein].

Alternative methods of formation are achieved through sstee thinning of layers
of lipid material deposited directly onto the solid substrafe3]. The films in this work are
prepared from forming solution containing natural lecithinsaliged in n-hexane - with
concentration 10 mg/ml. This film-forming solution is placedaban electrolyte solution
(0,2M KCI). With an electrode immersed into the film-forgirsolution of lipids two
interfaces are formed: 1) lipid solution/electrode intexfaend 2) electrolyte/lipid solution
interface. Due to the amphiphylic nature of the lipid rooles a spontaneous lipid adsorption
begins and generation of ordered molecular structimeshe form of self-assembled
monolayers on the two phase boundaries takes plaegediter, the development of a thin
wetting film is achieved gradually approaching the above-imesd interfaces one to
another. The process of film thinning starts with theimtaot. The thicknesses of these self-
thinned films in most cases are of the order of 100-208hen glassy carbon or gold are
used as solid supports. Films formed on the,Sidface of a Si/Sipwafer are usually 500-
1000 A thick.

Additional thinning of these wetting films and preparatidmmnolayer or bilayer
lipid films is achieved by the method of electrostrictiém external electrical voltage is
applied to the self-thinned lipid films. The electrostrintigenerates additional external
pressureP that leads to the thinning of the film. This forced precekthinning stops at a
new equilibrium film thickness when equilibration of tlienfdisjoining pressurél(h) with
the pressur® caused by electrostriction is achieved, i.e [4]:

gV, 2
0 2Ih2LF (1)

Here Uk is the external potential on both sides of thedliplm; h is the film
thickness obtained from the film capacitance vatues the dielectric constant of the filreg
(8.854%10"% F/m) is the permittivity of free space.

Depending on the type of the solid support differelmaracteristics of the external
potential are necessary for obtaining stable mondilayer films.

Representative results for glassy carbon (GC) laoevs in Fig. 1. As seen from the
figure the process of thinning undergoes threesthiiit stages: 1) a stage where the changes
in the thickness of a "thick" film are reversiblggendent on the applied potential, 2) a stage
where the film spontaneously undergoes an irrebkrsiansition to a new stable state and 3)
a stage where the applied potential practicallysdoet change the thickness. Thus using
electrostriction caused by DC-potential with voeiag the range above +0,7 V vs. Ag/AgCl a
stable thin lipid film is obtained. According toettestimated thickness and bearing in mind
the hydrophobicity of GC the type of these filmsilkcbbe considered as monolayer.

MNM=°P=
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Fig.1. a) Dependence of the apt film thickndsen the applied DC-potential (vs. Ag/AgCl) for filon glassy
carbon; b) isotherm of the disjoining pressti), obtained from the results in fig.1a and fromleq.

In the case of gold electrode the picture is gathliely the same. However much
smaller value of the DC-potential of the order 6f2to +0,3 V vs. Ag/AgCl is sufficient to
obtain films with apparent thickness of 20 to 30 A.

Completely different is the case of films on Si/giQvafers, subjected to
electrostriction. The use of DC-potentials of up+H®V does not allow the thinning of the
films and they remain with thickness of the ord&560-1000 A. However if the films on
Si/SiO, are subjected to electrostriction with AC-voltatiey undergo the transition to stable
films with thickness of 30-40 A. The amplitude btAC-voltage that is sufficient for this
transition is 0,4V peak-to peak, at frequency 1B@0AIll this could be explained taking into
account the impedance of the gielectric layer. In the case of conducting supgasuch
as the GC and the gold, the impedance of the eldeftipid film interface is smaller than the
film impedance and could be neglected. With Si/St@ potentialUexr applied between the
Si/SiO, and the reference Ag/AgCI electrode is distribubatween the lipid film and the
SiO, dielectric layer, so thdtex=U_ r+Usio>. The ratio of the voltage dropi r and U sio2
depends on the ratio of the impedandes/U sio2 =Z.r/Z sioo. At zero frequency or DC
potential the current is passing through the resigparts of the impedances, Bor/U sio2
=R /Rsioz . BecausdR <<R gjoy, it follows thatU, r<<U si0,, and respectiverJLF<<U EXT-
Thus the applied DC-voltage is mainly located oe tBiQ dielectric layer and the
electrostriction on the lipid layer is not suffinteenough. At high frequencies of the applied
voltage the current is passing mainly through tapacitive parts of the impedances, so that
ULF/U sio2 =~ Csio2 /CLF- SinCGCSiozz 2 }J.F/CI'T'I2 and GF=0,01to :I.}J.F/CI'T'I2 it follows that for
the whole range of film thicknesses and especfalyhe thicker films the applied voltage is
located on the lipid film.

Conclusions By the aid of electrostriction substantial thimgpiof the films could be
achieved. Depending on the type of the supporeuifit frequencies and amplitudes of the
applied potentials could be used in order to prepprd films of mono- or bilayer type.
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QCM detection of IgE
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Allergic diseases concern approximately 30% of patoh and thus become a
serious clinical as well as social problem. Ishi&ak al. [1] discovered the presence of
immunoglobulin E (IgE) in human serum. Concentrati6 IgE in a blood of healthy adults is
between 240-290 ng.thl whereas a substantial increase of IgE concenitragi observed in
allergen sensitive patient. IgE plays a centras @t only in the mechanisms of the allergic
diseases but also in mammalian defense system sagaamasites [2]. Therefore for the
purpose of medical diagnosis the demand exist eldpment direct, simple and low cost
method of IgE detection. For the clinical detectasrigE the ELISA test based on antibodies
against IgE is typical [3]. In this case the agtlshould be labeled by enzyme. The
alternative route for IgE detection is those usii§A aptamers [4]. Aptamers are short
single-stranded nucleic acids (15-60 nucleotidgisgcifically generated by SELEX method
against a wide variety of targets ranging from $mmablecules to macromolecules [5]
Aptamers bind their targets with high specificitgngparable to those of antibodies. This
peculiarity make them valuable tool for moleculacagnition. The effectivity of the ligand
detection by aptamer depends on the method of aptammobilization [6,7]. It is also
important to use the method of immobilization thatld provide sufficient stability of the
sensor and possibility of its regeneration.

The dendrimers are a new class of polymers and $peicific structure makes them
suitable for the variety of bioanalytical applicats [8,9]. They can be synthesized of various
dimensionsand with various chemical modifications. For examjhe first generation (G1)
PAMAM dendrimer (2.2 nm in diameter) possessegiteal amine groups, whereas fourth
generation (G4) PAMAM dendrimer contains 64 terrhiamine groups. G4 has almost
globular shape with a diameter of about 4.5 nmtHeumore, functional groups found at the
surface of dendrimers have remarkably higher chanmeactivity in comparison to their
activity when present in other macromolecules. Bu@ large number of available active
groups on dendrimers it is possible to immobilize their surface larger number of
biomolecules in comparison with a flat surface.

We developed a quartz crystal biosensor using modskesy with human IgE as the
analyte and DNA aptamer as immobilized receptore Holy(amidoamine) (PAMAM)
dendrimers of fourth generation (G4) and 1-hexadettaol (HDT) has been used for
formation of self assembled monolayers on a gottasa for preparation of aptamer-based
QCM biosensor. We combined the special propertieteadrimers with the SAMs concept
to prepare the highly sensitive sensing surfaca gold-coated chip. Dendrimer terminated
with the amino groups was used to anchor receptbile the thiol chains serve as the
stabilizing components he advantage of this architecture in compariso8AMs is higher
local concentration of the terminal groups near #®ensor surface, which can be
functionalized. The biotinylated DNA aptamer waslaored on a surface of G4-HDT layers
covered by neutravidin molecules. Neutravidin wessslinked with PAMAM dendrimers
via glutaraldehyde. The most important step inithemobilization procedure was reducing
the Shiff base. The detection limit was of 100 ngigie. In addition, the aptamer receptors
tolerated repeated layer regeneration after anbalying and recycling of the biosensor with
little loss of sensitivity [10].
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In conclusion, we could show the suitability of DN#ptamer receptor on biosensor for
sensitive and specific IgE detection. The detertivnaof IgE alone will not predict an
allergic state, since genetic and environmentalofacalso play an important role in the
expressions of clinical symptoms.
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DNA/RNA aptamers are in vitro synthesized singliearsded nucleic acids with high
affinity to proteins or to other low and macromaler compounds, which is comparable
with affinity of antibodies. So far used aptamemrevbased on single stranded DNA, thus
had only one binding site for the ligand. Here vepart simple method of molecular
engineering based on known properties of DNA toriaybe in solution with complementary
strand. We designed so-called aptabodies thatntrasi with traditional aptamers contains
two binding sites.

We used novel thickness shear mode acoustic me{fi&M) for characterization of the
properties of the aptamers at the surface. Thisiodethas been recently applied for detection
IgE aptamer interaction [1]. The electrochemicahnt crystal microbalance (EQCM) was
used for preparation of carbon nanotube layers (M#&jNoy electropolymerisation and for
detection thrombin — aptamer interactions [2]. Weepared also neutravidin layers
chemisorbed at gold for immobilisation of biotintdd aptamers. We used known aptamer
that bind thrombin in its fibrinogen binding si®> GGT TGG TGT GGT TGG TTT TTT
TTT TTT TTT 3-BIOTIN. Hybridization of this aptamewith complementary supporting
part: 3'- GGT TGG TGT GGT TGG AAA AAA AAA AAA AAA 5 resulted in formation of
aptabody.

The layers with immobilized aptabody were thickiere to different conformation of
single and double stranded aptamers. This suggestaptabodies are oriented normally to
the surface while single stranded aptamers hadefenped orientation. Addition of thrombin
resulted in decrease of resonance frequency, wlsaturated at larger thrombin
concentrations (100 nM). These changes were higineptabody in comparison with single
stranded aptamer. Using Hill plot we determined liveding constant for aptabody: (2.7t
0.4)x10* and for single stranded aptamer: (5.8+1.3)%10hich suggest stronger binding of
thrombin to aptabodies. The limit of detection (LJo& thrombin for aptabody was 0.3 nM,
while 0.9 nM for single stranded aptamer. The L@Ddptamers immobilized on neutravidin
layer was much higher: 4 nM [3].

The nanofabricated sensors based on aptabody amiNTd allowed us to detect
thrombin with detection limit 3 times better in cparison with conventional single stranded
aptamer. The results obtained by TSM method coefirmassumption on different
configuration of single stranded aptamers and aplials at the surface.
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Introduction

Several studies have confirmed relationship betwlegrercholesterolemia and increased
platelet responsiveness to aggregation stimulR]1The most common drug used to avoid
potential complications resulting from platelet bypeactivity is Aspirifi (acetylsalicylic
acid, ASA). However, it was observed that non-rgggle part of patients with
hypercholesterolemia shows reduced sensitivity $pidn” - a phenomenon called aspirin
resistance [3]. The aim of this study was to ingedé 1) the effect of enriching or depleting
human platelets with cholesterol on their aggregatnd 2) the responsiveness of these
platelets to ASA. Since the ways of evaluation gfragation curves vary considerably
between different institutions [4], another goaltlis study was to define which parameters
of aggregation curves are affected in this kinéxgderiments and so need to be evaluated.

Materials and methods

Blood from healthy donors was withdrawn from peem vein into plastic syringes
containing CTAD anticoagulant at 9:1 ratio. Isothigatelets were dissolved in Thyrode's
buffer up to a concentration of 3%1mI™. Change in the cholesterol membrane content in
platelets was induced by their incubation with leargnilamellar Liposomes prepared by
Extrusion Technique (LUVET) with 10% and 70% cholesitéo phospholipids mole ratio,
for up to 2 hours [5]. Platelet function tests wegverformed on optical aggregometer
Chronolog 490-2D, using two aggregation agentslageh (2 pg/ml) and arachidonic acid
(0.5 mmol/ml). ASA was added at final concentratmin7.5 and 1mug/ml. Following 6
parameters, which characterise the shape of aggregeurve, were analyzed: lag phase,
maximal aggregation, slope, time to achieve 10% akimal aggregation, time to achieve
90% of maximal aggregation and time between 10 &6 8f maximal aggregation.

Results

We found out that maximal aggregation of the cheled-depleted platelets when stimulated
by collagen was decreased compared with cholesteridched platelets and control.

Friedman statistical test yields significant diffieces in 4 of the 6 curve parameters: lag
phase, maximal aggregation, slope and time to aehl®% of maximal aggregation (p <

0.05, n = 5). apparent. Friedman statistical testv@d significant differences only in 2 curve

parameters: time to achieve 90% of maximal aggregaind time between 10 and 90% of
maximal aggregation (p < 0.05, n = 4).

After incubation with ASA we observed that the @stérol-enriched platelets were
more resistant to inhibitory effect of ASA than tbkolesterol-depleted ones. Statistically
significant differences were found for these 3 pasters: maximal aggregation, time to
achieve 90% of maximal aggregation and time betwli€eand 90% of maximal aggregation
(p < 0.05, n=5). The same results were obtaided with final ASA concentration of
15ug/ml. Nevertheless, when we used arachidonid giinduce the aggregation, results
were not reproduced. The same experiment was peefbrwith arachidonic acid as
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aggregation agent instead of collagen, but diffeesrbetween maximal aggregation of the
cholesterol-enriched and cholesterol-depleted lglstevere less

Averaged aggregation curve after incubation with Averaged aggregation curve after 2h of incubation,
7,5ug/ml ASA, induced by collagen induced by collagen
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Figure 1 Collagen-stimulated aggregation of tHegure 2. Aggregation curves of cholesterol-enriched
cholesterol-enriched and cholesterol-depleted lgliste and cholesterol-depleted platelets after 10 minofes
incubation with ASA

Discussion

Our results obtained with collagen as aggregatgentin the condition of LUVET-induced
hypercholesterolemia are consistent with the figsineported in other studies dealing with
membrane-cholesterol influence on the plateleteggion process [5]. Reduced cholesterol
influence on the platelet aggregation when indumedrachidonic acid may be explained by
the fact that this kind of activation is not triggd by a receptor —ligand interaction [6] thus,
it is not directly affected by the cholesterol amnttin the platelet membrane. Regarding
experiments with ASA, our results support the wargsorting potential association between
hypercholesterolemia and reduced sensitivity aiefas to this drug [7].
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Introduction:

Mitochondria play an important role in cellular raesblism, respiration and production of
ATP essential for the normal function of all hun@gan system. Their membranes, like all
biomembranes, are constituted by a lipid bilayeosehcomponents exhibit a certain degree
of static order and a variety of motional dynami¢he physical state of the membrane
components is crucial for optimal function of mibondrial membranes and it is also known
that some important biophysical parameters carnvhkiated by spectroscopic methgts].
Since mitochondrial membranes can be directly diréctly influenced by the action of
various compounds and since they contain sevedgamous fluorophores, spectroscopy
can be a useful tool to study biocompatibility difecially synthesized compounds.

In our study we focused on dendrimers which repriese new class of highly
branched treelike polymers whose interior cavit®l multiple end groups make them
suitable for targeting and delivery of pharmaceltimgredients[3,4]. Our aim was to
investigate anin vitro interaction between poly(amidoamine) (PAMAM) denters,
generations 4 (G4) and 2 (G2), and mitochondriainforanes isolated from liver of rats. To
characterize the investigated system, we measuredr@ation and fluorescence spectra as
well as fluorescence anisotropy of a fluorescemt #y6-diphenyl-1,3,5-hexatriene (DPH) in
the suspension of mitochondrial membranes andehdramers.

Materials and methods:
We used 13 male Wistar rats weighing 220 — 270¢t IR@rs were removed after
decapitation and subsequently the mitochondrial branes were isolated. To adjust the
concentration and evaluate autofluorescence ofribechondrial membranes, we measured
emission spectra at several excitation wavelendgthgorescence anisotropy measurements
were performed with a PerkinElmer spectrofluorimeteS45 using DPH at a final
concetration of 0.25 umol/l. The mitochondrial sersgions were mixed with dendrimers
dissolved in an isolation medium at the concerdrati g = 0.5 umol/l, ¢ = 2 umol/l for G4,
and ¢ =5 umol/l, ¢ = 10 umol/l for G2. After addition of DPH the salegwere incubated
at 21 + 1°C for 30 minutes to allow complete in@vgtion of the probe into the membranes.
DPH as a hydrophobic molecule incorporated intohydrocarbon inside of the membranes
in approximately 20 minutes. Upon illumination a603hm excited DPH molecules
subsequently decay and the extent to which thé émtétted light (detected at 425 nm) is
polarized depends on the extent of molecular rataten during the lifetime of the excited
state, which in turn depends on the size, shape,earironment of the reorienting DPH
molecule. A high degree of fluorescence anisotigpgssumed to indicate a high degree of
structural order of the membrane. The steady-statgescence anisotropy is expressed as
follows:

1, -1,1G
T2,
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where G is an instrumental correction factor,and L are respectively the emission
intensities with polarizers parallel and perpeniicto the direction of the polarized exciting
light. Data were statistically evaluated with twoaw analysis of variance. Multiple
comparisons were made by Tukey test.

Results and Discussion
The data in all groups were approximately normdistributed (Fig. 1).

Steady-state anisotropy of DPH in the mitochondrial membranes

G2c2 %‘ 4:)—]
G2cl 1}

— — 77—
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min -[ mean + standard deviation ]- max

Fig.1.

We found that DPH fluorescence anisotropy valueasected for the effects of background
noise were significantly increased in all the saapbf mitochondria incubated with G4 or
G2 dendrimers when compared to the non-incubatedralomembranes (p<0.001). The
effect of dendrimer concentration was not obseifped.05). Analysis of the excitation and
emission spectra pointed to a complex charactehefsignal recorded from DPH. Besides
structural order of the influenced membranes al8weroparameters, such as membrane
curvature, surface charge, as well as membraneipravailability and movement, might be
altered. Although we cannot ascribe the changélsianescence anisotropy of DPH purely to
the changes in the order of membrane componentsowlel expect a direct interaction of
PAMAM dendrimers with the polar head groups of mesmle phospholipids, since
molecular interaction typically leads to an incee@sthe polarization signal. This interaction
occurred without deranging membrane integrity, hawe mitochondrial function was
already compromised (data not shown).

In conclusion, spectroscopy can be a valuable iaddit method to commonly used
tests for assessing biocompatibility of variousrptecologically interesting compounds.
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Introduction:

Intracellular delivery of many pharmacologicallytimse compounds, therapeutic agents,
vaccines and genes is one of the new areas ofrcbsgathe pharmaceutical and medical
field. These compounds act by specifically intarfgrwith cellular sites or biochemical
processes, often called 'targets'. Mitochondriabmasuch site of expected action, but also the
site of undesirable side effects of these compaufitsce mitochondria participate in a
variety of physiological processes, including sypm energy to the cell, calcium
distribution, maintaining the redox potential, gext®mn of heat, free radicals and
participating in apoptosis, any disturbance of ¢hdsinctions can have detrimental
consequences for the cgl] 2]. Early identification of mitochondria as undesirapleamary or
secondary targets of new chemical entities hasgaif&iant importance in avoiding or
reducing the attrition rate in later stages of ddeyelopment. Inhibition of individual
components of electron transport chain, uncouptirgeins, opening of the mitochondrial
permeability transitions pore are pathways, whidmn ccontribute to altered oxygen
consumption(3]. Measuring of mitochondrial oxygen consumptionngsipolarographic
method is one of the most informative ways of assgsmitochondrial dysfunction.

The aim of our study was to investigate the infeeerof dendrimers, compounds
intensively studied for drug delivery and gene &ipgr on the respiration of isolated rat liver
mitochondria. Dendrimers are a class of macromddscuhaving a highly branched
architecture with very low polydispersity and hifyhnctionality [4]. We focused oin vitro
effect of poly(amidoamine) (PAMAM) dendrimers G42 @vhich possess 64 and 16 amino
groups on their surfaces, respectively) and G3ith(64 carboxylic groups terminating the
chain ends) on the mitochondria.

Material and methods

We used 15 male Wistar rats weighing 220 —

subetrate

270g. Rat livers were removed after 03¢

decapitation. We tested three dendrimers, = | _x #DlFadied
each at two concentrations: G4: 0.5 and E 02f W] e o)
2 uM; G2: 5 and 1M, G3.5: 30 and 6QM. e b ;/ stat 4 sespiraiior
Mitochondria oxidative phosphorylation was O, 01y Ty Op ehauseed
measured with an oxygraph Gilson 5/6H i ADP ehwized - |

using a Clark oxygen electrode. We measured 1 5 3 4
following parameters (Fig. 1): oxygen

. . . . Time, min
consumption by mitochondria stimulated %y L0 i | h
_ ig. Xygen consumption measure polarographic

ADP - state 3 (Qg¥s), basal uptake of approach (www.bmb.leeds.ac.uk)



88 SKBS 2008, FMFI UK Bratislava

oxygen by mitochondria - state 4 (&), respiratory control index (RCI), coefficient of
oxidative phosphorylation (ADP:O) and oxidative ppborylation rate (OPR). Changes in
the parameters of mitochondrial oxidative phospladign upon the addition of dendrimers
were compared with control (no dendrimer) and stiatlly analyzed using the Friedman
test.

Results:

We observed that RCI was significantly decrease@nwvbompared to controls for both
oncentrations of all the investigated PAMAM dendsmn (Fig. 2). The decrease was
concentration-dependent. ADP:O was reduced for {Q3bth the concentrations and for G2
only at the higher concentration. For dendrimersaGfhe lower concentration and G3.5 at
both the concentrations the parameter ADP: O wasigoificantly changed.

RCI ADP:O
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= 8 it it o #f*#f o a0 x # *
% 6 1 . ok Dé . *kk
® 4] C £ 20
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9 i tt o 1.0
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Fig.2 Effect of dendrimers on two parameters (RCI, ABP: of oxidative phosphorylationThe symbol *
indicates significance of differences between aintaind dendrimers, and symbol # between the two
concentrations of dendrimer (* p<0.05, ** p<0.01*@<0.001; #p<0.05, ## p<0.01, ###p<0.001).

Discussion:

RCI index calculated from QS; and QQS, is a measure of the integrity of mitochondrial
membranes. The decrease in the index upon thecapph of the dendrimers G4, G2 and
G3.5 suggests that some kind of membrane pertorbadiccurred. Reduction in the
coefficient of oxidative phosphorylation ADP:O ptrto a worsened phosphorylation. We
found out that the inhibitory effect of a dendringepends not only on the used concentration
of a dendrimer, but also on the number and chafgéeo end groups that means on the
generation of the dendrimer. We can conclude thiaiamondria are an appropriate model not
only for in vitro testing the efficacy of pharmacologically activempounds, but also for
testing their possible adverse effects. Measuremeft mitochondria oxidative
phosphorylation can be recommended each time whepossibility exists that the
investigating compound enters the cell.
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Neuraminidase (NA) is an integral membrane glyctginoof influenza A virus.
Together with hemagglutinin(HA), it is one of theat integral membrane glycoproteins —
these are the major determinants that undergo eamtigvariation. Approximately 100
neuramidase molecules radiate from the surfacé@fvirion. NA is important mainly in
removing sialic acid from glycoproteins, includitige sialic-acid-containing glycoprotein-
receptors on the cell surface [1]. This biologigetivity is important for transport of the virus
through the mucin layer to the target epithelidiscand in the later stage of infection it
allows separation of new virions from the host cefid it prevents aggregation [2].
Antibodies to NA are not neutralizing the virus Iigy inhibit plaque size enlargement and
mitigate the infection [3]. At present nine subtypd influenza A virus neuraminidase (N1 —
N9) are known [4].

Neuraminidase active site has been described by&@okt al. [5]. Eight amino acids
which are in the direct contact with the substea considered to be functional (numbering
according to N2 subtype): R-118, D-151, R-152, R;2R-276, R-292, R-371 and Y-406.
Another 10 amino acids are considered to be trmm@work”, and they seem to be important
especially for stabilization of the 3-D structureneuraminidase active site and they are: E-
119, R-156, W-178, S-179, D-198, 1-222, E-227, H;2¥-294 and E-425.

The aim of the present work was to find the degrfeeonservation of neuraminidase
active site among 611 influenza A virus isolatesipared.

Material and methods

The total number of 611 complete amino acid segeenof influenza A virus
neuraminidase were compared, the sequences we@etfrom the GenBank database [6].
For a particular virus subtype (various combinati@i HA and NA subtypes, e.g. HIN1,
H2N1, etc.), one neuraminidase isolate was alwagsen for a particular year. Clustal [7]
was used to align the sequences, with gap opefifd§,1gap extension 0.20.

Results and discussion

As it can be see from Table 1, all functional amaedd residues are conserved in all the
subtypes but for one exception, which was foundrnginine-224, which was replaced by
threonine in one N1 isolate. Among the frameworkremacids, several differences from the
conserved amino acids were found. Replacement mdraas acid-198 for asparagine was
found in all isolates of subtypes N7 and N9 as iosly described [5], and also in all
isolates of N6 subtype. It was also found in sorselates of N2 subtype (A/Buenos
Aires/4057/95 (H3N2) and A/Swine/Ontario/00130/93KN2)) and in one N1 isolate
(A/Taiwan/117/96 (H1N1)). In A/chicken/New York/182-5/94 (H7N2), aspartic acid-198
was replaced for valine. N1 subtype comprised difiees on two more sites. In A/Hong
Kong/488/97 (H5N1) and A/Hong Kong/97/98 (H5N1)rebnine was found instead of
isoleucine-222. In the N1 isolate A/duck/Hong Kd@8§).5/2001 (H5N1), asparagine-294
was replaced by serine.

Sequence analysis of neuraminidase showed thaintin® acid residues in the enzyme
active site are well conserved, as published elsesv[b]. Several studies show that there
exist exceptions in the active site of some isalgde 9]. Differently, in this study, out of 611
sequences analysed, one or more changes in théohaicor framework residues were
observed within 138 sequences, in four active sjge® Table 1). Nevertheless, it was
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confirmed by this study that the replacement of-AS8 by Asn is common to all N6, N7 and
N9 isolates.

Table 1 Comparison of amino acid residues in the enzyotigeasite of neuraminidase. The

upper number denotes the position in the neuramseidsequence, N2 numbering. The
number of occurrences of a given amino acid apthetion is given in the parenthesis, and
the neuraminidase subtypes are given for isolatetaming the change (square parenthesis).

Functional 118 151 152 224 276 292 371 406
R(611) D(611) R(611) R(610) E(611) R(611) R(611) Y(611)
T(1)IN1]

Framework 119 156 178 179 198 222 227 277 294 425
E(611) R(611) W(611) S(611) D(477) 1(609) E(611) E(611) N(610) E(611)
N(133)* T(2)[N1] S(1)IN1]
V(1)[N2]

*[N1 (1)), [N2 (2)], [N6 (52)], [N7 (27)], [N9 (51
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Cyclodextrins (CDs) are cyclic oligosaccharides posed of several d-glucose units bonded
by a(1,4) linkages. The most common natural CDs &ate}- andy-CDs consisting of six,
seven and eight D-glucopyranose residues, respéctiFrom a topological point of view,
Beta-cyclodextrin §-CD) can be described as a truncated cone, in wthigmarrow rim (6.4
A) bears the primary hydroxyl group whereas theewidh (15.4 A) bears the secondary OH
groups. Since no hydroxyl group is present witthia toroidal cavity o3-CD, this zone of
the molecule has a pronounced hydrophobic charattee unique shape and physical—
chemical properties of the cavity, together witlm wker Waals forces and hydrogen bonding
allows the formation of inclusion complexes withwade range of compounds, where the
extent of the complex formation depends on therfiglaf the absorbed molecules.

The derivatives of coumarin (coumarins) usually uwcas secondary metabolites
present in seeds, root, and leaves of many pladieg although their presence has also been
detected in microorganisms and animal sources. i&ecaf the structural diversity found in
this family of compounds they are used in many sirea additives to food and cosmetics,
optical brightening agents, dispersed fluoresctaser dyes and for medical purposes as
blood thinner to keep blood flowing smoothly an@vent the formation of blood clots, as
anti-fungicidal and anti-tumors. Coumarins are vegnvenient also for the study of
molecular complexes because of their spectroscgiuities. If coumarin enters the cavity
of B-CD its spectra changes due to bonding R$#BD.

Our contribution presents quantum chemical calmnatof the structures of inclusion
complexes off-CD with coumarins, (coumarin-6, coumarin-30, coum&?7, and coumarin-
522). On the basis of semiempirical PM3 method BR3 theory the optimal geometries
have been found. Spectra of uncomplexed coumarieauies and of complexes in vacuo
were calculated using the TDDFT method and CIS oeetiMolecular dynamics study has
been applied in the case of tReCD coumarin-522 inclusion complex. Results showat th
coumarin molecules are inserted completely intoddmty and that inclusion of coumarins
into BCD forms new H-bonds inside of the complex whichbgize the complex. The
insertion of coumarin into host molecule changesitectra.
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Stability and reactions of proteins inside a celt affected by the presence of
impenetrable boundaries (confinement effects) agdth®e presence of other soluble
macromolecules (macromolecular crowding). In bo#ises the free space that a protein
molecule can move around is limited. In former ct#s® volume accessible to protein is
confined within a single cage, in the latter cdsedccessible volume is dispersed throughout
the space of a cell. The simple theories wereepitesl [1,2] to provide qualitative estimates
of the magnitude of macromolecular crowding andiapaonfinement on equilibrium and
rate of protein folding. Theories [1,2] predict tlt@nfining a protein into a small inert cage
should stabilize the protein against the reversibl®lding.

In modeling of confinement effects on protein folgli the Monte Carlo and/or
Molecular Dynamics (MD) simulations are used to paote structure and properties of native
(ordered) and unfolded (denaturated) states ircélges of simple geometry [3]. In an effort
to expand our confinement effect studies [4] by MB atomistic modeling we have
examined as an initial step the thermal refoldifgiogle polypeptide chain of 56 alanine
residues in cylindrical confinements by the MD noeth The MD trajectories of 20 ns
provided sufficiently equilibrated final structureg studied polyalanine. By performing
series of MD simulations, the optimal temperatuf¢ ange to observe the polypeptide
refolding process was established. At high T (~k95he disordered (random-coil) state is
formed whereas at low T (~ 450K) polymer assumesithelical structure. In between, at T
around 570 K, both structures are in equilibriumhe Tmean end-to-end distances and
distribution functions of end-to-end distance P{®ye computed for a free and a confined
polypeptide at these temperatures. Additionallg, polypeptide structure was characterized
by a distribution of four secondary structure typesdelix, f-sheet, random-coil and turn.
The differences found between the quantities catedl for a free and a confined polymer
represent the main outcome of this preliminary repo
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Our goal was to observe structural changes that pédce when mechanical force is
applied to single molecule,k— artificial transmembrane peptide (Lylzews-Lyz,), also to
observe how surrounding environment affects sorse lpoperties of molecule.

Beacuse of high number of atoms in our simulatienwere forced to use one of the
fastest method that is available today, called & mechanics (MM), which is based on
empirical parametrization of forces and energy. ®asic dynamics engine was program
GROMACS [1] with enhanced forcefield ffgmx [2] f@rotein-lipid interactions. As every
emepiric method, limitation are tight and interptétn of results must be very well thought.
The ffgmx forcefield was designed for protein cédtions and method was used many times
before, yielding reasonable results [2]. Our methbdnplying force on molecule consisted
of 2 steps. At first we did homogenous stretch msp of coordinates of all atoms in Z
direction. Then we equilibrated sysem at zero teaype in vacuum with endings of
molecule fixed to its coordinates. One stretchrasg step was 0.002 nm. We repeated same
procedure with free DPPC molecules organised taybil as environment and also with
DPPC fixed in Z direction. Here are some resultob&ined:
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Graphs show that the force applied is not contisu&ach jump on graphs is caused
by sudden conformation change due to applied foHere is example of such change
observed in simulation of stretching without DPPC:

As we can see stabilisating H-bon “&°
is broken, new one is formed and syste
changes conformation. This change c
not be normally undone. After releasin
ends of the helix, it stays in this ne
conformation. This is prime reason wh
stretching and pressing isnt elast
acoording to Hook's law and why there a
SO many irregular jumps on the graph
When conformation change occurs, the..
is drop in force required for further stretching,can be seen from graphs.

Observing k4 stretched alone we could distinguish several stajeonformational
changes, in which different types of H-bonds junmgsured. The type shown on pictures
above is 1-3 to 1-2 jump. This type is responsibteperiodical force jumps in (graph 4.) in
stage 5.5nm-7.5nm. Untwisting and H-bond jumpingpeas from N-end of the peptide.
This end is probably less stabile due to inhereaymetry of peptide chain of the molecule.
According to some our other results MM method i$ switable for stretching more than
10.5nm or in our case for applying force biggemth@500pN, since atoms are not in their
equilibium geometry any more and normaly covalantdbreaking would occur.

Pressing k4 alone was also very interesting, molecule wadyiedasticly bent. After
shortened to size 2.8nm (1nm press from origired)sit broke in middle into two parts (see
graph 1.). Force required for pressing is much Emé#han for stretching, this is due to fact
that molecule was actually not pressed like sting,rather bent like a stick and then broken.
H-bonds have stabilisating efect not only whentshieg. They maintain certain helix size
and they make the molecule rather rigid than fliexib

Generally surrounding DPPC put high degree of uladty to the problem. It
discarded stage-look of the stretch process amudedif types of structure changes happen in
apparent random order, depending on starting posdf DPPC molecules. Simulating with
DPPC fixed caused huge increase of force requoedtfetching (graph 5.), this was due to
the fact that big force was required for pulling tholar ends out of membrane. With DPPC
free the increase isn't that markant (graph 6.9).tlis behaviour is rather strange, since the
surrounding DPPC were atached to ends,gfibhd moved with them asdwas stretching.

Pressing of ks when DPPC was fixed in Z direction gave also vetgresting results.
Environment had stabilisating effect, what candsedrform the (graph 2.). Force required for
pressing is almost 5 times bigger than without DPB¢didnt broke into 2 rigid parts like in
(graph 1.), rather one rigid part was very unwiljngntwisting and untwisted part behaved
very much like free thread. Anomalous behaviour banseen on (graph 2.) in stage 2.0-
2.5nm showing limits of method. Pressing with f2BPC caused all DPPC molecules to
follow polar ends just like in free stretching abnid lipid globule around the bended-broken
L4 was formed.
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Aggregation and precipitation of proteins from apu® solution is an omnipresent
problem in biotechnology and medicine. Protein aggtes gain diverse structures from
amorphous assemblies to highly ordered fibers. Iighganized protein fibrous structures
containing intermoleculaB-sheets in a distinctive orientation — amyloid if&r+ have been
recognized as an accompanying feature of severarodegenerative diseases (e.g.
Alzheimer’s disease, type Il diabetes, spongiforroephalopathies) [1]. Recently, numerous
peptides and proteins without connection to anywknalisease have been shown to be
capable of forming amyloid fibrilsn vitro under appropriate conditions [2]. Amyloid
structure is based on unique form of polypeptidefigoration, cros$ structure, but it does
not require presence of specific side chain intesa®r sequence patterns, which leads to the
suggestion that the ability to form fibrils is geigeproperty of polypeptide chain [2]. The
study of processes leading to the amyloid formaistimited for example due to the low
solubility of aggregated proteins and lack of hrgkelution 3D structures. This suggests the
use of simple models and introduction of new teghes for study the mechanism of amyloid
fibrillation.

In this work we have used viscometric method foarelterization of lysozyme and
poly-L-lysine aggregation. The viscometry is usefoethod for study of the protein
aggregation, providing information about conformati and rearrangement of
macromolecules in solution. The viscosity was roea$ by unique Couette-type non-
contact rotation viscometer developed in our latwoya[3]. The important advantage of this
device against commercial ones is that data ateatetl without errors caused by the surface
shear viscosity.

Hen egg white lysozyme has been recently founatm famyloid fibrilsin vitro [4].

We have measured the kinetics of its fibrillatioanifested by increase of reduced viscosity
in 3 M guanidine hydrochloride solution, pH 6.3 &@C with intensive stirring during 24
hours. The sigmoidal increase of reduced viscasdicating the formation of aggregates is
followed by slight decrease of this parameter durinhours of incubation. These finding
suggest that after initial expansion of partialgndtured and assembled protein molecules the
formation of tightly packed structures occurs. FFaszent dye thioflavine T is widely used as
indicator of amyloid formation due to its specibinding directly with amyloid fibrils [5].
The parallel measurement of lysozyme fibrillatiop this fluorescence probe shows that
lysozyme amyloid fibrils are formed already aftemdurs of incubation.

Poly-L-lysine is also frequently used as model peftide for study of the
mechanism of the protein aggregation. It undergibesmal transition, the hallmark of
protein aggregation, depending on pH, temperaturehain length [6]. We have observed
thermal transition of poly-L-lysine in the regiorf pH from 9.7 to 11.8. Transition
temperature is slightly shifted to the low pH withicreasing chain length (Fig. 1). The
thermal transition of longer chain occurs at lovamperature. This finding has been recently
linked to the presence of distorted or solvatedchsl with turns in elongating chain
facilitating the transition t@-sheet [6]. For each used poly-L-lysine chain ftifig in chain
length) we have found narrow pH interval (0.4 imga) in which the thermal transition is
fully reversible. These results suggest that pgiyipe conformation is sensitive on subtle
changes in charge on its side chains. In additiom,interesting fact was observed that for
given chain length the transition temperature iases with pH decrease and reversible
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transition occurred at higher temperatures.

Another frequently used dye for amyloid stainingdsngo red. However, this dye
must be used with caution, because it can bindtalsbe native and partially folded protein
conformations [7]. We have observed that Congo iretliced thea-helix to B-sheet
transition of poly-L-lysine at room temperature.i'Bimple conformational transition from
thea-helix to 3-sheet is accompanied only by slight increase ddiced viscosity.
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—
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Fig. 1: Temperature dependence of redu
viscosity of poly-Llysine with different
molecular weight depicted inside. 0.5 mg
poly-L-lysine, 10 mM Gly, pH 11.3.

However, the thermal transition of poly-L-lysine nsanifested by significant increase of
reduced viscosity, which indicates the formation lafge assemblies in solution. The
formation of amyloid aggregates was confirmed lac&bn microscopy.

In summary, although the theoretical background qoantitative interpretation of
viscometric data measured for such complicatedctbjas aggregates is not yet developed,
they can provide qualitative characteristic abootformation and spatial arrangement of
proteins into high ordered structures and aboukithetics of aggregation process.
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The influence of various salts on the dtite of denatured proteins is very complex
and not completely understood yet [1-3]. The preseaof heme groups in hemoproteins
makes possible a very sensitive analysis of thagégmcaused by various denaturing solvents
in the protein environment. Cytochrorgcyt c) is a particularly useful model, because its
heme group is covalently attached to the polypeptidain, which supports the reversibility
as well as rapid kinetics of the observed confoiomal transitions. In spite of the fact that
there are numerous studies devoted to the confanatransition of ferricyt at acid pH, it
is not clear under which conditions the axial lidanHis18 and Met80, are released from
heme iron, and what the differences are betwedm¢pin penta- and hexacoordinated states
of this protein [4-7]. The salt induced collapseacfd-denatured cyt ¢ leads to a number of
equilibria between high-spin and low-spin hemeestand between two types of low-spin
states. The equilibrium between these states isrdimt on the concentration and/or size of
the anions [8,9].

Conformational transitions of horse heftricytochromec (ferricyt ¢) have been
investigated in the presence of HGIBy optical absorption spectroscopy, magnetic tarcu
dichroism (MCD) and circular dichroism (CD). In theesence of HCIQor 1 M NaCIQ pH
2, 25°C, the three ligation states of ferricyheme were identified. One is the high-spin state:
His18-Fe-HO (40 — 50 %), and two are the low-spin states: 8ti5&-Met80 (30 - 25 %) and
His18-Fe-His (30 - 25 %). Under these conditions lewperatures facilitate native heme
coordination of ferricytc. Transition from low-spin to high-spin heme coowtion of
ferricyt c is complete in 1 M HCIQ
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UV-vis absorption spectra of ferricgt(9.5uM) at various concentrations of HGJ@corded for 1 minute after

mixing at 25°C: in (1) 3 M; (2) 5.7 M; (3) 8.5 M; (4) 10 M HCIO

An increase in HCI@concentration above 3 M causes a decrease inaitet I$and intensity
of ferricyt c, B band is shifted to higher wavelengths, an intenaiband is formed at 556
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nm and the intensity of the band at 620 nm is fizamtly lowered. The configuration around
heme at high concentrations of HGIdffers from that observed inJ80;.

As we know, the conformer with these spectral ottaréstics has not been observed up to
now. Whereas ferricyt spectra in HCIQ(< 3 M, 25°C) are stable and the reversibility of the
transition to the native form due to increasingtpH is preserved the higher concentration of
HCIO,4 (>3 M) partially destroys the heme region of cyiThe part of presented results was
published in [10].
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In the last decade the study of the protein amydgjgregation is in the center of the
research interest, when it was recognized that @dhgltructures play important role in more
than 20 human diseases, including Alzheimer’s, iRadn’s and Huntington’s diseases, type
Il diabetes, prion-related transmissible spongifoencephalopathies, and hereditary
amyloidosis [1,2]. The amyloid diseases are, imgeof incidence, one of the most important
groups of pathologies in the developed world. Tieggin deposits can be found in the brain,
in skeletal tissue or in other organs with a singtedominant protein component that is
characteristic of each disease [2].

Numerous proteins have been identified as formmglaid in vivo [3,4]. Although
the proteins differ in their primary and tertiatyugtures, as well as their size and function,
the amyloid structures formed from these proteihares common morphological and
histochemical staining properties suggesting thpothesis that different proteins follow
similar fibril formation pathways [1]. There is aogving support that soluble oligomers
rather than mature amyloid fibrils may be the maiic species in amyloid related disorders.
More recently, it has been found that amyloid padyiration is not only possible with
disease-associated proteins, but also with protiias are not associated with any known
amyloid disease under certain conditions in vitrpporting the generic nature of the amyloid
aggregation [1,2].

Currently, there are no effective cures for amyldideases, but experiments from
various cell and animal models suggest that theuatewh of amyloid aggregation is
beneficial [5]. A great number of diverse small pmlle compounds have been found to
inhibit or reduce the aggregation of various prdef6,7]. Despite these findings, clinical
candidates have not yet been identified, and fugbeeening is needed.

We concern our study to investigate the anti-andglgenic ability of low molecular
weight compounds, acridines. We tested their ghititinhibit CEW lysozyme (chicken egg
white) amyloid aggregation in vitro. Lysozyme isetimain component of the massive
amyloid deposits in the liver and kidney of indiwals affected by hereditary systemic
amyloidosis. We synthesized a variety of acridi(féig.1) characterized by planar tricyclic
core and aliphatic side chain with various lengtld germinal groups in C-9. The process of
amyloid aggregation and inhibiting activity of atiries were followed by an assay based on

the dye Thioflavin T whose fluorescence signifidaimicreased in
, the presence of amyloid aggregates. We found tyathesized
.. _-_ . acridine derivatives are able to prevent formatainlysozyme
| ] fibrillization in dependence on the structure aplahtic side chain.
=/ The most effective acridines showed clear doseuigpa
4 inhibition of lysozyme fibrils. We determined comteation of
half-maximal inhibition 1Gy as well as half-maximal
depolymerization Dg. We found that these values corresponds
micromolar concentrations in the case of the md&tceve
acridine derivatives.

Anti-aggregating activity of the two most effective
compounds was confirmed by electron microscopythe absence of acridines (Fig. 2A),
long needle-like fibrils were observed (the thickbrils appeared to arise from interaction of

Fig.1. chemical structure
of acridine
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the thinner ones). In the presence of effectivedam compound (Fig. 2B) the amount of
fibrils was reduced. Moreover, the fibrils that egrroduced in the presence of this most
effective acridine appear thinner and shorter thase formed in the absence of compound.
We identified very effective inhibitor of CEW lyspme fibrillization, characterized

by inhibiting activity at low micromolar concentran [8]. This fact is important for a
potential therapeutic use of these compounds irvepteon of the human lysozyme
amyloidoses. It is interesting that other type aidine derivatives had capability to inhibit
amyloid aggregation of different, unrelated proseiflamely, Quinacrine and Quinacrine
mustard inhibited formation of amyloid fibrils oAu and 4 peptide [9]. The anti-scrapie
activity probably through inhibition of the formati of protease-resistant prion protein has
been found also for some other acridine derivat[l€3. These evidences could mean that
anti-amyloid acridine may have relevance not onty lysozyme-related hereditary
amyloidosis but also to amyloid diseases in general

Fig.2. TEM images of lysozyme solution after process awdg protein amyloid aggregation in absence (A) and
in presence of 100M effective acridine derivative Ac6 (B). The baepresent 500 nm.
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Amyloidosis are protein misfolding disorders in waihisoluble proteins aggregate in
soluble oligomers and insoluble fibrils, accumuatiof which has been found in several
diseases, such as Alzheimer’'s disease, Parkinsdisease, transmissible spongiform
encephalopathy, Huntington’s disease and diabgpes2. Numerousn vitro studies have
supported the thesis that partially folded protenolecules are the precursors of the
nucleation and growth of amyloid fibrils [1], evéimough the detailed molecular mechanism
underlying fibril formation is not well defined [2]The proteins associated with amyloid
diseases are not related to each other in sequencestructure, however the amyloid fibrils
share common characteristics in their morphologyctarial properties, and their core
structures showing characteristic cr@sstructure [3]. Currently, there are no clinical
treatments available to prevent or reverse formatfcsuch amyloid deposits [4].

We turned our attention on lysozyme amyloid fibeksit has been shown that human
lysozyme variants formed massive amyloid depositthe liver and kidney of individuals
affected by hereditary systemic amyloidosis. A pginy strategy to achieve prevention of
protein deposition diseases is an identificatiomoaf molecular compounds, which are able
to inhibit protein polymerization or disaggregatetpin deposits [5].

We aimed at acridines, small heterocyclic compouatsvn as anticancer drugs [6].
It was of interest if these compounds could beatiffe also as inhibitors of protein amyloid
aggregation. We screened a small library of stmadju distinct acridine derivatives (25
compounds) with various bulky side groups for thebility to inhibit lysozyme fibril
formation in vitro. The lysozyme aggregation was detected by Thiofldv fluorescence
assay in the presence of studied compounds. Wevaosthat ability of acridines to inhibit
formation of fibrils and/or disrupt preformed amgdibrils from hen egg white lysozyme
was different and strongly depended on the straabfithe acridine side chains. Compounds
belonging to the spiroacridines and tetrahydroeliceis had no disaggregation effect.

Moreover, the lysozyme fibril
formation was promoted in the
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presence of some tetrahydro-acridines (Fig. 1). iMémntified also a group of acridine
derivatives able to inhibit the lysozyme fibril foation or destroy pre-formed fibrils at low
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micromolar concentrations (¥¢and DG values were between 5-p). This activity was
confirmed by electron microscopy and Congo redyassa

We found out that disaggregation activity of acrel was affected by a planar
template and the composition and structure of sidens. These results suggest that acridine
compounds may serve as prototypes for the developwfedrugs for the prevention or
treatment of different types of amyloidoses.
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AFM/SPM mikroskopy Agilent Technologies

Technologie AFM/SPM mikroskopt umozriuje
zobrazovani v atomarnim méfitku s rozlisenim
az na desetiny nanometri. Zasadni vyhodou
téchto mikroskopii je, ze vzorky Ize zobrazovat
v libovolnych podminkach. Je mozné mérit pri
raznych teplotach dle potieb aplikace nebo
dokonce i primo v kapalinach.

AFM/SPM systémy Agilent jsou pouzivany v celé
radé obori, jako jsou napriklad:

= vyzkum a vyvoj materiala

u mikroelektronika

= nanolitografie

= aplikace s polymery

= biotechnologie

= medicina

Nova demonstracni laborator

Spolecnost HTEST, a. s, oteviela v lednu 2008 ve své
prazské kancelafi novou demonstraéni laboratof AFM
(Atomic Force Microscopy) mikroskopie. Laboratof

je vybavena Spickovym AFM mikroskopem Agilent
Technologies 5500. V ramci této nové demonstracni
laboratofe maji potencialni zdkaznici moZnost podrobné
se seznamit s technologii AFM a s mikroskopy z produkce
firmy Agilent Technologies. Rovnéz tak je mozné

ovéfit vhodnost zobrazovani pomoci AFM technologie

v konkrétni aplikaci.

Kontaktni informace

H TEST, a. s.
Na okraji 44B
16200 Praha 6

Fax: 235 363 893
E-mail: info@htest.cz
www .htest.cz

www.agilent.com/find/nano L\ Autharized Distributor

Tel.: 235 365 207, 204 ”z tEt@

Agilent Technologies

Piehled AFM/SPM mikroskopii Agilent:

Série 5100 AFM/SPM

AFM mikroskop Agilent 5100 je vhodny pro uZivatele,
ktefi nepotiebuji plnou funkénost vrcholného modelu
Agilent 5500, a pfesto vyZaduji moznost piné kontroly
prostiedi, ve kterém se nachazi méfeny vzorek. Pro plnou
kontrolu prostiedi, ve kterém se nachazi méfeny vzorek,
Je k dispozici volitelna hermeticky uzaviend komora

a teplotné regulovany adaptér pro uchycenivzorki.

B Velikost vzorku 20 x 20 mm
= Kontrola teploty a prostredi

Série 5400 AFM/SPM

Novy AFM mikroskop Agilent
5400 AFM/SPM je velmi piesny,
univerzalni pristroj za dostupnou
cenu, uréeny zejmeéna pro
oblast vzdélavani a vyzkumu
a predstavuje tak idealni
moznost zpristupnéni AFM
technologie dirokému spektru
potencidlnich uZivateli.
Mikroskop je doddvan
s podklady pro vyuku
AFM véetné vzorki pro
experimenty.
m Velikost vzorku

20 x 20mm
® Kontrola teploty

Série 5500 AFM/SPM

AFM mikroskop Agilent 5500 je vrcholny vicetcelovy
vyzkumny mikroskopicky systém pro AFM a SPM.
Modularni koncepce této série dovoluje jednoduchou
integraci stojanu pro velké vzorky az 150 x 200 mm (LS),
invertovaného mikroskopu (ILM), skener( pro malé i velké
zobrazované plochy, adaptéri pro uchyceni vzorka,
soupravy pro elektrochemii nebo videomikroskopu.




104 SKBS 2008, FMFI UK Bratislava



SKBS 2008, FMFI UK Bratislava 105

a-nutm nding I.C is the perfect tool for the
Hybrid mass analyzer combining ion trap
In'blomarkar discovery, proteamics or impurity analysis. _and TOF: the LEMS-IT-TOF

MST capability www.shimadzu.de
providing an unsurpassed wealth of glia|itative information
‘and increased confidence in the results

High mass aceuracy and high resolution
‘telivering infarmation of formula composition en eluting
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Fastest analysis

Fast cycle times including polarity switching, allowing the
identification of molecules in complex samples with narrow
LC peaks

Additional software packages @ s HI MADZU

supporting applications in metabolomics, proteomics and . o
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