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Among new branches of natural sciences, which are currently emerging, development of a novel field of
nanobiophysics was impulsed by the advent of nanoscience in qualitatively new direction interfacing
bionanoobjects and nanomaterials. To shape this field in Ukraine, a new series of biennial international
conferences “Nanobiophysics: fundamental and applied aspects” was established in 2009 by biophysicists of B.
Verkin Institute for Low Temperature Physics and Engineering of the National Academy of Sciences of
Ukraine (Kharkov) and Institute of Physics of the National Academy of Sciences of Ukraine (Kiev). After the
lapse of eight years the 5" NBP-2017 conference has demonstrated significant advances in this realm of
science, overviewed in the present report. About 90 scientists from 9 countries took part in the conference.
They presented more than 40 lectures and about 50 poster contributions. Researchers from biophysical
departments of seven academic institutes and universities of Kharkov reported remarkable achievements in
studies of bionanohybrids of biopolymers and biologically active compounds with inorganic nanomaterials,
conducted by varied experimental techniques and computer simulations. Biophysicists from a number of Kiev
academic institutes reported experimental and theoretical characterization of biomolecular nanosystems
promising for nanotechnology and biomedical applications. Impressive achievements in biophysical studies at
the nano level were presented in the invited lectures of leading specialists from Estonia, France, Latvia,
Slovakia, South Korea, and the People's Republic of China. The conference provided a platform for meetings
of participants of international projects in the field and fruitful discussion of further international collaboration.
KEY WORDS: nanobiophysics; molecular biophysics; nanotechnology; bionanohybrids;
bionanostructures.

HAHOBIO®I3UKA: ®YHIAMEHTAJIBHI TA TIPUKJIAJTHI ACITEKTH.

HOBA ITH®OOPMAIIIA 1[OJI0 HATAJIBHUX ITPOBJIEM TA JIOCSATHEHS V IIIA ITAPUHI
(Indopmanisi npo S5-ty mizknapoany kondepenuiro «Hanobdiodizuka:
(¢pynpamenTanbni Ta npukiaagdi acnektn» Hb®-2017)

M.B. KoceBnu, B.O. KapaueBuen
Dizuko-mexHiunul iHcmumym Husbkux memnepamyp im. b.1. Bepkina Hayionanvhoi akademii nayx Yxpainu,
np. Hayxu, 47, 61103, Xapxis, Yxpaina

biodizuka sk onHa i3 cydyacHUX NMPUPOJHUYMX HAYK 3 MOSBOI0 HAHOTEXHOJIOTIi OTpUMaJia IMOIITOBX Y SIKICHO
HOBOMY HAmpsIMKY TIOEAHAHHS OIOHAHOOO’€KTIB Ta HAaHOMATepiadiB, MI0 TOPOAWIO HOBY Traily3b —
HaHoOlodizuky. s popmyBaHHs 115010 HapsMKY B Ykpaini y 2009 poui 6iodizukamu Pi3uKo-TeXHITHOTO
iHCTUTYTY HU3bKHX Temneparyp iM. b.1. Bepkina HAH VYkpainu (XapkiB) ta [ucruryry ¢isuku HAH Ykpainu
(KuiB) Oyna 3acHOBaHa cepist MbkHapomHUX KoH(pepeHwil «Hanobiodisnka: (yHIaMeHTaIbHI Ta TPUKIaIH]
acriekti». Uepes BiciM pokiB 1mr’sita kKoH(epertiss HBD-2017 npomemMoHCTpyBaia 3HAYHHUI IIPOrpec y il ramy3i
HayKH, 10 CTAHOBHUTH IPEIMET IIHOTO Orysady. Y KoHpepeHtii B3 ydacts 90 HayKoBIiB 3 9 KpaiH CBITY i
npencraBuy moHay 40 morosineid Ta ommsbko S0 cTeHmoBHX mpe3eHTarii. JocmimHukn 0i0(hi3nIHIX BB
7 axkajeMiYHHX IHCTUTYTIB Ta YHIBEpCHTETIB XapKoBa JOIOBUIM IIPO CYTTEBI AOCSTHEHHS Y IOCITIIKEHHSIX
GioHaHoTiOpHUAiB OiomoiMepiB Ta GiONOTIYHO AKTMBHMX CHOJMYK 3 HEOPraHIYHMMH HaHOMaTepialamu, sKi
MIPOBOIMITUCS PI3HUMH EKCIIEPIMEHTATFHIMH METOaMH Ta KOMIT FOTEPHUM MOJIENIOBaHHAM. biodizukm
aKajeMiYHMX 1HCTUTYTIB KueBa TOBIIOMWIM TIPO pe3yJbTaTH EKCHEPUMEHTAIBHUX Ta TEOPETHYHHX
JIOCIT/DKCHb  OIOMOJICKYJIIPHHUX ~HAHOCHCTEM, TEPCHCKTUBHUX JJIS HAHOTEXHOJIOTii Ta OIOMEIUYHHX

3acTocyBaHb. Bpakaioui JocArHeHHs Oio(isMuHEX JOCTiKeHh Ha Hamo-piBHi Oyma mpencrasneni y https://doi.org
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3aIPOIICHUX JIEKIisSIX TpoBimqHuX crierianictiB 3 Ecronil, ®panmii, Jlarsii, CnoBawunnu, [TiBnenroi Kopei Ta
Kuraiicekoi Hapomnoi PecnyoOmikn. KondepeHris 3a0esnedmna MaigaHUWK DI 3yCTpidedl yYacHHKIB
MDKHapOJHUX MPOEKTIB Ta VIS MPOAYKTUBHOTO OOTOBOPEHHS ITOJABIION0 HAYKOBOTO CIIBPOOITHHIITBA.
KJIIOYOBI CJIOBA: wnanoGiodismka;, MonekyisapHa Oiodi3uka;  HaHOTexHoJori(;  OioHaHOTiIOpMIY;
610HaHOCTPYKTYPH.

HAHOBNO®U3UKA: PYHIAMEHTAJIBHBIE U TIPUKJIAJTHBIE ACITEKTBI. HOBASL
WH®OPMAIIUS OB AKTYAJBHBIX ITPOBJIEMAX U JJOCTHKEHUSX B 9TOM OBJIACTH
(Mudopmanus o 5-it mexayHapoanoi koHpepenunu «Hanoouopusuka:
(yHaameHTaNbHbIE U NPUKIAAHBIE acnieKTh» HB®-2017)

M.B. KoceBuu, B.A. KapayeBues
Du3UKO-MeXHUYeCKUll UHCMUmMym Hu3Kux memnepamyp um. b.1. Bepxuna
Hayuonanvrou akademuu nayx Yxpaunwl, np. Hayku 47, 61103, Xapvros, Yxkpauna

CoBpemeHHass OMO(U3UKA C TOSBICHHEM HAHOTCXHOJIOTHHA TMOJy4Yrja TONYOK B KAYCCTBEHHO HOBOM
HalpaBJIeHUH 00beANHEHNsI OMOHAHOOOBEKTOB M HAHOMATEPHAIIOB, IOPOIUB HOBOE HAyYHOE HAIlpaBJICHUE
— HaHoOWo¢m3uky. [ odopmiteHnst atoro HanpasieHus: B Ykpaure B 2009 rony ouodpmsnkn dusnko-
TEXHUYECKOTO MHCTHTYTa HU3KKX Temriepatyp uM. b.1. Bepknuna HAH VYkpanns! (XapskoB) u MHcTHTYyTA
¢msukn HAH VYkpaunsl (KueB) yupenmnm cepuro MeXITyHapoIHBIX KoH(pepeHunuii «HaHoOmOdm3mKa:
(dbyHIaMeHTaIbHbIE ¥ TPHUKIAaIHbIE acleKTel». CIIyCTs BOoceMb JIeT Iisitast 1o cuery koHpepenuus HBD-
2017 mpomeMOHCTpHUpOBaJia 3HAYUTEIBHBIA MPOTPECC B 3TONH OOJIACTH HAYKH, YTO W COCTABIACT IPEIMET
JaHHoro 0030pa. B xoHdepeHun mpunsim ydactue okono 90 ydeHbiX U3 9 cTpaH, NpeAcTaBUBLIMX Oosee
40 ycrepix u mopsmka 50 cTeHHOBBIX mpeseHTanwi. Mccmemoarenmun OMOGU3MUECKHX OTHENOB 7
aKaJEMHUYECKUX WHCTUTYTOB M YHHMBEPCUTETOB Topofa XapbKOBa paccKa3ald O CyIIECTBEHHBIX
JIOCTVDKEHUSIX B UCCIIEIOBaHUAX OMOHAHOTHOPHIOB OMOIOINMEPOB M OHMOJIOTMYECKH aKTHBHBIX BEIIECTB C
HEOpraHNYECKUMHU HaHOMAaTepuajlaMi, KOTOpPbIE MPOBOJVIN Pa3HBIMHU IKCIIEPUMEHTAIBHBIMA METOJJAMU U
MOCPEJICTBOM KOMIBIOTEPHOI'O MOJIENIMPOBaHUs. bHOQU3MKKM psja akaleMUYeCKuX HHCTHTYTOB Tropoja
KueBa nonoxmnm 00 OSKCIEPUMEHTAIBHBIX M TEOPETUYECKUX HCCIEAOBAHMAX OHOMOJIEKYJISIPHBIX
HAHOCHCTEM, TEPCIIEKTUBHBIX /I HAHOTEXHOJOTMM W OMOMEIMIIMHCKHX ITIPHIOKEHUH. Brewarssomue
JOCTIKEHUsI OMO(M3MYECKUX HCCIEOBAaHUH Ha HAHO-YPOBHE OBUIM IPEACTABICHHI B MPHUIIIAIIEHHBIX
JMEKNUAX BeOymMX crenuamuctoB u3 OcroHun, Dpanmmu, Jlateum, CroBakum, FOxuoit Kopen wu
Kuraiickolt HapomHoii pecrmyOmuku. KoHgepeHmus oOecreunna IUIOMAAKY UIS BCTPEY YYACTHHUKOB
MEKIyHapOIHBIX POEKTOB U JUIS MPOLYKTUBHOTO OOCYKICHHS NaIbHEHIIIEro HayYHOTO COTPYJHUYECTBA.
KJIIOYEBBIE CJIOBA: naHoOnodwu3uka; MoyieKyisipHas OHO(H3NKa; HAHOTEXHOJIOTHs; OWOHAHOTMOPHIBI,
OMOHAHOCTPYKTYPHI.

5™ International conference “Nanobiophysics: Fundamental and Applied Aspects” —
NBP2017 was held on 2-5 October, 2017 in Kharkov, Ukraine, at B. Verkin Institute for
Low Temperature Physics and Engineering (ILTPE) of the National Academy of Sciences
(NAS) of Ukraine [1, 2]. NanoBioPhysics (NBP) conference series was jointly launched in
2009 by B. Verkin Institute for Low Temperature Physics and Engineering of the NAS of
Ukraine and the Institute of Physics of the NAS of Ukraine. Previous four conferences were
organized on biennial basis in Kiev and Kharkov alternately.

Nanobiophysics is a new branch of science which operates at the interface of physics,
biology, chemistry, material science, nanotechnology, and medicine. The basic motivation of
the nanobiophysical investigations includes elucidation of fundamental mechanisms of
biological processes at the molecular level and interfacing this knowledge with various
medical and nanobiotechnology applications.

A previous conference held at the ILTPE in 2013 was completed by book publication in
2016 [3]. The book introduced the field of nanobiophysics through 12 reviews which were
presented at the NBP2013 conference as invited lectures. These reviews were focused on
some selected topics related to the physics of biomolecular nanosystems, nanobiohybrids
involving DNA/RNA and single-walled carbon nanotubes. Some reviews in the book describe
unique experimental physical methods which are used to study nanosized biostructures.
Fundamental researches are also presented through 2 reviews with strong theoretical
considerations and two chapters of the book are devoted to applied aspects of nanobiophysics.
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The aim of the present conference was to discuss urgent problems in a new scientific field
combining biophysics and nanotechnology as well as its progress and prospects. While many
problems concerning the structure, physical properties and intermolecular interactions of
biopolymers are intensively studied in the framework of traditional molecular biophysics, the
XXIst century arouse new challenges of integration of useful properties of biomolecules with
unique capabilities of nanomaterials for advanced practical applications. This was reflected in
the titles of the topics considered at the conference sessions:

- Nanobiohybrids formed by nanocarbon materials with bioobjects;

- Biomolecules on nanoparticles and nanostructured surfaces;

- Physical aspects of biomolecular nanosystems;

- Theoretical calculations and computer modeling of nanobiosystems;

- Applied aspects of nanobiophysics.

About 90 scientists from 9 countries took part in the conference. 14 invited lectures, 28
oral presentations (Fig. 1) and about 50 posters were presented, a Book of Abstracts was
published [1]. A possibility to present the result of the international, in particular European,
collaboration of the conference participants as well as discussion of further international
projects was of great importance (Fig. 2).

The contributions of the conference hosts reflected recent achievements of the Kharkov
scientific school of molecular and nano biophysics. The lecture of the conference vice-chairman
Professor Karachevtsev V.A. was devoted to experimental and theoretical studies of interaction of
nucleic acid constituents — nitrogen bases and short oligonucleotides with novel nanoform of
carbon — graphene oxide (supported by the National Academy of Sciences of Ukraine grant
within the program ‘‘Fundamental Problems of the creation of new Nanomaterials and
Nanotechnology”). Knowledge on the properties of DNA or RNA complexes with graphene
oxide is claimed due to promising applications in genosensing and gene delivery.

The subject of nanobiohybrids formed by nanocarbon materials with biomolecules was
further enlightened in the presentations of the coworkers of the Department of Molecular
Biophysics of the ILTPE. Dr. Glamazda A.Yu. reported on spectroscopic studies of DNA-
wrapped carbon nanotubes aligned in the stretched gelatine film. Contribution of
Kurnosov N.V. was focused on interaction of thiol compounds with single-walled carbon
nanotubes by means photoluminescence and Raman spectroscopy. Specific for the ILTPE
direction of spectroscopic studies at low temperatures was reflected in the talk of
Dr. Ivanov A.Yu. entitled “Biomolecules in the low temperature inert matrices and graphene
oxide films: structures and vibrational spectra”. Low temperature technique of freeze-drying
was applied for production of carbon nanotube-polyoxymethylene nanocomposite, while low
temperature mass spectrometric method was used to characterize this composite in the work
presented by Dr. Kosevich M.V. Computer simulation of nanomaterials was described by
Dr. Stepanian S.G. in his talk “Structure and vibrational spectra of graphene oxide: ab-initio
modeling”. Head of Department of Spectroscopy of Molecular Systems and Nanostructured
Materials of ILTPE Dr. Komarchuk G.V. reported about the development of innovative
point-contact nanosensors for real-time detection of helicobacter pylori virulent strains.

Achievements of Department of Biological Physics of O.Ya. Usikov Institute for
Radiophysics and Electronics of the NAS of Ukraine (Kharkov) in the area of studies of
physical aspects of biomolecular nanosystems were presented in the talk of Professor
Shestopalova A.V. devoted to revealing of particular features of structural and physical
characteristics of nucleosomal DNA, which is a nanostructure formed in the living cell as well
as artificially created. Glibitskiy D.M. informed about observations of zigzag patterns of
solutions and films of bovine albumin with FeCl; probed by dynamic light scattering.
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Fig. 1. Some emotional moments of the lectures at the NBP2017 conference.
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Fig. 2. Informal discussions: Professor Kutsevol N.V. and Professor Viglasky V. (left), Professor Kryachko
E.S. and Professor Cheranovskii V.O. at a poster session (right).
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In a number of lectures basic nanophysical studies which are of interest for future
pharmacological and biomedical applications were presented, in particular, in the
contributions of researches of the Institute for Scintillation Materials of the NAS of Ukraine
(Kharkov). Professor Lisetsky L.N. described results of application of differential scanning
calorimetry technique to investigations of joint action of drugs in model membranes, which
are useful in development and pre-clinical studies of novel drugs and drug formulations.
Dr. Vashchenko O.V. told about distinction in individual and joint membranotropic action of
calcium and magnesium stearates as medicines excipients. Dr. Yefimova S.L. told about
physical aspect of a new approach to nanoparticle application in photodynamic therapy of
cancer, namely about a novel composition on the base of porous CaCO; microspheres loaded
with both scintillating gadolinium orthovanadate nanoparticles doped with europium ions and
methylene blue photosensitizer molecules. Dr. Seminko V.V. reported about sensing reactive
oxygen species using Ce’” luminescence of cerium dioxide nanocrystals.

In the Institute for Problems of Cryobiology and Cryomedicine of the NAS of Ukraine
(Kharkov) nanoscience approach presented by Professor Osetsky A.l. is applied to studies of
bionanostructures based on cluster crystallization of the solutions with weak interaction
between components.

Along with researchers from academic institutes, scientists from universities of Kharkov
contribute to nanobio-investigations and education. The Department of Molecular and
Medical Biophysics of V.N. Karazin Kharkiv National University was represented by
Dr. Trusova V.M. who described physical and structural properties of amyloyd fibrillar
assemblies involved in pathogenesis of so-called conformational diseases, such as
neurological disorders and, at the same time are promising candidates for the design of novel
functional materials and devices. Professor Ogurtsov A.N., Chair of Biotechnology,
Biophysics and Analytical Chemistry of the National Technical University “Kharkiv
Polytechnic Institute” (NTU “KPI”), discussed capabilities of nanobiophysics in
bionanotechnology as a branch of nanotechnology, which uses biologically inspired structural
and functional principles, methods and techniques for development of atomic-level
engineering and manufacturing technologies. Dr. Lykah V.A. (NTU “KPI”) described
theoretical modeling of charge carrier behavior in functionalized CNT with charge transfer
between CNT and the attached molecules.

Advances in nanobiophysical investigations were outlined in the reports of the conference
co-organizers from Kiev Institute of Physics of the NAS of Ukraine. In the framework of the
“Biomolecules on nanoparticles and nanostructured surfaces” session
Professor Dovbeshko G.I. described studies on the DNA structure and conformation in
confined volume and on the nanostructured surfaces. Professor Chegel V.I. (V.E. Lashkaryov
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Institute of Semiconductor Physics of the NAS of Ukraine, Kiev) highlighted the
biomolecular aspects of molecular plasmonics. Researchers from the Bogolyubov Institute for
Theoretical Physics of the NAS of Ukraine (Kiev) have presented results of theoretical
considerations of various phenomenona occurring in bionanoobjects. Professor Petrov E.G.
lectured about characteristic features of kinetic processes in bionanosystems,
Professor Volkov S.N. described physical mechanisms of regulating the DNA activity at the
nanoscale, and Professor Ermakov V.N. told about modeling of respirator mechanism for
cyanide destraction by bacteria. Professor Kutsevol N.V. (Taras Shevchenko National
University of Kyiv) told about biomedical application of nanosystems synthesized in
branched PNIPAM (poly-N-isopropylacrylamide) polymer matrices with inclusion of Au
nanoparticles and a photosensitizer Clorin 6.

Presentations of international collaborators provided precious information of the main
developments and trends in the nanobiophysics-related fields  worldwide.
Professor Freiberg A. (Institute of Physics, University of Tartu, Estonia) in his opening
impressive lecture “In situ engineering of excitons in biological nanostructures” gave a
comprehensive picture of experimental investigations on photosynthetic energy transfer and
trapping processes mediated by excitons in special biological nanostructures - pigment-
protein complexes by a photo-chemical technique and a physical method of high hydrostatic
pressure.

Professor Viglasky V. (Pavol Jozef Safarik University, Kosice, Slovakia) reported about
the revealed unusual properties of G-quadruplex motifs of DNA found in living systems and
designed for nanobiotechnology. Professor Ramseyer C. (Universit¢é de Franche-Comté,
Besancon, France) described applications of High Performance Computer science for in silico
calculations urgent for design of drugs which are highly efficient but also very selective
toward cancer cells, when in vivo and in vitro experiments cannot go further.
Professor Seong Soo Choi (SunMoon University, Ahsan, South Korea) described current
nanotechnology advancements from Coulter cell counter to single molecule plasmonic
nanopore sensor. Professor Zhang B. (affiliated in Liaoning Shihua University, Fushun, P. R.
China, and University of Freiburg, Germany) told about aromatic polyimides maximizing 7-
stacking interactions with carbon nanotubes by mediating their backbone conformations.

In the framework of the conference meetings of participants of international collaboration
and current international projects took place. In particular, a special session dedicated to
HORIZON 2020 project "Asymmetry of biological membrane: theoretical, experimental and
applied aspects" (690853 — assymcurv — H2020-MSCA-RISE-2015/H2020-MSCA-RISE-
2015) was organized by its European coordinator Professor Dovbeshko G.I. (Fig. 3). Reports
on the current developments of the project were made by Professors Ramseyer C. (France),
Berzina B. (Latvia), Freiberg A. (Estonia), Gogotsi O.G. (Ukraine).

Competition for the best contribution of young scientists was organized in the framework
of the conference. The winners in the nomination for the best oral talks were
Miroshnychenko K.V. with her presentation “Ligand-induced DNA conformational changes
in minor groove complexes studied by molecular dynamics simulation” and Piatnytskyi D.V.
for his “Complexes of hydrogen peroxide and DNA phosphate group in quantum chemical
calculations” talk. The best poster winners were Lapshin V.A. for his “Nanostructured and
ultradisperse materials: production by means of immersed electric discharge and application
for biology and medicine” poster and Hubenko K.O. for her ‘“Nanocomposite CaWO;, in
mesoporous spheres SiO, for X-ray induced photodynamic therapy” poster (Fig. 4).

The conference was partially sponsored by the Trade Union of the ILTPE of the NAS of
Ukraine and international scientific societies — The Optical Society (OSA,
http://www.osa.org/en-us/about_osa/) and The International Society for Optics and Photonics
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(SPIE, http://spie.org/about-spie). The secretary of the Young Scientists Council of the ILTPE
Gamayunova N.V. had informed junior participants about the opportunities provided by the
Student Chapters of these societies.

Fig. 3. Participants of the HORIZON 2020 project: Dovbeshko G.I. (coordinator), Olenchuk M., Freiberg A.,
Rivel T., Foley S., Berzina B.

Fig. 4. Diploma for the best young scientists’ contributions are awarded by Professor Karachevtsev V.A. to
Hubenko K.O. and Lapshin V.A.

In this issue Biophysical Bulletin publishes some articles presented at the NBP2017.
The next conference of the series is expected to be organized in autumn 2019 in Kiev.
More information can be found at the conference site [2].
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