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EDITORIAL

https://doi.org/10.26565/2075-3810-2022-47-01

7th INTERNATIONAL CONFERENCE
“NANOBIOPHYSICS: FUNDAMENTAL AND APPLIED ASPECTS”

7t International conference “NANOBIOPHYSICS: Fundamental and Applied
Aspects” — NBP-2021 took place on October 4-8, 2021 in Kharkiv, Ukraine, at the
Institute for Low Temperature Physics and Engineering of the National Academy of Sciences
of Ukraine.

“NanoBioPhysics” conference series was jointly launched in 2009 by B. Verkin Institute
for Low Temperature Physics and Engineering of the National Academy of Sciences of
Ukraine (ILTPE NASU) and the Institute of Physics of the National Academy of Sciences of
Ukraine (IP NASU). Previous conferences were organized on biennial basis in Kharkiv and
Kyiv in rotation.

Pandemic situation of the recent years predetermined the hybrid offline/online format of
the NBP-2021 conference: among 80 registered participants about 40 scientists have
presented their lectures and posters offline (Photo 1) and up to 40 participants were joining
the sessions online (Photo 2). Contributions coauthored by scientists from Ukraine, Germany,
Poland, Italy, Belgium, Belarus, Bulgaria, Lithuania, Sweden, Romania, Czech Republic,
United Kingdom, USA, China, France, and Denmark were presented. 16 keynote lectures and
18 oral presentations were made and 51 posters were discussed offline (Photo 3) and online.
Book of abstract of the NBP-2021 contributions was published [1].

Photo 1. Offline participants of the 7th International conference “NANOBIOPHYSICS: Fundamental And
Applied Aspects”, 2021, ILTPE NASU, Kharkiv, Ukraine.

In cites: Karachevtsev VA, Kosevich MV, Dovbeshko GI. 7" international conference
NBP-2021 “Nanobiophysics: fundamental and applied aspects”. Biophysical Bulletin.
2022;47:7-12. https://doi.org/10.26565/2075-3810-2022-47-01

Open Access. This article is licensed under a Creative Commons Attribution 3.0
http://creativecommons.org/licenses/by/3.0/

© Karachevtsev V. A., Kosevich M. V., Dovbeshko G. 1., 2022.



V. A. Karachevtsev, M. V. Kosevich, G. I. Dovbeshko

In order to discuss urgent problems in an emerging scientific field combining biophysics
and nanotechnology, as well as its progress and prospects, the following sessions were
organized:

e Nanobiohybrids formed by 1-D or 2-D nanomaterials with bioobjects,
Biomolecules on nanoparticles and nanostructured surfaces,
Physical aspects of biomolecular nanosystems,
Theoretical calculations and computer modeling of nanobiosystems,
Applied aspects of nanobiophysics.

U

Photo 2. Online lecture delivered from Germany Photo 3. Signs of the times: poster session discussion
by Dr. S. Krasnokutski. under the quarantine conditions. Drs. O. Vashchenko,
A. Ivanov, G. Dovbeshko.

Recent research advances in the field of nanobiophysics achieved by the scientists from
the host ILTPE NASU (Kharkiv, Ukraine) organization were reported in a number of
presentations. Chairman of the NBP-2021 conference, the head of the Department of
molecular biophysics of the ILTPE NASU, corresponding member of the NAS of Ukraine,
Professor Karachevtsev V. A. summarized the results of investigations of the nucleic acids
interactions with nanomaterials in his plenary lecture “Single- and double-stranded
polynucleotides on graphene/graphene oxide: structures and binding energies”. A variety of
experimental and theoretical methods as well as their combination, successfully applied to
characterization of nanobioobjects, was presented. Vice chairman of the conference,
Dr. Stepanian S. G. highlighted a problem of quantum-mechanical insight into complexation
of 2D nanomaterials with biomolecules. Dr. Ivanov A. Yu. talked about experimental FTIR
spectral studies combined with and ab initio calculations of the pyrimidine nucleosides in Ar
matrices and condensed films with graphene oxide at low temperatures. Dr. Glamazda A. Yu.
reported on spectroscopic studies of porphyrin functionalized aligned SWNT:DNA
nanohybrids encapsulated in stretched gelatin films. Dr. Kurnosov N. V. described
spectroscopic and AFM characterization of the molybdenum disulfide exfoliated with
nucleotides and electronic transport in composite film of carbon nanotubes with molybdenum
disulfide. Dr. Karachevtsev M. V. discussed the disclosure of the influence of flexible surface
of graphene on RNA duplex adsorption by means of molecular dynamics simulation.
Dr. Usenko E. L. presented results of study of effect of UV irradiation on the thermal
stability of native DNA in the presence of TiO: nanoparticles. Dr. Plokhotnichenko A. M.
described implementation of the refined method of electrospinning preparation of nanofibers
containing Ag nanoparticles or carbon nanotubes. Dr. Pashynska V. A. publicized the
development of mass spectrometry approach to study of nanobiocomplexes which was aimed
to search of mass spectrometric molecular markers of modulation effects occurring under
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drugs co-administering. The point-contact spectroscopy developed at the ILTPE NASU was
applied by Dr. Kamarchuk G. V. to elaboration of the point-contact sensors as an advanced
tool for real-time analysis of molecular systems.

The achievements of biophysicists from the co-organizer of the conference, I[P NASU
(Kyiv, Ukraine), were introduced in the talk of the head of the Department of physics of
biological systems, Professor Dovbeshko G. I. in her plenary lecture called “Graphene-like
nanostructures as a platform for studying biological macromolecules and cells: FTIR,
RAMAN, CARS, fluorescent spectroscopy and microscopy data”.

The response of biophysicists to the present challenge of COVID pandemic was reflected
in the lectures by Professor Shestopalova A. V. (Kharkiv, Ukraine) “Blocking the binding of
the SARS-CoV-2 coronavirus to the ACE2 cell receptor: results of molecular modeling” and
by Professor Zholobak N. M. (Kyiv, Ukraine) “Physicochemical determinants of virus-cell
interaction”. During the concluding session a vivid discussion of this subject took place in the
framework of the Round Table “How biophysics and nanosciences meet modern challenges:
the case of COVID-19”. In particular, evaluation of experimental mass spectrometric facilities
for addressing the viruses and coronoviruses related problems was made in a poster
presentation by Dr. Shelkovsky V. S. (Kharkiv, Ukraine).

Contribution of biophysics and nanoscience to solution of another urgent biomedical
problem of cancer research and anticancer therapy was highlighted in the lecture delivered by
Professor Kutsevol N. V. (Kyiv, Ukraine) “Multicomponent nanosystems for anticancer
therapy: recent advances and disadvantages”. Elaboration of novel nanomaterials for a
promising method of anticancer and antimicrobial photodynamic therapy was addressed in a
series of presentations: “Study of zinc tetraphenylporphyrin/dextran graft polyacrylamide
copolymer/Au nanoparticles nanosystem applicability for photodynamic therapy” by
Professor Yeshchenko O. A. (Kyiv, Ukraine), “New hybrid structures based on oxygen-free
graphene and aluminum phthalocyanine chloride for photodynamic therapy” by Professor
Klimenko 1. V., “Hydrogel-silver nanoparticle composites for antibacterial photodynamic
therapy” by Professor Nadtoka O. M. (Kyiv, Ukraine). Bionanophotonic approach to some
modern health challenges was described in the lecture by Professor Yashchuk V. M.
(Kyiv, Ukraine).

Wide range of biomedical aspects of applications of nanomaterials and related
investigations at the nano level was embraced in a set of presentations. Here it is worth to
stress the contribution of research teams headed by the “women in science” being recently
elected as corresponding members of the National Academy of Sciences of Ukraine, namely
Professor Yefimova S. L. (Kharkiv, Ukraine) with her scientific direction of “Biomedical
applications of ROS-regulating nanomaterials”, and Professor Trusova V. M. (Kharkiv,
Ukraine) with her scientific direction related to biophysical basis of fight against
neurodegenerative diseases: “Amyloid fibrils as a scaffold for multistep energy transfer”.
Dr. Kuznetsova K. S. (Kharkiv, Ukraine) described possibilities of dynamic control of
enzymatic reactions using microwave dielectrometry method for biomedical applications.
Professor Sukhoviya M. 1. (Uzhgorod, Ukraine) presented data on biophysical mechanisms of
the influence of slow electrons on biostructures.

Another set of talks was connected with the advances in development of novel
nanomaterials. Professor Sorokin A. V. (Kharkiv, Ukraine) lectured about features of the
“AMPHI-PIC J-aggregate — bovine serum albumin” complexes. Dr. Vashchenko O. V.
(Kharkiv, Ukraine) described molecular aspects of recylization of N-substituted 2-
iminocoumarines and Dr. Tatarets A. L. (Kharkiv, Ukraine) introduced squaraine and
norsquaraine fluorescent dyes for protein investigation. Professor Buchatskyi L. P.
(Kyiv, Ukraine) addressed an interesting theme of application of spherical virus-like particles
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for nanobiotechnology. Dr. Kalinkevich O. V. (Sumy, Ukraine) presented data on controllable
structures on the surface of natural polymers made by proton beam writing and femtosecond
laser treatment.

More results of theoretical calculations and computer modeling of nanobiosystems were
covered in the lectures of Professor Volkov S. N. (Kyiv, Ukraine) “On possible role of
hydrogen peroxide molecules in ion beam therapy of cancer cells” and Dr. Perepelytsya S.
(Kyiv, Ukraine) “Mechanisms of spermidine®" interactions with the DNA double helix at the
nanoscale”. Dr. Lisnyak Yu. V. (Kharkiv, Ukraine) presented data on modeling of drug-target
interactions of antimicrobial peptides with phospholipids of the inner membrane of gram-
negative bacteria and Dr. Dubey I. Ya. (Kyiv, Ukraine) reported on quantum chemical study
of binding of cyanine-based telomerase inhibitor to a parallel DNA quadruplex.

Several talks were devoted to biophysical investigations of nanoobjects related to space
research problems and (bio)chemical evolution in space. Dr. Krasnokutski S. A. (Jena,
Germany) described novel experiments initiated by the Astrophysics group of the Max Plank
Institute for Astronomy of the Friedrich Schiller University, aimed at investigation of
processes of condensation of atomic carbon as a route to proteins origin in space. A vice
chairman of the conference, Dr. Kosevich M. V. (Kharkiv, Ukraine) lectured about mass
spectrometric simulation of nanoclusters related to chemical evolution in space.

A special session of the Ukrainian Biophysical Society (UBFT) was organized in the
framework of the conference. About 40 UBFT members joined online broadcast of the offline
session. The participants of the event were greeted by the president of the UBFT, head of
Department of Biophysics and Medical Informatics of Taras Shevchenko National University
of Kyiv, Professor Zholos A. V. Current problems and future activities of the UBFT were
lively discussed by the participants. In the scientific part of the session the head of the
Kharkiv branch of the UBFT, head of Department of molecular and medical biophysics of the
V. N. Karazin Kharkiv National University, Professor Berest V. P. gave a lecture on the
subject of adsorption of Gramicidin S on nano-sized liposomes, which can mitigate severe
side effects of the antimicrobial peptide. Professor Soloviev A. I. (Kyiv, Ukraine) lectured on
nontraditional nano-openers of large-conductance Ca-activated K channels. Young scientist
Dr. Dryn D. O. (Kyiv, Ukraine) gave a talk on nanostructured carbon materials as novel
modulators of diverse types of ion channels.

A special attention was paid to the promotion of young scientists and professional
orientation of students. A team of the Young Scientist Council of the ILTPE NASU involving
Drs. Mpysko-Krutik N., Herus A., Kravchuk O., Shchuka M. together with SPIE (The
International Society of Optics and Photonics) and OSA (The Optical Society) branches in
Kharkov have organized SPIE & OSA Workshop “Career development opportunities for
scientist and students” in the framework of the conference. Young scientists of the Kharkov
academic institutes as well as students of Kharkov institutes and universities took active part
in this event.

Traditional competition for the best presentation awards resulted in nomination of three
presentations: “Mechanism of reactive oxygen species scavenging by GdYVO4:Eu®*
nanoparticles” by Dr. Hubenko K. O. (Kharkiv, Ukraine); “The determination of melatonin
content in the human body using exhaled gas analysis” by Dr. Harbuz D. O. (Kharkiv,
Ukraine); “Molybdenum disulfide exfoliated with nucleotides: spectroscopy and AFM
characterization” by Dr. Kurnosov N. V. described spectroscopic and AFM characterization
of the molybdenum disulfide exfoliated with nucleotides”.

The next conference of the series is expected to be organized in autumn 2023 in Kyiv.
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7% International conference “NANOBIOPHYSICS: Fundamental and Applied Aspects” (NBP-2021) took
place on October 4-8, 2021 at B. Verkin Institute for Low Temperature Physics and Engineering of the
National Academy of Sciences of Ukraine (Kharkiv, Ukraine). Previous six conferences, starting from
2009, were organized due to joint efforts of B. Verkin Institute for Low Temperature Physics and
Engineering of the NAS of Ukraine and Institute of Physics of the NAS of Ukraine on biennial basis in
Kharkiv and Kyiv alternatively. Among 80 registered participants from 16 countries about 40 scientists
have presented their lectures and posters offline and other participants were joining the sessions online.
16 keynote lectures and 18 oral presentations were made and 51 posters were discussed offline and
online. The goal of the conference was achieved: urgent problems, advances and perspectives of the
topical scientific direction of nanobiophysics which embraces achievements of modern molecular
biophysics and nanotechnology were discussed. The subjects of physical aspects of biomolecular
nanosystems, properties of biomolecules on nanoparticles and nanostructured surfaces, nanobiohybrids
formation by 1-D or 2-D nanomaterials with bioobjects, theoretical calculations and computer modeling
of nanobiosystems, and applied aspects of nanobiophysics were highlighted at the related sessions.
Several additional accompanying events were organized in the framework of the conference, including a
Round Table “How biophysics and nanosciences meet modern challenges: the case of COVID-19”, a
special session of the Ukrainian Biophysical Society, and SPIE (The International Society of Optics and
Photonics) and OSA (The Optical Society) Workshop “Career development opportunities for young
scientist and students”. Book of abstract based on NBP-2021 materials was published.

KEY WORDS: nanobiophysics; biomolecular nanosystems; bionanomaterials; bionanocomposites; nanostructured
surfaces; intermolecular interactions; computer simulation.
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Croma wMixkHapoana koHpepeniis «HAHOBIO®I3UKA: ¢yHnameHTambHI Ta TPHKIATHI aCTIEKTH»
(NBP-2021) BimbOymacst 4-8 sxoBTHs 2021 p. y Di3UKO-TEXHIYHOMY IHCTUTYTI HHU3BKHX TEMIIEPATYP
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im. b. I. Bepxina HAH VYkpainn (XapkiB, Ykpaina). [lonepeani micts kondepeHuii mounnatoun 3 2009
POKY IPOBOJIMIIMCS Ha JBOPIYHIA OCHOBI CIIUIBHUMH 3YCHWIISIMA Pi3MKO-TEXHIYHOTO IHCTUTYTY HU3BKHX
temniepatyp iMm. b. I. Bepkina HAH Yxpainu ta [ncruryry ¢isukn HAH Ykpainu no gepsi y Xapkosi ta
Kuesi. Cepen 80 3apeecTpoBaHUX y4acHHUKIB 3 16 kpaiH Oinsg 40 BYEHUX 3pOoOWIH JIEKIiT Ta MOCTEPHI
Mpe3eHTAaIl] HAKUBO Ta peIlTa MpUENHYBanacs N0 ceciii oHnaiH. bymo 3pobneno 16 mneHapHux i 18
yCHHUX TMpe3eHTalliii Ta 51 mocrep Oymo oOroBopeHo oduiaiiH Ta omHimaiH. Mety koH(epeHmii Oyio
JIOCSITHYTO: OOTOBOPEHO HarallbHi MpOOJIeMH, YCIXH Ta MEePCIEKTUBA PO3BUTKY CYYaCHOTO HAyKOBOTO
HaNpsSIMKy — HaHOO010(Di3UKH, sSIKa OXOILTIOE JOCATHEHHS MOJICKYJISIpHOT Oiodi3nkn Ta HaHOTEXHOJIOTii. Ha
BIJIMOBITHUX CeCifX Oyl0 BHCBITIIEHO NHUTAHHA (I3MYHUX AaCMEKTIB OIMOJEKYJSIPHUX HAHOCUCTEM,
BJIACTUBOCTEH OiOMOJEKy7T Ha HAHOYACTHMHKAX Ta HAHOCTPYKTYPOBAHWX TIOBEPXOHb, CTBOPECHHS
HaHoriopuziB Oionorivanx o6’ektiB 3 1-D Ta 2-D HaHomarepiasamu, Teopii Ta KOMII IOTEPHOTO
MOJICTIOBaHHsI HAaHOOIOCHCTEM 1 NMPaKTHYHMUX acHeKTiB HaHOOiodi3uku. Y paMkax KoHQepeHLil Oyio
OpraHi30BaHO KiNbKa IOJATKOBUX CYIYTHIX 3aXOMiB: Kpyriamd cTinm Sk Oiodisnka Ta HaHO-HAyKH
BIJNOBIAal0OTh Ha cy4acHi Bukimmkd: Bunagok COVID-19», cnoemianbHa cecis YKpaiHCBKOTO
6iodiznunoro TtosapuctBa, SPIE & OSA wmaiictepxiac «P0O3BHTOK Kap’€pHUX MOXJIIMBOCTEH JuIs
MOJIOAMX YUEHHUX Ta CTYACHTiB». Marepiamu koHpepentii NBP-2021 Bunano y 36ipiii Te3.

KJIFOYOBI CJIOBA: HaHOGiodi3uKa; OIMONEKYJISIpHI HAHOCHCTEMH; OiOHaHOMAarepianw; OlIOHAHOKOMIIO3HTH;
HAaHOCTPYKTYpPOBaHi OBEPXHi; MIXKMOJICKYJISIPHI B3a€EMOJIiT; KOMIT IOTEPHE MOJACITIOBAHHS.
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AKTyaabHicTh. JlocmipkeHHsT BIUTMBY (TOpUAY HA KIITHHHOMY piBHi, SIK OJHOTO 3 TOIMUPEHHUX
3a0pyIHIOBaYiB JTOBKOJMIIHLOTO CEPEIOBUINA, BCE IIIe MAE€ CYTTEBE 3HAUSHHS [T 010(i3uKH, METUITUHU
Ta eKOJIOTii, OCKiJIbKM HOTO BIUIMB HAa eMOPiOHAIBHI 00’ €KTH € MaJIOBHBUCHUM.

MeTtow po6otu Oyino: 1) gociimkeHHS BILTUBY (TOpWAY HATpito (B MiHIMaJbHIN KOHICHTpAIlii s
MPUTHIYCHHS POCTY) HAa MOP(HOJIOTIYHUHN PO3BUTOK 3apOJIKiB B'IOHA; 2) 3’CYBaHHS CTYIEHS BHOYKHBAHHSI
3apOAKIB 3a NPUCYTHOCTI B cepeloBHLIl iHKyOauii (Topuay HaTpilo Ta BH3HA4YEHHS KoediuieHTa
BkuBaHHA K.

Marepiaau i metoau. OByssuiro y camok B’tora (Misgurnus fossilis L.) cTumyiroBanu BHYTPiLIHBO-
M’SI30BHM BBEJICHHSM CaMKaM XOPIOTOHIYHOTo roHamorpominy (500 ox.), ikpy oxepxyBaiu yepe3 36 rox
micasl CTUMYIIILII, 3amigHIoBaau B damkax [letpi cycnensietro crnepmiiB 3a Heiipaxom A. A. Cranii
PO3BHUTKY KOHTPOJIIOBAJIM Bi3yalbHO Tif OiHOKyIsspHuM Mikpockoniom MBC-9 3  dortorpadiunoro
MIPUCTABKOI0; EKCIIEPUMEHTAIIbHI 3apOKH 1HKyOyBaiu y po3unHi ['onbTdperepa 3 gogaBanusm Gropumy
HATPIO 10 KiHIEBOT MiHIMAJIbHOT KOHIEHTpaIlii 500 MKMOJIB/II.

PesyabTraTn. dTopun HATPiIO TaabMyBaB PO3BHTOK 3apOJKiB B’IOHA Ta NMPHU3BOIUB 1O (HOPMYyBAHHSI
nedekTiB po3BUTKY. HalOinbIl MOMITHUMH BaJaMHu PO3BUTKY, CIIPUYMHEHUMH (TOPUAOM HATPIO, €
3MEHIIIEHHSI PO3MipiB TOJOBH Ta XBOCTA JMYMHOK, IOTaHA IMITMEHTAIlis Tija, 3MIHH JiaMeTpy OdYel Ta
pediaeKkcy MOTHKY 3apOoJKiB. Y pe3ysibTaTi HaKOMHUYeHHs (TOpHUIYy B KIITHHAX 3apoOjKiB HA TPETIO M00y
PO3BHUTKY CMEpPTHICTh 3apozkiB 3pocna 1o 88,9%. 3aranbHa KiNbKIiCTh JMYMHOK, 110 BHXKHIIM BITPOJIOBK
12 ni6 3a aii Gpropuay HAaTPirO, CTAHOBUTH OJIU3BKO 2%.

BucnoBku. Ha nocnipkyBaniit Mozieni 3apo/ikiB B’IoHa MiITBEPIUKEHO NpsiMy TepaToreHHy nito NaF, sky
cnocrepiranu iHmi gocaigaukn Ha Moxeni FETAX. BunukHeHHS IedekTiB pO3BUTKY eMOpiOHIB
XOJIOHOKPOBHHX, 3yMoBieHnx NaF, He BuKiIIOYae MOXJIMBICTH NPOSIBU TEPATOICHHHUX €(EeKTIB y
TEIUTOKPOBHHUX TBapWH, 30KpeMa y JIIOAWHA. YHUKHEHHS HAIMIpHOTO TOTPAIUIIHHS (hTOPY B OpraHi3M
gepe3 OOMEKeHHsS CIOKMBaHHS DKi ab0 HamoiB 3 BHCOKHMM BMICTOM (PTOpY, BUKOPHCTaHHS (GTOPY B
3aco0ax 1Mo JOTJIsIy 3a 3y0aMH Ta iHIIe, Moke TIoTpeOyBaTH OKpEeMO1 IeTali30BaHO1 OIIHKH.
KJIIOYOBI CJIOBA: dTopua HaTpiro; MOp(OJIOTiST, BIDKUBAHHS, 3apOJIKH; B FOH; BaJIH PO3BUTKY.

Y HaBKOJHMIIHBOMY CEPEIOBHII BUIBJICHO JHIIE (PTOPBMICHI CIIONTYKH (y BUIBHOMY CTaHi
drop (F) y nmpuponi He icHY€), OCKUIBKH (TOp Ma€ 3JaTHICTh YTBOPIOBATH HEOPraHiuHI Ta
OpraHiyHi KOMIUJICKCHI CHIONYKH — (ropuan (BMICT LUX KOMIUIEKCIB B 3eMHIH Kopi
cranoBuTh npubauzao 0,06-0,09%) [1, 2]. drop Ak XIMIYHUNA €IEMEHT HE MiIAa€ThCs

Ax muryBatu: 'punaii [P, Mannzunens CM, bypa MB. Brumis ¢ropuay HaTpito Ha pO3BUTOK Ta BH)KMBAHHS
3aponkiB B'toHa. biodisnunuit Bicank. 2022;47:13-26. https://doi.org/10.26565/2075-3810-2022-47-02

In cites: Grytsaj IR, Mandzynets SM, Bura MV. Influence of the sodium fluoride on the development and
survival of the loach embryos. Biophysical Bulletin. 2022;47:13-26. https://doi.org/10.26565/2075-3810-2022-
47-02 (in Ukrainian)
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METa0OJIIYHUM TIEPETBOPECHHSIM, OJHAK MOKE a00 HAaKOMMYYBaTHUCS, a00 JUIIIE BUBOJIUTHCS 3
opraniamy. ExcnepumenTH 3 pajioakTHBHMM  (TOpPOM  MOKa3aid, MO0  HOro
BHYTPIIIHHOKTITUHHA KOHIICHTpAIllSl 3aJIeKUTh BiA TpamieHTy pH murTomiasmMu KITHHU Ta
3apxau Ha 10-50% HIKYe, Hi’K KOHLEHTpaIlis y 1ia3mi Kposi [1]. @Top BU3HAHUN IIUPOKO
PO3TOBCIO/PKEHUM TIPUPOAHUM 3a0pyAHIOBaueM, SIKHH Ma€ CHJIbHY TOKCHYHY IO Ha M’SKi
TKaHWHU, BKJIOYAIOYM, MO30K, HUPKH, S€4YKa Ta iX MpUAAaTKH. MakcuManibHe HAKOMUYCHHS
dbTopy npu TpUBAIOMY HAJXOIKCHHI B OpPTaHi3M JIFOJWHHU BHUSABJICHO B HUPKax [3], uepe3 ski
BUBOJUTHCS B cepenHboMy a0 50% cnoxutoro ¢propy. He BuBenenuit ¢prop 3 oprauizmy y
JIOJIMHUA PO3MOAUIIETHCS MK OpraHaMu, 30KpeMa, HaKOMUYYeThCs B KiCTKax [4], meHTuH1
3y0iB, emii3i Ta iHmmMX TkaHuHax [3]. TokcuyHi A03u (QTOPY AJISA JIOAUHUA BapilOIOTH B
MIUPOKUX MEXKax: JJISI TIOPOCIUX CTAHOBIATh 16—64 Mr/kr, a ais aited — 3—16 mr/kr [1, 2].

[IpoTe BizoOMO, 110 HU3bKI KOHLEHTpaIii (Topy HEOOXiAHI /Uil HOPMAJIBHOTO POCTY i
PO3BUTKY OpraHi3My JIOAUHU . DTOp perysroe He TIIBKH PICT 1 PO3BUTOK KiCTKOBOI TKAHUHH
(ocTeobmacTy 1 OCTEOKIACTH), alle ¥ KOHTPOJIIOE METa0O0TI3M KIIITHH SHIOTEINi0, MeYiHKH,
HUPOK, MiOKapza 1 HepBoBoOi cuctemu [ 1, 5—6]. 3 ma3mu kpoBi GTOP MIBUAKO PO3MOALTSIETHCS
IIISIXOM MacuBHOI 1M(y3il y BHYTPIIIHbOKIITUHHI 1 O3aKJIITUHHI PIMHU Ta TKAHUHH, IPOTE
MeBHI OpraHi3Mu cGOpPMYBaJIM B TPOIECI €BOJIONII CHUCTEMH 3aXHCTy — CLCF-pOI[I/IHa
autunoprepis F /H" Tta Fluc/FEX poauna F-xamanis [7]. Tlomanbmni gociimkxeHHs
OakTtepianpHOTO crcB (mi3Hime mepeliMeHoBanuii Ha Fluc) BcraHOBwWIM, 1O 1i MPOTEIHU €
10HHAMH KaHaJIaMH 3 BHCOKOIO ceneKkTuBHicTI0 (> 10000 paziB) moao GTopy, HixK IS XJIOPY
[7]. Excrioprepu ¢ropumiB imeHTH(IKOBAHO BHKIIOYHO Yy MPEACTABHUKIB OJHOKIITHHHUX
oprani3miB (S. cerevisiae ta N. crassa), oqnak romosiord FEX ponunu F-kaHaiiB BUSBICHO 1
B TIPEACTaBHUKIB mapcTtBa PocnuH (KyKypya3a, puc, BUHOTPaJ, anelbCHHU Ta OTIPKH); a B
NpEeJCTaBHUKIB IapcTBa TBapuH (TpU BHJIM MOPCHKHUX OPraHi3MiB, BKIIIOYalOYH, MOPCHKY
ryoky Amphimedon gqueenslandica) inentudikoano ORF-nporeinu moaioui 1o FEX [8].

TokcuunicTe (TOpYy TMOB's3aHAa 3 HOr0 BHUCOKOI OIOJIOTIYHOK AaKTUBHICTIO Ha
MOJICKYJIIPHOMY Ta KJIITHHHOMY piBHI: 1HTeHCHU(]IKAIs NMEPEKUCHOTO OKWCHEHHsI JIIMIIB,
nomkomkenHss moniekyn JHK, iHmykuis amonro3y Ta 3MmiHM KiiThHOro nukiy [9-10].
Jeng J. H. Ta cmiBaropu [11], mocmimkyroun BrutuB ¢propuay Hatpito (NaF) na ¢ibpobdmactu
CIIM30BOT OOOJIOHKH POTOBOI MOPOKHHHU JIFOJJMHU, BCTAaHOBWIIH, 110 IN Vitro NaF mpossise
TOKCHYHICTh NIJISXOM 1HTIOYBaHHS CHHTE3y MPOTEiHIB, MUCPYHKIIE0 MiToXoHApid [11] Ta
BUCHa)XCHHSIM 3amaciB BHYTpIIHbOKIITHHHOTO AT® [12].

JocnimxeHHs BIUIMBY (GTOPUIIB Ha OPOCIUN opraHi3M oOyMOBJIEHI (TOpPYBaHHSIM
OUTHOT BOJAM, 3HMIICHHAM KOMax, T'pHOKIB, TPH3YyHIB y MOOYTi, BUAAJICHHAM (TOPHUCTOTO
BOJHIO 3 BIANpaIlbOBAaHUX Ta3iB y MPOMHUCIOBOCTI — I 1HAYKYE BHHUKHEHHS TMpoOJeM
(bi3UYHOTO Ta PENpOAYKTUBHOTO 370POB'S, K y JoJeH, Tak 1 y TBapuH [13-14]. 3okpema,
TOKCHYHICTh (PTOPY BHIKJIMKAE CEpPHO3HE 3aHETOKOEHHS Yy 0cCi0, SKi CIOXXKHMBAIOTh BOJHI
oprafi3Mu (TpicHOBOJHUX pub Ta Oe3xpeberHux) sk xapuoBuit 00’ext [15]. IIpicHOBOIHI
npeacTaBHUKKA poauHu KopomoBux (Cyprinus carpio [16] ta Carassius auratus gibelin) ta
xmwkl pubu (miBaiyna myka (Esox lucius) Ta oxynp eBpomeiichkmii (Perca fluviatilis))
HaKOMUYYIOTh GTOp HalOIbIIE y 350pax, MEHIIIE Yy MEUiHIll, MO3KYy, HUPKaX, KHIIKIBHUKY Ta
M’SI30Bii TKaHWHI 3aJI€KHO BiJl TPUBAIOCTI il YNHHUKA Ta BUY [17].

bararouncenbHi IOCHTIDKEHHAMH TMIATBEPAMWIM BIUIUB (TOPY HAa PICT Ta PO3BUTOK
MOJIOJIMX OCOOMH puO: BUSBJICHO MOMITHE 3HM)KEHHS POCTY Y MOJIOJUX OCOOMH OCETPOBHUX
pu6 poaunu Acipenseridae smpomosx 90 muiB (10, 25 1 60 mr F/m) [18], 3MiHy 10BKUHH Ta
Barv TPOMIYHUX MPEICTABHHUKIB poAMHU KopomoBux Puntius ticto [19] # Cyprinus carpio
[20], a Takox mpicHoBoguux pubd Heteropneustes fossilis (Bloch) psay Comomomionux [21].
3HMKEHHS POCTY, Baru Ta po3MipiB MOJIOUX OCOOMH pUO KOPEJIOE 3 KOHLIEHTpALisIMU (hTOPY
y BO/I.
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Ak 1 y ccaBIiB, Tak 1 y MPICHOBOJHUX OpPraHi3MiB, PTOp i€ SK MOTYXHUH 1HTIOITOp
MeTaboi3My, 30KpeMa, IHIIIIOI0YM TiCTONATOJIOTIYHI HE3BOPTHI 3MIHM Yy IMEYiHLI COMa
Heteropneustes fossilis (3MiHM aKTHBHOCTI €H3UMIB Ta 3HMKECHHS BMICTY 3arajibHOro OiJKa)
[22], y M’s3ax, 3s0pax 1 Hupkax Labeo rohita (3HWKeHHs 3araJlbHOrO BMICTY OUIKIB,
rimikoreny Ta jimigi) [17, 23]. Tripathi N. i3 cniBpoOiTHHKaMH, BCTaHOBHIIM, IO BHCOKI
koHueHrpauii ¢gropy (35 i 70 mMr F/a) mpu3BOAsTH 1O BHPAKEHOTO IMTOKCUYHOTO Ta
FeHOTOKCHYHOTro edekry y mpicHoBogHoro coma Clarias batrachus [24], a Takox ¢Top
3JIaTCH IHIIIIOBATH OKUCITIOBATILHUI cTpec y nevinili pud Channa punctatus [25].

OpnnHak, MOCHDKEHHS BIUIMBY (TOpuAy uYd (PTOPBMICHUX CIOJYK Ha €MOpIOHH Ta
JUYUHKYA BOJHHMX OpraHi3MiB, 30KpeMa puO, Ta iX PO3BUTOK € MaJOYHMCEIbHUMHU Ta
HenoctatHiMu. FU M. Ta ciiBaBopu [26] nmpoaeMmoHcTpyBany, mo NaF y HuU3BKiH Ta BHCOKIH
no3ax (0,2 Ta 120 Mr/n BiAMOBIAHO) EMIT€HETHYHO MOPYLIYE T03pIBaHHSA OOLMTIB MUIIEH Ta
PO3BUTOK €MOPiIOHIB, aKTUBYIOUH arloINTO3 eMOPIOHIB HA CTail 0J1aCTOUCTH HE 3aJICKHO Bij
KOHIIEHTpalii TepaToreHa. |HTEHCHUBHMI aHami3 JiTepaTypH MOKa3aB, IO (TOp HEraTUBHO
BIUTMBAaE€ Ha (YHKI CIIEpMH, BKIIIOUYAOUYd MOP(OIIOTit0, PYXJIUBICTh, EMHICTh Ta PEAKIIIIO
aKpOCOM CIIEPMaTO301MiB HIypiB Ta Mulel [27-29], sKi € KIIOYOBUM TPUTEPOM 3arlIiTHCHHS
sk in vitro, rak i in vivo [30].

OnHuM 13 croco6iB OLIHUTH BIUIMB (TOPHIY HATPil0 Ha €MOpPIOHAJTBLHHNA PO3BHTOK €
BHUBYEHHS Oro BIUIMBY Ha PO3BHTOK eMOpioniB B’rona (Misgurnus fossilis L.), sxi sk i
FETAX (Frog Embryo Teratogenesis Assay — Xenopus (FETAX)), woxHa
BHKOPHCTOBYBATH K CKPHHIHTOBUI TecT I iaeHTH(dikamii XiMiuaux Teparorenis [31, 32].
HeonHopa3oBo momnepenHiMH JOCTIDKEHHSAMHU MIATBEPXKEHO, IO 3apOJKH B’IOHA €
aJICKBaTHOIO TECT-CHCTEMOIO IS JTOCHIKEHHS BIUIMBY XiMiuHuX [33, 34] Ta ¢i3uunux [35]
YMHHUKIB Ha XHMBI OpraHi3MH y HaIliil KIIMaTHYHIA 30HI, 1, 3aBISIKH KOPOTKOMY Mepiony
eMOpioreHesy, € 3py4dHUM OO0’ €KTOM ISl €KCIEPUMEHTAIBHUX JOCTIIHKeHb. Pubu pearyroTsb
Ha TOKCHYHI PEUOBMHM MOAIOHO A0 BHMIIUX XpEOCTHUX, HANPHKIAJ, CCaBILiB, TOMY BOHHU
MOXXYTh OyTH BHUKOPHCTaHI JUIsl BUSBJICHHS PEUOBHH, SIKI BHKIMKAIOTh TOKCHYHHHA €(DEKT y
moauHu [36], B 1aHOMY BUNAJAKY JUIsI BUBYEHHS eMOpPIOTOKCHYHOI Aii ¢TopHuay HaTpito.
BpaxoByroun €KoJIO0TIYHUN CTaH HABKOJHUIIHHOTO CEPEIOBHUINA Ta MAJIOYKCENbHI JaHl 1010
BIUIMBY (prOopuaiB Ha eMOpiOHAJIBHUI PO3BUTOK, METOK POOOTH Oysi0 JOCIIIUTH BIUIUB
dbropuny Harpito Ha MOPQOJIOTIYHUN PO3BUTOK 3apOJKIB XOJOJHOKPOBHUX Y TIEpioj
PaHHBOTO eMOpioreHe3y B’I0Ha.

MATEPIAJIM 1 METOIN
Jlocmipkennss mpoBefeHi Ha 3apoxakax B’rona (Misgurnus fossilis L.) y mepioax Bix
3arutigHeHHs o cranii 10 moxiny (2, 16, 64 6macromepis, 8 (256 6nacromepu) ta 10 moxinu
omacromepiB (1024 Omacromepu)). OByIAILII0 CTUMYIIOBAIA  BHYTPIITHBO-M SI30BUM
BBEJICHHSM CaMKaM XOpioroHiuHoro roHagorpominy (500 on). Ikpy omepxxyBanu uepes 36 roj
MICIsI CTUMYJISAIIIT Ta 3arTigHoBaiy B yamkax [lerpi cycnensiero ciepmiiB 3a Heiidaxom A. A.
[33, 37]. CiM’IHUKHM OTpUMYBAJIM MICIs JEKalliTalii Ta pO3THHY Y€pEeBHOI MOPOKHUHU CAMIIiB.
Yepes 5-10 xB micis 3arutiTHEHHS 3UTOTH BIIMUBAIIN Ta 1HKYOyBaH y (Pi310JI0TTYHOMY PO3UHHI
Tonsrperepa [33] mpu temmeparypi 20-22°C. B ekcriepuMEHTI BUKOPUCTAHO 3 CaMKH i 3
camIli B’roHa (3 mapTii 3armmiaHeHoi ikpu Bigoupanu mo 100 ikpuHOK B KOKHY "amky [letpi
(111 MOBTOPY B cepii 1ociiay Ha mapy ocobuH craBuwid 3 yamku (3aramom 900 3ariigHeHnx
stitiexyiTuH)). [lix yac BUKOHAHHS €KCTIEPUMEHTAIBHUX PoOIT OyIu TOTpUMaH1 MIXHAPOIHI
HOPMHU TYMaHHOTO MOBO/KEHHS 3 Ta0OpaTOPHUMHU TBapUHAMH Ta BUMOTH CTaTTi 26 3aKoHY

VYxpaiau «[Ipo 3aXucT TBapUH BiJl )KOPCTOKOTO TIOBOKCHHS.
KoHTponbHi 3apoiku Ta JTUYMHKA B’IOHa 1HKyOyBanmu y (i3iojorivHoMy po34MHI
[onbrdperepa HactymHoro ckiany (Mmons/i): CaCl, — 1,8, NaCl — 110, KCI — 1,4, Tpuc-
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HCl — 5. ImkyOariline cepenoBuIle, sIK y KOHTPOJI, TaK 1 B €KCHEPUMEHTI, 3MIHIOBAIH
moeHHo. B ymoBax mociiny 3aponku iHKyOyBanu y po3uuHi ['onbTdperepa 3 107aBaHHAM
dbropuny HaTpiro 10 KiHIEBOI KoHIEeHTparii 500 MxMomb/nm (st opraHi3aiii TecTyBaHHS
emOpioTokcuyHoro BBy NaF BukopucroByBanu meroanuHi pexomenpanii OECD [38]),
ockinmeku Goh E. H. Ta Neff A.\W. (2003) [39] BcTanoBmIN MiHIMadbHY KOHIIeHTpariro NaF
s npurHiyeHHs pocty (MCIG) emOpioniB ka6 FETAX, sxa ckmanae Bin 0 go 200 ppm
(BimmoBimae 500 MKMOJIB/IT).

CriocrepexeHHs 3a 3apoJIKaMu  JINYMHKAMU, K KOHTPOJIbHOT, TaK 1 eKCIIepUMEHTAIbHOT
TpyI, 3AIMCHIOBAIM BIPOJOBXK 12 1mi0 3a momoMororw OiHOKyIspHOTO Mikpockona MBC-9 3
¢dororpadiyHOI0 TPUCTABKOIO B pPEXKUMI peanbHOro uacy. MopdoJoriuyHuil po3BHTOK
KOHTPOJIBHOI Ta €KCIIEPUMEHTAIBHOT TPyl eMOpPIOHIB OIIHIOBAIM 3a TaOJUISIMH DPO3BUTKY
benoycosa JI. B. [40], a Mmopdosoriuni nedopmariii BUMiIpIOBaIU 3a JOTIOMOTOK0 IPOrpaMu
Photoshop (CC 2014v15). Pedekc 1O0THKY OLIHIOBAIH Bi3yallbHO, BUKOPUCTOBYIOUH KiHUHK
MIKpOIINETKH.

VY nochiKeHHSIX BUKOPUCTOBYBAIM PEAKTHUBU BITUM3HSHOTO BUPOOHMIITBA KBaidikarii
X.4., a Takok Trs («Sigmay, CIIIA). CraTucTiuHHMii aHANI3 JaHUX (BIPOTIAHICTH PI3HHUIL
BU3HAUEHUX ITOKA3HMUKIB Ta HOPMAIBHICTH PO3IMOAUTY) TMPOBOJAWIN 3a JTOTIOMOTOI0 t-mecma
CrhlosieHTa 3a JIOTIOMOTOF0 IporpamMu SPSS Statistics Base
(https://www.ibm.com/products/spss-statistics), a omiHKy KpMBHX BHXMBaHHS 3/iHCHIOBAIN
PO3paxoBYIOUH JIOIPaHTOBUI KpuTepiii [41].

PE3YJIbTATH 1 OGTOBOPEHHS

Ha cporomni mutanHs npo OioreHHui BIUMB (DTOPY HA KIITHHHOMY PiBHI € BITKPUTHM Ta
aKTyaJbHMM, OCKUIBKM HEOOXigHa Horo (i3ioforiuHa KUTbKICTh 3HAXOIOUTHCS B Jiarma3oHi
KOHIIEHTpAIIii, [1[0 BUKJIUKA€E TAKOXK i TOKCHUHY firo [42].

Edextu ¢ropunis Ha dizionoriuni GpyHKuii opraniamy i KIITHHHUN MeTabo0I1i3M 3ajekarhb
BiJl TUITY KJIITHH, KOHIIEHTparii Ta TpuBasiocti mii [1, 43]. Tak, Hanpukiaa, y KICTKOBIM TKaHUHI
Ta JACHTHHI JIOAUHU (PTOpP B MIKPOMOJIIPHUX KOHIEHTPALISX BHKIMKAE Tpoiidepariito Ta pict
KIiTuH [5, 12], ToAl SK B MUIIMOJIIPHUX — MPHUTHIYYE Tpomidepariiio Ta 1HIYKY€E armonTo3
writiH mumn T MC3T3-E1 [44]. MonekynspHi MexaHi3MH, HIO JIeKaTh B OCHOBI
TOKCUYHOCTI (TOpY, BIAPIZHAIOTBCA 3a CBOEIO TpuUpomoro. DTop 3MaTEH CTHMYJIIOBATH
MeMOpaHHi G-O1JIKM HIISIXOM aKTHBAIll KaHAJIIB Iepesiadi CUTHAIY HU3XIJHOTO MOTOKY, TaKUX
sk PKA-, PKC-, Pls-kinasa, Ca®*- i MAPK-3a/1eKHi CHCTEMH. [Topsin 3 IHITUMU TOKCHYHUMU
edeKTaMHu BCTAHOBIICHO, 110 (TOPH] BUKIMKAE OKUCTIOBAILHUI cTpec y ccaBuiB [1, 26], mo
MIPU3BOIUTH JI0 HAJAMIPHOTO BUPOOJIEHHS BUILHUX panukaiiB, iHTeHcudikarii [10JI, 3umxeHHs
criBBigHommeHHss GSH/GSSH Ta 3MiHu B pyHKITIOHYBaHHI aHTHOKCHJIAHTHUX €H3UMIB, @ TAKOX
1HTIOY€E TIKOMI3, BUKJIMKAIOYM BUCHAXEHHs KIiTHHHOro AT® Ta mopymieHHsS MeTabomi3My
[29].

JIist miaTBEpKEHHST eMOPIOTOKCHYHUX BIIACTUBOCTEH (PTOpPUIY HATPIIO HA KIITHHHOMY
piBHI Ta piBHI BCHOI'O OpraHi3My MPOBEJH cepito gociimkeHs BiumBy NaF (500 MkMonb/) Ha
MopdoJorito eMOpioHiB mpicHOBOAHOT prbu B’rora Misgurnus fossilis L.

VY pe3ynbTari MpOBEACHOI MEPINoi cepii AOCHTIHKEHh BCTAHOBJICHO, IO Y 3apOJKiB, SKi
PO3BUBAIUCS B KOHTPOJIBLHOMY po3umHi ['onbrdperepa st X0IOMHOKPOBHUX TMEPIIAN TTOILT
npoxonaus yepe3 60+2 xB (M+m, [33, 40]), a koxxeH HacTynmHUIA — uepe3 3042 xB.

[Ticns 3arurigHEHHS Yy HOPMI CIOCTEpirajyd BiUIUICHHS »OBTKOBOi OOOJIOHKH BIJ
MOBEPXHI Sipa 1 YTBOPEHHS NEpPHUBITENIHOBOIO MPOCTOPY, OLIHUBIIM CTaIil PO3BUTKY 32
TaOTHIISIMU Benoycosa JI. B. [40]. [MapanensHO BiOyBasoCs bopmyBaHHS
[UTOIUIa3MaTH4HOro ropouka. Ilicns mepiioi roauHu iHKyOarii crocrepirainy moaia 3uroTu
Ha 2 Gnactomepu (puc. 1, @), uepes 1,5 roxa micns 3amtiagHeHHS — 4 GJaCTOMEpH.
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Puc. 1. Po3BuTOK 3apojKiB B’fOHa Ha cTajil mepioro mofiny B koutpodii (D) Ta 3a BmiuBy
500 mxmonb/1 NaF (b). dortorpadist 7.

Fig. 1. Development of the loach embryos at the stage of the first division in the control (a)
and treated with 500 umol/L NaF (b). Photograph x7.

3apoaku, SKI PO3BHBAIKCS B CEPEAOBHINI 3a MPUCYTHOCTI (TOpUIY HE BIJICTAaBAIM 3a
CTaisIMA DPO3BHUTKY, OJHAK crocTepiranu HaOpsk OnactomepiB (mo 41% 3aponkiB) Ta
nebopmyBanus KmituH (puc. 1, b). VMoBipHO, HAaGpsSK 3apOAKOBHX KITHH 3yMOBICHHMI
nudy3iero aHioOHIB GTOPY y LUTOIIa3My KIITHH, OCKUIBKH aHIOHU MEPEBayKHO MOTPAILISIOTH
y BHYTPIITHBOKJIITUHHE CepeOBHINE NMUIIXOM Iu(dy3ii 3a TpajieHTOM KoHIeHTparii. OgHak
BOJIHI OpraHi3Mu, 30Kpema, pubu Ta 0e3xpedeTHi [45], MOXKYTh 3a3HATH OUTBII HETATUBHOTO
BIUTUBY 3a0pyaHEeHHS (PTOPOM, HIXK Ti, IO )KUBYTh Y TBEPJAUX a00 MOPCHKUX BOJAX, OCKUIBKH
0100CTYIHICTD 10HIB (PTOPY 3MEHIIYETHCA 13 301bIICHHSIM TBEPAOCTI BOIH.

3rigHo 3 tabmuismu po3BuTKy benoycosa JI. B. [40] wa 3 moxinai GopMyroThes BiciMm
6nmactomepiB, a Ha 4 noaun — 16 Gmacrtomepis. Uepes 3 roa michs 3aruliHEHHS 3apOJIKU
npeacTaBieHi 32 6aacTomepaMu, ajie 00pO3HHU S5-TO TMOAUTY TPOXOASThH MapaliebHO EKBATOPY
JKOBTKA, B PE3YJIbTATI YOTO YTBOPIOETHCSA «IIAMOYKa» Ha aHIMaJlbHOMY TIOJIOCI, a0o
0JIaCTOUCK, KIITUHM SKOTO HE BIAJIIJIEHI BiJl ’KOBTKa Tutazmaiemoro [40]. ¥V 3apoakiB, ski
PO3BUBAJIUCS 32 MPUCYTHOCTI B cepenoBuili (ropuny Hatpito (500 MKMOJIB/I), yIPOIAOBK
TPROX TOJIWH TICHS 3aIUTIIHEGHHS HE BHSBICHO JCPEKTIB PO3BUTKY IMOPIBHSAHO 3
KOHTPOJBHUMH 3pa3KaMH, OJHAK He3HauHa dactuHa (16,7%, 151 ocobunu) 3aponkiB
3aruHyJa BIPOIOBXK MEPIIOi JOOH PO3BHUTKY.

Goh E. H. Ta Neff A.W. BcTaHoBWIN, 110 HaiOLIbIIa yacTka MOPHOIOTIYHUX JEPEKTIB
MIPOSIBIISIETHCS 32 JI0JIaBaHHs (PTOPUTY HATPIIO Y CEPEIOBHINE 1HKYOAIIT BUKIIOUYHO BITPOIOBK
9 rogunam micns 3ammigHeHHs [39]. OnHak 3apoJKu CTalOTh HEYYTJIMBHMH A0 1ii GTopumy,
SKIIO J0JIaBaTH WOTO B CEPEIOBUIIE MMicHs 15 ToauHu po3BUTKY 3apojikiB. Takoxk mepioa il
€KCIO3MLIT Bilirpae BaXJIMBY POJIb Y BUHUKHEHHI aHOMaJIiil pO3BUTKY Ta 3arudeni opratizmy
Ta TSHKKOCTI TOKCUYHOI Jii pTopuay HaTpiro [46]. ToOTO 3apojku B MEpIi TOJUHHA PO3BUTKY
€ HaWYyTJIMBIIIMMHU JI0 BIUIMBY €K30T€HHUX YHMHHUKIB MO0 MOSBU NE(EKTiB, OCKLIBKU caMe
B IIel TepioJ 3apojkaM HEOOXIAHI MIKPOCIEMEHTH, SKi BOHHM 3aCBOIOIOTh BHUKJIIOYHO 3
HaBKOJIMIIHBOTO CEPEIOBUIIIA.

Ha 36 cramii po3Butky (48 T04) y XBOCTOBIM Me30[IepMi 3apOJKIB PO3BUBAETHCS
10 comitiB (puc. 2, @), NPOXOAUTh MIrMEHTallis OYeW, OJHAK TUIO Ha Iel dYac Ime He
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MIrMEHTOBaHE. 3apOJIKH, BCepeArHI 000JIOHOK, MMOYMHAIOTh CHEPTIHHO pyXaTucs. Y KOHTPOJII
Ha MoYatky TpeTbol nodu (yepe3 49-51 ron micns 3ammigHeHHs) (puc. 2, a) BinOyBaeTbcs
BWIYIUICHHSI JIMYMHOK, SIKI PYXJWBI 1 aKTUBHO IUIABalOTh B CEpPeAOBHI, (GopMyeThCs
XBOCTOBMM BIZ/IIJI 1 OUHI SIMKH, 30UIbITYETHCS TOJOBHUH BiAILT Yepera.

a) b)

Puc. 2. Po3BuTok 3aponkie B’1oHa Ha 2 100y y KoHTpoi (a [47]) Ta 3a BrutuBy 500 MKMOJIB/TT
NaF (b). ®otorpadis x7.

Fig. 2. Development of the loach embryos on the second day in the control (a [47]) and
treated with 500 umol/L NaF (b). Photograph x7.

o 35 % excniepuMeHTaIbHUX 3apoaKiB (315 0coOuH), sIKi PO3BUBAIKCS B MPUCYTHOCTI
500 mMxMob/1 (GTOpUIY, HE BHIYIHINACA 3 IEPHUBITETIHOBOI 000NOHKH (puc. 2, D), ame
MIPOSIBIISTN 3HAYHY PYXOBY aKTHBHICTh BCEPEINHI caMOi 00OJIOHKH.

Puc. 3. Po3BuTOK 3apo/IKiB B’I0HA HA TPETIO J0OY y KOHTpOIi (8) Ta 3a BrutuBy 500 MKMOJIB/1T
NaF (b). ®otorpadis x7.

Fig. 3. Development of the loach embryos on the third day in the control (a) and treated with
500 pmol/L NaF (b). Photograph x7.

Ha tperto n00y poO3BUTKY yci KOHTPOJBbHI 3apOAKH 3BUIBHWIMCS BiJl OOOJIOHOK Ta
aKTUBHO pyxaiucs (puc. 3, a, b). 3apoaku, ski po3BUBaIUCA 3a MPUCYTHOCTI 500 MKMOJIB/IT
NaF, He mo30ynucs nepuBiTETiHOBOT 0O0IOHKH.
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BusiBiieHo BijncTaBaHHS B PO3BHTKY (pHc. 3, D), 110 miaTBepiKeHO OMMCAHUMHU CTaIisIMU
po3BuTKy B Tabnuisx beaoycosa JI. B. [40]. Came Ha TpeTio 100y po3BUTKY 90% 13 3apoKiB,
K1 1HKYOyBayi 3 (ropuaoM HaTpito, TuHynmH. Lle moB’si3aHe 3 TUM, Ha AYMKY Oaratbox
nocnigaukiB [46, 49-50], mo ocHoBHa OiosoriuHa QyHKIiS GTOPY MOJSArae B HOro ydyacri y
mporecax pocTy, PO3BUTKY 1 MiHepami3aiii 3yOHOI Ta KICTKOBOI TKaHWHHM B TIpOIlecax
ocuikanii (moOynoBu) ckenera. SIK BigOMO, CHOJIYKH (TOpy B JOpOCIOMY OpraHizmi
PO3MOAUISAIOTHCS TAKUM YMHOM: KICTKOBA TKaHMHA > eMaJlb 3y0iB™> ICHTHH > IMapeHX1MaTO3Hi
opranu. ToMy pO3BHTOK aHOMaJiil y 3apOoAKiB W MyroysoBKiB xab B mochimkeHHsx [39] ta
MOSIBY aHOMaJTiil CKeleTa i 3arubensb (BIacHe Ha TPETIO 100y, Yepe3 HEMOKIIUBICTh BUXOIY 3
NIEpUBITEIIIHOBOI 0O0JIOHKH) 3apO/IKiB B’I0HA B HAIIMX JIOCITIJDKSHHSX TOB'S3aH1 31 3IaTHICTIO
aHIOHIB (PTOPY aKyMyJIOBaTHCS B KIiCTKOBIM TkaHuHI (ocTeobmacrax) [49-50], 1o
HIATBEPKYETHCS TOKCHMYHUM BIUIMBOM Ha XpeOer mpicHoBoaHoi puOu Channa punctatus
[51].

0,25 mm 0,25 mm

a)

Puc. 4. Po3BHTOK JHYMHOK Ha mIOCTy 100y y KoHTpoxi (2) Ta 3a BmmmBy 500 mxmons/m NaF (b).
dotorpadis X4,

Fig. 4. Development of the loach embryos on the sixth day in the control (a) and treated with
500 pumol/L NaF (b). Photograph x4.

[ToTparuisitoun B Oprani3M TBapuH 1 JIIOAWHH, (HTOP B3aEMOJIIE 3 I0HAMH METaJiB (3aji30,
MapraHellb, HiKeJb TOII0), YTBOPIOIOYM KOMIUIEKCHI crionyku [1, 5]. lonn ¢ropy MoxyTh
IHT10yBaTH €H3MMH, SKI MiJ Yac KaTATTHYHOTO IHKJIY YTBOPIOIOTH MPOMDKHI TPOAYKTH
(rimpokcun abo peakimiitHo3matHuit  Qocdar), MmO Beme M0 TaTbMyBaHHS OUIBIIOCTI
npodidepatnBHUX TporeciB [52] 1 BiACTaBaHHS y PO3BUTKY (IMIATBEPIKEHO HANTUMHU
excriepuMerTamu). Lle mpu3BOANTH 10 TalbMyBaHHS HAWBaXIIUBIIINX O10JOTTYHHUX MPOILIECIB,
BKJTFOYAIOYH TUIKOII3, (pochoprIroBaHHs, CHHTE3 HYKJICOTHIIB Ta MPOTEiHIB, MOJIMepH3aIlii
6iomonekyn [1, 52], HacnmiakoM 4oro € mosiBa 1eeKTiB PO3BUTKY Ta 3aruOeib OpraHizmy.

Ha 4 100y po3BHTKY crocTepiraim HOpMaJIbHUN PO3BUTOK KOHTPOJBHUX 3apojkiB [40].
A 3a BIuMBY (hTOpUAY HATPilO BUSBICHO 3HMKEHHS PYyXOBO1 aKTUBHOCTI, L0 MPOSBIISIIOCH Y
301IBIICHH] 3aJIMINKIB )KOBTKA Ta HAOPAKY FOJOBHOIO Bimainy (puc. 4, b).

JInuuHkY Ha 6 100y PO3BUTKY Y KOHTPOJI MajJHi BUJIOBXKEHY (OpMy Tija, pO3BUHYTI OYHI
OoKkanmy Ta BHUpPaXEHY mirMeHTamito Tia (puc. 4, a). JlnumHKHM, 10 PO3BHBAIMCS 3a
npucyTHocTi (ropuay HaTpilo, HE JOCATald PIBHSA PO3BUTKY, XapaKTEPHOTro JUis
KOHTPOJBHHX JTHUIHUHOK (puc. 4, b) [40].

JInuuHky B’1oHa Ha 8—11 100y po3BUTKY Oy PYyXJIMBUMH Ta 3 XOPOIIOK KOOPAWHAIIIEI0
TiJIa, MaJii 4iTKy CEpLEBY MisSUTbHICTE (PHC. 5, ).

VY nuumHOK Ha 9 100y eKCIEepHMEHTY, L0 PO3BUBAIMCSA 3a MPUCYTHOCTI (QTOPHUIY
HATPil0, BHUSBWJIM BiJCTaBaHHS y PO3BHTKY (puc. 5, b). HaiGinpmr moMiTHUMH BagaMu
PO3BHUTKY, CIIPHUYMHEHUMHU (TOPHUIOM HATPilO, € JOCTOBIPHE 3MEHIIEHHS PO3MIpiB T'OJOBH,
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XBOCTa Ta JlaMeTpa oOdYel, moraHa IMIrMEHTallis TiIa, CIOBUIRHEHHS CEpIEOUTTS Ta
3aTpuMaHHs pedIekey JOTHKY 3apojkiB. Hampukman, mpu ompaimroBaHHI OHH(PPOBAHHX
doTorpadiii BUMIPSHO pO3MIp TOJOBH Ta XBOCTAa KOHTPOJBHUX JIMUYMHOK, SIKI CTAaHOBWIIH
1,35+0,03 Ta 1,48+0,04 mM, BigmoBigHo. Toai sSK BHECEHHS B CEpPEIOBHUINE IHKYyOAaIrii
500 MkMOmB/T TOpHUIY HATPIFO MPU3BOIUIIO IO TOCTOBIPHOTO 3HMIKEHHS IapaMeTpiB Tija
JIOCITIJDKYBAHUX JIMUMHOK: po3Mip roioBu — 0,98+0,03 MM i xBocta — 0,8940,04 ™M,
BiamoBigHO (n=15, *** — P <0,001).

Amnanoriuni gedexTu po3BUTKY ineHTu(dikoBaHi y myroioBkiB FETAX, mo BUHUKAIOTH
3a HU3bKOI KOHIeHTpamii ¢Topuay, 1 4actora ix 3pocTa€ i3 30UIBIIEHHSAM KOHIIEHTpAIlil
¢dropuay Hatpito y cepenoBuii iHkyoarii [39].

0,25 mm

0,25 mm

a) b)

Puc. 5. Po3BUTOK JIMYMHOK B’FOHA HA OAMHAMINTY 100y y KOHTpoJi (&) 3a BILUTHBY
500 mxmous/nm NaF (b). @ororpadis x4.

Fig. 5. Development of the loach embryos on the eleventh day in the control (a) and
treated with 500 umol/L NaF (b). Photograph x4.

[TirmeHTaris Ta 3MEHIIEHHS JiaMeTpa o4el MoB’si3aHi 3 JeeKTaMu PO3BUTKY HEPBOBOI
cucremu [53], Toxi sk BTpaTa ceHCOpHOTO pedieKCy MOKe OYTH CIpUYMHEHA HEIOCTATHBOIO
PYXJIUBICTIO Ta 3MiHaMU B KoopAuHaIii TuunHOK. Ha 11-12 1o0u po3BUTKY Yy BCiX JUYUHOK
B’1oHa (1,1%), SKi BYOKWIIM, MPOSIBISUTUCS MOPYLIEHHS (QYHKIIT HEPBOBO-M'SI30BOI CHCTEMH
(HECTIPOMOXHICTh J0 MPSIMOJIHIHHOTO pyXy) Ta aHOMalbHI pyxu (0OepTaHHS HABKOJIO
BJIACHOTO Tija). BigoMo TakoX Mpo pO3BHTOK BajJ HEPBOBOI Ta M’S30BOi CHCTEM y CaMOK
urypiB JiHii Sprague-Dawley mim wac mi3HBOI BariTHOCTI, MiJ Yac BIJIYYCHHS MOJIOIUX
0co0uH ab0 y TOpocauXx 3-MiCSIUHUX 0COOMH [54], MOSBY HEraTUBHUX 3MiH COMAaTO-MOTOPHHUX
peduekciB y Haraakis mrypis Jtinii Wistar [55] Ta y mopocinux ocobun camiiiB nrypis Long—
Evans [56], siki orpumyBanu ¢rop y nutHii Boai. Takahashi K. moBiB, 1110 aHion ¢propuay €
HE JIMILE OJHI€I0 3 IPUYMH PO3BUTKY BaJ Ta MOPYIIEHb (PYHKIIOHYBAaHHS HEPBOBO-M’SI30BOi
cucreMd y miteil i3 cuuapomom JlayHa [57], a mpu IMOAEHHOMY B)KHMBaHHI (TOPHIIB 3
NUTHOIO BOJOI0 YM 1K€l € BHYTPIIIHIM YMHHUKOM aKTUBAIlil MPOLECIB CTapiHHA y KIHOK
JITHBOTO BIKY.

[Mpsmum noka3zom BIUmBY (Gropuay HaTpito Oe3mocepelHbO Ha HEPBOBY CHUCTEMY €
inribyBanus Na', K'-AT®a3u romoBHOro Mo3ky Tenst [58], a TakoX IUIA3MaTHYHUX
MeMOpaH 3apojKiB B’lOHAa (BIacHI JaHI HE TPEJICTaBICHO) YIPOJIOBXK PaHHBOTO
eMOpiorene3y. Sk BiTOMO €H3MMAaTHYHA AKTHUBHICTh Na®, K'-AT®asu BIJIIrpae >XKUTTEBO
BOXJIUBY POJb Y HOPMAJIbHOMY PO3BUTKY 3apoOjKiB Ta poOoTi mMo3ky [59], a iHriOyBaHHs
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eH3uMaTU4YHOoi akTUBHOCTI AT®a3m Bejae A0 TMOSBH HEPBOBO-PO3BUBAIBHHUX, HEPBOBO-
MICUXIYHUX Ta HEHPOJETeHEePATUBHUX PO3JNAIIB, a TAKOXK O MiABUIICHOTO PU3HKY PO3BUTKY
OHKOJIOTIYHUX,  METAa0ONIYHHMX, JICTGHEBUX Ta  CEPIEBO-CYJIMHHUX  3aXBOPIOBAHb.
KpasroBum O. B. ta mgochigaukamu [58] BcranoBiieHo, mo AT®-riaposizHa aKTUBHICTb
eH3UMY € GiNbII CTilKOI0 100 iHTiOyBaHHSA (GTOPUIOM HATpilO, HiX Horo akTuBHicTH K'-
pNPPase. Imaktupamis Na', K'-AT®a3u ¢TopumoM HATpilo MNPSIMO 3aleKHUTH Bijl BIUIUBY
¢bi310JIOTTYHHX JITaHIIB Ta MOAU(DIKATOPIB, @ TAKOXK BiA IUIICHOCTI MEMOpPaHHOT CTPYKTYpH.
Takum umboM, inaktuBamis Na', K'-AT®a3u Beme 10 BHCHAKCHHS piBas AT® [58] i
MOPYIICHHSI MEMOPAHHOTO MOTEHINATY KJIITHHH, 10 CIPUYHHSE 3arH0eIb WX KITITHH.

Criocrepexenns nociiaaukiB [39] pa3oM i3 mpeacTaBICHUMHU JaHUMH CBi4aTh PO TE,
mo NaF € TeparoreHoMm 1 MOXKe CIIPUUUHATH ACHIIIUTH PO3BUTKY HEPBOBO-M SI30BO1 CHCTEMH
SIK Y XOJIOAHOKPOBHHX, TaK 1 y TEIUIOKPOBHHX TBapuH. OTke, 00 YHUKHYTH HaIMIpHOTO
MOTPAIUITHHSL GTOPY A0 JKUBHX OPTaHi3MIB 4epe3 1Ky, HaIoi, 3aco0u Jorisaay 3a 3yoamu, a
TaKOXk 3 OTOYYIOUOTO CEepeOBHINA, HEOOXITHI AeTaTi30BaHi OILliHKH.

OtpumMaHi pe3ynbTaTd JO3BOJISIIOTH MPUIYCTHTH, 10 (TOP MOXKE CIPUUMHSITH Baau
PO3BUTKY, 0€3MOCepeIHBO MPOHUKAIOYH B eMOPIOHATBHI TKAHUHH Ta B3a€EMOJIIOYH 3 IXHIMU
CTPYKTYpPHUMHU €JIEMEHTaMHU.

[e#i BUCHOBOK 0a3yeThCsi Ha CIOCTEPEKEHHSIX, IMO: 1) 3apoJKH, SKi PO3BUBAIKCS B
CEepeNIOBUIII 3a TPHUCYTHOCTI (TOPHAY HATPIIO, Majdud Badd PO3BHUTKY y TMOPIBHSAHHI 3
KOHTPOJBHUMH; 2) 3apOAKH, 00pobieHi (pTopuaoM HaTpiro, Oynu Outbml aehopMOBaHUMU,
HDK Ti, 0 OTPUMYBAJIM XJIOPHUJ HATPIIO, 1 3) HACTHIAKKM BIUIMBY (TOPHIY HATPIIO y 3apOAKIB
Ta JJMYMHOK B’IOHA BIAMOBIAAN KPUTEPIAM, XapaKTEPHUM JJIs TepaTtoreny, sik iy FETAX.

Ockinbku FETAX mae noctoBipHuit BiicoTok (92%) mporHo3y TepaTOreHHOTO BIUIUBY
XIMIYHUX PEUOBHMH Y TEIUIOKPOBHHMX TBapuH, 30Kpema, y ccaBuiB [30], sk 1 JOCTIKYBaHHIHA
MOJIeNIbHHH 3aponkoBuil 00’ekT [33, 34], To iCHYe BelMKa WMOBIPHICTH MPSMOI TEPATOreHOT
Iii pTopuay HATPiIO Y CCaBIIiB, BKIIOYAIOUH JIFOJCH.

BimoMo, 1m0 muaneHTa y ccaBIliB HE € JOCTAaTHIM Oap’€poM i TPaHCIOPTY (PTopui
10HIB 1 TpaHCTIOPT (PTOPY Uepe3 IIALEHTY 3MIHIOETHCA 3AJIEKHO BiJ CTaJiil pO3BUTKY ILIOAA.
[To3uTnBHA KOpeENALis MK piBHEM (TOpPY B cedi, HABKOJOIUIIJHUX BOAAX, a TAKOXX BMICTOM
¢dTOpy B CTETHOBIM KICTI TUIOAA 1 MATOJOTIYHMMH 3MiHAMHU CTETHOBOI KiCTKM BU3HA4YeHA
Shi J. Ta ciBaBTOpamMu [42].

Bueni cTBepmKylOTh, 110 (TOp JETKO NPOHUKAE Kpi3b IUIALIEHTY 1 Oe3mocepeaHbo
BIUTMBAE Ha PO3BUTOK eMOpioHIB moguHu. OnpHak TepaToreHHM edekT GTopumy
HiATBEPKEHO BUKJIIOYHO MPH TMepopaibHid 1031 40 MI/Kr/moOy MigBUIIEHOIO YacTOTOIO
MOSIBOIO CKEJIETHHX Ta BicuepaiapHux anomaiiii [60]. Ili cmoctepekeHHsS BKa3ylOTh Ha
KOHIICHTpALIHY 3aJeXHICTh TeparorenHoi nii NaF y ccasuiB. [Ipu TpuBanomy HaaxoJKEeHHI
B OpraHi3aM CHOJyKH (TOPY 3IIMCHIOIOTh TOKCHMYHWUN BIUIMB Ha CEPIEBO-CYAWHHY 1
[EHTPaIbHY HEPBOBY CHCTEMY, a TAKOXK HAa POOOTY MEUiHKH, HUPOK, ITUTOBUTHOT 3aJI03H.

3HaYHMI BIUIMB Ha MPHUPICT MOMYJAIii TBApUH MAalOTh MpolecH cmeprtHocTi [61].
CMepTHICTh Y MOMyJIsALii MOKHA OI[IHUTHU 32 IHTETPAIBHUM MOKAa3HUKOM, 10 BHPAXKAIOTh 5K
KUIBKICTb ~ OCOOMH,  sKI  3arWHYJIHM, BIJHOCHO  3arajbHOi  KUIBKOCTI  OCOOWH,
HApOJDKCHUX/OTPUMAHUX BIIPOJOBXK IE€BHOTO Tepiofy (HAampUKIAA, POKY YH CE30HY).
KoedimienT BI>kuBaHHS pO3paxOBYIOTh SIK KIJTBKICTh OCOOHH, SIK1 MEPEKWIA TEBHUA MOMEHT
4acy, BiTHOCHO 3arajibHO1 KiJibKocTi ocoouH (K, %).

pyra cepisi eKCIEPUMEHTIB 3 BUBYCHHS BIUIMBY (PTOPULY HATPIIO HA PO3BUTOK 3aPOJIKIB
B’IOHA BKJIIOYAJIa JOCHIDKCHHS Ha BUKMBAHHS BIPOAOBXK 12 mi0 micis 3arutigHeHHS (Taka
TPUBAJICTh JOCIIKEHHSI 00yMOBJIEHA MOTPEOOI0 IITYYHOTO TOAYBAaHHS JIMYMHOK Ticis 14
00N PO3BHUTKY, OCKIIBKM BHUEPIYIOTbCS DPE3EpBU 3apOAKOBOTO Milllka Ha Il mepiox
po3BuUTKY). s imtocTpariii JUHAMIKH CMEPTHOCTI BHKOPHUCTOBYIOTH KpPHBI BHXKHBaHHS
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(puc. 6), sxi rpadgidyHO BIIOOPAKAIOTH YACTKy OCOOWH TPYMH, IO BIXKWIMA. SIKIIO K B
HOMYJSAII] CIIOCTEPIraeTbcss BUCOKA CMEPTHICTh HAa PaHHIX CTagifaX (K 1 B HammMX
JOCJIIJDKEHHSX), TOJMI KpWUBa CTa€ CWIbHO YyBirHyTor (puc. 6, xpuBa N). IlomiOHum
NPUKIIAJI0OM TaKOX € BOJIHI O6e3xpebeTHi (Hampukiaz, 6e33y0ka), y SKUX BHCOKAa CMEPTHICTh
CIIOCTEPIraeThCs Ha CTali BUIBHOIIJIABAIOYO1 JTMYMHKH.

100 + —s— KpuBa K

—=— KkpuBa N

60 o A

40 \

BrxuBaHra, %

20+

Yac, poba

Puc. 6. KpuBi BIKMBaHHS JTMYMHOK B’IOHA BIpoaoBXkK 12 mi6 po3sButky: KprBa K — BMXXMBaHHS JMYHMHOK B
KOHTpOJTi; KpriBa N — BHKMBaHHS JIMYMHOK 32 MPUCYTHOCTI B cepenoBuI iHKyOarii 500 MKMOIb/1
NaF (n=3; ¥ = 189, P < 0,001 — 3MiHH CTATHCTHYHO TOCTOBipHI).

Fig. 6. Curves of survival of the larvae during 12 days of development: curve K — survival of the larvae in the
control; curve N — survival of the larvae treated with 500 umol/L NaF (n=3; 42 = 189, P < 0.001 —
changes are statistically significant).

Ha ocHOBI KpUBHUX BM>KMBAHOCTI Ta 3aCTOCYBAHHIO JI0 HUX JIOHTPAHTOBOTO KpuTepiro [31]
MO>XHa CTBEPJIKYBaTH, 110 BIAMIHHOCTI Mik KpuBUMH K Ta N € cTaTUCTUYHO TOCTOBIpHUMH
(¢* =189, P < 0,001).

Ha Tpetio 100y pO3BHTKY CMEPTHICTh 3apojKiB cTpimMko 3pocia 10 89% (Ky=11%).
[Ticna TpeTboi 70OM PO3BUTKY 3a MPUCYTHOCTI (TOPUAY HATPIIO y CepeloBUILI 1HKYOalii B
cepenqHboMy 3a 100y runHyno 36% ocobun. Ilounnatoum 3 6 no6u po3Butky K;=9,8% 1
3MEHIIYBaBCS BIPOJAOBXK JOCTIKYBAaHOTO TMepioAy. 3araibHa KUIBKICTh JIMYMHOK, IO
BIDKWIIM BIIpOJIOBX 12 116 3a nii propuay HaTpito, cTaHOBUTH 0113bK0 1,1% (10 AuunHOK).

Binomo, mo ¢ropua HaTpito € iHrIOITOPOM E€H3HMMIB 1 B3a€EMOJIIE 3 XPOMOCOMaMH,
3alyCcKarouu reHOTOKCHYHI edektu [62]. HaiiBigominmmm mMexaHisMoM il GTOpy Ha CHCTEMHU
eH3uMiB € aktuBallis G-Oinka, KU, y CBOIO Uepry, iHIIIO€ JAHIFOT MOJIN, 110 MPU3BOISAThH
JI0 TAJIbMYyBaHHSI pOOOTH 10HHUX KaHATIB, €KCIPeCii reHiB Ta 1HIIMX METa0OJIYHUX MPOIIECIB
4yepe3 CHCTeMY BTOPHMHHUX MeceHkepiB [44]. [IuTaHHS mI0I0 y4acTi CHCTEMH BTOPUHHHUX
MECEH/DKEPIB y TallbMYBaHHI POCTY 3apOJKIB Ta PYXJHUBOCTI JIMYMHOK, 1HKYOOBaHHMX 3
¢dTOpHuIOM HATPIIO, MOTPEOy€E MONANBIINX JOCHIHKEHb.

BUCHOBKHA
3a pe3ynbTaTamMu MPOBEACHUX AOCTIHKEHb BIUIMBY (PTOPUIY HATPil0 Ha PO3BUTOK Ta
BIM)KMBAHHS 3apOJIKiB B’IOHA BIIPOJOBX IIEpiOJly PAHHBOTO PO3BUTKY BCTAaHOBJIECHO, IO
dbTopua HATPIIO 3[aTE€H MPOHUKATH Yy KIITUHH 3apOJKiB (BPaXxOBYIHOUM HOTO 010J0CTYITHICTh
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[1, 45]), mo mpusBoaAMTH 10 MOpYyHICHHS (GYHKII HEPBOBO-M’S30BOI CHCTEMH i ITOSIBH
nedexTiB po3BUTKY. HallOimpIl MOMITHUMH BaJaMU PO3BHUTKY, COPUYMHEHUMH (HTOpUAOM
HaTPIIO, € JOCTOBIPHE 3MEHIIICHHSI PO3MIpiB TOJIOBH Ta XBOCTA JIMYMHOK, ITOTaHA IMTMEHTAIIIsA
TiNa, 3MiHH AlaMeTpy oueil Ta peduiekcy NOTUKY 3apoikiB. IlopymenHs ¢yHKIii HepBOBO-
M'S30BO1 CHCTEMM JIMYMHOK B’IOHA BJacHE W MPOSBISIIOCS y 3MiHI KOOpAMHAINI Tija
(HECTIPOMOXKHICTh 10 MPSAMOJIHIHHOTO pyXy) Ta aHOMaJIbHUX pyxax (0OepTaHHS HABKOJIO OCI
BJIACHOTO TiJsTa).

Otpumani pe3ynbTaTH HiATBEPIKYIOTh 31aTHICTh NaF OesmocepenHbO B3a€EMOMISATH 3
eMOpiOHaMH, BUKJIUKAIOYH TOSIBY €(DEKTIB PO3BUTKY.

TakuM 4YMHOM, Ha JOCTiPKYBaHIA MOl 3apOAKIB XOJOJHOKPOBHUX, SIK 1 Ha MO
FETAX [39], mpoaemoncTpoBaHa mpsiMa TeparorenHa ais NaF, peamizamis sKoOi IiJIKOM
MOYJIMBA 1 B eMOPIOHAX JIIOJUHH.

KOH®JIIKT IHTEPECIB
ABTOpH TIOBITOMJISIFOTH, IO (DIHAHCOBHX a00 1HIMMUX KOH(IIKTIB IHTEPECIB, SKI MOTJIH
BIUIMHYTHU Ha pe3yJIbTaTH, IHTEPIPETALiI0 Ta BUCHOBKH JIOCIIIKECHHS, HE iICHYE.
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Background: The study of fluoride effects at the cellular level is still essential for biophysics, medicine,
and ecology as one of the most common environmental pollutants. Its impact on embryonic objects is
poorly understood.

Objectives: The aim of the work was: 1) to study the effect of sodium fluoride (in the minimum
concentration to inhibit growth) on the morphological development of loach embryos; 2) evaluation of the
degree of survival of embryos in the presence of sodium fluoride in the incubation medium and
determination of the coefficient K.

Materials and methods: Ovulation in loach females (Misgurnus fossilis L.) was stimulated by
intramuscular injection of female chorionic gonadotropin (500 units), eggs were obtained by 36 h after
stimulation, fertilized in Petri dishes with a suspension of sperm according to Neifach A. A. The stages of
development were observed visually used a binocular microscope MBS-9 with a photo camera. The
experimental embryos were incubated in Goltfreter's solution with the addition of sodium fluoride to a
final minimum concentration to inhibit growth of 500 pmol/l.

Results: Sodium fluoride inhibits the development of loach embryos and leads to developmental defects.
The noticeable developmental defects caused by sodium fluoride were a reduction in the size of the
larvae's head and tail, low body pigmentation, changes in the eye diameter, and embryonic touch reflex.
As a result of the accumulation of fluoride in embryonic cells, on the third day of development,
embryonic mortality increased to 88,9%. On 12 days under the action of sodium fluoride, the total
number of larvae was about 2%.

Conclusions: The ability of NaF to act as a direct teratogen was tested on the cold-blooded embryo
model, the same effect was found by other investigators on the FETAX model. The possibility that
sodium fluoride may cause toxic and/or neuromuscular developmental defects in human embryos also
should be considered. Avoiding excessive getting of fluoride in the body by limiting the consumption of
foods or beverages high in fluoride, the use of fluoride in dental care products, etc. requires detailed
assessment.

KEYWORDS: sodium fluoride; morphology; survival; embryos; loach; developmental defects.
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AkTyanbHicTb. CBITIO, 0 € 6araTorpaHHAM €K30T€HHHM (DaKTOpPOM, Tpa€ BAXKIIMBY POJIb B MpoIecax
pocty Ta po3BUTKYy pociuH. CHeKTpadbHHH CKIaJ CBiTJa € BHPIMIATBHAM JUISI  PETYJIIAmii
(otomopdoreneTnyHUX MporeciB. Ha meit wac y pocimH BHAUIAIOTH KiJibKa TPy (poTOpenenTopis, 10
AKUX BigHOCATH penenitopu depBoHoro (YC) i mamexoro uepoHoro csitma ([JUC) — diroxpomu;
penenTopu yibTpadiolleTOBOTO BUIIPOMiHIOBaHHA A-amiana3ony, cuasoro (CC) i 3eneHoro (3C) cpitma —
KkpinToxpomu, ¢otorpominu, 6inku cimeiictBa ZEITLUPE, a takox peuentop Y®-B — 6imok UVRS.
OnHUM 13 MOXXJIMBUX MEXaHI3MIB, HIISIXOM SKOTO peali3yloThesi eeKTH akTHBalii (GOTOpenenTOpHUX
CHCTEM y POCIIMHI, MOXYTh OyTH 3MiHM OOMiHY ByrieBoJiB. JlociikeHHs] MOP(GOTeHETHYHUX PeaKIii
HPOPOCTKIB 3a Aii ONPOMIHEHHS CEJIEKTHBHUM CBITJIOM LUIIXOM aKTHBAaLil (OTOPELENITOPHUX CUCTEM €
B)XJIMBUM JIJIsl PO3YMIHHSI MEXaHi3MiB PeryJisilii mporpaMu OHTOT€He3y POCIMHHOTO OpPTaHi3My.

Mertor m1anoi poOOTH OYJI0 JAOCIIAMTH BIUTUB CEICKTHBHOTO cBiTia pizHuX crekrpiB: UC (660 um), 3C
(530 um) Ta CC (450 HM) Ha pocToBi peakiiii, MOp(hOreHe3 Ta BMICT PO3UYMHHUX BYIJIEBOJIB Y Pi3HUX
OCBOBHX OpraHax HPOPOCTKIB POCIIMH 3 JIOBTOJICHHOIO ()OTONEPIOANTHOIO PEAKIII€IO.

Marepiantu Tta meromu. Hocmimm mpoomminn Ha 10-7000BHX €TiONBOBAHHX MPOPOCTKAX TOPOXY
MOCiBHOTO copTy Merenat. AktuBamiro ¢oropenentopHux cuctem depBoHuM (UC, 660 HM), 3emeHIM
(3C, 530 um) Tta cumuiMm (CC, 450 HM) CBITJIOM TPOBOAMIM MPOTAroM S5-th mi6 mo 30 XBHIMH 3a
nonomoroto LED matpuie. AHamizyBajl pOCTOBY peakiiifo, MOp(oreHe3 Ta BMICT pO3UMHHUX MOHO- Ta
OJITOIYKPIB B OCHOBHUX OpraHaX MPOPOCTKIB.

PesyabTraT. OChOBI OpraHu MPOPOCTKIB PO3PI3HAIOTHCSA 32 PEaKili€l0 Ha OMPOMIHEHHS CEJIEKTHBHUM
cBiTiioM. KopeHeBa cuctema € OUTBII YYTIMBOIO JO Aii CEIEKTHBHOTO CBITJIA HK HaJ3eMHA YacTHHA
MIPOPOCTKIB JOBrOICHHOI POCIHMHHU TOPOXY IMOCIBHOTO copTy MereHat. 3a akTuBamii (oTOpenenTopHuX
CHUCTEM CTHMYJIIOIOTHCSI POCTOBI MPOIIECH, aKTUBYIOThCS TporiecH (oromopdorenesy Ta OiocwHTE3
ormiromykpie de nNOVO, Haibinemr BiporimHo caxaposu. Cepem CIEKTPiB CENEKTHBHOTO CBITia
MaKCHMAJIHO CTHUMYyJIorounii edekr npossisie onpomineHHs 3C (530 HM) B peakmisx HaJ3eMHOI
yactiHU Ta KopeHiB. YC (660 M) Ta CC (450 HM) npossisitors npotwiexHi epexrn: YC 3amyckae
(doToMOporeHeTHUHy IporpaMy pO3BHTKY Haa3eMHoi dvactuHH, a CC — OuUIbII BIUIMBaE Ha
(dhoTtoMopdoreHe3 KOpeHiB.

BucnoBku. Pi3Huii piBeHb pPOCTOBHX, MOP(OTEHETHYHHX MPOLECIB Ta 3MIHM y BMICTI PO3YMHHHX
BYIJICBO/IIB, BipOTiIHO MOB’sI3aHi 31 34aTHICTIO cUCTEM (DOTOPELENTOPIB aKTUBYBATH Peali3alilo pi3HHX

Ax uutyBatu: XXmypko BB, AskcenteeBa OO, baryesa €. oTomMopdorenes Ta BMICT BYTTIEBOIIB B OCHOBUX
OpraHax HPOPOCTKIB TOPOXY IOCIBHOTO 3a [ii CEeIeKTHBHOro cBimia. biodiswmunmii BicHuk. 2022;47:27-39.
https://doi.org/10.26565/2075-3810-2022-47-03

In cites: Zhmurko VV, Avksentieva OO, Batuieva YD. Photomorphogenesis and content of carbohydrates in the
axial organs of field pean seedlings under the influence of selective light. Biophysical Bulletin. 2022;47:27-39.
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HUIIxiB poTomMopdoreHesy B OCbOBHX OpraHax HPOPOCTKIB MiJ| BIJITMBOM OIPOMIHEHHS CEJICKTHBHUM
CBITJIOM IIEBHOT'O CIIEKTPY.

KJIOYOBI CJOBA: Pisum sativum L.; uepBone cBitio (660 uM); 3enene cBitio (530 HM); cuHe
cBitio (450 HM); poToMOpdoreHes; po3UMHHI BYTIIEBOJIH.

CBiTJ10, 110 Tpa€ BaXKJIMBY POJIb B PO3BUTKY POCIHH, € OaraTorpaHHuM (pakTopom, sIKuit
XapaKTEePU3YEThCS HACTYITHUMH TapaMeTpaMH: Jiana3oH JIOBXWHU XBHJI  (CIIEKTD),
IHTEHCUBHICTb, IHTETpajibHa 1000Ba paaianis, ¢poronepion i HanpsMoK. OcoOINBO BaKIMBUM
(bakTOpOoM € IOBXKHHA CBITJIOBOi XBHJII, TOMY III0O CaMe€ CIEKTPaJbHUM CKJIAJ CBITIA €
BUPILIAIBHUM JIJIsl PEryJiALii MPOIeciB pOCTy 1 PO3BUTKY POCIIHH, a TaKOX U ONTHUMi3alii
MopdoreneTnyHuX mporeciB. CIEKTp CBITIA JUTUTHCS HAa HAcTymHI obmacti: 380 HM 1 MeHIIIe
— ynbeTrpadionerora; 380430 um — dionerona; 430-490 um — cuns; 490-570 Hm — 3erneHa;
570-600 am — xoBTta; 600-780 HM — uepBoHa; 780 HM 1 Oinbiie — iH(padepBoHa. Sk
BIZIOMO, JUISI )KUTTEISIIBHOCTI POCIMH BaXJIMBa (POTOCUHTETUYHO aKTHBHA YaCTUHA CHEKTPY,
10 3HaXoauThesa B Mexkax Big 380 mo 710 M, a Takox (i310JIOTIYHO-aKTUBHA YaCTUHA, IO
mae noBxuHy xBuiai 300-800 um. HaiiGinpm 3HauymuMm € yepBoHe cBitio (YC), cnektp
SKOr0 3HaxXoauThcs B Mexkax 600-720 HM, TOMy 11O IISI YaCTMHA CIEKTpa € OCHOBHUM
NOCTaYaJIbHUKOM €Heprii s (pOTOCHMHTE3y Ta BIUIMBAE Ha MPOIECH, TMOB'A3aHI 31 3MIHOIO
IIBHIKOCTI PO3BHUTKY pociaunu [1, 2].

B nmanuit wac y pociumH BHIUISIOTH N'STh TPpyn (OTOPELENnTOpiB, L0 CIPHIMAIOTH
iHpopMaIlifo PO yMOBH OCBITJIEHHS, TPUBAIICTh CBITIOBOTO IHSA Ta IHIIUX (aKTOPIB
HaBKOJIMIIHBOTO cepefoBuiia. /o Takux peuenTopiB BiJHOCATHCA PELENITOPH UYEPBOHOTO
(UC) 1 manexoro uepBoHoro cBiTia (JJUC) — ditoxpomu; pementopu, mo COpUAMaOTh
yapTpadioneToBe BurnpoMmiHioBaHHS A-miamasony, cuHe (CC) i 3emene (3C) cBitmo —
Kpintoxpomu, ¢ororpomian, Oinku cimeiictea ZEITLUPE, a Ttakox pementop
yabpTpagioneToBOro BUMpoMiHioBanHs B-aianazony (Y ®-B) — 6inok UVRS [3]. Takox Oymno
3p0o0JICHO TPHUMYIIEHHS, M0 B pOCIMHAX (YHKIIIOHYIOTH ¥ 1HIN, Ie HEe BIIOMI,
¢doropeuentopu, B Tomy uucii, cnenudiuni go 3C [3, 4]. CykynHicTh JaHUX (POTOPEUENTOPIB
JI03BOJIIE POCIMHHOMY OpraHi3My OpI€EHTYBAaTHCS B yMOBaxX HaBKOJMIIHBOTO CEpeloBHUIIA 1
aJIeKBaTHO pearyBaTH Ha iX 3MiHHM, IO € HEOOXiTHUM JJis BMIKMBAHHS Ta YCIHIIIHOTO
PO3MHOYEHHS: BXIiJl y CTaH CIOKOIO 1 BHX1J 3 HBOTO, 3MiHA HIBUJKOCTI POCTY, Tepexia 10
IBITIHHSI a00 HOro 3aTpuMKa, HANpPSIMOK pOCTY, YTBOPEHHS OIYHMX IaroHiB, a TaKOX
perymsiisi CHHTE3y JICTKUX PEYOBHH, IO BIUIMBAIOTh HAa 3POCTAaHHS CYCiIiB a00 MaTOTreHiB,
a00 BKITIOUEHHSI PEakKIlii aronTo3y — «3arporpaMoBaHoi KIITUHHOT 3arubeni» [1, 3].

OnHuM 3 OCHOBHHX (DOTOPELEITOPHUX KOMIUIEKCIB POCIIMH € cucTeMa (piTOXpOMIB, siKa
cnpuiiMae curHal B oOsacti 4yepBoHOro (660 HM) 1 maneko-uepBoHoro cBitia (730 am). Ha
CHOTOJHINTHIN T€Hb JOCTIKEH] (Pi3MKO-XIMIUHI BJACTUBOCTI piToXpomiB [2], BUsIBICHI pi3HI
dopmu ¢itoxpomiB y pocauru Arabidopsis thaliana — Phy A-E [5], ocobmuBocti ix
JoKamizamii B KIITHHI 1 OIOCHMHTE3y, OCHOBHI MOJEKYJSIPHI MEXaHI3MH TPaHCIYKINi
(GITOXpPOMHOTO CUTHANY Ta HOro iHTerpaiis 3 GpiToropMOHaIBHUM 1 CTPECOBHM CHUTHAIIHIOM
[6]. diToxpoMHa cHCTeMa KOHTPOJIIOE MPAKTUYHO BECh XiJI 1HIWBIAYaIbHOTO PO3BUTKY
pPOCIMH — BiJ TNPOPOCTaHHS HACiHHSA JO 3alBITaHHSA 1 IUIOJOHOMEHHS. dDiToXpoMu
KOHTPOJIIOIOTh TIpoliecd  (HOTOCHHTE3Y, YTBOPECHHS TMPOAYKTIB acCUMIIALIi, O010J0T14HO
AKTUBHHUX PEYOBHH, EPEXiJI J0 IBITIHHS, CIIOKOO, MPOAYKTUBHICTh POCIIHH Ta iH. [2, 7].

PenentopaumMu cucremamu, mo COPUHAMAIOTh CHHE CBITJIO, € KOMIUIEKCH (POTOTPOITIHIB,
oinkiB cimeiictBa ZEITLUPE i kpinToxpomu. 3a miTepaTypHUMH JaHUMH, CHHE CBITIIO
XapaKTEPU3YETHCS K OCHOBHUI KOMIOHEHT MopdoreHesy [8]. Bimomo, mio cuHi i dioneTosi
(380-490 um) mpomeHi, sik 1 UC, GepyTh Oe3nocepeHIo yuacTb y GOTOCHHTE31, CTUMYIIOIOTh
YTBOPEHHSI OUIKIB 1 PETYNIOIOTh MIBUAKICTh PO3BUTKY pOociIuHU. DOTOTPOMiIHHU, perenTopu
CC, perymomOTh Taki MPOLECH POCIHH, [K (OTOTPOMI3M IMaroHa, KOpPEHs 1 JIUCTS,
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MepeMIIIeHHsT XJIOPOIUIACcTIB Y BIATOBIAL HA CBITIOBI M TeMIepaTypHI CUTHAIN, PETYJISIiI0
pyxiB nponuxiB [9]. binku cimeiictBa ZEITLUPE koHTpomo0Th 1000BI LUPKaAHI PUTMHU
(6imox ZTL), mepexin o musitiaas (FKF1), a 6imox LKP1 HeoOximuuii mist 060X mporieciB
[3]. KpinToxpomu, B CBOIO uepry, OepyTh y4acTh B peryiisilii HUPKaJHUX PUTMIB, IBITIHHS,
CC-3anexnoro horoMopdoreHesy, a TaKokK peryorTh inmmn GyHkiii pocaux [10].

JloBruii yac BBaXKajocs, IIO 3€JeHE CBITIO € (Pi310JOriYHO HEAKTHBHOIO YaCTHHOIO
CIIEKTpa, TaK SK KOJIP JIUCTS TEPEBaKHOI OUIBIIOCTI POCIHMH 3€JICHHH, 10 HABOJIWUTH Ha
JTYMKY, IO 3eJIEHE CBITJIO POCIMHU BiJIOMBAIOTh, a HE BUKOPUCTOBYIOTh SIK JKEPENIO €Heprii.
Opnak Oyno BiJA3HA4YEHO, IO TIEBHHMM OajaHC 3€JICHOTO 1 CMHBOTO CBITJIA BAKIIWUBHH IS
edeKxTy YHUKHEHHs TiHi [7], a peuentopam, ski BiIoBIIOIOTH crhiBBigHommeHHs CC/3C, e
kpintoxpomu [10]. Ha nmaHmii dWac pernentop 3€JI€HOTO CBITJIa HE BIJOMHM, TPOTE
nepeadavaeTbcs, L0 B peHeniii Ii€i yacTWHU crHekTpa Oepe ywacTb (ITOXpOMHa 1
kpintoxpoMHa cuctemMu. OnpomineHHs: 3C mpu3BoaAUTH 10 000poTHOCTI BHUKIHKaHUX CC
HAKONMYCHHS AaHTOIlIaHIB, IHIiMiamii TIBITIHHA 1 BIAKPUBaHHS NPOAMXiIB, AaKTHUBAI]
ByTJICLIEBOTO MeTabomi3My B pocnuHax [4]. IcHyBaHHS TakuxX peakiliid, BHUKJIMKAHUX
onpoMiHeHHsM 3C, [a€e MOXJIIMBICTH 3pOOMTH TPUMYIIEHHS, IO ICHYE OKpeMHUi
(dboTOperenTop 3eJIeHOro CBITIa, MOKIIMBO, 36aKCAHTUHOBOTO TUITY [4].

OnHUM 3 MOXIMBUX MEXaHI3MiB, NUIIXOM SKOTO peai3yloTbcs e(eKTH aKTUBaIlii
(bOoTOpelenTOpHUX CUCTEM Y POCIHMHI, MOXYTb OyTH 3MiHM B OOMIHI BYIJIeBOMIB. Take
NPUITYLICHHS BUIIPaBIaHE OCOOJMBOCTAMHU (YHKIIN BYIJIEBOAIB Y POCIMHHOMY OpraHi3Mi.
3aragpHO BIJJOMO, IIO BYTJIEBOJW — OCHOBHHMI CHEPreTHYHHI Ta TJIACTUYHHN Martepial,
SAKUH, pakTuyHO, 3a0e3mneuye nepedir BCix MpPOIECiB KUTTEAISUNIbHOCTI pociauHu. [TokaszaHo,
30KpeMa, IO HEeHTPATHHUM MUISIXOM, SKHH PEryjiIio€ BUKOPHCTAaHHS aCHMUIATIB Ha PICT,
PO3BHUTOK, a BIATAK 1 HA MPOAYKLIHHUI MpoLIec, € B3aEMONIEPETBOPEHHS KPOXMAITIO, Caxapo3u
ta rekco3 [11]. Baromoro € Takox curHanbHa (YHKINS BYTJICBOJIB, KA MPOSBISETHCA Y 1X
3IaTHOCTI OpaTH ydacTb y ekcrnpecii reHiB [12]. ByrieBonu 3afisiHi y TpaHCIyKIIii CUTHANIB,
Kl TIOB’si3aHI 3 (DITOrOpMOHAJIBPHUM Ta 1HIIMM curHamHroMm [6]. Iloka3zaHo Takox, IO
BYIJIEBOAM, MOPSAA 3 (DITOrOpMOHAMH, TpalOTh ICTOTHY POJIb Y KOMILJIEMEHTApHINA CHUCTEeMI
peryssii TeMIiB pO3BUTKY (OTOINEPIOANIHO-IYTIUBUX POCIHH, & TAKOX POCIUH O3UMOTO Ta
sporo Tuny po3Butky [13].

Bigomo, 1o st poCIMHHOTO OpraHi3My XapaKTepHi BHUIOCHEIM(iuHI OCOOIHBOCTI Y
MeTa0oIIYHUX Tpouecax. ToMy He BHUKIIOYEHO, II0 Yy POCIWH PI3HUX BHUIIB MOXYTb
MPOSIBIATUCS CceU(IUHI OCOOJHMBOCTI Yy CHPUUHSTTI, TPAHCAYKIII 1 TPOsiBi e€eKTiB
akTuBalii (GOTOperenTopHux cucreM. MOXKIHUBO TaKOX, IO MOMAI0OHA CHenupivHICTh IHUX
edekTiB Moxe OyTH TMOB’s3aHa 3 MPUHAIEKHICTIO POCIHMH J0 TUX YM IHIIUX EKOJOTIYHUX
rpyn. 30Kpema, pOCIMHHM OJHOTO i TOTO K BHJIY, aje 3 Pi3HUM THUIOM (HOTONEpPiOUIHOL
peakiiii, Mmo-pi3HOMYy pearyloTh Ha akTuBarito ¢itoxpomiB. I[lokazaHo, IO OMPOMiIHEHHS
YepBOHUM cBiTIOM (660 HM) y cepeaMHI TEMHOrO TMepioJly Yy KOPOTKOJIEHHOMY
(G OoTOMEepiOAUIHOMY ITUKIII Y JTOBFOJCHHUX POCIIMH HE BUKJIUKAJIO 3MiH Y CTPOKaX MEepPexoay
JI0 UBITIHHS, @ Y KOPOTKOJCHHHX — 3YMOBIIIOBAJIO 1X ICTOTHE MOJOBXKEHHs. BcTaHOBIEHO
TaKOX, IO TIEPEPUBAHHSI TEMHOTO IMEPIOAY Y KOPOTKOACHHOMY (DOTOMEpiogMUYHOMY ITUKII
BUKJIMKAJIO ICTOTHY 3aTPUMKY IIE€pPEXO]y J0 KOJIOCIHHS y KOPOTKOJECHHUX COPTIB MIICHMIII
03MMOi, TPUCKOPIOBAJIO TIEPEXiJT 10 KOJOCIHHS Y JOBTOACHHUX COPTIB 1 HE 3MIHIOBAJIO HOTO Y
¢poronepioguuHo-HeHTpanbHux coptiB  [13]. Lli pe3ynapraTH MOXKYTh CBINYHMTH, MIO
GbiTOXpOMHI €pEeKTH y PeryJsilii pO3BUTKY Baromi Jjisi KOPOTKOACHHUX POCIIHMH, B TOW Yac SK
JUTSL TOBTOJICHHHUX, MOYJIMBO, OLITBII BATOMUMH € €(eKTH iHIHIX (OTOPEIETTOPIB.

Sk npaBuIto, MepeBakHa OUIBIIICT JOCTIKEHb €(eKTIB akThBaIlli (PITOXPOMIB Ta IHIIUX
doroperientopiB mpoBeaeHa 3 MojaeapHIM 00’ ekToM Arabidopsis thaliana [5, 9] Ta inmmMu
pociuHamMu 0e3 ypaxyBaHHS iX ¢oTomnepiogudHoi peakmii. Takuit miaxia, 10 MEBHOI MipH,
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3BYKY€E YSIBJICHHS 10JI0 MOYKJIMBOTO TIPOSBY CrienigHOCTI e(heKTiB akTUBaIlii (GiTOXpOMIB Y
POCIMH Pi3HUX €KOJIOTIYHUX IPYII 3 PI3HUM THUIIOM (OTONEPIOAMYHOI peaKiii.

Otxe, MeTOr0 JaHOi POOOTH OYyJI0 MOCTIAWTH BIUIMB CEJICKTUBHOTO CBITJIA PI3HUX
cnektpiB: UC (660 um), 3C (530 am) ta CC (450 HM) Ha pocTOBi peakiii, MOpHOreHeTUIHUN
PO3BHUTOK Ta BMICT PO3UMHHHMX BYTJIEBOJIB Yy Pi3HUX OCHOBHX OpraHax MPOPOCTKIB POCIHH 3
JIOBTOJICHHOIO (h)OTONEPIOAMYHOIO PEAKIII€LO.

MATEPIAJIU TA METOAU

Pocrunnuii mamepian. B po0oTi BUKOpHCTOBYBanu ropox nocipauid (Pisum sativum L.)
copty MeneHatr — pPOCIMHU 3 JIOBrOJICHHOIO (hOTOMEPIOANYHOI0 peakiiero. JlocmimkeHui
COPT BHECEHMH 10 Jlep>kaBHOTO peecTpy COPTiB pociauH YKpainu. HaciHHs U1t qociiKeHb
Oyno Hamane criBpoOiTHUKamMu [HCTUTYTY pocnuHHuUITBA iM. B. f. IOp'eBa HAAH VYkpainu.

Huszaiin - docnioxcenns. HaciHHS moeramHO crepuiizyBaid B 15 %-omy po3umHi
rimoxyoputy Hatpito (15 xBumunu) 1 70 %-HOoMy eranoni (1 XBuUIMHA) 1 TPOPOIIYBAIH B
gamkax Iletpi mo 10-15 HaciHMH Ha 3BOJIOXKEHOMY (UIBTPYBaIbHOMY Mamepi MpH
temmeparypi 22°°C B tempsiBi B repmocrati (TCO-80, MICROmed) mpotsirom 3-x mi6 st
crabimizamii poctoBoi peaxiii. [Ticis yoro npoBoanIM akTHBALiO (GOTOPEHEITOPHUX CUCTEM
JOCJTIJDKYBAHUX TIPOPOCTKIB IUISIXOM OMPOMIHEHHS CBITJIOM Pi3HOTO cnekTpy. ETionpoBaHi
MPOPOCTKH B 130Jb0BAaHOMY OOKCI B TeMpsiBi ompoMiHioBanu moAHs mo 30 xBuwiumH (5 qHIB) 3a
nonomororo LED matputii Kopo6osa uepBonum cBitiom (UC 660 um), 3enernm (3C 530 um)
ta cuniM (CC 450 HM) 3 iHTeHCHBHICTIO ocBiTIeHHS 120 MBT/M%. [Ipunyckaemo, o mig yac
ONPOMIHIOBAHHS ~TeMIlepaTypa TPOPOCTKIB HE 3MiHIoBasacs. KOHTpOnbHI poCIMHU
KyJbTHUBYBAJIH 3a THX € yMmoB (TempsaBa, 100°% Boimoricts, Temmeparypa 22°°C) 0e3
akTHBaIlli (GOTOPEIENTOPHUX CHCTEM CEIEKTUBHHM cBiTIoM. Ha 10-Ty o0y excriepuMeHTy
NPOBOJIWIM aHajli3 POCTOBOI peakuii MPOPOCTKIB, iX MOP(HOTreHETUYHOTO PO3BUTKY Ta
BU3HAYCHHS BMICTY ITyKDiB.

Ananiz pocmoeoi peaxyii. PoCTOBY peakIlil0 BU3HA4Yalld 3a IMOKA3HUKAMH JIHIHHOTO
pOCTy, BUMIPIOIOUH JIOBXXKWHY HAJ36MHOI YaCTHHU 1 KOPEHEBOI CHUCTEMHM, a TaKOX JIJIs
XapaKTEePUCTUKN OIOCHHTETMYHHUX MPOIECIB BU3HAYAIM HAKOMHMYEHHS OlOMacH OChOBHUMH
OpraHamM# MPOPOCTKaA.

Mopgocenemuunuii  pozsumox. MopporeHes HaJ3eMHOI YAaCTMHHM  MPOPOCTKA
aHai3yBaiau 3a (POPMYBaHHSM PO3TOPHYTHX aliKaJIbHUX TavKiB Ta MOSBOI0 HOBUX METaMEpiB
— MIXBY31b. Pru3orenes — ¢opMyBaHHS KOPEHEBOi CUCTEMHU NMPOPOCTKA — aHANI3YyBalIU 3a
MOKa3HUKAMH KIJTBKOCTI Ta JIOBXKMHHU OOKOBHUX (JIaTEpaJIbHUX) KOPEHIB Ta (OpMYBaHHS 30HU
BCMOKTYBaHHS — puszoAepMH. [Iiomry 30HM pu3oAepMH BH3HAYaJIM 3a JIOTIOMOTOIO
mikpockora (JIOMO Mikmen (Pocis) mpu 306iibmieHHi %120), BUTOTOBISIOYM THMYACOBI
«aBJIEH1» TpenapaTH TOJOBHOI'O KOpEHs NpOopocTKa. BuMiproBain cepeaHio TOBXKUHY
KOPEHEBUX BOJIOCKIB Ta 30HH BCMOKTYBAHHSI 32 JIOIIOMOTOI0 OKYJISIP-MiKpOMETpA.

Ananiz emicmy 6000po3uuHHUX 8yene600is. BMicT ByrieBoiB Bu3Hauanu 3a [1IBeroBum i
Jlykbsinenko [14]. TlpuHimm MeTOQy IOJAra€ y 3JaTHOCTI PEAyKYIOUHMX IIyKpiB
BIZTHOBJIOBATH (hepuliaHia Kajilo a0 QepouiaHiny y JyKHOMY cepenoBuili. BimHoBneHa
crioyka mpu B3aemoii 3 Fep(SO4)3 yrBOproe crilike CHHE 3a0apBIIEHHS, ONTHYHA IIUIBHICTD
SKOTO MpPONOpIiOHANIbHA BMICTY ITyKpiB. Llefi TMOKa3HMK BUMIpIOBaIM 32 JOINOMOTOIO
dotoenekrpokoiopumerpa KOK-2MII 3 uwepBonum cBiTnodinerpom 610 HM. Ekcrpakirito
ykpiB mpoBoauiu etanosioM npu 70°°C 30 xB. besnocepeaHbo B €KCTpaKTi BU3HAYAIH BMICT
MOHOIIYKPIB. [[711 BU3HAYEHHS CyMH IYKPIB iX NMEPEBOIUIN y PEAYKYIOUl MIJISXOM TiApOizy
amkBoTu ekctpakta y 1 H HCl mpu 70°°C 5 xB. BMicT ONiromykpiB po3paxoByBaliu 3a
pPI3HHUIICI0O BMICTYy CyMH Ta MOHOIYKpiB. KOHIIEHTpaIit0o BYIJIEBOIIB pPO3pPaxOBYBAIU 3
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BUKOPUCTAHHSIM KalliOpyBaJibHOrO Tpadika, MmoOyI0BaHOTO 3 BHKOPHCTAHHSIM TJIFOKO3H
(SIGMA), Ta Bupakaii y MI/T Macu Cyxoi pe4OBUHH.

Cmamucmuynuii  ananiz. Bcwboro mpoBeaeHo 3 O6iosiorivudHi cepii  €KCIIEPUMEHTIB.
CraructuuHy 0oOpoOKYy OTpHMAaHUX IaHHWX IMPOBOJWIM 3a JIOTIOMOTOIO IMaKeTa Mporpamu
Statistica 6.0. IcTOTHICTHP BIIMIHHOCTEH MDK BaplaHTaMW BHU3HAYaJld 3 BUKOPHUCTAHHSM t-
kputepito CThIoIeHTa 3 ypaxyBaHHAM mnonpaBku bordeponni. Y Tabiuusax i Ha rpadikax
HaBeJICHI cepeIH] 3HaUeHHS Ta iX CTaH apTHI MMOXHOKH.

PE3YJIBTATU TA OBI'OBOPEHHSA

PesynpraT BU3HAUCHHs akKTWBaIlli (POTOPEHENTOPHUX CHUCTEM Ha POCTOBI IMPOIECH
€TI0JIbOBAaHUX MPOPOCTKIB TOpoXy MeleHaT MmoKka3aiu iCTOTHY 3aJIe)KHICTh MacH IMPOPOCTKiB
BiJI OIIPOMIHEHHS 1X CBITJIOM TEBHOI AOBXMHH XBWII (puc. 1 A). Tak, 3a BIUIMBY YEpPBOHOTO
ceiTiia (UC 660 HM), IKUM aKTUBYEThCS cucTeMa (iTOXpoMmiB, OiomMaca Ha/J3eMHOI YaCTHHU
MIPOPOCTKIB 1CTOTHO 301IbIITYBajIacsi MOPIBHSHO 3 MacOl Yy KOHTPOJILHOMY BapiaHTi JOCIIY.
[TopiBHSHO 10 KOHTPOJIO 301MbIIyBanacs TakoX 1 Maca HaJ3eMHOi YAaCTMHHU MPOPOCTKIB 3a
onpominerHs 3eneHuM (3C 530 uMm) Ta cuHiM cBiTiioM (CC 450 HM). OgHak 3017IbIICHHS
macu 3a ompomiHeHHs 3C 1 CC Oyno 3HAa4YHO MEHIIMM, HDK Te, ske BigOyBaiocs 3a
OTNpPOMiHEHHSI 4YepBOHUM CBITJIIOM (puc. 1 A). OcCKiTbKM 3aCTOCOBaHI HaMHU CHEKTPH
OMpOMiHEHHS 30y/DKYIOTH pi3HI ¢oTropenentopu [3] i mpH OMY TPOSBISETHCS ICTOTHUIN
edexkT Ha OIOCHMHTETHYHI MPOIECH, TO, BIPOTIHO, IO Yy HAJA3E€MHIA YaCTHHI €T10JhOBAHUX
IPOPOCTKIB TOpOXy COpPTY MeleHar MpHUCYTHI (ITOXPOMH, KPIITOXPOMH Ta, MOXIIMBO,
dboToTpomninu. AHaJI3 pe3yJbTaTiB IOKa3aB, IO 3a PiBHEM MposBYy e(eKTiB Ha Oiomacy
Ha/I36MHOI YaCTHHHU [il0 CIEKTPIB CBITJIa MOXKHA paHXKyBaTH HacTynmHuM ynHoM YC>3C>CC.
BiporigHo, mo 1e MoXXe€ CBIAYUTH MPO PI3HUN BMICT 4mu/abo pi3HI GopMu abo K PI3HY
aKTUBHICTH (OTOPELENTOPIB Y HAJA3EMHIN YaCTHHI MPOPOCTKiB. 30KpemMa BiOMO, 110 eheKTH
GbiToXpoMmiB 3aiexarb Big X BMicTy Ta Gopmu — PhyB HalOinbIl aKTHBHHI Cepejl 1HIIHX
dbopm came y Haa3eMHil yacTuHi pocaunu [3, 15].

Busnauenns OiomMacu KOpPEHIB TOKa3ajo [EMIo IHII pPe3yJabTaTH, W00 e(eKTiB
aKTUBalii (OoTOpeLenTOpHUX CUCTEM, MOPIBHSAHO /10 ii eQeKTiB y HajA3eMHii yacTuHi (puc. 1
A). Onpominenas UC ta 3C 3ymoBWIO 30UIbIIEHHS OlOoMacH KOpPEHIB MPOPOCTKIB, a
onpoMineHHs1 CC — He3HauHe i1 3MEHIIIEHHs MOPIBHIHO 10 MacH y KOHTPOJbHOMY BapiaHTi
(puc. 1 A). Ha BimMiHy Bia e(deKTiB y HaJI3eMHIA YaCTHHI, Y KOPEHAX HAWOUIbI 3HAYHE
30inb1IeHHsT OioMacu BusiBieHe mpu onpomineHH1 3C nopiBHAHO 10 30inbmenHs 3a aii YC Ta
CC. Tlpuuomy y kopensix 3C BHKIMKAIO JemI0 OUThbIUNA e(deKT, HDK Yy HaJA3eMHIA YacTHHI
npopoctka. B Toii ke uwac edexkrtu Bim ompomiHeHHs KopeHiB UC i CC Oymu 3HaAYHO
MEHITUMH, HIK Taki epexkTu y Haa3eMHiil yactuHi. lle mae miacTaBy HPUITYCTHTH, IO
HaJ3eMHa 1 TMiJ3eMHa YacTHHA €TIONbOBAaHMX MPOPOCTKIB TOpPOXYy copTry MeneHar
BIJIPI3HSIOTHCS 32 aKTUBHICTIO Ta CKJIAIOM (POTOPEIENTOPIB YEPBOHOTO, 3€JICHOTO 1 CHHBOTO
cBiTyIa. BiporigHo, mo A JOCHiIKEHOI POCIMHU XapaKTepHa OpraHHa Creuu(ivHIiCTh 3a
ckimagoM 1 OlocwHTe30M (oropenentopiB. lle npumymeHHs MiATBEPHKYETHCS JTaHUMH
JiTeparypu, SKi MOKa3aly HasBHICTb Pi3HUX GopM (PITOXPOMIB Y aCUMIIALIIHOMY anapaTi Ta
KopeHsx apabimoricucy [5, 7]. Takox cnemudiuni edeKkTH OMPOMIHEHHS CEICKTUBHUM
CBITJIOM pI3HOTO CIEKTPYy Ha POCTOBY pPEAaKIil0 €TiONbOBAHUX IPOPOCTKIB JIOBIOAECHHOI
KyJBTYpH TOpPOXY TOCIBHOTO COpTy MeleHaT, MOXIMBO, IMOB’S3aHI 3 PI3HUM CTyIEHEM
OBOJIHCHOCTI OCHOBHUX OpraHiB MPOPOCTKIB Ta TEMIEPATYpHUM BILUIUBOM OIPOMIHCHHS
CBITJIOM PI3HOTO CHEKTPY, 10 MOTpedye OLIbII JeTaTbHUX MOAATIBIINX JOCTIKECHb.

Omxe, akTHBaIlisg Pi3HUX (POTOPEHENTOPHUX CHUCTEM Y HAA3EMHIA YaCTHHI TMOCHITIOE
O10CMHTETHYHI MPOLECH, B TOM Yac K y KOPEHSX Take MOCHUJICHHS BiOYBAa€ThCS TUIBKU 3a
aKTHBAIlll PEIENTOPIB YEPBOHOTO 1, 0COOJIMBO 1CTOTHO, 3€JICHOTO CBITJIA.
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BuByenHs BrumBy akTuBarlii poTropernenTopiB Ha JIHIWHUNA PiCT TPOPOCTKIB — TOBKUHY
HA/I36MHOI YaCTUHU 1 KOPEHIB — MOKa3aJH, 110 JiHIHHUHA picT Ha/3eMHOI YaCTUHU Bi10yBaBCs
3HAYHO MOBLIBHIIIE, HXK KOPEHIB, HE3aJISKHO BiJ BapiaHTy mociiay (puc. 1 b).
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Puc. 1 BrumB omnpomiHEHHsS CEJEKTUBHMM CBIiTJIIOM Ha Oiomacy (A) Ta nomxuHy (B) ochoBux opraHiB
OpOPOCTKiB ropoxy copTy MeueHat (M £ 6). * — pi3HuUIg 3 KOHTpoJeM ictoTHa npu P < 0,017.

Fig. 1 The influence of selective light irradiation on the biomass (A) and length (B) of the axial organs of
Metsenat pea seedlings (m + o). * — the difference with the control is significant at P < 0.017

Pazom 3 TuMm, NiHIHHUN PICT SK HAI36MHOI YaCTHHHU, TaK 1 KOPEHIB 3aJI€KaB Bl JTOBKHHH
XBWJIl CBITJIa, SKUM OIPOMIHIOBAIM MPOPOCTKH. Ha picT Haa3eMHOT 9acTUHHM YEPBOHE CBITIIO
HE BIUIMBAJIO, 3€JI€HE CBITJIO MOT0 CTUMYJIIOBAJIO, @ CHHE CBITJIO MPHUTHIYYBaJIO TOPIBHIHO 710
pPOCTY Y KOHTpOJIbHOMY BapianTi. Cepen yCiX 3aCTOCOBAaHUX JIJIsi OMPOMIHEHHS JOBKHH XBHJIb
CBITJIa HAWOUIBIIMIA e(peKT Ha piCT HAJ3eMHOI YaCTUHH MPOPOCTKA Y JOBXKUHY HPOSBIISIO
3enene cBiTio (puc. 1 b). Toit dakT, mo aiHIHHMKA PICT 32 OMPOMIHEHHS YEPBOHUM Ta CUHIM
CBITJIOM TaJbMYETbCS, BIpPOTiTHO, MOXE CBIAYUTH PO MEPEeXil BiJ €TIONbOBAHOTO CTaHY
MIPOPOCTKAa — MPOTrpaMu CKOTOMOPGOTEHE3y /10 peaiizallii mporpamu Goromopdorenesy, ska
3amyckaeThesi gerpagamiero COP1 — romoHoro pempecopa dhoromopdorenesy, 60 Bimomo,
[0 camMe 4YEepBOHE Ta CHUHE CBITIIO ((PiTOXpOMH 1 KPINTOXPOMH) 3aIllyCKalOTh MPOIECH
doromopdorenesy [15, 16]. lllogo miHIHOrO POCTy KOpPEHIB, TO BiH HE 3alie)KaB Bix il
YEPBOHOTO 1 CHHBOTO CBITJIa, aJie ICTOTHO aKTUBYBABCS IPH JIii 3€JICHOTO CBITJIa MTOPIBHSHO 10
pOCTY KOpEHiB y HeonpoMiHeHuX npopoctkax (puc. 1 b). BiporigHo, 1mo y KopeHeBiil cucreMi
JIENIo 1HIIUKA CKiIaa GoTopernenTopiB, HK Y HaA3eMHIN YacTuHi [3], MOXKIMBO TaKOX, IO Y
3B’A3KYy 3 LIUM 3€JI€HE CBITJIO Y KOPEHSX BHCTYyNae (akTOpPOM JAEETIONALIl, PO M0 MOXKe
CBIJTYUTH TIOCWJICHHSI JIIHIMHOTO POCTY KOPEHIB, SIKe XapaKTepHe JJIA 1boro mporecy (puc. 1
b).

OTxe, 3a pesynbraTaMH JOCHIPKEHHS POCTOBOI peakilii B OChOBHX OpraHax
€TIONFOBAHUX TPOPOCTKIB TOPOXY MOCIBHOTO IMOKa3aHO, M0 aKTUBAIis (POTOPEHENTOPHUX
cucteM 3a onpomideHHs1 YC (660 um) Ta CC (450 HM) raapMye abo CyTTEBO HE BILJIMBA€E Ha
MOKA3HUKH JIHIMHOTO POCTY SK B HAA3EMHIM YacTHHI MPOPOCTKY, TaK 1 B KOPCHSIX.
IuriGyBanns pocty rinokotuiel Ta kopeHis 3a Jii YC ta CC Takok moka3zaHO Ha MOJIEIbHIN
kyabTypi Arabidopsis thaliana [5, 9], mo cBimuuTh npo HecneuupiuHUE XapakTep POCTOBOT
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peakilii OChOBHUX OpraHiB MPOPOCTKIB JBOJOJIBHUX POCIMH Ha akTHBaIilo ¢iTo- Ta
KPUNITOXPOMiB. B TOif e uyac BUSBICHHUI B HAIIUX EKCIIEPUMEHTAX CTHUMYIIOIOUUN ePeKT
onpoMminerHss 3C (530 HM) Ha JiHIMHHK PICT HAJA3E€MHOI YaCTHHHU Ta PICT 1 HAKOTTUYCHHS
OloMacu KOpEHIB MPOPOCTKIB JOBTOJCHHOI KyJIbTYpH TOpPOXY TIOCIBHOTO € MOXKIIMBO
crienuIYHOI0 PEeaKIliro-BiAMOBIII0, OCKUILKH JITEpaTypHi AaH1 cTocoBHO Aii 3C Ha POCTOBY
pEaKIlito € JOCUTHh po30KHUMHU. Tak MoKa3aHo, IO JAJS MPOPOCTKIB JIBOJOJBHUX KYIBTYP
Lactuca sativa L. ta Brassica oberacea L. ais 3eneHOro CBiTJIa rajbMy€ HAKOHYCHHS
6ioMacH, B TOi1 e yac uIs oaHoM0abpHMX Avena sativa L. Ta Triticum aestivum L. — HaBnaku
CTUMYJTIOE 11eH Tiporec [4].

MopdoreneTnyHuii  po3BUTOK  HAA3€MHOI YaCTHMHH  €TiOJhOBAHMX  IPOPOCTKIB
XapaKTepu3yeThbcs MEBHUMHU pHUCaMH, MPUTAMaHHUMH JBOJOJILBHUM POCIMHAM 3a peaii3amii
nporpamu ckotomoporenesy. ETionboBaHI MpOPOCTKU BHIIOBXKEHI, MEXaHIYHI Ta TPOBITHI
TKaHUHU He CPOpMOBaHi, (POTOCHHTETUUHHI amapaT HE PO3BHHEHUM, BIJICYTHI XJIOpOdiNIH,
HEBEJIMKUN BMICT KapOTHHOINIB, IJIACTUIM MPEJCTaBJICHI €TiOIUIacTaMu, MPOJUXU BIACYTHI
[15]. 3a naii ceneKTHBHOTO CBiTIA, IO MPHU3BOIUTH IO aKTUBAIll (POTOPEIENITOPHUX CHCTEM,
MOYJIMBI 3MIHU TPOTPaMu MOP(POTEeHETUIHOTO PO3BUTKY MPOPOCTKA.

3a HaUMHU pe3yJbTaTaMHM HAJ[36MHAa YacCTHHA €Ti0JIbOBAHHUX MPOPOCTKIB JTOBrOJEHHOI
POCJIMHHU TOpPOXY MOCIBHOTO 3MIHIOE MPOTpaMy PO3BHUTKY (3 eTioisimii Ha goTroMopdoreHes)
TUTBKH 3a akTHBaIlli GiToxpomuoi cuctemu (tadn. 1). Onpominersas YC (660 HM) TPU3BOIUTH
70 CKOPOYEHHS JOBXHHU EIMIKOTHJIS, 3MEHIIEHHS KUTBKOCTI MIKBY3Jb Ha MPOPOCTKY, IIO
CBIIYUTH TIPO TaJbMyBaHHS crenudiuHoi (GopMH pPOCTy POCIMHHOTO OPraHi3My «pPOCTY
PO3TSATHEHHAM», KM HaWOUIbII XapaKTepHUU I €TIOJhOBAHOTO CTaHy mpopoctka [17].
OnHietr0 3 TONOBHUX MOP(GOTCHETHYHHMX pEeakIliid, M0 XapaKTepu3ye IMporpamy
¢oromopdorenesy y J[ABOAONBHUX POCIHMH, € PO3TOPTaHHS AaMiKAIBHOTO Trayka. 3a
onpominerHs YC (660 HM) y AOCITITHUX MPOPOCTKIB Il MOKA3HUK 301TBIITY€EThCS BABIY1, 110
CBILAYUTH MPO MoYaToK Aii nmporpamu Goromopdorenesy. Onpominenns 3C (530 um) ta CC
(450 BM) y rOpoXy HE MTPHU3BOIUTH JI0 ICTOTHUX 3MiH y MOP(OreHETHYHOMY PO3BUTKY
HAJ3€MHOI YaCTUHHU MPOPOCTKIB, IO, MOXKIWBO, TMOB’S3aHO 3 BIJICYTHICTIO aKTHBOBAaHUX
(bOoTOpEeLeNTOPHUX CUCTEM JIJISl CIPUMHSTTS CUTHAIIY CEJIEKTUBHOTO CBITJIa JAHOTO CHEKTPY Y
Ha/I3eMHIN YacTUHI €TIONbOBAaHUX MPOPOCTKiB, a00 HE3HAYHOI IX KOHIEHTpaMii A MpOsBY
edexTy (abo HEe TOCTAaTHLOT IHTEHCUBHOCTI CBITJIOBOTO CUTHAITY).

Tabmuus 1. BrmiB ceneKTHBHOTO CBiTJIa HA MOP(OTCHETHYHUI PO3BUTOK HA/I3€MHOI YaCTUHU
eTiOJIbOBaHHUX MPOPOCTKIB TOpoxy copty Meuenat (M * o)

Table 1. The influence of selective light on the morphogenetic development of the aerial part
of etiolated pea seedlings of the Metsenat variety (m + o)

Bapiant KinpkicTh MiXKBY3IT6, KinbkicTh po3ropHyTHX
IT./pOCIINHA amiKaJIbHUX TaYyKiB, IIT./pOCIHA
KonTtpons 2,16 +0,11 0,31+0,02
YC (660 M) 2,51 +0,13* 0,51 + 0,03*
3C (530 um) 2,23+0,11 0,27 +£0,01
CC (450 am) 2,50 £ 0,14* 0,25+0,01

IIpumiTka. * — pi3HUIA 3 KOHTposieM ictoTHa Tipu P < 0,017

HaiiBaxxnuBima QyHKITisE KOpEHS pOCIIMHHOTO OPTraHi3My Iie 3a0e3Ne4YeHHs] MIHEPaITbHOTO
KHUBJICHHS B T€TEPOr€HHOMY CEpEIOBUILI 3 HEPIBHOMIPHUM PO3MOIIIOM MOXUBHUX PEYOBHH.
HeoOxinHicTh KOMITEHcaIli I1i€1 HEPIBHOMIPHOCTI MPHU3BOJUTH JI0 PO3TATYy)KCHHS KOpEHS 1
¢opMyBaHHS KOpPEHEBOI CHCTEMH. BHacmiOK po3ramxyXeHHS KOpEeHIB (OpMyeTbCS Taka



34
B. B. KXmypko, O. O. ABkceHTbeBa, €. JI. batyeBa

Oy/10Ba KOPEHEBOI CUCTEMHU, KA BU3HAYAE MOXKJIUBICThH 301JIBIICHHS TUIOIT KOHTAKTY POCITHH
3 cybcTparoM Ta iX NPUCTOCOBAHICTh 10 OTPUMAaHHS BOJM 3 CyOCTpaTiB pi3HOTO THILY.
[nimiariss 61YHOrO0 KOpPEHsS Y HACIHHEBUX POCIUH € Pe3yIbTaTOM BiIHOBJIEHHS TpoJidepartii B
TuQepeHIifoBaHNX KIITHHAX NEPUIIMKITY, BHACHTIIOK sIKOT (DOpMY€eThCs amikajibHa MepucTeMa
HOBOTO OpTraHy.

KopeneBa cucrema y npeacTaBHUKIB 0000BUX — B HAIIMX JOCTiAaX TOPOXY MOCIBHOTO

copty Menenar — 3a THMOM OYJOBH CTPHUXKHEBA, TOOTO € J00pe PO3BHHYTHN TOJIOBHHUI
KOpiHb Ta O1uHi KOpeHi. Po3ramyxeHHS KOPEHEBOI CHUCTEMH — YTBOPEHHS Ta pIiCT OIYHHUX
KOpeHIB (pu3oreHe3) — 3abe3medyye IMOBHOIO MIpOI0 TOJOBHI (YHKIII KOpPEHs, a came

NIOTJIMHAHHSI BOJIU Ta MiHEPAJIbHIX PEUYOBHH Ta 3aKpiIUICHHs y cyOcTpari (puc. 2).

Pe3ynbpraTi OCHIIKEHHS BIUIMBY CEJIEKTHBHOTO CBITJIa HAa MPOLECH PH30TEHE3y Y
IPOPOCTKIB ropoxy copty Mernenar mokasanu, mo omnpomineHHs YUC ta CC icToTHO He
BILUTMBAJIO Ha (pOopMyBaHHS OIYHHMX KOPEHIB, 00 iX KUIBKICTh y IIUX BaplaHTax Xoda Jenio i
3011bIIyBajIack, ane Oyna MPaKTUYHO TAKOIO XK, SIK 1 B KOHTPOJII.

Puc. 2. EtionsoBaHMit IPOPOCTOK TOPOXY MOCIBHOTO COPTY MemeHar: a) anikaibHUH radok, 0) MiXKBY3IIS, B)
narepayibHi (OOKOBI) KOpEHi, I') 30Ha PU30JICPMH.

Fig. 2. Etiolated pea seedling of Metsenat variety: a) apical hook b) internodes c) lateral (side) roots d)
rhizoderm zone.
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Onpominenns 3C CTUMYJTIOBAJIO TPOIEC YTBOPEHHsS OIYHUX KOPEHIB — iX KUIBKICTh
ICTOTHO 301bIITyBaNack, MOPIBHIHO A0 KOHTpomto (Tadum. 2). JliHiiiHMA picT 61YHUX KOPEHIB
npopocTka ictoTHO mocmtoBaBcs 3a BBy UC, 3C 1 CC — ix gomkuHa Oynia OUIBIIONO 3a
OTIPOMIHEHHSI BiIHOCHO JIOBXHHH y KOHTPOJbHOMY BapiaHTi. [Ipu npomy HaiOinbm icToTHA
CTUMYJISIIIISL POCTY OIYHUX KOPEHIB BHSIBIIEHA 32 OMPOMIHEHHS MPOPOCTKIB CHHIM CBITIOM
(Tabu. 2).

BonockoHocHuU# 11ap € MOKPUBHOIO TKAHMHOIO KOPEHsI B 30H1 MOTJIMHAHHS BHILE TOYKU
pocty. Bin Ha3uBaeTbcsi puzoaepmoro, abo emibmemoro. KiiTuHU 1bOTO mIapy YTBOPIOIOTh
BUPOCTU — KOpPEHEB1 BOJIOCKU. JlOCTIIKEHHSI BIUIMBY CEJIEKTUBHOTO CBITJAa HAa PO3BUTOK
KOPEHEBUX BOJIOCKIB y TMPOPOCTKIB Topoxy copTy Meuenat mokasano (tabn. 2), mo 3a
ONPOMIHEHHSI YEPBOHMM 1 3€JIEHUM CBITJIOM 3MEHIIyBajacs IUIONIa 30HU BCMOKTYBaHHS
(pu3onepmn). [IpoTunexna peaxitisi BCTAaHOBJIEHA 3a il CHHBOTO CBiTiA (450 HM) — IUIOIIA
puzonepmu 30imbinyBaniacs yaBidi (tabn. 2). IlopiBHsSHHS €(deKTIB OMPOMIHEHHS CBITJIIOM
Pi3HOT TOBKMHU XBWJII HA TUIOILY PU30JEPMH IOKA3aJI0, 110 YePBOHE CBITIIO 3HAYHO OIBIIOI0
MIpOIO 1HTIOYBaJIO PO3BUTOK PH30JEPMHU, HDK 3€JI€HE, a CHHE, HABIAKH, y JBa-TPH pa3u
CHJIBHIIIE CTUMYJTIOBAJIO IIEH MpoIec MOPIBHAHO 10 €(EeKTIB YEPBOHOTO 1 3€JIEHOrO CBITIA.
Biporiano, mo Taka 3anexHicTh eQEeKTIB B/l JOBKUHHA XBWII MOKE OYTH OB’ s3aHa 3 Pi3HUM
piBHEM BMICTY UM aKTUBHOCTI IEBHHUX BiAMOBIAHUX (DOTOpELENTOPIB Y KOPEHEBIN CHUCTEMI.

He BuximodyeHo Takox, mo (GoToomocepekoBaHI MOJCKYISIPHO-TEHETHYHI MEXaHI3MHU
perymnsuii ¢opMyBaHHS PU30ACPMH MOXYTh OyTH crelU(IYHUMHU came Ui LOTO IPOIECY,
a/pke BIJIOMO, IO Yy PEryJAIii YTBOPEHHS OKPEMHUX OpTaHiB 3ajisHI TEBHI crenudidi
KoMIuIeKcH reHiB [12, 15].

OTrxe, 3a ONPOMIHEHHS CENEKTUBHUM CBITIOM pizHoro crektpy YC, 3C ta CC
BCTAHOBJICHO, 110 OCbOBI OpPraHM IPOPOCTKIB PearyloTh Pi3HUM YMHOM: HAJ3€MHA YaCTHHA
MPOpPOCTKa TIposiBisie uymmBicTh Timbku 10 nii UC, kopeHeBa cucreMa pearye Ha
ONIPOMiHEHHs BCiX crekTpiB. HamzeMHa yacTiHa 3a akTuBallii (iTOXpOMHOI CHCTEMH IUIIXOM
onpoMmineHHss YC (660 HM) 3MiHIOE MPOrpaMy PO3BHUTKY Ta 3aITyCKa€ MPOIECH JIeCTIONIII.
KopeneBa cucrema 3a omnpomineHHs cenekTuBHUM cBitaiom UYC (660 mm), 3C (530 HM)
aKTHBYE TPOIIECH PU30TEHE3y — PO3TATYKEHHS Ta POCTy OIYHMX (J1aTepajbHUX) KOPEHIB,
ajyie piCT KOPEHEBHUX BOJIOCKIB y pu3oaepmi rambMyerbes. 3a aii CC (450 M) BingOyBaeThCs
aKTHBAIlI POCTY B JIOBXKUHY JIaTepATbHUX KOPEHIB Ta 3HAUYHA CTUMYJISIIS 301bIIICHHS 30HU
pU30IepMH 332 paxXyHOK KOpPEHEBUX BOJIOCKIB (Tabi. 2). Bimomo, mo meil mnpouec
00yMoBieHUH crienu(igHO0 (POPMOIO POCTY POCTHMHHUX KIIITHH — POCTOM «PO3TATHEHHSIM)
[17].

Tabmurg 2. BIMB CeIeKTUBHOTO CBiT/Ia HA MOP()OTEHETUIHHH PO3BUTOK KOPEHEBOT CHCTEMH €TiONHLOBAHUX
HPOPOCTKIB ropoxy copty Merenar (M + o)

Table 2. The effect of selective light on the morphogenetic development of the root system of etiolated pea
seedlings of the Metsenat variety (m + ©)

Bapiant Kinpkicte O0okoBux | JloBknHA OOKOBHX I1nouia 30Hu
KOpEHIB, IIT. KOpEHIB, CM pHY30JIepMH, MM
KonTtpomb 9,47 + 0,47 2,53+0,13 17,1+ 0,85
YC (660 uM™m) 10,82 + 0,54 3,08 +0,15* 9,4 +047*
3C (530 uM™m) 11,34 + 0,57* 3,20 £ 0,16* 14,3+ 0,72
CC (450 um) 9,86 + 0,48 3,59 +0,18* 34,2 +1,70*

[Ipumitka. * — pisHuLs 3 KOHTpoJeM icrotHa npu P<0,017
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ByrneBonu — 11e crionykwu, siki 3a0e3meuyoTh nepedir BCiX MpoIeciB )XUTTEISIIBHOCTI Y
pOCIMHI PEUOBMHOIO Ta €HEPri€l0 Ha BCiX eramax oHToreHedy [6, 11]. Ha erami eriomsmii
BYIJICBOJM BHKOPHCTOBYIOTHCS UIsl 3a0€3MEUYEeHHST POCTY ABOJOJIBHHUX POCIMH BUKITIOYHO 13
3amaciB y ciM’sponsx. B eTionbOBaHHMX MPOPOCTKAX, J€ JKUBIEHHS 3IIHCHIOETHCS
reTepoTpoHO, PO3YMHHI BYIVIEBOJM YTBOPIOIOTHCS 3a PaxyHOK TiApOJI3y OCHOBHOTO
3aracHoro ImoJjlicaxapuay CiM’siIojib — KpOoXMaiio. BHKOpHCTaHHS 3amacHUX BYIJIEBOJIIB
ciM’simosib 111 (OpPMYBaHHS MPOPOCTKA MOXKE TIUISITaTH  KOHTPOJIIO  aKTHUBAIIE€I0
doroperienTopHUX cucTeM, 30kpema ¢itoxpomuoi [1, 15]. Tomy, Hamu npoBeIcHE BUBUCHHS
MOYKJIMBOTO BIUIMBY CEJICKTHBHOTO CBITJIA Ha BMICT BOJOPO3YMHHHX BYIJICBOMIB y OpraHax
eTiONbOBAHHUX TIPOPOCTKIB FOPOXY copTy MereHat. Ix BMicT BU3HauamM y Haq3eMHil yacTuHi
1 KOPEHSX, MPUITYCKAOYH, 110 1[I OpraHu MOXKYTh MTO-pI3HOMY 3a0e31eqyBaTHCs BYTJIE€BOIaMH,
TaK SK BOHH BIJPi3HSIOTHCS 32 IHTEHCUBHICTIO POCTOBUX MPOIIECIB, MPO IO CBiIYATh JaHi,
oJiepaHl HaMH y 1ii po6oTi (auB. Tadum. 1, 2; puc. 1).

AHani3 BMICTY BOJOPO3YMHHMX BYIJIEBOAIB II0Ka3aB, II0 3a IIMM IOKAa3HUKOM
OJIITOITYKPH 3HAYHO TIEPEBAKAIOTh MOHOIYKPH 1 B HAJ3EMHIA YacTHHI, 1 B KOPEHIX
€T10JIbOBAaHUX MPOPOCTKIB ropoxy nociBHoro (puc. 3 A, b).

MoXIMBO, MmO MNPUYUHOI IHOTO € TE, IO MOHOIYKPH 3HAYHO IHTCHCHUBHIIIE
BUKOPUCTOBYIOTbCS Yy METaOONIYHHUX IMpoIecax Ta Ui 3a0e3MeYeHHs] pOCTOBUX MPOIECIB Y
MpPOpPOCTKax, HDK ojironykpu. lle cmiBmamae 31 CTUMYJAILIEI0 HAKOMUYECHHS OlomMach
Ha/13eMHOI0 yacTuHOI0 npopocTtka 3a aii YC, 3C ta CC (qus. puc. 1 A).

B HamzemHili YacTHHI TPOPOCTKIB BMICT MOHOIYKpPIB, fKI CKJIAMalOTh MPUOIU3HO
30-50 % Big BMICTY OJIrOLYKpiB, ICTOTHO 30UIbIIYBaBCA TUIbKH TpH ompomineHHi 3C
MOPIBHSHO JI0 BMICTy y KoHTpom (puc. 3 A). B To# ke 4ac BMICT OJITOIYKpiB 3HAYHO
3pocTas 3a Jii Bcix cnekTpiB cenektuBHOro cBiTiia — YC, 3C ta CC (puc. 3 A).
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Puc. 3. BB CEJIEKTHBHOIO CBIT/Ia Ha BMICT BOJOPO3YHMHHUX BYIJICBOAIB B OCHOBHX OpPraHax CTIILOBAHHX
IPOPOCTKIB TOpoxy copTy Merenar (M * 6): A — BMICT y Haa3eMHilil yacTuHi, b — BMicT y KopeHsx; * —
pi3HHIS 3 KOHTpOJIEM ictoTHa ipu P< 0,017.

Fig. 3. The effect of selective light on the content of soluble carbohydrates in the axial organs of etiolated pea
seedlings of the Metsenat variety (m = ¢): A — content in the aerial part, B — content in the roots; * — the
difference with the control is significant at P< 0.017

Tum HEe MeHIIe, IPU HOMY €PEeKTH PI3HUX CHEKTPIB HAa BMICT OJITOLYKpPIiB y HaJI3eMHil
YaCTUHI TMPOPOCTKA ICTOTHO BiApi3HsuCsA. HaliMeHmuM BMicT omiromnykpiB OyB 3a mii
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YEPBOHOTO CBITJIA, HAHOUIBIIMM 32 JTii 3€JICHOTO, a 32 JIIi CHHBOTO BMICT iX OyB OLIBIITUM, HIXK
3a JIii YepBOHOTO 1 N0 MEHIINM, HiX 3a Jii 3e1eHoro cBitna (puc. 3 A). PerynsatopHy posb
3C y ByIUVIEBOJIHOMY METa00J1i3M1 32 PaXyHOK 30UIBIIEHHS J0JI OJIITOIYKPiB MOKa3aHO TAKOXK
Ha KynbeTypi KnituH Chlorella vulgaris ta mpopoctkax Avena sativa L. [4]. Lle moxe cBiguutu
npo Te, IO AaKTUBAIisl TEBHUX (POTOPEIENTOPHUX CHUCTEM BHUKIWUKAE PI3HUN piBEHBb
IHTEHCUBHOCTI METa0ONIYHUX IUISIXIB CHHTE3y OJITOIYKpiB, 30KpeMa caxaposH, KOoTpa
CKJIaJ]Ja€ OCHOBHY YaCTKy MHMX CHOJYK y pociuHi [18]. OCKUIBKM OCHOBHHM JDKEPEIIOM
YTBOPEHHS IyKPIB Y MPOPOCTKAX € TiAPOi3 3alMacHOTO0 KPOXMAI0 CiM’S70Jb, KiHIIEBUN
MPOJYKT sIKOTo D-Trimroko3a, a He caxapo3a, TO, BIPOTiIHO, 1[0 3POCTaHHS BMICTY OJITOIYKPIB
BHUMarae J0JJaTKOBOi eKCIIEPHUMEHTAIBHOT ITEPEBIPKH.

B kopeHeBiii cuctemi MpOpOCTKIB MOHOILYKPIB 3HAYHO MEHIIE, HIXK B HAJA3EMHIM YacTHUHI
(puc. 3 b). Onpominenns cenexktuBHUM cBiTIOM UC, 3C Ta CC mpu3BOIUTH IO 3HAYHOTO
3HIDKEHHA iX BMICTY, MOpIBHSHO J0 BMICTY Yy KOHTPOJBHOMY BapiaHTi. MOHOIYKpH
(mepeBaXHO TIIIOKO3a Ta (PYKTO3a) € Jy)Ke aKTUBHUMH MOJICKYJIaMH, SIKI 3aJisHI B
METa0OIIYHUX PEAKLigX POCIMHHOI KITHHI. 3HM)KEHHS X BMICTY MOJKE CBITYHUTH IIPO
aKTHBAI(IIO TPOIIECIB MeTaboi3aIlli 1UX CIOJYyK, IMOB’A3aH01 3 HOBOYTBOPEHHSIM KIIITHH Ta
TKaHUH, TOOTO POCTOBHMH MPOILIECAMH, MOXJIMBO, 3 aKTHBAIII€I0 MPOIIECIB CaMe PU30TEHE3Y.
st KOpeHIB €TIONbOBAaHUX MPOPOCTKIB TOPOXY, SIK TOKa3aJd Pe3yibTaTH IIi€l poOOTH,
XapaKTepHUH 3HaYHO OLTbII IHTEHCUBHUH JIHIMHUHN PICT, HK PICT HA3eMHOI YaCTHHH (JIUB.
puc. 1 A, b), na 3a6e3ne4eHHs SKOro, BipOTiIHO, 1 BAKOPHUCTOBYIOTHCS MOHOITYKPH.

Omiromykpy B pOCIUHU MEPEBAXKHO MPEACTABICHI TOJOBHIM TPAHCTIOPTHUM BYTIJIEBOJOM
pociuH — caxapo3orto [18]. OmHak 115 crojyka He MOXe 0e3mocepeIHh0 BUKOPHUCTOBYBATHCS
y METa0OJIYHHX TpoIlecax. 3a OMPOMIHEHHS CEJCKTHBHUM CBITIIOM BCIX JOCITIKYBaHHX
cnektpiB — YC, 3C ta CC B kopensx (puc. 3 B) Takoxk, sk 1 B HaA3E€MHIM YacTHHI
IPOPOCTKIB, BIPOTiAHO, BiAOYBA€ETHCS CTUMYJALISL OIOCHHTE3y ONITOIYKpPiB, 30KpeMa
caxapo3u de novo.

BUCHOBKHA

1. AxruBanis ¢otopenentopaux cucreMm fiero yepsoHoro (UC 660 um), 3enenoro (3C
530 uMm) 1 cuaboro (CC 450 HM) CBiTJIa BUKIMKAE 3MIHH y 1HTEHCHUBHOCTI POCTOBHX 1
MOpP(OTeHETUYHUX TPOLECIB Ta OOMiHI BOJOPO3YMHHUX BYTJIEBOJIB Yy MPOPOCTKAX
JIOBT'OJICHHOT POCITMHH TOPOXY IMOCIBHOTO cOpTy MereHar.

2. [Tig BrutMBOM OTIPOMIHEHHS BCiMa 3aCTOCOBAHUMU y MOCIiaX JOBKUHAMU XBUJIb Maca
HAJ3€MHOI YaCTUHU MPOpOCTKiB 3pocTana Ha 26 % (UC), 20 % (3C) 1 21 % (CC). Maca
KopeHiB 30umbmyBasiack Ha 12 1 32% 3a mii YC 1 3C BiAmoBimHO, ane HE3HAYHO
3MeHIyBanack (Ha 3 %) 3a a1i CC nopiBHSHO 10 Macu y KOHTPOJIbHOMY BapiaHTI.

3. JliHiiiHM} piCT HAA3eMHOI YAaCTHHHU 1 KOPEHIB MPOPOCTKIB CTUMYIIOBaBCs TIIbKU 3C
(611 HIX Ha 16 %) 1 HeicToTHO (HA 2—-8 %) 1HriOyBaBcs UC Ta CC mOpiBHSAHO 10 POCTY Y
KOHTPOJI.

4. BMiCT MOHOITYKPIB Y HaJ[3eMHil 4yacTHHI MpopocTka 30ubmryBaBes Ha 14 % 3a i 3C,
asie 3meHmyBaBcs Ha 4-5% 3a gii UC 1 CC. Y KOpeHsSX BMICT MOHOILYKpPIB iCTOTHO
3meHmyBaBcs (Ha 30-50 %) 3a Bcix BapiaHTIB ONPOMIHEHHS IMOPIBHSHO 31 BMICTOM Y
KOHTPOJILHOMY BapiaHTi.

5. BMicT omironykpiB y HaJi3eMHIA YacTHHI 1 KOPEHSIX MPOPOCTKIB OyB 1CTOTHO BHUIIMM
(Ha 20—40%), HIX y KOHTPOJBHOMY BapiaHTi, 3a ONPOMIHEHHs CBITJIOM BCiX 3aCTOCOBAaHHMX
JIOBYKUH XBHJIb.
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6. Y Haa3eMHii 4yacTHHI TPOPOCTKA YEPBOHE 1 CHHE CBITIO OOYMOBHJIO 301IbIICHHS (HA
13%) uucna MIDXKBY37b 1 YUCIIA PO3TOPHYTHX alliKalbHUX TadkiB. 3a Jii 3€JeHOro CBIiTJIA i
MOKa3HUKU OyJIM TAKHUMHU K, SIK Y KOHTPOJII.

7. Y xopenesiii cuctemi 3a aii 3C 30iunpmmnach (Ha 16 %) KinbKicTh O1YHHX KOPEHIB, a iX
JOBJKHMHA 3pocTalia y BCiX BapiaHTax ornpomineHHs (Ha 20, 21 1 29 % sianosigno nii UC, 3C 1
CC). Ilmoma 30uu pusoaepmu min BrmBoM YC 1 3C 3menmmnacek Ha 54 1 16 %, BinmosigHO,
ane mija BrumBoM CC BoHA 301TBIIMIIACS HAMIOJIOBUHY Y TIOPIBHIHHI 3 IIOMICIO Y KOHTPOJTI.
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PHOTOMORPHOGENESIS AND CONTENT OF CARBOHYDRATES IN THE AXIAL ORGANS
OF FIELD PEAN SEEDLINGS UNDER THE INFLUENCE OF SELECTIVE LIGHT
, O. O. Avksentieva'®, Y. D. Batuieva
V. N. Karazin Kharkiv National University, 4 Svoboda Sq., Kharkiv, 61022, Ukraine
e-mail: batuyeva96@gmail.com
Submitted July 16, 2021; Revised December 22, 2021;
Accepted February 10, 2022

Background: Light is a multifaceted exogenous factor that plays an important role in plant growth and
development. The spectral composition of light is determinative for the regulation of photomorphogenetic
processes in plants. Nowadays plants have several groups of photoreceptors that include receptors of red
(RL) and far red light (FRL) — phytochromes; receptors of UV-A, blue (BL) and green (GL) light —
cryptochromes, phototropins, proteins of the ZEITLUPE family, as well as the UV-B receptor — UVR8
protein. One of the possible mechanisms that realize an activation of photoreceptor systems in the plant
may be concerned with carbohydrate metabolism. The research of morphogenetic reactions of seedlings
under the action of selective light irradiation by activating photoreceptor systems is important for
understanding the mechanisms of regulation of the program of plant organism’s ontogenesis.

The aim of this study was to investigate the effect of selective light of different spectrum: RL (660 nm),
GL (530 nm) and BL (450 nm) on growth reactions, morphogenesis and content of soluble carbohydrate
in axial organs of seedlings of long-day plants.

Materials and methods: 10-day etiolated seedlings of pea Maecenat variety were used for experiments.
Activation of photoreceptor systems by red (RL, 660nm), green (GL, 530nm) and blue (BL, 450nm) light
was performed for 5 days for 30 minutes using LED matrices. The growth reaction, morphogenesis and
the content of soluble mono- and oligosugars in the axial organs of seedlings were analyzed.

Results: The axial organs of seedlings differ in their response to irradiation with selective light. The root
system is more sensitive to the action of selective light than the shoot of the seedlings of the long-day
plants of the pea Maecenat variety. Activation of photoreceptor systems stimulates growth processes,
activates the processes of photomorphogenesis and the biosynthesis of oligosugars de novo, most likely
sucrose. Among the spectra of selective light, the maximum stimulating effect is shown by irradiation of
the GL (530 nm) in the reactions of the aboveground part and roots. RL (660 nm) and BL (450 nm) show
opposite effects: RL initiates a photomorphogenetic program of shoot part, and BL has a greater effect on
photomorphogenesis of root system.

Conclusions: Different levels of growth, morphogenetic processes and changes in the content of soluble
carbohydrates are probably related to the ability of photoreceptor systems to activate the realization of
different ways of photomorphogenesis in the axial organs of seedlings under the influence of selective
light of a certain spectrum.

KEY WORDS: Pisum sativum L.; selective red light (660 nm); green light (530 nm); blue light (450
nm); photomorphogenesis; soluble carbohydrates.
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AxTyajbHicTs. TpuBanuii yac B eKCIeprUMEHTaIbHIN 010JI0T1T 1 METUIIMHI PUIUISETHCS 0COOIMBA yBara
BUIBHOPAUKAJIBHUM ITPOIIECaM 33 Y4acTIO aKTUBHUX (OpM KHCHIO. B enekTpomarHiTHiit 6ionorii iHTepec
JI0 BUTBHOPAIUKAIGHOTO OKHCHEHHS B 010JIOTIYHHX MeMOpaHax 3HAYHO IIiIBHIIHUBCA 3aBISKH BiIKPUTTIO
CIIHOBMX MeEXaHi3MiB Iii MarHiTHHX TOJIB Ha BUTPHOpagWKaibHI mpouecu. Ha manuii gac came mi
MEXaHi3MH pO3TJLINAIOTh B AKOCTI KIIOYOBHX y IMpOIlecax MAarHITOpENemniii B JKHBUX OpraHi3Max.
JlimocoMu, K HaWMpocTimi Mojaemi OioNOTiYHMX MeMOpaH, YacTO BHKOPHUCTOBYIOTH MJISi BHBUCHHS
MEepBUHHUX MeXaHi3MiB mii (akTopiB pi3HOI HPHUPOAM HA CTPYKTYPHO-(QYHKIIOHAJNBHI BIIACTHBOCTI
KITITHHHUX MeMOpaH. OlHaK BIUIMB MarHiTHUX IOJiB HaJHU3BKHX YacTOT, II0 MAIOTh NIEBHE €KOJIOTIUHE
3HAYEHHS, HA BUIbHOPAAMKAIbHE OKMCHEHHS B JIIMOCOMAJIBHUX CYCIEH3iIX BUBUEHO HEJAOCTATHBO.

Mera poboTu: 3’sicyBaHHS OCOOJNMBOCTEH BIUIMBY IMIyJbCHUX MarHiTHHX nousiB (IMIT) HagHHM3BKHX
qacror Ha H,0,- i Fe? -inyKkoBane mepexucHe OKHCHEHHS MPUPOAHHEX (OChOIIMLiB y TMOCOMaNbHIX
CyCIICH315X.

Marepianu i Merogn. B poGoTi BHKOpHCTOBYBaJIM JinmocoMmaibHi cycnensii y ¢ocdatnomy Oydepi
pH=7,4. 3rigHO naHuUM JiTepaTypu 1 BIACHUX DPE3yJbTATIB IO CBITIOPO3CIIOBAHHIO CEpEIHIH JiameTp
ninocom 6ys 6ina 500 A. HancnaGke cBiTiHHSA MMOCOMANbHHX CYyCHEH3iH pPeecTpyBajiH 3a JOMOMOTOIO
npwiagy, SKAH TIpalfoBaB B pEXHMI paxyHKy OKpPeMHX KBaHTIiB CBiTiHa. BiH ckmamaBes 3
CBITJIOI30JTIOI0YOT0 KIOBETHOTO OJIOKY, JIe PO3MIITYBAIX JOCITITHI 3pa3KH, a TAKOXK AaTUHKA TEMIepaTypH
Ta COJICHOIa, 3a IOTIOMOTOI0 sIKoro cTBopioBany IMIL. OnTudHMit KOHTAKT 3pa3KiB 3 (POTOCTEKTPOHHIM
MOMHOXXYBa4eM 3/IHCHIOBAIM 3a JONOMOIOI0 CBITJIOBOAY. PeecTpyroua cucrema ckiajgamacs 3
mupokocMyroBoro aerekropy cBimia — @DEIN-130, skuit 3Haxoauees npu temmepatypi -20°C. [{ns
BIZIOKPEMJICHHSI KOPHCHOTO CHTHAJly, 10 BIiJNOBiZaB peecTpalii OKpEeMHX KBaHTIB CBITJa
XEMUITIOMIHECICHIIiT, BUKOPHCTOBYBAJIM aHaiizatop iMnynbciB Al-256. Hanpysxennst na ®EI noxgasanu B
niana3oHi BojbramnepHux xapakrtepuctuk OEI, B skomy BUMIaakoBi ¢uiyKTyamii Harmpyrd MiHiMajabHO
BIUIMBAJIM HA BUMIPIOBaHHS KOPHCHOTO cHrHaiy. KiJIbKiCTh KBaHTIB CBITJIa, Ky PEECTPYBAJH 3a IEBHI
IHTEpBaJM 4Yacy, XapakTepHu3yBaljia 3arajbHy IHTCHCHBHICTb IPOLECY BLIBHOPaAMKaJIbHOI'O OKUCHEHHS
JMiAIB y JOCHIIKYBaHHUX 3pa3kax. IMITyJlIbCHE MarHiTHe IoJe CTBOPIOBAIN 3a JOIOMOTOI0 COJICHOITHOT
KOTYIIKH, PO3TALIOBaHOI B KIOBeTHIH yacTuHi. IMII cTBOpIoBaiyu 3a JOMOMOTOI0 CepiliHOTO reHepaTropa
I'6-28. Immmynscu MaraiTHOTO O OyNH MPSIMOKYTHOI (popMu 3i 3MIHHOIO TOJISIPHICTIO 32 OJUH IEPiox
komBaHb. [HAykmito IMIT koHTpomoBamm MikporecitameTpom [-79. Bubip cepii HagHH3BKHX YacTOT

Ax nuryBatu: Maptuaiok BC, Leiicnep IOB. BB iMIynbcHUX MarHiTHHX HOJIB HAZHW3BKHX YacTOT Ha
H,0,- ta Fe**-inykoBane BiTbHOpaIMKaTbHE OKMCHEHHS JIMiIB B JIOCOMATBLHUX Cycrensisx. Biodismunuii
BicHUK. 2022;47:40-50. https://doi.org/10.26565/2075-3810-2022-47-04

Incites: Martynyuk VS, Tseyslyer YuV. Influence of impulse magnetic fields of extremely low frequencies on
H,0,- and Fe**-induced free radical lipid oxidation in liposomal suspensions. Biophysical Bulletin. 2022;47:40—
50. https://doi.org/10.26565/2075-3810-2022-47-04 (in Ukrainian)
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(5-80 Tu) i imaykuii (5-500 mxTx) IMII GyB 0oOyMoOBiIeHHI IX EKOJNOTiYHOW 1 (i3i0IOri4HOIO
3HAYYLIICTIO.

Pesyabratn. IMII pisuux gactor 3 immykmiero 5 i 50 mMxTn me Bummsano (p>0,05) ua H,0,- i Fe?'-
iHIlyKOBaHE OKHMCHEHHs JIMiJiB B JINocoMajbHUX cycneH3isx. CratuctuuHO 3Hauymii 3MiHu (p<0,05)
Oynm 3apeecTpoBaHi TIIBKU MPH €KCHO3HUII] JimocomansHuX cycnensiit y IMII 3 imgykmiero 500 mMxTo.
Bceranosneno, mo ais IMII gactototo 8 I'm 500 mxTn mocroBipHO mpurHigyBana H,O,-iHayKoBaHHH i
nigcumoBana Fe?'-innykoBanuii cruteck xemimominecuenuii. Lleil edeKT MOB's3aHMil 3 NPUTHIYCHHM
po3many i HAKOMUYEHHM TifporepekuciB ¢pocdoimiiB, IKi y IPUCYTHOCTI 10HIB Fe** posmanaroTses i
PEKOMOIHYIOTb, IO CYHPOBOIDKYETHCS OUTBII TOTY)KHOIO XeMilfoMiHecueHIlieo. JlocmimkeHas
3JICKHOCTI TUHAMIKH 1HTEHCHBHOCTI XeMiltoMmiHecteHmii Bif yactotu IMII cBiguuTh Mpo HAsIBHICTH
neBHOI 3ayie)xHOCTI edekTiB y amianasoni go 30 I'm. Ilpu npomy iHriOyroumit Brmms IMIT Ha H,0,-
iHyKoBany a3y OKMCHEHHS He 3aBXKIH CYIPOBODKYETHCS TOCTOBIPHAM MiBUIIEHHSM amrutityau Fe?'-
3aJIKHOr0 CIajaxy XeMUIIOMIHECUEHII{, 10 CBIAYMTh MpO 3arajbHui iHrioytoumit B IMII Ha
OKPEMHX HaJTHM3bKHX YaCTOTAaX.

BucnoBkn. IMII HagHW3BKMX YAcTOT JOCTOBIPHO BIUIMBAE HA BUIBHOPAJAMKAIBHE OKHCHEHHS B
JIITOCOMANBHUX CYCIICH3IAX TUTBKH MPH IHAYKIIAXK, SKI NEPEeBUIIYIOTh JEeKiTbKa COTeHb MikpoTtecna. Lle
BKa3ye Ha Te, II0 B yMOBaxX BHOpaHOi MeMOpaHHOI Mojeni BB IMII Ha BinmbHOpaAWKaIbHI MPOLECH
pealtizyeTsCsl IepeBakKHO Yepe3 CIIIHOBI B3a€EMOJIL, SKi BH3HAYAIOTh PEKOMOIHAIIIO BUTBHHAX paJHUKalIiB.
3HMKCHHS 1HAYKIIi Ha OIMH-ABA MOPIIKH, a TakoxK 30unpmenas yactota IMII Bume 50 ' mpu3BoauTh
JI0 3HMKEHHS €(PeKTHBHOCTI BIUIMBY IBOTO (Pi3MIHOTO (haKTOPy Ha iHTCHCHBHICTH BUTBHOPAIUKAIEHOTO
OKHICHEHHS JIMIAIB B JINOCOMaNbHUX cycreH3isax. Haloinpm ayTnuBoro nankoro 10 BiumBy IMII € H,0,-
IHJYKOBaHE BIIBHOPAINKAIILHE OKUCHEHHS JIITIJIIB.

KJIFOUOBI CJIOBA: BinbHOpaguKalbHE OKHCHEHHS JIMIJIB;, IMIOyJbCHE MArHITHE IOJE;
xeMinoMiHecHeHwis; Gocdoimiau; TinocoManbsHi CycneHsii.

TpuBanuii yac B eKCriepUMeHTaIbHINA 010JI0T11 1 MEIUIIMHI TPUAUISETHCA 0COOIMBA yBara
BUTbHOPAIMKAIBLHUM TPOIIECaM 3a y4acTio akTUBHHX GopM kucHio [1-3]. Jlo akTuBHUX hopm
kucHiO BigHOCATE OHe, Oze-, HOOe, H,O; i O* (cuHrieTHuidl KuceHb). Y MepeBaxHii
OLTBIIOCTI POOIT BKA3yeThCS HA TMOMIKOXKAYIOUY Jil0 KUCHEBHX paJMKaIiB Ha O10JOTIYHI
cTpykTypu. OJHI€IO 3 TONOBHUX MIIICHEH aKTUBHUX (DOPM KHUCHIO € Jimiau O10JOTiYHHUX
MeMOpaH. IX BibHOpaJUKaNbHE OKHUCHEHHS IIPH3BOAMTL JO YTBOPEHHS IIEPEKMCHUX
IPOAYKTIB, 110 CYTTEBO 3MIHIOE€ BIACTUBOCTI O10JOTIYHHMX MeMOpaH 1 mopyurye ix 6ap’epHi
¢dbynkmii. J[aBHO moOpe BiOMO, MO aKTHUBAIliS BUIBHOPAIUKAIBHUX IPOIECIB 32 y4aCTIO
aKTUBHHUX (DOPM KHMCHIO BiJIOYBA€ThCA MPH PI3HUX MATOJOTIYHHMX CTaHaxX 1 HacaMIepen mpu
pi3HOTO poAy 3amalbHHX Tpomecax [3—-5]. OmgHak OKpeMi JOCHIJIHHUKH BIIMIYaIOTh
MO3UTUBHUHN BIUIMB KHUCHEBUX DPATUKANIB, SKi BUKOPHUCTOBYIOTHCS KIITHHHHUMH CHCTEMaMU
JUTSL PI3HMX 3a/1a4, 30KpeMa JIJIsi eHepreTHuHux [6].

UncenpHi JOCTIDKEHHS  JIOBENM, IO BUIBHOpPAaIWKabHE OKHCHEHHS  JIIITiJIiB
CYNMPOBOKYETHCSA HAATO CIIA0KHUM  CBITIHHSIM. Moro mOXOmKeHHS TIOB’S3aHO i3
peKoMOiHaIl€l0 TEPEKUCHUX PaJuKaliB, YTBOPEHHSIM MPOMDKHHUX MPOIYKTIB Y €NEeKTPOHHO-
30ymkeHoMy cTaHi. [lepexim B OCHOBHHMH, He 30Yy/H)KCHUH, CTaH CYIPOBOKYETHCS
BUIIPOMIHIOBAaHHAM KBaHTIB CBiT/a. llepekucHe OKMCHEHHS JMiMiJiB B KHMBHX CHCTEMax
BIIOYBAEThCSA TMOCTIMHO 1 Tomy 1me y 60-x pokax mwuHYyjJIoro cromrtts TapycoB b. H.
3alpOINOHYBaB BUKOPUCTOBYBATH IHTEHCUBHICTh HAJTO CJIAOKOTO  BUIPOMIHIOBAHHS
010JIOTTYHMX TKAaHWUH Y SKOCT1 OJTHOTO 3 MOKa3HUKIB roMmeocTasy [7]. Ha mei yac HalOimbIn
JOCIIJDKEHUMHU € MEXaHI3MHU HaJICIa0KOro CBITIHHS MPH MEPEKHMCHOMY OKHCHEHHI JiIMiJliB B
Olosoriuanx memOpanax [1, 8, 9]. [ocmimkeHHS KIHETHKH BIIbHOPAIWKAIBHUX IPOIIECIB
[0Ka3aJlo, 10 IHTCHCUBHICTb XEMITIOMIHECLEHIII MOXHa BHUKOPHUCTOBYBaTH Yy SIKOCTI
IHTETPaJbHOTO TIOKA3HWKA, KWW XapaKTepH3ye IIBUIKICTh PEaKIiii NaHOTO THIY SK Y
pO3umHaX, TaK iy OionoriyHux TkaHuHax [8, 9, 19].

B enextpomarHiTHi#t 0ionorii iHTEpeC 10 BUIBHOPAAMKAIBLHUX IMPOIECIB B O10JOTIUHUX
MeMOpaHaX 3HAYHO IiJBUIINBCS 3aBISKH BIJKPUTTIO CITIHOBUX MEXaHI3MIB BIUIUBY
MOCTIHHMX MarHiTHHX IMOJIIB Ha pekoMOiHaIifo BimsHUX pamukanis [10, 11]. Ha meit yac came
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Il MEXaHI3MU PO3TJISAAI0Th B SKOCTI KJIIOYOBHX B MPOIECaX MarHiTOpeleniii y pi3HuX
TBapuH [12, 13].

Jlimocomu, sSIK HAWMPOCTIIIT MOJEITBHI CHCTEeMH O10JOTIYHUX MeMOpaH, YacTo
BUKOPUCTOBYIOTH JJISl TOCTIIKECHHS TIEPBUHHUX MEXaHi3MiB il (pakTopiB pi3HOI IpUPOAH Ha
CTPYKTYPHO-(PYHKITIOHATIBHI BJIACTUBOCTI KJIITHHHUX MeMOpaH. JlocaiKeHHs MOKa3aiu, 1110
MOCTIiHI MarHiTHI MMOJIs BIUTMBAIOTh Ha OKMCHEHHS JIIIMOCOMaNbHUX cycrnen3ii [14]. B iHmmx
JOCJIIJDKEHHSX BCTAHOBJEHO 3MIHM BJIACTUBOCTEH OUTIMIAHOTO MIapy JIMOCOMaTbHHUX
MeMOpaH TiJ BIMBOM €leKTpOMarHiTHuX mouiB [15, 16]. OnHak BIUIMB MAarHiTHUX IOMIB
HU3BKAX 1 HAIHM3BKUX YacTOT Ha BUIbHOPAIWKAIbHE OKHUCHEHHS B JIITOCOMAIBHUX
CYCIIEH315X XEMUTIOMIHECIICHTHUM METOJIOM BHBYEHO HEJIOCTATHBO.

VY 3B’s3Ky 3 IIUM METOO JOCIIKEHHS OYI0 3’5CyBaTH 0COOJMBOCTI BIUIUBY IMITYJILCHUX
MarHiTHux nojiB (IMII) HagHu3pkux dvactoT Ha H>0,- i F62+-iH,Z[yKOBaHe MEPEKUCHE
OKHUCHEHHsI MPpUPOIHUX (HOCHOMIMIAIB Y JIMOCOMATBHUX CYCIIEH315X.

MATEPIAJIM I METOAU

JlinocoManbHi cycnensii ¢popmyBanu 3 GocdomimiiiB S€YHOTO KOBTKA, SKI OTPUMYBAIN
srigao [17]. JlimocoMu OTpUMYyBaidM aBTOPCHKHM 1HXKEKI[IHHUM METOJIOM, IPHUHITUI SKOTO
6yno B3sto B [18]. CrmproBi posumnn ¢ocdomimigie rorysamn y xommentpauii 107 M.
Bkazani po3umam 00’emom 0,3 M 3a JOMOMOTOI0 1HCYJIHOBOTO INMpUIly Ha 1 M 3
BHYTpimHIM niametpom roaku 0,15 mwm 31 mBuakictio 0,15 mu/c BHocnmm y 29,7 mn 0,1 M
docdarnoro Oydepa pH=7,4 % oxpazy mepemimyBaaud HpoOTAroM 2 cek. BiamoBimHo 10
pe3yabTaTiB HAIIMX BIACHUX BUMIPIOBaHb METOJOM CIIEKTPY MYTHOCTI [26] 3a Takux yMoB
dbopMyIoThes Timocomu chepruunoi GopMH 3 cepeIHiM miamMeTpoM mpubmmsno 500 A,

Hancnabke CBITIHHS peecTpyBalid 3a JIOIIOMOTOI0 peecTpyrouoi cucremu (puc. 1), mo
noOy0BaHa 32 OJIOKOBUM IPHUHITUIIOM 13 CEPIHHUX PEECTPYIOUHX MPHUIIAIIB, sIKa MpaIfoBayia B
PEXUMI paxyHKy OKpeMHUX KBaHTIB cBiTiIa. CUCTeMa Majia CBITIIO130IF0I0UMi KIOBETHUH OJIOK,
JIe PO3MIIIYBaJIA 3pa3Ku, 10 JAOCIIHKYBAIMCh, & TAKOX JaTYUK TEMIIEpaTypH 1 COJICHOI, 3a
noromoroto  sikoro  yrBoproBanin  IMII.  Temmeparypa BcepenuHi jgaHoro  GJIOKY
MiATPUMYBAJIACh CHCTEMOIO HAa OCHOB1 BOJTHOTO TEPMOCTATY.

EBegeHHA
po3vnHy abo
cycneHasii

MpuuTep
[ |
KouTponep ) ) :
TemnepaTypu 8 % L Ananisatop
oL " ®
% g : wee ] iMAYNbCIB
hv mnmn
of L |9 |
leHepaTop AnA T
cTeopeHHA MM _|— - —i cghl:;:g fvualn'-ni,qcumouaw
T )
TepmocTar Oxepeno BMCOKCI Hanpyra ]

Puc. 1. Cxema npuamy Ajs peecTpallii XeMUTIOMIHECTIeHITIT B peXXUMi paXyHKY KBaHTiB.

Fig. 1. Scheme of the device for registration of chemiluminescence in the mode of quantum
counting.
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Puc. 2. AMmiiTytHHI po3monin iMIyIbCiB, ki HaaxoaaTh 3 DEI] Ha BXin aHanizaropa iMITyJbCIB.
CrpinkamMu 1oka3aHo poOOYMH jAiana3oH IMIYJbLCIB, SKMH BIJIIOBIA€E XEMITIOMIHECLIEHTHOMY
CHTHAJY B PEXHMI «OJ1H (OTOH — OJAUH IMITYJIBC).

Fig. 2. Amplitude distribution of pulses coming from the photoelectronic amplifier to the input of
the impulse analyzer. The arrows show the operating range of impulses, which corresponds to the
chemiluminescent signal in the mode "one photon — one impulse".

OnTuyHMl KOHTAKT 3pas3KiB, L0 JOCTIKYBAIH, 3 (OTOETEKTPOHHUM IMOMHOXKYBaueM
3MIACHIOBAIM 32 JOMOMOIoI0  CBITIOBOAY. Peectpyroua cucrema ckiaganacs 3
MIPOKOCMYToBoro nerektopa cBitina — DEII-130, skuii 3HaXOQUBCS MPH TeMIEpaTypi —
20°C. ImnynbcHI cuWrHamu, SKI BUHUKQJIM BHACHIIJIOK B3aeMoiii (OTOHIB cCBiTia 3
dorouyrmBuM 1rapom @DEIl, Hamxomwnmu Ha Y3TOKYIOUHMA MiACHIOBaY 1 Jami — B
aHaiizarop iMmynbciB Al-256, 3a HOMOMOTOI0 SKOTO OTPUMYBAJIM PO3MOAUI IMITYJIBCIB 3a
pI3HMMH KaHaJaMH 3aJie)KHO BiA iX ammumityad. lle 103BONMMIO BIZOKPEMUTH KOPUCHHIMA
CUTHaJ, SIKIM BIJMOBIZAB peecTpalii OKpeMUX KBAaHTIB XeMITIOMIHECIeHIli Ha ¢oHi
iMmoyiabcHoro mymy mnocumoBada 1 @DEIl  (puc.2). Yac HakonuueHHS IMITYJIbCIB
BCTAHOBJTIOBAIM €KCIIEPUMEHTAIBHO 3aJIEKHO, 3 OJHOTO OOKY, BiJ MPUPOAN 1 KOHIIEHTpAIil
PEUOBHH, K1 BCTYIAJIU B PEAKIIi0, a 3 IHIIOTO — BiJl EKCIEPUMEHTAIBLHUX YMOB 1 BUMOT, SIKi
3a0e3mevyBaii aZieKBaTHY PEECTPAIII0 YaCOBOI TMHAMIKH JOCIIKYBaHUX IPOIIECIB.

Hanpyxenns na OFEIl nogaBamum 3 TakuM poO3paxyHKOM, LI00 BOHO BiANOBiAaIo
niana3oHy BoJibTamnepHux Xapaktepuctuk OEIL, B sskomy Bumaakosi (uykryariii Hanmpyru
MiHIMaJIbHO BIUIMBAJIHM HA BUMIPIOBAaHHS KOPUCHOTO CUTHATY.

JlaH1 TIpo KUTBKICTh IMIYJIBCIB Y KOXKHOMY KaHaJIl aHaJli3aTopa y BHAUIGHOMY Jliara3oHi
BUBOAWIMCh HAa CHEI[AIbHUNA TPUHTEP 1 CYMyBaldWcCh. [akuM YHHOM OTPUMYBAJIU
1H(opMaIliro po KiIBKICTh KBAaHTIB CBITJIA, K1 MOTPATUISIIA Y CBITJIIOBOJ, — CBITIIOCYMY, sKa
y CBOIO Yepry XapakTepu3yBaja 3arajbHy IHTEHCHBHICTb NpOILECY BiIbHOPATUKAILHOTO
OKHMCHEHHS JIIIAIB Y JOCTIAHUX 3pa3Kax.

IMmynbcHe MarHiTHE TIOJ€ CTBOPIOBAJIM 3a JOMOMOIOI0 COJICHOIAHOI KOTYILIKH,
po3ramoBaHoi B KioBeTHOMY 0ol (puc. 1), Ta cepiitHoro reneparopa ['6-28, sxuii mo3BosIsIE
CTBOPIOBATH MArHiTHI TMOJs BCTAHOBJICHUX 4dYacTOT 1 amrunitya. Immynscu MIT Oymm
OpSAMOKYTHOI (OpMH 31 3MIHHOIO TOJIIPHICTIO 332 OAMH Mepioa KoiuBaHb. IHaykmiro IMIT
KOHTPOJTIOBAIM MiKpoTeciameTpom [-79.
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Bubip cepii nHagam3pkux uyactoT (5-80 I'm) ta iaykmii (5-500 mxTa) IMII Oys
OOyMOBJIGHHMH 1X €KOJOTiYHOI0 1 (i310JOTIYHOI0 3HAYYIIICTIO. 30KpeMa, Ha ILed dac
BcecBiTHs opranizailisi OXOpOHHU 370pOB’Sl 1 HAyKOBa T'POMAJICHKICTh aKIEHTYIOTh yBary Ha
ToMy (aKTi, IO eJNeKTPOMArHiTHI TMOoJii HAaJHU3bKUX 4YacTOT € OJHUM 3 (hakTopiB
3a0pyAHEHHsS] HABKOJIMIIHHOTO CEPEOBUINA, SKHM MOXe BIUIMBATH HA 3J0pPOB’Sl JIOJUHU
[22, 23]. BogHowyac 3 1uM, €JICKTPOMArHITHI MOJS HAaJHU3BKUX YacTOT, K OIl0JOTIYHO
aKTHUBHUN GI3UYHHN (PaKTOp, BUKOPHUCTOBYIOTh B MEIUIIMHI, OCOOJIMBO ISl KyITyBaHHs 00,
IPUCKOPEHHS 3arO€HHS TKaHUH, TOIIO [24, 25].

[TpoTokon HoCHiAKEHHS JO3BOJISIB OTPUMYBATH AOCTATHI JJIsi OTPUMaHHS HOPMaJIbHOTO
pPO3MOATY CTaTUCTHYHUX BHUOIPOK OTPHUMaHUX JaHUX. ToMy cTaTHCTUYHY OOpOOKY
MIPOBOJIUIIM 32 JOTIOMOTOI0 TMAapaMETPUYHHMX CTATHCTHYHHX METOJIB. B SIKOCTI KpuTEpiro
JIOCTOBIPHOCTI PI3HHUIb Mi’K TIOKa3HUKaMU BUKOPUCTOBYBaH t-kputepiit CT’1oeHTa.

PE3YJIbTATU TA OBI'OBOPEHHS

JlocmimKeHHs TUHAMIKM IHTCHCHBHOCTI XEMUTIOMIHECIHCHINII MOoKa3aao, IO J0JaBaHHS
MEPEeKUCY BOJHIO Yy JIMOCOMAallbHI CYCIEH311 BHKJIHMKAJIO CIajaxX CBITIHHS, SKUU cragaB
MPOTSATOM TEPIIMX XBWJWH, TICIAS YOrO CBITIHHA CYCHEH31H BUXOIWJIO Ha HOBHUH
CTalllOHApHUH piBeHb, KU MEPEBHIYyBaB MOYATKOBUN (POHOBHUM piBeHb MpuOIM3HO y 1,5
pasu (puc. 3). Lle Bkazye Ha Te, 1m0 BHeceHHs 3% po3unny H,O, y minocomanbHi cycneHsii y
crniBBigHOMmEHHI 1:10 akTHBYe BiIbHOpAaIUKAIbHE OKHUCHEHHS JIMiMAiB, MICIs 4OTO MpOIleC
BUXOJWTHh Ha BIAHOCHO CTallilOHapHUHW piBeHb. Taka MOBEMIHKA € THUIOBOIO ISl CUCTEM, IO
MOJICTIOIOTh BUIBPHOpAAWKAIbHE OKHCHEHHs B OlomoriyHmx 3paskax [l, 19]. Buecenns B
CHUCTEMY 10HIB 3aiiza Fe®* y BUIJISIAI PO3YMHY Cynb(aTy 3aji3a B KIHIIEBIH KOHIICHTpaIlii
10*M, MmO € NOTY)KHHM KAaTagi3aTopoM IEPeKHCHOro OKHCHeHHs mimimie [1, 19],
MIPU3BOJIUJIO JIO 1€ OLIBIN CHIIBLHOT aKTHBAIlll BITbHOPAIUKAIBHOTO OKUCHEHHS (oChOTiImiTiB
1 BUXO/ly CUCTEMH Ha OibIII BUCOKHUII piBEeHb CBITIHHSA (pHC. 3).

3 caMoro moYaTKy BaXKJIMBO BiAMITUTH, 110 IMII pizaux "actot 3 inaykiieto 5 1 50 mxTn
He BruBaio (p>0,05) ma Hy0,- i F62+-iH,Z[yI<OBaHe OKHCHEHHS JIIIAIB B JIIIOCOMAIbHUX
cycnensisix. Craructuuno 3Hauymii 3miHE (p<0,05) Oymm 3apeecTpoBaHi TIIBKH TPH
excno3uuii minocomansHux cycnensiii y IMII 3 ingykuiero 500 MxTa (puc. 3). Tomy y
MOJAJIBIIOMY MOBa OyJie UTH TUTBKH MPO PE3YJIBTATH JOCHIKEHHS 13 BruiBoM IMIT 3 mumu
napaMeTpamu.

BcranoBneno, mo giss IMII wacrororo 8 I'm mocroBipHo mnpurHivyBaza HpO;-
IHIYKOBAaHUN 1 MiJCUITIOBAIA Fez+-iH;[yI<OBaHH171 cruieck xeMmimoMinecteHii (puc. 3). [pu
[IbOMY CTaIllOHapHI1 PiBHI CBITIHHSI Majo BIAPI3HAIUCA OJWH BiJ OJHOTO. Taka pPI3HMIIA
OKHCIIOBaIbHOT cuctemMu Ha BumB IMII mnorpebyBama MOAANbIIOro  YTOYHEHHS
MarHiTOYyTJIMBUX JIAHOK TIEPEKUCHOTO OKMCHEHHS JimiaiB. Tomy Oys0 MpoBeACHO BUBUYCHHS
mudepentiiinoro BruBy IMII, To6To a6o mig yac po3BuTKy HoO2-1HAYKOBAaHOTO OKHCHEHHS,
a00 mpu BHECEHHI 10HIB 3aji3a, sIKi IHIIIIOBAIM pPO3MaJa IMEPEeKUCYy BOJHIO 1 OpPTraHIuHUX
HIEPOKCH/IIB.

Sk mokazanm pe3yabTaTH JOCTIIKEHb, MArHITOUYTIMBOIO JIAHKOIO MEPEBAXKHO € CTafis
H,0z-innykoBanoro oxucHeHHs (puc. 4). ToOTo, SKIIO TPOBOAUTH BiTHBHOPAJAUKAIIEHE
OKHCHEHHsI TIEPOKCUIOM BoJHIO 0e3 BBy IMII, To mpu BrumBi mporo (izuyHoro gaxropy
TIIBKA Ha F62+-iH,Z[yI<OBaHy CTa[il0 OKHCHEHHS JOCTOBIPHHUX 3MiH I1HTEHCHBHOCTI
XeMUTIoMiHeCIeHITlT He BiOyBaeTbes (puc. 4). Jlanuii ¢hakT MOXXHA TOSICHUTH TaKUM YHHOM,
mo npu HyO-ingykoBaHoMy okucHeHHi BIumB IMII wacrororo 8 't mpurhiuye posman i
CTUMYJIIOE€ HAKOTHMYEHHS T1APONMEpPOKCUIIB (GochoimimaiB, AKi Mpy JOAaBaHHI 10HIB Fe®*
MiJIaI0ThCSl  TOJAIBIIOMY OKHUCHEHHIO, IO CYNPOBOKYETHCS OUTBII  MOTYXKHUM
BUIPOMIHIOBAHHSIM KBaHTIB CBITJIA.
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Puc. 3. JIunamika H,O,- u Fe2+—in[yKOBaHo'1' XEMUTIOMIHECLISHIIIi JIIMOCOMAaIbHAX CYCIEH3IH B
KOHTPOJBHHUX YMOBax (CyIiibHa JiHiA) i y pexumi 6e3nepepsroro BumBy IMII 8 I'm 500 mx T
(TITpux-iHis).

Hpumimku: tadpaMu OIS JTiHIA BKa3aHO CepeHi 3HAYEHHS Ta MOXHUOKH CepemHbOl KUTbKOCTI
KBaHTIB CBITJa 3a 4Yac chajaxy 3a 25 CeKyHHI, y CKOOKaX — BEJHWYMHA CHTHATY BiJIHOCHO
KOHTPOJIbHHUX 3HAUYCHb.

Fig. 3. Dynamics of H,0,- and Fe?" -induced chemiluminescence in liposomal suspensions for
control conditions (solid line) and for the mode of continuous exposure to PMF 8 Hz 500 uT (dash
line).

Notes: The numbers next to the lines indicate the mean values and mean errors of number of light
quanta during the flash in 25 seconds, in parentheses — the value of the signal in % relative to the
control values.
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Puc. 4. Jlumamixa H,0,- i Fe?*-immykoBanoi xemimomiHecueHmii NiMOCOMAanbHHX CycIeH3iil B
KOHTPOJIbHHUX YMOBax (CyuijbHa JIiHIS) Ta y pexumi aundepenuirioBanoro smiamBy IMIT 8 I'm
500 Mk T (ITpUX-TiHis).

Ipumimxu. udpamu 0114 JTiHIM BKa3aHO cepeiHi 3HAYEHHS Ta MOXUOKH CepeHbOI KIIBKOCTI KBaHTIB
CBITJIa 32 Yac cranaxy 5 cexyHi, AiamazoHu BIumBY IMII mo3HadeHi cTpiikaMu B3IOBXK OCi gacy.

Fig. 4. Dynamics of H,0,- and Fe**-induced chemiluminescence of liposomal suspensions for control
conditions (solid line) and for the mode of differentiated influence of PMF § Hz 500 uT (dash line).

Notes: The numbers next to the lines indicate the mean values and mean errors of number of light
guanta during the flash in 5 seconds, the ranges of the PMF are indicated by arrows along the time

axis.
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AHaJi3 OTpUMAaHHMX pE3YIbTaTiB B KOHTEKCTI CyYaCHHMX YSBJIEHb MPO MEXaHI3MHU il
MarHiTHHX TOJIB Ha BITbHOPAJAWKAIBHI MPOIECH O03BOJISIIOTH 3POOUTH TPUITYIICHHS TIPO
nepBuHHI MexaHi3mu aii IMIT ans ganoi moaeni nepekrucHoro okucHeHHs. IMIT HagHU3BKUX
4acTOT MOXHA PO3MIIAJATH SK KBa3icTaTHYHE, TOMY IO TPUBAJIICTh MAarHiTHUX IMITYJIbCIB Ha
0arato MOPSIIKIB MEPEBHIIYE Yac )KUTTS PAIUKATFHUX Map y KOMipKax po34rMHHUKA. Takum
yuHOM, BIUMB IMII Moxe 3iiiicHIOBaTHCS 32 MeXaHi3MOM CIiHOBOI 3aboponu [10, 11].
Januii MexaHi3M 0a3yeThcsi Ha ToMy, mo MII o pi3HOMY 3MiHIOE YacTOTY Tperiecii CIiHIB
OKpEeMHUX paauKaliB y paJuWKaJbHIM mapi, M0 3MiHIOE BIpOTifHiCTh iX pekombOinarii. Lle
MPU3BOJIUTE JI0 3MIH yTBOPEHHS THX YW IHIIWX TPOIYKTIB peakiii. s minmocomanbHOT
MOJIeNll MOXHA MpUITycTUTH, o IMII HaZHU3BKUX YacTOT CIpHsie€ peKoMOIHAIlE JiMmiIHUX
pamukaniB Re 3 pagumkamamu HOQOe, mo mnpus3BoAWTH A0 3pPOCTaHHS KOHIIGHTpAIli i
HAKOTIMYEHHs rigponepokcuais ROOH, posmax skux Katamizyiors ioun Fe?*. ITpu mpomy, Ha
pekoMOiHaIio Takux pagukaiib, sk ROe, ski y OUTbIINA KUTBKOCTI YTBOPIOIOTHCS MPH Fe?'-
iHAYKOBaHOMY OKHcHeHHi, IMII, iMOBIpHO, CYTTEBO HE BILIUBAE.

Onnak, Moxe Oyt ¥ iHIIE TOsicHeHHs. 3okpema, sikmio IMII migBumrye BipoTiIHICTH
pexomOinanii HOe-panukasiB, 0 yTBOPIOIOTHCS MPHU PO3Majli MEPEKUCY BOJHIO, TO 1ie Oyae
€KBIBAJICHTHUM 3HIDKCHHIO BHUTPAT TIEPEKUCY BOJHIO, SKMA € HEOOXIMHMM JUIsl 1HIimiarii
BUTbHOPAJNKAIBHOTO OKHCHEHHS Ta HOro 30epekeHHs y MoNeKyisipHiid ¢opmi. Tomy
3HI)KCHHS IHTEHCUBHOCTI XeMutioMiHecteHii y ¢a3i HyO,-1Ha1yKoBaHOTO OKMCHEHHS MOXKE
OyTH HACIITKOM TaKOTo iHTiI0YyI0Uoro («aHTHOKcHIaHTHOro») BIMBYy IMII. BHeceHHs 10HIB
3aji3a B PO34YMH OyJe MPHU3BOJUTH JO PO3MAaay HE TIIBKM OPTaHIYHMX TMEPOKCHIIB, aje i
MEPEKUCY BOJHIO, SIKUH HE MpopearyBas, M0 Y CBOIO Yepry 3a0e3meunTh OilbIill IHTEHCUBHE
BUIbHOpaIMKaJIbHE OKHUCHEHHS 1, SK HACIIJIOK, — TMIABUIIEHHS IHTCHCHBHOCTI Cranaxy
XEMUTIOMIHECIICHIIIT.

Jloriuno mpumycTUTH, 10 BKa3aH1 nusixu BIumBy IMIT Ha mepekucHe OKMCHEHHSI JIIITiTiB
pearnizyroThCsl OIHOYACHO.

Slkmio Taki MOSICHEHHS € TPAaBWJIBHUMH, TO BeJIMYHMHA 1HTIOyIOYOro e(ekTy MOBHHHA
CWIBbHO 3anexxatu Bin iHaykuii IMII, ame wmamo 3amexaTd BiJf 4YacTOTH y Jiama3oHi
HAJHU3BKUX YacTOT. SIKk Oyno BKa3aHO BWINE, B €KCIIEPUMEHTAX 3 HU3bKOIO 1HIYKIi€0 IMII
edexTH Aii 1poro GaxkTopy OynM MPaKTUYHO BiFCYTHI. AHaNi3 JTepaTypHUX AAHUX TOKA3YeE,
10 MOMITHUM 1 CTaTUCTUYHO 3Hauymui BB MII Ha BinbHOpaaWKaIbHI XIMIYHI peaKii
nounHaeThest 3 iHAYKIIT MIT 100-200 mxTn [11, 14], mjo TakoXk CHOCTEPIranoch y Hallux
eKcrepuMeHTax. TakuM dunHOM, BcTaHOBIEHI (pakty BBy IMII ingykmiero 500 MxTn Ha
BUIbHOPAJMKAIbHE OKUCHEHHS (pOCcgomimiiiB, 3a€ThCs, LIJIKOM MOXKHA MOSCHUTH y paMKax
BUIIICHABE/ICHUX TEOPETUIHUX TTOTJISIIIB.

TuM HE MEHI, JOCTiI)KEHHS YacCTOTHOI 3aJIeKHOCTI OKPEMHUX XapPaKTEPUCTUK TUHAMIKA
IHTEHCUBHOCTI JIFOMIHECIIEHIIIT TOKa3y€e HAasIBHICTh MEBHOI 3aJI€KHOCTI €(PEKTIB Yy Jiana3oHi 10
30 T'q (puc. 5). IIpu ubomy iuriGyrounit Brmus IMII Ha HyOo-inaykoBaHy ¢a3zy OKMCHEHHS
HE 3aBXKOM CYIPOBOIKYETHCS JOCTOBIPHHMM TIiJBMINEHHAM aMIIIiTyam Fe'-3amexnoro
cnayiaxy xeminromiHecteHlii. [Ioka3HUK CBITIOCYMH TaKOXK JEMOHCTPYE 1HTIOYIOUHI eeKT
Ha cranii HyOp-1HimioBanoro okucHeHHs docdommiaiB y cmysi yactor A0 10 I'm. OnHak Ha
gacrori 20 'y iariOytoumii BrumB MII cnocrepiraerbest aast 000X BapiaHTIB OKHCHEHHS,
T00TO Mt HoO,- 1 F62+-iHI[y1<OBaHOFO OKHCHEHHsI (puc. 5).

Crig BiIMITUTH, IO HASBHICTH MEBHOI YaCTOTHOT 3aJIe’KHOCTI BKa3ye Ha Te, IO B OCHOBI
MEePBUHHUX MEXaHI3MIB BIUIMBY MOXYTh JIeXKaTH Pi3HI (izuuni sBuma. Jo6pe BimomMo, 1o
MarHiTHI TOJISl 3MIHIOIOTh MIBUIKICTh peKoMOiHarii BinkHUX pamukaniB [10, 11]. [itoun Ha
paauKalbHI TTapy MarHiTHE MOJie MOXKE 1HII[IIOBaTH a00 TaJIbMyBaTH iX CHHIJICT-TPUILICTHY
KOHBEPCIIO 1, SIK HACTIJOK, BIUIMBATH Ha iX PEKOMOIHAIIO 1, BIAMOBIAHO, HAa IIBUAKICTH
YTBOPEHHSI MPOYKTIB BUIBHOPAIUKAIHLHOTO MIPOIIECY.
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Puc. 5. Yacrorna 3anexuicts BBy MII 8 I't ingyknieto 500 MxTn BiTHOCHO KOHTPOJBHHX
3Ha4YeHb HA aMILTITYy cranaxy (A) i cBiTIocyMy (CyMapHa KiJIbKiCTh KBaHTIB 32 5 XB. 3 MOMEHTY
po3Butky cmanaxy) (b) H,Op- i Fe®*-inmykoBanoi xemimominecnenmiio. 3a 100% mpuiAHATO
KOHTPOJIbHI 3HAYCHHSI.
Hpumimru: * —p<0.05, ** — p<0.01.

Fig. 5. Frequency dependence of the effect of PMF 8 Hz 500 uT (in % relative to control values)
on the amplitude of the flash (A) and light sum (total number of quanta in 5 minutes after the flash
start) (B) for H202- and Fe2 + -induced chemiluminescence. Control values were taken as 100%.
Notes: * — p <0.05, ** — p <0.01.

IBUAKICTH CHHIIIET-TPUILIETHOI KOHBEPCIi TUM BUIIE, YUM Olnblie pi3HULS g-(aKkTopiB
JUISL TIApW BUTBHUX PAJHMKATIB 1 BHINE HANPYXKEHICTh MArHiTHOTO MOJS. Y BUNAAKY HAIIOTO
EKCIIEPUMEHTY IMIYJIbCHE MAarHITHE IOJIe, IO 3MIHIOBAJIOCH 3a HAIMpPsIMOM Yy Jiama3oHi
HAJHU3BKUX YacTOT, JIJIS peani3allii JaHOT0 MEXaHi3My MOKHA PO3TJIsIaTH K KBa3iCTaTHYHE.
Came ToMy MpH HU3BKOMY HAmNpyKEHI Mar"iTHOro mojs y amiamazoHi 5-50 mMxTn mu He
CIIOCTEpIraju JOCTOBIPHUX €(EKTIiB HOTO BIUIMBY HAa BUTbHOPAAUKAIbHE OKUCHEHHS JIMIIB B
minocomax. [luTaHHS 100 MEXaHI3MIB YaCTOTHOI 3aJIe’KHOCTI BIUIMBY MAarHITHOTO TOJIS
iHaykmiero 500 MxTn 3anummaerbcst JUCKYCIHHUM 1, MOXIJIMBO, IIOB’S3aHO 3 1HIIMMH
NEPBUHHUMH MeXaHi3Mamu BIUTHBY. Cepell TakuxX KaHAWJATIB Ha IO POJIb MOXYTh OYyTH
TakoX (i3WuH1 SBHINA, sSKI TOB’S3aHI 31 3MiHAMH BIJIACTUBOCTEHW BOJHOI (a3u 1 3CYBY
rizpodinbHO-TiAPoPoOHOr0 OanaHcy, IO 3pPELITOI0 MPOSBISETHCA y 3MiHAX IOBEPXHEBO-
aKTHUBHUX BJIACTUBOCTEN (oChOMmiaiB, a TaKoX TiApOodUTEHOCTI/TIAPoHOOHOCTI TTOBEPXHI Ta
iHmMX (Gi3udHuX BaactuBocTed MemOpan [20, 21], 1m0 y CBOKO Yepry MOBHHHO BIUIMBATH Ha
KIHETUKY BUTbHOPAIUKAIBHUX MPOIIECIB B OLTIMITHOMY IIapi MEMOpaH.
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BUCHOBKHA

Takum umnom, IMII HagHU3BKHMX YacTOT JOCTOBIPHO MPHUTHIUYE BIIBHOPAIUKAIbHE
OKHCHEHHSI B JIIMOCOMAJILHUX CYCHEH31SX TUIBKH MPH IHIYKIIISX, SIKI IEPEBUIIYIOTh JEKIIbKa
coTeHb Mikportecina. lle Bka3ye Ha Te, 10 B yMOBax BHOpaHOi MeMOpaHHOI MOJElNi BIUIMB
IMII Ha BiBPHOpAIUKAIBHI MPOIIECH Peai3yEThCS MEPEBAKHO Yepe3 CIHOBI B3aEMO/II, 110
BH3HAUYAIOTh PEKOMOIHAIIIO BUTLHUX paguKaIiB. 3HIKEHHS 1HIYKIIIT HA OJWH-IBA MOPSIKHU, a
TakoX 301mbreHHsT yactotu IMII Bume 40-50 I, mpu3BOAWTH 1O CYTTEBOTO 3HUKEHHS
e(pEeKTUBHOCTI BIUIMBY LBOTO (hi3MuHOro (hakTopy Ha IHTEHCHUBHICTH BUIBHOPAAMKAIBLHOTO
OKHUCHEHHSI JIMIAIB Y JIIMOCOMAIBHUX CyCleH3iaX. HalOiabIn 9yTIIMBOIO JTaHKOO /10 BIUIUBY
IMII € HyO,-inayKoBaHe BiIbHOPAIUKAIBHE OKUCHEHHSI JIITiIiB.
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INFLUENCE OF IMPULSE MAGNETIC FIELDS OF EXTREMELY LOW FREQUENCIES ON H,0,-
AND Fe?*-INDUCED FREE RADICAL LIPID OXIDATION IN LIPOSOMAL SUSPENSIONS
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Background: For a long time, special attention in experimental biology and medicine is paid to free
radical processes involving reactive oxygen species. In electromagnetic biology, the interest in free
radical oxidation in biological membranes has increased significantly due to the discovery of spin
mechanisms of magnetic fields on free radical processes. In the present day, these mechanisms are
considered to be key in the processes of magnetoreception in living organisms. Liposomes, as the
simplest models of biological membranes, are often used to study the primary mechanisms of action of
different factors on the structural and functional properties of membranes. However, the influence of
ecological significant extremely low-frequency magnetic fields on free radical oxidation in liposomal
suspensions has not been studied enough.

Objectives: The elucidation of the peculiarities of the influence of the extremely low frequency pulsed
magnetic fields (ELF PMF) on H,O,- and Fe?*-induced peroxidation of natural phospholipids in
liposomal suspensions.

Materials and methods: The liposomal suspensions in phosphate buffer pH=7.4 were used. According
to the literature and own results on light scattering the average diameter of liposomes was about 500A.
Ultra-weak chemiluminescence of liposomal suspensions was recorded using a device that operated in the
mode of single photons counting. It consisted of a light-insulated cuvette unit where the test samples were
placed, as well as a temperature sensor and a solenoid, which was used to create the PMF. Optical contact
of the test samples with the photoelectron multiplier was carried out using a light guide. The recording
system consisted of a broadband photomultiplier tube detector — FEU-130, which was at a temperature
of —20°C. The pulse analyzer Al-256 was used to separate the useful signal that corresponded to the
registration of single chemiluminescence light quanta. The voltage on the photomultiplier tube detector
was applied in the range of current-voltage characteristics of this detector, in which a random voltage
fluctuation had a minimal effect on the measurement of the useful signal. The number of light quanta that
were recorded for defined time intervals characterized the overall intensity of the process of free radical
oxidation of lipids in the experimental samples. The pulsed magnetic field was created using a solenoid
coil located in the cuvette part. PMF was created using a serial generator G6-28. The magnetic field
pulses were rectangular in shape with variable polarity for a period of oscillations. The induction of PMF
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was monitored using microteslameter G-79. The series of extremely low frequencies (5-80 Hz) and
induction (5-500 pT) of PMF was chosen due to their environmental and physiological significance.
Results: PMF of different frequencies with induction of 5 and 50 uT did not affect (p>0.05) H,0,- and
Fe?*-induced lipid oxidation in liposomal suspensions. Statistically significant changes (p<0.05) were
revealed only when liposomal suspensions were exposed to PMF with induction of 500 uT. It was found
that the action of PMF with the frequency of 8 Hz 500 uT significantly inhibited H,O»-induced and
enhanced Fe?*-induced chemiluminescence. This effect is associated with inhibition of the decomposition
and with the accumulation of phospholipid hydroperoxides, which decompose and recombine in the
presence of Fe?" ions, which is accompanied by stronger chemiluminescence. The study of the
dependence of the dynamics of the chemiluminescence intensity on the frequency of the PMF indicates
the presence of a certain dependence of the effects in the range of up to 30 Hz. However, the inhibitory
effect of PMF for the H,0O,-induced oxidation phase is not always accompanied by a statistically
significant increase in the amplitude of Fe®*-dependent light flash of chemiluminescence that indicates the
general inhibitory effect of PMF at a certain frequency.

Conclusions: PMF of extremely low frequencies statistically significantly affects the free radical
oxidation in liposomal suspensions only at inductions exceeding several hundred microteslas. This
indicates the effect of PMF on free radical processes for the conditions of the selected membrane model is
realized mainly through spin interactions that determine the recombination of free radicals. The decrease
of induction by one or two orders of magnitude, as well as increasing in frequency of the PMF above
50 Hz, leads to a decrease in the effectiveness of the influence of this physical factor on the intensity of
lipid-free radical oxidation in liposomal suspensions. The most sensitive to the influence of ELF PMF is
the phase of H,0,-induced free radical oxidation of lipids.

KEY WORDS: lipid free radical oxidation; extremely low frequency pulsed magnetic field;
chemiluminescence; phospholipids; liposomal suspensions.
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XIV MIDKHAPO/THA KOH®EPEHIIIA 1O BIOHIIII I ITIPUKJIA THIV BIO®I3UIII

Yeprora XIV MixnHapoana koHdepeHIlist o O10HII 1 TpuKIaaHii 610¢i3uIl Bigdymacs
14-15 sxoBtHa 2021 p. y M. KueBi Ha 0a3i ¢akynpTeTy panioi3uku, €JIEKTPOHIKH Ta
KOMIT IOTepHHUX cucTeM KuiBChKOro HarioHaJIbHOTO yHiBepcuTeTy iMeHi Tapaca IlleBuenka.
Uepe3 kapaHTHHHI OOMEXEHHS BcCi 3axoau KoH(epeHIii BigOyBamucs B JUCTaHLIHHOMY
dbopmari.

3 BITaJBHUM CIIOBOM Nepej y4acHHUKaMH KOH(epeHLii BHCTYNWIN JeKaH (aKyJIbTeTy
pamiodi3uKu, ENEKTPOHIKM Ta KOMITIOTEpHUX CcHUCTeM KHIBCHKOro HAaI[iOHAIBHOTO
yHiBepcutery imeHi Tapaca llleBuenka, kaHmuaar ¢i3MKO-MaTeMaTHUYHUX HAyK, JOLEHT
Hempeoa Anopin B'auecnasosuu ta nupextop [HCTUTYTY mpuKiIagHux mpodieM (i3uku i
6iopizukn HAH VYkpainu, xanaugar ¢isuko-MaTeMaTHUHUX HAyK, CTapUIMi HAayKOBHUH
criBpoOiTHUK, Maminoe Cepciii Onekcanoposuu.

B mnporpamy kondepeHmii yBiHIIIM ABaALATH CiM JomoBinel. Jlyxe MOKa30BO, IIO
OLTBIIICTH POOIT 3pO0JICHI B Koomepallii JeKITbKOX HAYKOBHX YCTaHOB. ABTOpaMU HAyKOBUX
poOiT BHCTYyNUIM 54 HAYKOBI, sKi NpeacTaBisid HamioHanbHMIA TEXHIYHUN YHIBEPCHUTET
Vkpaian «KuiBcbkuii momiTexHiuHMA 1HCTUTYT iMeHi Irops Cikopcekoro», KwuiBcbkuit
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ALL-UKRAINIAN CONFERENCE ON MOLECULAR AND CELL BIOLOGY WITH
INTERNATIONAL PARTICIPATION, DEDICATED TO THE HEROIC STRUGGLE
OF THE UKRAINIAN PEOPLE AGAINST THE RUSSIAN INVADERS

On February 24, 2022, Russia invaded Ukraine and brought the war to our territory,
accompanied by the terror of civilian people and destruction of civil infrastructure, including
cultural, educational, and scientific objects. Scientific work was interrupted, and a lot of
scientists were displaced within Ukraine or abroad. The latter has become possible due to great
support from our foreign colleagues who reacted to the situation in Ukraine during the first
several days of war and created a lot of opportunities for Ukrainian scientists in their countries.
However, most of the scientists stayed in Ukraine, some of them even ended up in temporarily
occupied territories. Regarding all these factors, the idea of an All-Ukrainian conference with
international participation has arisen in the Young Scientist Council and the Scientific Council
of the Institute of Molecular Biology and Genetics (IMBG) of the National Academy of
Sciences of Ukraine. The main aims of this event were to encourage Ukrainian scientists
wherever they are, to give the opportunity to colleagues from abroad to demonstrate their
staunch support to Ukraine, and to keep the scientific process ongoing even in the background
of the war. We decided to dedicate the Conference to the heroic struggle of the Ukrainian people
against the Russian invaders.

The All-Ukrainian Conference on Molecular and Cell Biology with international
participation was held as an online event on the Zoom platform, from the 15" to the 17t of June
2022. Three types of participation were available for registered scientists: oral presentation,
poster presentation, and abstract publication only, aiming to give every scientist the possibility
to participate, regardless of their personal situation (e.g., internet access or its quality).
Scientists of every career stage could take part in any way convenient to them. Seven sections
of bioscience were available at the Conference, namely:

Microbiology and Biotechnology,

Genetics and Epigenetics,

Molecular biology and Bioorganic chemistry,
Molecular oncology,

Molecular physiology and Biophysics,

Cell biology,

System biology and Bioinformatics.

123 scientists from Ukraine and abroad have registered for participation in the conference
before the deadline. The percentage distribution of participants among sections is demonstrated
in Fig. 1. 38 Oral presentations, 14 Poster presentations, 10 Keynote Lectures, and 1 Special
Lecture were included in the Conference program.

In cites: Mankovska OS. All-ukrainian conference on molecular and cell biology with international participation,
dedicated to the heroic struggle of the ukrainian people against the russian invaders. Biophysical Bulletin.
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System biology and Bioinformatics
4,4%

Cell biology

147%

Microbiology and Biotechnology
27,3%

Molecular physiology and Biophysics
13,2%

Genetics and Epigenetics

6.6%

Molecular oncology
8,1%

olecular biology and Bioorganic chemistry
25,7%

Fig. 1. Percent distribution of participants among sections (including all types of participation).

Scientists from the 13 Ukrainian cities from different regions of Ukraine registered for
participation in the Conference: Kyiv, Kharkiv, lvano-Frankivsk, Lviv, Melitopol, Kherson,
Odesa, Uzhhorod, Poltava, Nizhyn, Chernivtsi, Ternopil, Cherkasy. The largest number of
representatives was from Kyiv and Kharkiv. Foreign participants, including 10 Keynote
Speakers, represented several European countries and USA (Fig. 2).
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Fig. 2 Countries of affiliation of Conference participants including Keynote Speakers (Ukraine,
Poland, Czech Republic, Germany, Italy, Sweden, Finland, USA).

The Conference was started with Opening remarks by the Director of the Institute of
Molecular Biology and Genetics of the NAS of Ukraine Mykhailo Tukalo, who welcomed
everybody to the Conference and stressed on the importance of such events in this challenging
time for Ukraine. Three Keynote speakers presented their lectures on June 15th. Pernilla
Wittung-Stafshede from the Chalmers University of Technology, Gothenburg, Sweden was
talking about protein misfolding, with special attention to o-synuclein and its role in
Parkinson’s disease. Cecilia Lanny Winata from the International Institute of Molecular and
Cell Biology, Warsaw, Poland, who is studying the nature of the interaction between
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transcription factors and epigenomic landscape and how it translates into the resulting diversity
of cardiac cell identity in zebrafish model, told the participants about the construction of the
gene regulatory network underlying heart development using genomics. Petr Svoboda (Institute
of Molecular Genetics ASCR, Prague, Czech Republic), who devoted his research to the
understanding the epigenetic regulation of the mammalian genome presented an excellent
lecture about the diversity of the small RNA pathways in mammals.

After the Keynote Lectures, the “Microbiology and Biotechnology” section of the
Conference started. The innovative and significant topics were discussed in this section,
including the development of biosensors for different purposes, the investigation of novel
biomaterials and modern technologies for skin regeneration, and wound healing, which are
extremely actual today. Irena Hlushchuk (University of Helsinki, Finland) shed more light on
the a-synuclein aggregation process. Three talks given by Olena Moshynets (Institute of
Molecular Biology and Genetics, NAS of Ukraine, Kyiv, Ukraine), Taras Baranovskyi (Kyiv
Regional Clinical Hospital, Kyiv, Ukraine), and Kateryna Rudnieva (Kyiv Regional Clinical
Hospital, Kyiv, Ukraine) were devoted to the epidemiology of Klebsiella pneumonia as a
nosocomial infection, the problems with this infection caused by the biofilm formation, and the
ways to solve this problem. Also, their works demonstrated a productive and successful
collaboration between academic scientists and clinicians. Several interesting works on
microbial biotechnology were presented by the participants from the D. K. Zabolotny Institute
of Microbiology and Virology of the NAS of Ukraine.

In the next section, “Genetics and Epigenetics”, which consisted of three talks, the great
interest of the Conference attendees attracted the talk of Taras Oleksyk from Oakland
University (MI, USA), who described the results of the investigation of Genome Diversity in
Ukraine, the unique variation, structure, and admixture in whole genome sequences of
Ukrainians. The first day of the conference was finished with the Poster Session, part I, where
excellent works of scientists from Kharkiv, Ivano-Frankivsk, and Kyiv were presented.

On June 16, the second day of the Conference was opened by the Keynote Lecture of
Michal Komorowski from the Institute of Fundamental Technological Research of Polish
Academy of Sciences, Warsaw, Poland. He told the audience about the signaling complexity,
making a deep dive into the understanding, that the single ligand activates multiple different
effectors, as well as a distinct effector is being activated by numerous different ligands, which
results in cross-wired signaling, which also differs even between remarkably similar cells
(Fig. 3). He introduced the listeners to information theory, which helps to understand and
describe these complex processes.

The talk of the next Keynote Speaker, Andrii Domanskyi (University of Helsinki, Orion
Pharma Turku, Finland) was devoted to targeting pathological protein aggregation in
neurodegeneration, in particular to the further perspective of the usage of this knowledge in
clinical practice.

Volodymyr Berest from the V. N. Karazin Kharkiv National University, Department of
Molecular and Medical Biophysics in his Keynote talk presented the incredible results that the
molecular interactions of the antimicrobial peptide with nano-sized delivery vehicles potentiate
their action and broaden its therapeutic efficiency.

The section on “Molecular biology and bioorganic chemistry” was started with one more
talk devoted to neurodegenerative conditions, presented by Anastasiia Nefodova (Taras
Shevchenko National University of Kyiv, Ukraine), which points out that this topic is broadly
studied and some steps were taken forward in western countries and in Ukraine, as well. She
was talking about hematological markers of low-grade systemic inflammation in rats with
different models of Alzheimer’s disease. In general, all 9 talks in this section demonstrated a
prominent level of research in different fields of molecular biology and biochemistry. There
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were presenters with applied research, namely Maksym Sobolevskyi and Daryna Mruga
(Kyiv, Ukraine) with their talks about novel biosensors Volodymyr Prokopiuk and Anton
Tkachenko (Kharkiv, Ukraine) with the studies with potential clinical relevance connected
with the effects and behavior of nanoparticles of different nature with living cells: Bohdana-
Myroslava Briantseva (Kyiv, Ukraine) with her research about the potential of MGMT
inhibitors to modulate the action of alkylating compounds; more fundamental molecular
biology research was presented by Daria Biliai (Chernivtsi, Ukraine), Dmytro Gerasymchuk
(Kyiv, Ukraine), and Ausra Domanska (Helsinki, Finland).

piven | Dmytro Gerasy...
piven & Dmy mchuk

Artem Pocherny... Marina Vadimo... Dmytro Lozhko Petr Svoboda

% Petr Svoboda

Irena Hlushchuk  AuTton Tkauenko Andrea Rasola

% Irena Hlushchuk % AnTon Trauerko ¥ AapA ¥ Andrea Rasola

Daria Skrypkina : Vlada Pashynska

¥ Daria Al kina ¥ Ve /7 ¥ Vlada Pashynska

Bonoaumup bBe... Vitalii Sergiy Kropyvko Harana /lio6ac

¥ Bornoauwmp Bepect % vitalii Sergiy Kropyvko ¥ Hatana NlioBac

Alexander Papu... TeraHa Cepreesa Ser:

¥ Alexander Papuga ¥ Tetsna Cepressa

Fig. 3. A presentation fragment of Michat Komorowski’s “Making sense of signaling complexity”.

The section of “Molecular oncology” consisted of 4 talks, two of which were in the field
of anticancer drug development. Indeed, Nadiia Lypova (Loisville, USA) presented her
excellent study of the PFKFB3 as a target of compensatory cell signaling in response to EGFR
inhibition in non-small cell lung carcinoma, and Sergii Konovalenko (Kyiv, Ukraine) talked
about the combined effects of doxorubicin and laser irradiation on the survival of MCF7 and
MCF7-DOX (doxorubicin resistant) cell lines, which can be useful for decision in therapeutic
strategies choice for breast cancer. Two other talks were devoted to underlying the mechanisms
of cancer formation and development. Andrea Rasola (Padova, Italy) made incredibly
interesting presentation about the role of chaperone TRAPL in cancer metabolic switch and
Anastasiia Hubiernatorova (Kyiv, Ukraine) presented her work on the controversial role of
tristetraprolin in breast cancer. Part Il of the Poster Session was held at the end of the second
Conference Day.

17" of June was the last closing day of the All-Ukrainian Conference on Molecular and
Cell Biology with international participation. The program of this day was planned in an
unusual way in comparison to previous ones. Anton Nekrutenko, a Keynote speaker from the
Penn State University, USA, gave a deep and comprehensive introduction to GalaxyProject.org,
which represents an open global system for the analysis of biological information. The next
Keynote Lecture of Friday, presented by Andreas Ladurner (Ludwig-Maximilians-
Universitdt, Munich, Germany), continued the topic about cancer therapy and novel targets for
fighting this disease. He told the auditory about the role of ALC1 helicase in DNA repair and
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the strategy of producing synthetic lethality using ALC1 inhibitors. We had the opportunity to
listen to 6 talks from the section of “Molecular physiology” with interesting and important
results obtained by Ukrainian scientists. Briefly, Viktor Martyniuk (Taras Shevchenko
National University of Kyiv, Kyiv, Ukraine) reported his observations of the influence of
electromagnetic radiation of millimeter range on the optical properties of the hemoglobin;
Mariia Ursatyi (Yuriy Fedkovych Chernivtsi National University, Chernivtsi, Ukraine) was
talking about the impact of dietary protein deficiency on the state of the glutathione system in
the liver of rats of reproductive age under toxic injury with acetaminophen; the presentation of
Olga Tarnopolska (Bogomoletz Institute of Physiology, NAS of Ukraine, Kyiv, Ukraine) was
dedicated to the influence of trivalent metal ions on LCC-channels of the nuclear membrane of
the cerebellar Purkinje neurons; Sonia Nevelchuk (Kyiv Academic University, Kyiv, Ukraine)
and Oleksandra Fedchenko (Kyiv Academic University, Kyiv, Ukraine) talked about
hippocalcin calcium-dependent insertion and its distribution between different subcellular
compartments, respectively; and Yuriy Danylovych (O. V. Palladin Institute of Biochemistry,
NAS of Ukraine, Kyiv, Ukraine) closed the section, presenting his results of the investigation
of the properties of mitochondrial NO-synthase activity in smooth muscle.

Section “Cell Biology” was the last section of Conference. Unfortunately, one of the
participants, who was in the Conference program, Serhii Beschasnyi from Kherson State
University Kherson, Ukraine, was not able to be present online due to the absence of internet
connection in temporary occupied Kherson. Therefore, only two talks were presented in this
section. Tetiana Bukreieva (Kyiv, Ukraine) presented her work on T cell response in patients
with COVID-19. Her results demonstrated the association of the behavior of T-cell population
with levels of cytokines and miRNAs in the cohort studied. Yuriy Kolupaev (Kharkiv,
Ukraine), reported the results of his work on cell biology of plants, namely about the
participation of a signal molecule H>S in induction of wheat seedlings heat tolerance.

After the last section, the special event of the Conference, the Panel Discussion “Viruses,
evolution, and the struggle for survival. Human progress in diagnosis, therapy, and
prevention”, was performed (Fig. 4).

MANF SECRETION IS INDUCED BY ER
CALCIUM DEPLETION

Fig. 4. Mikko Airavaara (A), Ausra Domanska (B), Jan Barciszewsky (C) and Dmytro Gerasymchuk (D)
presentations fragments.
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Moderated by Dmytro Gerasymchuk and Oksana Piven from the IMBG, the discussion
brought the participants to the exciting journey to the world of viruses. Olena Moshynets,
Mykhailo Tukalo, Zenovii Tkachuk, Jan Barciszewski, Andrii Domanskyi actively
participated in the discussion, in particular, on the strategies of the novel antiviral therapies
development.

After the Panel discussion, the participants and attendees of the Conference had the
opportunity to listen to two more Keynote Lectures and the Special Lecture Jan Barciszewski
(NanoBioMedical Centre at Adam Mickiewicz University, Institute of Bioorganic Chemistry
of the Polish Academy of Sciences, Poznan, Poland) shared with colleagues his vast experience
in the development of mMRNA constructs for the introduction them inside the living cells,
particularly in the context of RNA vaccine development. He mentioned all the necessary
components of such constructs and talked about potential issues in this field of research. Mikko
Airavaara (University of Helsinki, Finland) performed an outstanding lecture on Reporter
pharmacology and the potential of these new tools in drug development and quantification of
therapeutic efficacy. Finally, Vitaliy Kordium (Institute of Molecular Biology and Genetics,
NAS of Ukraine, Kyiv, Ukraine) made his Special Lecture with the covert purpose to make
scientists always think deeper about their research and results.

Making a summary, the All-Ukrainian Conference on Molecular and Cell Biology with
international participation, dedicated to the heroic struggle of the Ukrainian people
against the Russian invaders, was held at a high scientific level, demonstrated the diversity
and high quality of research of scientists from Ukraine as well as their incredible willing to
continue their work and professional development even on the background of the war and, on
the other side, the outstanding support of foreign scientists to Ukrainian scientific community.
The next event was pre-planned to be held in person in Ukraine when it is possible. The abstract
book [1] based on the Conference proceedings is published online.
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ALL-UKRAINIAN CONFERENCE ON MOLECULAR AND CELL BIOLOGY WITH
INTERNATIONAL PARTICIPATION, DEDICATED TO THE HEROIC STRUGGLE OF THE
UKRAINIAN PEOPLE AGAINST THE RUSSIAN INVADERS
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Department of Molecular Oncogenetics, Institute of Molecular Biology and Genetics
of the National Academy of Sciences of Ukraine, 150, Zabolotnogo Str., Kyiv, 03143, Ukraine
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The All-Ukrainian Conference on Molecular and Cell Biology with international participation was held as
an online event on the Zoom platform, from the 15" to the 17™ of June 2022. The purpose of this event was
to encourage Ukrainian scientists, to give the opportunity to colleagues from abroad to demonstrate their
support to Ukraine, and to keep the scientific process ongoing even in the background of the war. Scientists
of every career stage could take part in any way convenient to them. Seven sections of bioscience were
available at the Conference, namely: Microbiology and Biotechnology, Genetics and Epigenetics,
Molecular biology and Biorganic chemistry, Molecular oncology, Molecular physiology and Biophysics,
Cell biology and System biology, and Bioinformatics. 123 scientists from Ukraine and abroad have
registered for participation in the conference. 38 oral presentations, 14 poster presentations, 10 Keynote
Lectures, and 1 Special Lecture were included in the Conference program. Scientists from all over Ukraine,
several European countries Poland, Chech Republic, Germany, Italy, Sweden, Finland), and USA
participated in the Conference. On the third day the Panel Discussion on the topic “Viruses, evolution, and
the struggle for survival. Human progress in diagnosis, therapy, and prevention”, was performed. The
abstract book, based on the Conference materials is published online.

KEY WORDS: molecular biology; cell biology; genetics; biophysics; scientific conference.

BCEYKPATHCHKA KOH®EPEHIIIA 3 MOJIEKYJISIPHOI TA KJIITUHHOI BIOJIOTITI 3
MIKHAPOHOIO YYACTIO, IPUCBSIYEHA 'EPOIYHIN BOPOTHBI YKPAIHCBKOI'O
HAPOJY MPOTHU POCINCHKHUX 3AT'APEHUKIB
0. C. MaHbKOBCBbKA
Biooin monexynapnoi onxocenemuxu, Incmumym monexynapuoi 6ionoeii i eenemuxu HAH Ykpainu,
8yn. Axademika 3aboromnoeo, 150, m. Kuis, Yrpaina, 03143
e-mail: mankovsska@gmail.com

Bceeykpaincbka koHbepeHIis 3 MOJIEKYJISIPHOI Ta KIITHHHOT 010J10Tii 3 MDKHAPOHOIO YYaCTIO MPOXOAMIA
SK OHJaWH-3axiq Ha twiatdopmi Zoom 3 15 mo 17 yeprus 2022 poky. MeTow IbOro 3axony Oyso
HaJIMXHYTH YKpPaiHCHKHX HAYKOBIIB Ta AaTH MOXKJIMBICTh KOJIETaM 3-3a KOPJIOHY MPOJEMOHCTPYBATH CBOIO
MATPUMKY YKpaiHi, o0 MpogoBKyBaTH HAYKOBUH IMPOIleC HaBITh Ha T BifHH. HaykoBIi Oyb-sKoro
Kap €pHOTO PIBHSA MOTJIM B3ATH y4acTh y KoH(epeHmii. Ha koH(epeHmii mparroBaro ciM TeMaTHIHUX
CeKlIii, a came: MikpoOiosorisi Ta Oi0TEXHOJIOTIs, TeHETHKA Ta eIireHeTHKa, MOJIEKYJIApHa Oloyoris Ta
GioopraHiyHa XiMmisi, MOJIEKYJISIpHA OHKOJIOTisI, MOJIEKyJIsipHa (iziosoris Ta Giodizuka, KiIiTHHHA Oi0J0Tis
Ta cucTeMHa Oiororis Ta OioiHpopmaTuka. [ ygacTi B koH(pepeHtii 3apeectpyBanucs 123 HayKoBi 3
VYkpainu Ta 3-3a KopAoHy. o nmporpamu koH(epeHIii 0yo BKIoYeHO 38 yCHHUX JomoBinei, 14 cTeHnoBux
Jonosigei, 10 Kio4oBHX Jekid Ta 1 crerianbhy jekiito. Y KoHpepeHil B3I y4acTh HAyKOBIIi 3 yciel
VYxpainu, pany eBponeiicbkux kpait (ITonbia, Yexis, Himeuunna, Itamis, [1IBewis, @innsHuis) ta CILIA.
Ha tperiit nenp BinOynacek [laHenbHa auckycis Ha Temy «Bipycu, eBodrolist Ta 00poTh0a 3a BUKUBAHHSI.
[Iporpec moauuu B AiarHOCTHLI, Tepamii Ta npodinakTumi». 30ipHUK Te3, CKIIAJICHUH 3a MaTepiaiamMu
KOH(epeHIlii, orry0IiKOBaHO OHJIAMH.

KJIFOYOBI CJIOBA: monexynspHa Oioyioris; KIiTHHHA OioJioris; reHeTHka, Oiodi3zuka; HaykoBa
KOH(pepeHIis.
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HAMISA Y CKPYTHI YACH

[Torounmii BumycKk >xypHaiy «biodisndHui BICHHK» BHXOIWTH Y CKPYTHUH 9ac OOpoTHOH
HaIoi He3aJIeKHOI YKpaiHChKOI Jep)kaBU MPOTH TimcTymHOi arpecii Pociicekoi ®@eneparii. Yci
HAYKOBIII Ta TEIaroriyHi MpaIliBHUKN BIIyJIH HA cO0i YCi TATOTH BiifHH, pyHHYBaHHS iCTOPHYHHUX
OyZIMHKIB HAaBYAJILHUX Ta HAYKOBUX 3aKyajiB, Oi0MIOTEK Ta My3eiB, BHUMYIICHE MEpECcelIeHHS,
peXUM AMCTaHIiiHOT poOoTH. barato BHITyCKHHKIB YHIBEPCHUTETIB 3apa3 31 30pO€l0 B pyKax
OOpoHATH Hally Kpainy. He3Bakaroun Ha yci Herapa3ayd BOEHHOTO CTaHY, HAYKOBII MPOJIOBXKYIOTh
TpaIfOBATH, 37100yBalOYH HOBI 3HAHHSI Ta MEPENIAI0YH 1X MOJIOJIOMY ITOKOTiHHIO.

X04eMO BHCJIOBUTH OKPEMY IOJSKY HAIIUM 3aKOPJIOHHUM KOJIEraM, sIKi 3 TMEpIIuX HIB
BIliHU pillyye 3aCyIHIN POCIHCHKY arpecito Ta BUCIOBIIM MIATPUMKY YCbOMY HapoAy YKpaiHH.
[TlinTpuMKy HE TUTBKH CJIOBOM, ajlieé ¥ JautoMm: Oararo 3aKOpJOHHMX HAYKOBHX YCTaHOB Ta
YVHIBEPCHUTETIB TEPMIHOBO OpraHi3yBaJld CICIMialibHI MpOrpaMH Ui yKpaiHCBKMX BYCHHX Ta
NPUXUCTHIIN Y CBOIiX 3akiagax Oarato HAyKOBIIIB, y TOMY YHCI Oi0(i3WKiB, HAZar04d iM
MOJKJIMBICTh HE TIEPEPUBATH CBOI JOCITIIKSHHS.

Cepen iHIIMX HAyKOBUX AHMCHUIUIIH came Oiodizuka mae (GyHIaMEHTAIbHI 3HAHHSI, SKi
JIO3BOJISIIOTD JTFO/ISIM 3aXUCTUTHUCS BiJl IIKIUTMBOTO BIUIMBY Pi3HUX (Pi3UUHUX (PAKTOPIB HA KHUTTS
Ta 37J0pOB’S JIOJAMHU Ta € 6a3010 JIsl PO3BUTKY HOBUX TEXHOJIOTIH y Cy4acHi MEAHIIMHI.

Penakuis «biodi3nyHOro BiCHUKa» BASYHA CBOIM JIOMKMCYBavaM 3a IiKaBi Ta 3MICTOBHI CTaTTi
Ta BUCJIOBIIOE HAJII0 Ha HAMCKOPIIIE JOCSITHEHHS MUPHOTO JKUTTS 1 MOBEPHEHHS HAYKOBIIB 0
TUT1IHOT pOOOTH Y PIAHUX CTIHAX.

Peoakyisn «bioghizuunoeo sicnuxay

HOPE IN DIFFICULT TIMES

The current issue of the journal "Biophysical Bulletin” is published at a difficult time of the
struggle of our independent Ukrainian country against the insidious aggression of the Russian
Federation. All scientists and pedagogical workers suffered all the hardships of the war, the
destruction of historical buildings of educational and scientific institutions, libraries and museums,
forced relocation, and remote work mode. Many university graduates are now defending our
country with weapons in their hands. Despite all the troubles of martial law, scientists continue to
work, acquiring new knowledge and transferring it to the younger generation.

We would like to express our special gratitude to our foreign colleagues who, from the first
days of the war, strongly condemned the Russian aggression and expressed their support for the
entire people of Ukraine. Support not only in words but also in deeds: many foreign scientific
institutions and  universities urgently organized special programsand sheltered
many Ukrainian scientists, including biophysicists, in their labs, giving them the opportunity not
to interrupt their research.

Among other scientific disciplines, it is biophysics that provides fundamental knowledge that
allows people to protect themselves from the harmful effects of various physical factors
and creates the basis for the advancement of new technologies in modern medicine.

The editors of "Biophysical Bulletin® are grateful to contributors for interesting
and informative articles, which help to bring victory and hope for the fast resumption of a
peaceful life and the return of scientists to fruitful work in their home labs.

Editorial Board of ““Biophysical Bulletin™
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ITPABHIIA JUIA ABTOPIB

B penakuiro momaeTses enekrponHuit Bapiant crarti (MS Word 2007 i Buie) ykpaiHChKOI0 ab0 aHTJTIHCHKOK MOBOO
gepe3 caiit xypHany http://periodicals.karazin.ua/biophysvisnyk 3 xampaBieHHSM yCTaHOBH i €KCIIEPTHHM BUCHOBKOM
y BHUTIISAI BiICKAHOBAaHUX (hailiiB.

TekcT HaOMpaeTbes Ha apkymax gopmaty A4 depes3 ogmH iHTepBal. BukopuctoByerhes mpudTt Times New Roman
12 pt, BupiBHIOBaHHS TeKcTy 1o mupwuHi. [lons crpasa i 31miBa mo 2,5 oM, 3Bepxy — 3,5 cM, 3HU3Y — 2 cM. MaremaTu4Hi
Ta XiMi4HI CHMBOJIM BBOISATHCSA 1O TEKCTY CTATTi 3a jomoMoror pemaktopa MathType a6o Microsoft Equation.
Pucynku, npunaTthi 10 penponykii, y ¢dopmari *.emf, *.wmf, * jpg, *.jpeg, *.png BCTaBIAIOTHCSA IO TEKCTY B MEXax
IUTOIII CTOPiHKHM, BKa3aHOi BHUINE. PUCYHKH pO3MIIIyBaTH B MeXaxX TaONHIl 3 MPO3OPHMH 30BHIIIHIMU TPAHULISAMHA Y
MEepIIOMY PSAIKY, IMIAIMUC Ta KOMEHTapi 10 PUCYHKY — Y Jpyromy panxy tabmuui. ['padiku OynyroThcs y mporpaMHUX
nmakeTax, NpU3HauYeHUX Uisi 00poOKH i Bisyamisawii HaykoBux nanux: Origin, Mathcad tormo. Bukopucranss odicHOro
nakety MS Excel mnst moGynoBsu rpagiki He nomyckaerbes. L{udpu 1 mianucu Ha ocsix Ta Hajamucax MOBHHHI MaTH
mwpudt 9 pt. [linnucn mix pucyHkamu npykytotbes mpupTom 10 pt. opmynu, Tabiuii W pUCYHKH HYMEPYIOTHCS
MOCHIOBHO apabcekumu mudpamu, Hanpuknaxa, (1); Tadn. 1; Puc. 1. fkmo crarTs HamucaHa yKpaiHCBKOIO MOBOIO,
MIAMICH 10 PUCYHKIB 1 TaOIUIb AyOIIOI0THCS aHTITIHCHKOI0 MOBOIO.

Ha mepmiii cropiHmi 3BepXy Ha MEpIIOMY PSAAKY B JiBOMY BepxHboMY KyTi HaBoauThcs YK (kypcus, 11 pt). Ilicns
MPOIYCKY OTHOTO psNKa, PO3MINIYEThCS Ha3Ba CTATTi (BENWKI JITepH, NpAMUN HamiBXUpHUH mpudT, 12 pt,
BHpPIBHIOBaHHS IO HEHTpY). Ilicis mpomycky OIHOTO psaka HAOMPAarOThCS iHIIIANM, TPI3BHINA aBTOPIB (MPAMUI
HamiBXApHUA mpudT, 12 pt, BUpiBHIOBAHHSA IO IEHTPY). Ha HaCTymHOMY pSIKY pO3MIMIYIOThCS TOBHI Ha3BHU i axpecu
YCTaHOB, /€ BHMKOHyBajach po0OTa, ajgpeca eJNIEKTPOHHOI IOLITH aBTOpa — KOHTakTHOI ocodu (kypcus, 10 pt,
BUPIBHIOBAHHS IO LEHTPY). [10TiM BMIIyeThCS aTa HAIXOMKCHHS CTATTI J0 PEAAKIIIT: YUCIO — IUPpPaMHU, MiCAIb —
nponucoM, pik — nudpamu (mwpudt npsmuii, 10 pt, BupiBHIOBaHHS 1O LEHTPY). Ha HacTymHOMY psIKy BMIIyeThCs
JlaTa MPUHHATTS CTAaTTi 10 APYKY (3aIIOBHIOETHCS PENIKOJIETIEO).

[Ticnst mpormycky 0JHOTO psiika BMILIYIOThCS J1Ba pedepaTr (YKpaiHCHKOIO Ta aHIJHChKOI MoBaMu). Pedepar MoBoro
CTaTTi po3MiLIy€eThes mepIuuM. [lepen npyrum pedepaTtom 3 HOBOTO PSIKa MUIISTHCS Ha3BU CTATI (BEJIMKUMU JIiTEpaMu,
mpudT npsmuid, 10 pt, HamiBXUPHWH, BUPIBHIOBAHHA IO LEHTPY), iHIMIaNKA Ta MpPi3BUINA aBTOPiB (WIPHPT mpsaMuit
10 pt, HamiBKUpHUI, BUPIBHIOBaHHS IO IICHTPY), HAa3BH OpTraHi3aliil Ta ix ampecu (KypcuB 9 pt., BUPIBHIOBAHHS II0
neHTpy). Pedepar nmoBuHeH OyTH CTPYKTYpOBaHHMM Ta MICTUTH HACTYIHI YaCTHHU 3 3aroJIOBKaMH: AKTYaJbHIiCTb,
Mera po6otu, Marepianu i meToan, Peyabrarn, BucHOBKH, sKi TOYMHAIOTECS 3 HOBOTO psaaka. CioBa “Pedepar” i
“Abstract” He NHUIIYThCS. 3aroJOBKUM CTPYKTYPHHX YaCTHH MHIIYThCS HAIIBXHUPHUM IIPU(TOM, IiCIs 3arojoBKa
cTaBuThCsl Kparka. Tekct pedepary ckianae He MeHme 1800 ta ne Ouibme 2000 poHETUUHHX CHMBOJIB, TOOTO 0e3
HNPOMDKKIB Mix cioBamy; npsmuil mpudt 10 pt. Pedeparu apyroro MOBOI Takok HOBHHEH MaTu OOCAT HE MEHIIE
1800 Ta nHe Oinbure 2000 ¢oHeTMUHMX cHUMBONIB. Ha HAacTymHOMY psiiKy BMIIIYIOTBCS 5-8 KIIFOUOBHX CIIiB, SIKi
PO3ALIAIOTHCS MiXK cO00F0 Kpamkoro 3 komoro (10 pt — mepuruii pedepar, 9 pt — npyruit Ta Tperiit pedeparu). 3 mouarky
psiika BEJMKUMH JIiTepamMH, WPpUGT HAMIBXUPHUH, MHIIEThCS 3aroyioBok 3 nBokpamnkor “KJHOYUOBI CJIOBA:”.
Texctu pedepartis 1 KIIFOUOBI CII0OBa MalOTh IIUPUHY Ha | CM MEHIIy, Hi’ OCHOBHUI TekcT (110 0,5 cM 3 KOKHOTO GOKY).
PedepaTn po3aiisiOTECS OTHUM MYCTUM PSIKOM.

OCHOBHUH TEKCT CTATTI HABOAUTHCS MICIS MPOIyYCKy oaHoro psaka mpudrom Times New Roman (Cyr), 12 pt. A63auu
MMOYUHAIOTECS 3 YepBoHOTO psinka (0,75 cMm). PekoMeHIyeThCsl pO30HTTS CTATTI HAa TaKi PO3MUIN: BCTYM (HA3Ba PO3MALITY
we mumetscs), MATEPIAJIM I METOJM (06GoB’i3K0BO uisi eKcrepuMeHTanbHuX pobit), PE3YJIBTATH W
OBI'OBOPEHHS, BUCHOBKMU. [ns1 TeopeTHUHUX poOiT mependavdaeThest OB BiIbHE PO3TANIyBaHHS MaTepiay,
Hanpukian, 3amicte po3ainy MATEPIAJIM I METO/JM pexomernaytotscs posnimn IOCTAHOBKA 3ATAYI,
MOJEJIb T1a in. Po3ninm He HyMepyIOThCs, JIITEPH BEJIMKi, HAIBKUPHI, BUPiBHIOBaHHS 110 LeHTpy. [Tpn HeoOXigHOCTI
PO3MiNM MOAIMAIOTECS Ha miapo3ainn. Ha3Bu miIpo3ainiB MHITYTHCS 3 BEIUKOI JHTEPH 1 BHAUIAIOTHCSA HAIliBXHPHIM
mpudTOM, BUPIBHIOBAHHA MO HEHTPY. Po3minm abo migpo3miau po3aiISAIOTECA OMHUM IycTUM psakoM. Ilicims Has3B
pO3AiMIB 1 MiAPO3iNIB Kpamka HE CTaBUTHCS. Y KiHII TEKCTy CTaTTi MICIS MPOITyCKy OJHOTO PsKa Yy PO3inii
MHNOJAAKA 3a3nauaeThcsi Ha3Ba GOHIY, sk (iHaHCYBaB poOOTy, i HOMep rpaHTty. [loTiM PO3MIIIYEThCS PO3IIT
KOH®JIIKT IHTEPECIB, y sikoMy aBTOpPH JIEKIapyIOTh HasBHICTH (hiHAHCOBMX ab0 IHIIMX KOH(QIIKTIB iHTEpECiB,
SIKI MOTJIM BIUTMHYTH Ha PE3yJbTaTH, IHTEPIPETAII0 Ta BUCHOBKH JOCI/DKEHHS. SIKIIO HEeMae KOHQIIIKTa iHTEpeciB,
TakK i MoTpiOHO 3asBUTH: «ABTOPH MOBIJOMIISIOTH PO BIJICYTHICTH KOH(IIiKTa iHTEpeciBy. [10TiM po3MinryeTsest po3in
Authors’ ORCID ID, y sixomy aBTOpH BKa3ytoTh aapecu cBoix npodinis ORCID.

JlirepaTypHi NOCHJIaHHSI HYMEPYIOThCS B TOPSAKY LUTYBAaHHS B TEKCTi, HOMEp IMOCHJIAHHS MHUIIETHCS Y KBaJPaTHUX
nyxkax. He mormyckaioTbess OCHIaHHS Ha HEONyOJiKOBaHI poOOTH, MiJIpYYHHKH Ta HaBYajbHI MOCiOHMKH. CrHMCOK
mitepatypu (mpudt 10 pt.) po3minryeTbcs 3a OCHOBHHM TEKCTOM cTarTi, BUntierbes sk po3nin REFERENCES i
0 OPMITIOETECS 3TiHO 3 MDKHApOJHHMM cTHIeM O(OpPMIICHHS CIHMCKY HayKoBuX myOumikauiit Vancouver. Ilpuknaan
odopmiieHHst 0ibmiorpadiyHUX MOCHIaHb MOXHA IIOJMBUTUCH HAa CalTi XypHaly y posaini «KepiBHMOTBO [uist
aBTopiB»: https://periodicals.karazin.ua/biophysvisnyk/about/submissions.

Pykonucu odopmJieHi He y BiTmoBiZHOCTi 10 HaBeJeHUX MPABUJ He PO3IJISIAATUMYThCs!
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Electronic files of the contributions (created in MS Word 2007 and later versions) written in English or Ukrainian,
scans of the expert inference directive and directive from the author’s institution should be sent to the Editorial
Office online via the website http://periodicals.karazin.ua/biophysvisnyk.

A manuscript should be typed in single spacing on A4 paper. Use the MS Word with following options: 12 points
Times New Roman font, text justified. Left and right margins should be 2.5 cm, the upper margin should be 3.5 cm,
and bottom one should be 2 cm. Mathematical and chemical symbols, equations, and formulae should be inserted in
the text by computer means (MathType or Microsoft Equation). Figures should be computer-generated in software
packages intended for processing and visualization of scientific data: Origin, Mathcad, etc. The use of the MS Office
Excel is not recommended. Use computer printed symbols for axes labeling. Insert prepared images into an MS
Word file as files in *.emf, *.wmf, *.jpg, *.jpeg, *.png format within the area of the page specified above. We
recommend the following layout: images are placed in the first row of the table with transparent outer borders,
legends and comments to figures are placed in the second raw of the table. The font size of figure legends should be
9 points. Formulae, tables, figures should be numbered consecutively using Arabic numerals, e.g. (1), Table 1, Fig 1.
If the article is written in Ukrainian, captions to figures and tables are duplicated in English.

Insert UDK in the first line on the left of a first page (11 pt, Italic). Leave one line blank. Place the title of the paper
in capital letters (12 pt, bold, centered) on the next line. After one blank line type initials and surnames of the
authors (12 pt, bold, centered). On the next line type the authors' affiliation and postal addresses of the institution
where the actual work was done, including an e-mail address of the corresponding author (10 pt, Italic, centered).
Then, place the date of the paper submission: day — in numbers, month — in words, year — in numbers (straight
font, 10 pt, centered). Then, place the date of the paper submission (to be filled by editor).

After one blank line place two abstracts of the paper (written in Ukrainian and English). The first abstract should be
written in the language of the manuscript. On the next line provide the second abstract (capital letters, straight font,
10 pt, bold, centered). Above the second abstract place the titles of the paper in the second language (capital letters,
straight font, 10 pt, bold, centered), then — initials and surnames of the authors (straight font, 10 pt, bold, centered),
and finally — the authors' affiliation names and addresses (9 pt, Italic, centered), every time starting from a new
line. The abstract should be structured and consist of the following parts with headings: Background, Objectives,
Materials and Methods, Results, Conclusions, each placed on a new line. The words “Pedepar” and "Abstract"
should be omitted. The headers of structural parts are written in bold letters, putting a dot after the header. The two
abstracts of the paper should contain not less than 1,800 and not more than 2,000 phonetic symbols (i.e., without
taking into account the spacing between words); straight font, 10 pt. On the next line type 5-8 key words, separated
by a semicolon (10 pt — first abstract, 9 pt — second and third abstracts). Next, the header "KEY WORDS:"
should be typed in bold capital letters at the beginning of the line. The texts of the abstracts and key words should be
indented 0.5 cm from the left and right margins. The abstracts should be separated by a blank line.

Then, leave one blank line before starting to type the text of the paper with following options: Times New Roman
font, 12 pt, text justified. The first line of each paragraph should be indented 0.75 cm from the left margin. Each
manuscript should contain the following elements: an introduction (heading of this section should be omitted),
MATERIALS AND METHODS (obligatory for experimental studies)), RESULTS AND DISCUSSION,
CONCLUSIONS. For theoretical less specified text organization is envisaged, e.g., instead of section
MATERIALS AND METHODS, the sections PROBLEM FORMULATION or MODEL are recommended, etc.
The sections are not numbered, capital letters, bold, centered. Sections may be subdivided into subsections, if
necessary. Subsection Headings are centered and should be bold and capitalized. Leave one blank line after each
section or subsection. A dot should be omitted after headings of sections and subsections. Names of the foundations
and grant numbers should be included in the section ACKNOWLEDGMENTS at the end of the text after one
blank line. The next section should be CONFLICT OF INTEREST in which you should declare financial or any
other conflict of interest. If there is no conflict of interest, you can state: “The authors declare that there is no
conflict of interest.” The next section should be Authors’ ORCID ID in which you should include ORCID internet
addresses of all authors.

References to the literature should be cited in the text consecutively by Arabic numerals in square brackets. The
citation of unpublished papers, textbooks and tutorials are prohibited. List of references (10 pt) should be given at
the end of the manuscript as a separate section REFERENCES, formatted according to the VVancouver style for
scientific publications.

The examples for reference formats are given on the journal's website in the "Author Guidelines™:
https://periodicals.karazin.ua/biophysvisnyk/about/submissions.

Manuscripts that do not meet the requirement mentioned above will not be considered for publication!
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