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HNPEANCJIOBUE

OnHuM U3 mapaoKCoOB KU3HHU HA HAIIeH IJIAHETE ABIISIETCS TO, YTO KUCJIOPOJ — MOJIEKYJIa,
MoJIICP>KUBatoIIast a3poOHYI0 KM3Hb U CIyXallask OCHOBOM Uil HEPreTMYECKOro MeTadoimu3Ma,
BOBJIEUEHA BO MHOTHME Jler€HepaTUBHbIE Ipolecchl U Ooyie3HH. Bpicokas okucIuTeNbHAS
CIIOCOOHOCTh KHCIIOPOJa, HeoOXoaumas Juis ero (yHKIMOHMPOBAHUS B JIBIXaTEIbHOW CHUCTEME,
croco0cTByeT 00pa30BaHUIO TOKCUYHBIX KUCIOPOIHBIX PaJAUKAJIOB, MM aKTUBHBIX (JOPM KHCIOpOIa
(ADK). Bmecte ¢ TeM, ADK sBISITOTCS KIHOYEBBIMU CUTHAIBHBIMU MOJIEKYJIAMHU, BOBJIEYEHHBIMU B
perynanuio MeTadoJIMYeCKUX TMPOIECCOB W 3alUTHBIX PEaKIM JKUBBIX KIETOK. 3HaHHE O
MOJIEKYJISIPHBIX MEXaHM3Max U (U3MOTOTHUECKUX  TOCIECTBUAX OKHCIINTENIBHO-
BOCCTAHOBUTENIbHBIX TMPEBPAIlEHUN BBHICOKOMOJIEKYJISIPHBIX COEAMHEHMH PACTUTEIbHOM KIETKH
aBnsieTcd (pyHIaMEHTaIbHOW OCHOBHOW Ul HAmpaBJICHHOTO HM3MEHEHHUs MpPOIECCOB pOCTa U
MMMYyHHTETa pacTeHuil. B HacTosem cOopHuke npeacraBieHsl Mmatepuansl 111 MexayHnapoaHoro
cumIio3uyma «MOJIeKyIsIpHbIE aCHeKThl peloKc-MeTabosnm3Ma pacteHuit» u Ilkomsl MosoabIx
yuéHbIX «PoJib aKTUBHBIX (POPM KHUCIIOPOJIa B )KU3HU pACTeHUI», mpoxoasmux 22—-28 asrycra 2021
B YpansckoMm enepaabHoM yHHBepcurere, ExartepunOypr, Poccus. B cummosnyme npuHsim
ydacTue B cMemaHHoM Qopmate online u offline yuennie u3 6onee yem 30 roponoB Poccuiickoii
®enepanun, a Taoke u3 benapycu, [onsm, KOxuolt Adpuku, Uunuu. COopHUK OyneT HHTepeceH
crenanucTamM-oOnosoraM, XuUMHKaM, OHOTEXHOJoraMm, CTYIEHTaM BY30B OHOJOTHYECKHX,
XUMHUYECKHX, CEJIbCKOX03SIICTBEHHBIX HAIlPABJICHUN.

Ot umenu [IporpaMMHOro KOMHUTETA,

Comnpencenareny CUMIIO3UyMa
. C. Kucenesa, K.0.H., IOLIEHT
®. B. Munubaesa, 1.0.H.

INTRODUCTION

One of the paradoxes of life on our planet is the fact that oxygen, the molecule, which supports
aerobic life and serves as a basis of energy metabolism, is involved in various degenerative processes
and diseases. The high oxidative capacity of oxygen needed for its functioning in respiration can
facilitate the formation of toxic oxygen radicals, or reactive oxygen species (ROS). On the other hand,
ROS can serve as key signalling molecules involved in the regulation of metabolic processes.
Knowledge about molecular mechanisms and physiological consequences of the redox
transformations of high molecular weight compounds of plant cells is a fundamental basis for the
directed changes of plant growth and immune system. This special issue presents the materials of the
III International Symposium on “Molecular Aspects of Plant Redox Metabolism” and the School for
Young Scientists “The Role of Reactive Oxygen Species in Plant Life” (22-28 August 2021,
Ekaterinburg, Russia). The researches from more than 30 scientific centres of Russian Federation as
well as from Belarus, Poland, South Africa, and India participated in this symposium in a mixt online
and offline format. This issue is of interest for researchers and students specializing in biology,
chemistry, biotechnology.

On behalf of the Program Committee,
Symposium Co-Chairs

Dr. Irina Kiseleva
Prof. Farida Minibayeva
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MunubaeBa ®@apuaa BuiieBHa, 1.6.1.

3asgeodyrowuil rabopamopuet OKUCTUMENbHO-80CCHAHOBUMETLHOO
memadonusma Kazanckoeo uncmumyma ouoxumuu u 6uoghusuxu —
0b0cobaennoco cmpykmypHozo noopazoenerus UL KazHIL] PAH,
Kaszanw, Poccus

Hayunvie unmepecwt: Gusnonorus u OHOXUMUS CTpecca,
aKTUBHBIE (QOpPMBI KHCIOpOJa U a30Ta, pPacTEHUs-
AKCTPEeMODUITBI

Haszeanue 0oknaoa: MenanuHbl — TEMHasi CTOPOHA PEIOKC-
MeTaboau3Ma

Kucenésa Upuna CepreeBHa, k.6.H., 101eHT

3aseoyrowuii  kaghedpoli  IKcnepumMenmanvHol - buorocuu U
ouomexnonocu  MHcmumyma — eCmecmeeHHvblX — HAVK U
mMamemamuxu  Ypaibckozo pedepanvHozo yHusepcumema um.
nepsoeo Illpesuoenma Poccuu b.H. Envyuna, Examepunoype,
Poccusa

Hayunvie unmepecwt: crpecc-QU3NOIOTUS PacTEHU,
(oToCHHTE3 M MPOJYKLIMOHHBIH Ipo1ece

Ha3zeanue ooxnada: Ypajl UHIYCTPUAIbHBINA: KaK BBDKABAIOT
pacteHus

Beckett Richard Peter, PhD, Professor

Professor of School of Life Sciences, University of KwaZulu-
Natal, Pietermaritzburg, South Africa

Scientific interests: plant stress physiology, desiccation
tolerance, light stress, lichens, bryophytes, antioxidants

Presentation title: Photoprotection and signalling in lichens

MaxkcumoB Urops BaragumupoBud, 1.6.1.,
npodeccop

3aseoyrowuti nabopamopueti OUOXUMUU UMMYHUMEMA PaACenull
Uncmumyma  ouoxumuu u  2eHemuku — 000COONEHHO20
cmpykmypHoz2o noopasoenenus YOI PAH, Y¢a, Poccus

Hayunvte unmepecwvt: (Gpu3uONOTUs PACTEHUH, 3aIlIUTa
pacTeHHid, PUTOMMMYHUTET

Haszeanue ooknada: AKTUBHBIC POPMBI KCIOPO/IA B 3aIUTE
pacTeHuil 0T GMOTHYECKOTO CcTpecca
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Strzalka Kazimierz Jan, PhD, Dr. hab., Professor

Professor of biochemistry Malopolska Centre of Biotechnology
and Faculty of Biochemistry, Biophysics and Biotechnology,
Jagiellonian University, Krakow, Poland, member of Polish
Academy of Sciences, Polish Academy of Arts and Sciences,
foreign member of Chilean Academy of Sciences

Scientific interest: formation and development of the
photosynthetic apparatus, membrane molecular dynamics,
photoprotective mechanisms in plants, abiotic stresses and
research on extremophiles

Presentation title: Role of plastid-derived prenyllipids in
oxidative stress in plants

Gruszecki Wiestaw Ignacy, PhD, Dr. hab., Professor

Head of Department of Biophysics and Vice-Rector for Science
and International Cooperation Maria Curie-Sktodowska
University, Lublin, Poland

Scientific interest: Photophysics of photosynthesis

Presentation title: Photoprotective strategies of a chloroplast

Jdemuguuk Bagum BukropoBuy, 1.6.1.

Hexan buonocuuecko2o Gaxyremema benopyccroeo
20Cy0apcmeenno2o  yHugepcumema, npogheccop  xkagheopwi
KIemoyHou ouonocuu u Ououmdcenepuu pacmenutl, MuHck,
Pecnyonuxa Benapyco

Hayunvle unmepecsl: K1eTOYHAsl CUTHATIM3ALUS U PEJOKC-
Ouosiorusi pacTeHUd, HMOHHBIN TPaHCHOPT, (HU3NOIOTHS
cTpecca y pacTeHHI

Hazeanue oOoknada: L-ackopOMHOBas KHUCIOTa Kak
CUTHAJIbHBIA U PETYJISITOPHBIA areHT Y BBICIIUX PACTCHHI
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MomkoB Urops EBrenbeBu4, 1.6.1., B.H.C.

Pyxosooumenv ~ omodena  usuxo-xumuueckux — memooos
uccnedosanuti, Hucmumym  uszuonocuu  pacmenuil  um.
K.A. Tumupszesa PAH, Mockea, Poccus

Hayunvie unmepecot: MEXaHU3Mbl JCHCTBUS (PUTOTOPMOHOB
U KJIETOYHAs! CUTHAJIN3

arysi, crpeccoBasi (PU3HONIOTHS, HAHOYACTHUIBI 30JI0Ta, UX
3¢ (}eKTH 1 MEXaHU3MBI ICUCTBUS B PACTEHUSIX

Haszeanue oOoxnada: DTUNEH: MalleHbKas MOJEKyJla —
0O0JIBIIIE BOITPOCHI

EmeabsnoB Baagucaas Baagumuposuy, x.6.4.,
JOLICHT

Hoyenm xagedpwr cenemuxu u 6UOMeXHON02UU DUOTOSUUECKOO
gaxyremema  Caunxm-IlemepOypeckozo — 20Cyo0apcmeeHHO20
yrusepcumema, Canxm-Ilemepoype, Poccus

Hayunsle unmepecwt: GU3HOIOTHSI CTpecca pPACTCHHM,
ajanTalusl pacTeHUW K HeNocTarky kuciopona, ADK,
AHTUOKCUIAHTHBIE CUCTEMBI

Ha3zeanue ooknada: OKUCIUTEIBHBIN CTPECC B PaCTCHUSIX
npu  JIeHCTBUM JedUIUTa KHUCIOpOAa W MOCIHeAYIoIeh
peaspanuu

®poJ10B AHApel AJTeKCAHAPOBUY, K.X.H., TOLEHT

Jloyenm rkageopwt Ouoxumuu 6OuonOCUYECKO20 (haKyIbmema
Canxm-Ilemepbypeckoeo 20cyoapcmeenno2o  yhusepcumemd,
Canxm-Ilemepbype, Poccust

Hayunvie unmepecsl: TTHKOOKUCIUTEIbHBIC MOAM(DUKAITIH
0OETKOB — MEXaHU3MbI 00pPa30BaHUs U OMOIOTUYECKasl POJlb,
MPOTEOMUKA W METa0OJIOMHKA CTPECC-OTBETa PACTCHHIA,
MOIYISIUS OTBETAa pACTEHHW Ha JIEHCTBHE 3acyXH,
BTOPUYHBIA METAa0OJU3M pacTeHHH, (PU3NOIOTHUECKUE
3¢ (heKThl BTOPUYHBIX META0OIUTOB PACTEHUN B KUBOTHBIX
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VK 581.1

PHOTOPROTECTION AND SIGNALLING IN LICHENS

Beckett R.P."", Mkhize K.W.G.!, Minibayeva F.V.?

"University of KwaZulu-Natal, Pietermaritzburg, South Africa
2Kazan Institute of Biochemistry and Biophysics,

FRC Kazan Scientific Center of the RAS, Kazan, Russia
*E-mail: rpbeckett@gmail.com

Keywords: chlorophyll fluorescence, photoprotection, sun and shade, sunfleck, xanthophyll cycle.

Lichens are symbiotic organisms, comprising a fungus (the mycobiont) and either an alga or a
cyanobacterium (the photobiont). They range in size from tiny crusts less than 1 mm™ to pendulous
forms that hang more than 2 m from tree branches. Lichenization is one of the most successful ways
that fungi use to fulfill their need for carbohydrates, and about 20% of all fungi are lichenized. There
are 13,500 species of lichens in the world, but lichenization is almost completely restricted to the
Ascomycota. Lichens often grow in places where they are subjected to severe abiotic stresses such as
desiccation, temperature extremes and high light intensities. What really makes lichens special, and
what separates them from most other eukaryotic organisms, is their ability to tolerate desiccation.
However, in addition to desiccation stress, in their natural habitats the light intensities experienced
by lichens frequently exceed those that their photobionts can use to generate ATP and NADPH. The
excess energy absorbed unavoidably leads to the production of reactive oxygen species (ROS). As a
first line of defence, lichen photobionts dissipate excess energy as heat. This dissipation occurs in
various ways, collectively referred to as non-photochemical quenching or NPQ. If excess light
overwhelms thermal dissipation, the ROS produced can be scavenged using enzymatic or non-
enzymatic antioxidants. Furthermore, the “PSII repair cycle” can be used to repair the D1 protein, a
key but sensitive component of photosystem II. In addition, lichen mycobionts respond to high light
by synthesizing cortical sun-screening secondary metabolites. The first aim of this lecture will be to
review how these various mechanisms work together to ensure that lichens can display remarkable
tolerance to high light stress. However, in addition to growing in exposed bright habitats, some
lichens are rather “shade” species, for example those that grow on tree trunks. Shade lichens are often
exposed to rapidly changing light levels, depending on diurnal variations in the angle of sunlight, tree
architecture and movements of the branches of the trees. Lichens in such habitats experience rapidly
changing levels of irradiance; the relatively brief periods that lichens are exposed to high light levels
are known as “sunflecks”. A second aim of this lecture is to review our recent work on how lichens
respond to such light environments by modulating NPQ. While NPQ reduces photoinhibition when
light intensities are high, excessive NPQ can greatly reduce the quantum yield of photosynthesis at
lower light levels. Our results show that the main difference between sun and shade species is that
shade species display a much faster drop or “relaxation” in NPQ at the end of a period of illumination.
We suggest that this enables their photobionts to use efficiently the lower light levels that occur once
a sunfleck has passed. Even one species can display significant variation, with shade populations
displaying faster relaxation than those sampled from more open habitats. Recent studies with crop
plants have suggested that fast relaxation of NPQ can increase yields; we suggest that comparative
studies of sun and shade lichens may facilitate the bioengineering of other organisms to display
accelerated responses to natural shading events.
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VK 581.1

ANALYSIS OF AGE-RELATED CHANGES IN LEGUME ROOT NODULE PROTEOME:
AN INTEGRATED MULTI-OMICS APPROACH

Bilova T.!", Kim A.%, Popova V.!, Lukasheva E.!, Dorn M.2, Mamontova T."?, Tsarev A.'?,
Mavropulo-Stolyarenko G.', Chekina A.', Romanovskaya E.!, Osmolovskaya N.!, Demchenko K.%,
Frolova N.!, Ihling C.%, Tsyganov V.5, Matamoros M., Sinz A.*,

Wessjohann L.A.%, Zhukov V.5, Frolov A.!?2

ISt. Petersburg State University, St. Petersburg, Russia
?Leibniz Institute of Plant Biochemistry, Department of Bioorganic Chemistry, Halle/Saale, Germany
’Komarov Botanical Institute of the Russian Academy of Sciences, St. Petersburg, Russia
“Martin-Luther Universitit Halle-Wittenberg, Institute of Pharmacy, Halle/Saale, Germany
SThe All-Russian Research Institute for Agricultural Microbiology, St. Petersburg, Russia
SEstacion Experimental de Aula Dei, Consejo Superior de Investigaciones Cientificas (CSIC),
Zaragoza, Spain
*E-mail: bilova.tatiana@gmail.com

Keywords: Phaseolus vulgaris, Pisum sativum, Rhizobium leguminosarum, nodule senescence, proteomics.

Sustaining high yields and quality of agricultural production is critical for the national economy. In
this context, it is of a key importance to obtain leguminous plants characterized by high protein
content in seeds. To ensure the high productivity of legumes, it is necessary to extend the period of
active functional state (i.e. to preserve a high level of nitrogenase activity) of nitrogen-fixing root
nodules, which gradually decreases with nodule ageing during fruit formation. To solve this problem,
an array of proteomics and metabolomics methods was applied to characterize the molecular
mechanisms underlying senescence relative changes in determinate and non-determinate nodules of
agriculturally valuable plants such as bean (Phaseolus vulgaris) and pea (Pisum sativum),
respectively. The nodules were collected from the plants at juvenile, flowering and seed filling phases.
These phases corresponded to the stages of functionally active (mature), early and late senescent
nodules. The nodule proteins were isolated by phenolic extraction and subjected to limited proteolysis
with trypsin. The resulted peptides were analyzed with high resolution nanoLC-ESI-Q- and LIT-
Orbitrap-MS. Comprehensive analysis of the nodule metabolism was accomplished by gas
chromatography-electron ionization-quadrupole-mass spectrometry (GC-EI-Q-MS), ion-pair-
reversed phase-ultra high performance liquid chromatography - electrospray ionization — triple
quadrupole MS/MS (IP-RP-UHPLC-ESI-QqQ-MS) and RP-UHPLC-ESI-quadrupole-time of flight
(QqTOF)-MS (positive and negative ion modes), respectively. Proteomes of both plant and symbiotic
bacteria Rhizobium leguminosarum bv. viciae and R. leguminosarum bv. phaseoli were characterized
in bean and pea nodules, respectively. In spite of formation of different (determinate and non-
determinate) morpho-physiological types of nodules by these plants, similar metabolic processes
were revealed in tissues of the senescent nodules. The most important event characterized for the
plant part of nodule senescent proteome is a dramatic decrease in contets of the polypeptides involved
in protein metabolism (proteins of ribosomal 40S and 60S subunits, ubiquitin-dependent protein
degradation, chaperones and histones). On the other hand, in proteomes of two rhizobial strains the
proteins of energy metabolism and those involved in transport of different metabolites are up-
regulated. Remarkably, the expression of several proteins of nitrogenase complex was increased in
R. leguminosarum bv. viciae proteome of pea nodules, but decreased in R. leguminosarum bv.
phaseoli of bean nodules.

This work is supported by the Ministry of Science and Higher Education of the Russian
Federation in accordance with agreement Ne 075-15-2020-922 date 16.11.2020 on providing a grant
in the form of subsidies from the Federal budget of Russian Federation. The grant was provided for
state support for the creation and development of a World-class Scientific Center “Agrotechnologies
for the Future.
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Soil pollution along with climatic stress (drought) is considered as one of the severe factor that causes
negative effects on plant growth and yield. For instance the combined stress including heavy metals
and drought affects the physiological mechanisms by inducing oxidative stress, water use efficiency
and other biochemical processes, which consequently reduce plant growth and survival [1, 2]. In order
to ameliorate the negative effects of combined stress, various plant growth-promoting bacteria
(PGPB) have been frequently used because of their potential in altering plant nutrient uptake,
hormone levels, osmolytes, antioxidants accumulation, and stress and growth-related genes in plants
(3, 4].

The present study was aimed to evaluate the efficiency of PGPB on growth, stress tolerance,
photosynthetic performance and metal accumulation of Zea mays grown under chromium (Cr),
drought, or Cr+drought condition. Cr reducing multi stress resistant-PGPB (CRMST-PGPB) TCRO05
and TCR20 were isolated and identified as Providencia sp. strain TCROS5 and Proteus mirabilis strain
TCR20, respectively.

Inoculation of Z. mays with CRMST-PGPB decreased the reactive oxygen species (ROS)
mediated oxidative stress (lipid peroxidation) through reducing the toxicity of Cr(VI) and secreting
other plant growth promoting metabolites, which eventually declined plant proline content and
superoxide dismutase (SOD) activity under combined stress condition. Further, inoculation of
CRMST-PGPB increased the pigment content, relative water content (RWC), and non enzymatical
antioxidant status of the plant under stress condition. The photosynthetic performance of Z. mays
inoculated with CRMST-PGPB increased significantly, where it improved the CO, fixation rate (4),
stomatal conductance to water vapor (g;), transpiration rate (£), maximum quantum efficiency of PSII
(Fv/Fu), actual quantum efficiency of PSII (®psn), electron transport rate (ETR), and photochemical
quenching (gp) under combined stress condition. Besides, inoculation of CRMST-PGPB decreased
the Cr translocation to the aerial parts. Therefore, the bioaugmentation of CRMST-PGPB has the
potential to reinforce stress tolerance as well as improve the photosystem performance resulting in
improved growth and physiology under Cr contaminated sites even under water-limited conditions.

L.B.B thankful to the Science and Engineering Research Board (SERB), India for providing
National Post-Doctoral Fellowship (Grant No.PDF/2017/001074). T., A.K and M.R. are grateful for
the Department of Science and Technology (DST), India (Project No.INT/RUS/RFBR/363) and
Russian Foundation for Basic Research, Russia (Project No. 19-516-45006) bilateral research grant.
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Drought is one of the most common causes of crop loss in modern agriculture. Therefore, drought
tolerance of crop plants needs to be improved. It may be done in different ways, for example, by using
genetic material derived from desiccation-tolerant species. Mosses have the distinctive capacity to
endure extended water shortages. A profound reorganization of metabolism, characterized, first and
foremost, by the accumulation of low molecular weight osmoprotectors, plays a unique role at the
core of this moss ability. However, before this feature can be implemented in agriculture, the
molecular processes behind moss desiccation tolerance must be studied in more detail.

In previous work, we addressed the metabolic changes in Dicranum scoparium thalli in
response to dehydration (24 hours at room temperature) and sub-sequent rehydration (24 hours at
5 °C). To address the natural compounds of various chemical nature, a comprehensive analysis of
primary and secondary metabolites was accomplished with a broad array of analytical techniques.
The analyses revealed that the moss metabolic response to desiccation and subsequent rehydration
was accompanied by a significant accumulation of sugars as well as changes in lipid and terpene
metabolism, manifested by changes in the patterns of phosphatidylcholines and biosynthesis of
pentacyclic triterpenes, respectively. Interestingly, the relative abundance of proline, the major
biochemical marker of drought in flowering plants, did not show any desiccation- or rehydration-
related alterations.

Analysis of the moss proteome relied on nanoLC-LIT-Orbitrap-MS and label-free relative
quantification. Data interpretation and post-processing revealed six clusters characterized by different
patterns of protein dynamics across the period of dehydration and subsequent rehydration. Thereby,
most proteins are characterized by an increased abundance during dehydration, while the amount
during rehydration remains unchanged. That cluster mainly included photosynthetic proteins, as well
as components of the ribosomal machinery. Interestingly, the second major cluster was characterized
by an inverse expression pattern, though it mostly contained proteins involved in translation and
transcription. Overall, we detected significant changes in the abundance of proteins involved in
photosynthesis, protein and DNA metabolism, and cellular transport.

In light of these concerns, the goal of this work is to combine our prior metabolomics insights
with the information gained from proteomics analysis to provide a more comprehensive picture of
the changes that occur during desiccation and rehydration. For that, a novel pipeline was created since
there are no established procedures for integrating metabolomics and proteomics data. Pathway
enrichment analysis was utilized to evaluate differentially expressed metabolites, and pathway impact
value was used to estimate significance of individual players within a particular metabolic pathway.
Groups of proteins from the ten most responsive metabolic pathways to drought and rehydration were
chosen for further protein-protein interaction network analysis to acquire the shared pathways and
common interactions between differentially expressed proteins and metabolites.
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During the maturation phase, the moisture content of orthodox seeds is progressively decreased (up
to its level of 5-10%), and this causes activation of drought tolerance molecular mechanisms allowing
the seeds to sustain extreme environmental conditions such as high and low temperatures, frost,
drought [1, 2]. Interesting, seeds also maintain the ability to tolerate desiccation during first two
phases of germination, which are characterized by rapid water uptake, initiation of respiration, repair
of accumulated damages, immobilization of reserve nutrients and activation of synthetic processes
[1, 3]. These seeds were able to germinate after drying and rehydration. However, the transition to
phase III, associated with the initiation of rapid expansion growth of radicle (radicle protrusion), is a
critical stage and is also called as a “point of no return” after which the seeds can no longer survive
dehydration [1].

The aim of the study was to evaluate physiological and biochemical changes related to
desiccation tolerance loss during the seed to seedling transition. The objects were Pisum sativum L.
seeds variety Prima from the collection of the N.I. Vavilov Institute of the Plant Genetic Resources.
In preliminary experiments radicle growth initiation, accompanied by visible protrusion was observed
after 72 hours of germination onset. Therefore, two groups of seeds of this age (72 hours of
germination onset) before and after radicle protrusion were collected. Embryonic axes which included
embryonic radicle, stem and plumule were isolated from the seeds and used in comparative stress
marker analyses (hydrogen peroxide, thiobarbiturate (TBA)-reactive products of lipid oxidation, and
ascorbic acid as a marker of activation of antioxidant systems). The embryonic axes were extracted
with water-methanolic, acidic water-ethanolic, and dichloromethane to obtain fractions of (i)
thermally stabile primary metabolites, (i1) thermally unstable primary metabolites, and (ii1) secondary
semi-polar metabolites, respectively. The obtained extracts were analyzed with gas chromatography-
electron ionization-quadrupole-mass spectrometry (GC-EI-Q-MS), ion-pair-reversed phase-ultra
high performance liquid chromatography - electrospray ionization — triple quadrupole MS/MS (IP-
RP-UHPLC-ESI-QqQ-MS) and RP-UHPLC-ESI-quadrupole-time of flight (QqTOF)-MS (positive
and negative ion modes), respectively.

The axes isolated from the seed groups “before radicle protrusion” and “‘after radicle
protrusion” differed significantly in moisture content (72% and 87%, respectively), therefore the
contents (or relative contents) of analyzed substances were calculated on a dry matter basis. The
radicle growth initiation was accompanied by 1.5- and 2-fold increase in the levels of H202 and
TBA-reactive products of lipid peroxidation, respectively, together with a sharp 8-fold increase in
ascorbate content. Interestingly, there was no change in the level of another key antioxidant,
glutathione, both its reduced and oxidized forms. In general, metabolomic analysis revealed 292
primary metabolites, the levels of which significantly (FC > 1.5 at p <0.05) changed in the embryonic
axes with a visible protrusion of radicle tip compared to that of not visible emerged. Of this number,
the levels of more than 80% of metabolites increased upon radicle growth. Moreover, relative
contents of several metabolites such as homoserine, tryptamine, 3-deoxytetronic acid, galacturonic
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acid oligomer, monosaccharides increased more than 10-fold in “after radicle protrusion” group as
compared with those in “before radicle protrusion” group. On the other hand, levels of other
substances, such as ribose-1-phosphate, galactinol, tyrosine, decreased more than 10-fold upon
radicle growth. The results obtained indicate significant biochemical rearrangements in amino acid
and sugar metabolisms during the seed-to-seedling transition accompanied with the desiccation
tolerance loss. Additionally, there was a significant increase in products of lipid peroxidation,
hydrogen peroxide and ascorbic acid indicating a changing in the redox status of axes cells.

The research was supported by the Russian Science Foundation (project 20-16-00086) with
using the equipment of Research Park of Saint Petersburg State University.

References
Smolikova G., Leonova T., Vashurina N., ef al. // Int. J. Mol. Sci. 2021, 22, 101.

[E—

2. Oliver M.J., Farrant J.M., Hilhorst H W .M., et al. // Annu. Rev. Plant Biol. 2020, 71, 435-460.
3. Obroucheva N.V.; Sinkevich .A., Lityagina S.V., Novikova G.V. // Russ. J. Plant Physiol. 2017,
64, 625-633.
Germination, Cotyledons m:mi,
2h and fixation
hH!IH“ ,Mma_.mm Gtm am LFMMHS!,d e e T g Ot ) Uy, SRIH
S [t P | (i =
lmup Ahlrud‘-de = L 2 ¥
Wlmj ..E. E '" —— E E _-'_
\‘ @/ﬂ EI|—§J I | ¥
Mo AR T Wh | T T
rnine | oo, |
Ir-f.l.q: « Betore radide
protnusien (33

27



[T MexmyHapOaHBIH CUMITIO3UYM «MOeKyIspHBIE acTIeKTh PEIOKC-MeTaboIn3Ma pacTeHUI»

YIK 577.112

COMPARISON OF THE EFFECTIVENESS OF DIFFERENT STRATEGIES OF LIMITED
PROTEOLYSIS FOR REDOX PROTEOME INVESTIGATION

Danko K.V.!", Lukasheva E.M.!, Zgoda V.G.?, Frolov A.A.'?

!Saint Petersburg State University, Saint Petersburg, Russia
2Orehovich Institute of Biomedical Chemistry, Moscow, Russia
3Leibniz Institute of Plant Biochemistry, Halle/Saale, Germany

*E-mail: danko katerina@mail.ru

Keywords: bioinformatics, detergent, LC-MS/MS, mass-spectrometry, proteomics.

Biotic and abiotic stress conditions lead to production of reactive oxygen species (ROS) which readily
oxidize DNA, proteins, lipids and resulting in development of oxidative stress damage. Redox
proteomics aims characterization of oxidative post-translational modifications of proteins, i.e.
assignment of alterations in their structure, functional activities and specific roles in regulatory and/or
signaling pathways after interaction with ROS. Typically, redox proteomics relies on the bottom-up
shotgun LC-MS-based approach as the main technology platform. However, it needs to be taken into
account that the success of this technique is strongly dependent from the completeness of enzymatic
digestion at the step of sample preparation. This is, however, a challenging task, as, from one hand,
detergents and haotropic agents are necessary for efficient digestion, from another — their
supplementation dramatically affects separation and detection of peptides. Therefore, multiple
solutions, like the usage of degradable detergents or their post-sample preparation removal can be
applied to overcome this limitation [1]. However, despite the large number of protocols and
commercialized products, their comparative efficiency for a broad range of biological matrices is
mostly unknown. Thus, in this study we provide a comprehensive comparison of diverse sample
preparation protocols in terms of their efficiency for different sample types and applicability for the
study of post-translational modifications.

For this, two plant objects were chosen for the research including green shoots of Arabidopsis
thaliana and seeds of Pisum sativum. Our choice was explained by the several reasons: 1) proteomes
of these plants are well characterized; 2) RuBisCo (Ribulose-1,5-bisphosphate carboxylase-
oxygenase) and storage proteins (legumin, vicilin and convicilin) are two prevalent protein fractions
in A. thaliana and P. sativum, respectively. Thus, the effectiveness of the protocol of limited
proteolysis may be estimated by the number of identified minor protein fractions. These plant derived
matrices were compared with animal objects including HEK 293 (Human Embryonic Kidney 293)
cell line, human blood plasma and brain tissues of Danio rerio.

For this, we compare altogether six protocols covering several sample preparation strategies.
The first group was represented with FASP (filter aided sample preparation) protocol in which SDS
(sodium dodecyl sulfate) detergent is replaced by urea that is compatible with mass-spectrometry.
The second approach assumed the usage of acid-labile surfactants, which degrade at low pH (PPS-
Silent, Protease-MAX, AALSII). Finally, the third strategy relied on the detergents yielding insoluble
precipitates under low pH values (sodium deoxycholate and RapiGest). Supplementation of urea was
used as a reference protocol. The proteolytic peptides were analyzed by nanoLC-MS/MS (Liquid
chromatography—mass spectrometry) using Orbitrap Q-exactive. Based on the results of
bioinformatics analysis of the LC-MS data, the most efficient (in the sense of sequence coverage and
PTM recovery) proteomics sample preparation protocol will be chosen for the future works on plant
redox proteome.

This work is supported by the Russian Foundation for Basic Research 20-54-00044.
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Food Security means that people, all the time, have access to safe, sufficient, and nutritious food that
meets their dietary needs for a good life. There is a relationship between food security and seed
security, because good seed quality can increase agricultural productivity and food production. There
are many techniques which can improve seed security but one of the best technique is by inoculating
seeds with plant growth-promoting bacteria [1].

There is a misconception that barley (Hordeum vulgare) production does not contribute to
food security. The importance of barley production as part of a crop rotation system should not be
overlooked. The overall importance of barley as human food is still minor but there is much potential
for new uses. [2].

The term endophyte is an endosymbiont that lives within a plant for at least part or whole of
its life cycle without causing any disease, often a bacteria or fungus [3]. Generally, endophytes have
been found in all species of plants, but until now the relationships between the endophytes and plants
are still not well understood. Primarily, endophytes can help the host plant to survive with different
issues such as pathogens and disease, heat stress, water stress, nutrient availability, poor soil quality,
and salinity [4].

One of the serious problems which happening now in the world is the contamination of soil
due to heavy metals (HM). Various techniques have been used to understand the mechanisms and
provide tools to enhance plant tolerance under environmental stresses, and inoculation the plants with
endophytic bacteria is the must develop sustainable agricultural practices to ensure long-term food
production. In this context, endophytic bacteria like Methylobacterium sp. could play a very important
role in understanding the HM uptake mechanism by the plants and their resistance to HM [5].

The main objectives of our study are inoculating Bacillus subtilis and Methylobacterium sp.
in sterilized barley seeds and check its ability to promote plant growth and reduce heavy-metal
toxicity. Plants seeds were provided by Ural Federal University, Institute of Natural Sciences and
Mathematics, Russia. Plants were germinated and grown on sterilized soil and at 25 °C and irrigated
with sterile water.

In this work, we sterilized barley seeds by using 70% ethanol for 1 min, 2% sodium
hypochlorite for 3 min, and 0.2% mercuric chloride for time 30 sec. The sterilized seeds plant were
inoculated with two standard solutions of B. subtilis and Methylobacterium sp. which prepared at 7.23
log cfu/ml under sterile laboratory conditions. Seeds were germinated for 7 days on filter paper then
transferred to sterilized soil. The second true leaf of barley was used for the evaluation of leaf
photosynthesis (CO> assimilation rate was recorded by LiCor 6400XT, 23 °C, PAR 1500 uM/m? X s).
Chlorophyll content was determined spectrophotometrically in 80% acetone extracts. Also to
determination of the level of LPO under control conditions and under stress from heavy metals, we
prepared a stress solution by adding 0.05 M CuSOs. Then we applied the stress solution to the plant
leaves for two hours. After that, the level of lipid peroxidation was measured by the accumulation of
TBA-reacting products.

The results showed that the level of CO; assimilation rate was higher in inoculated plants
compared to those grown from control (sterile seeds). Also, it was found that the level of CO2
assimilation rate was higher in plants that were inoculated by B. subtilis than plants that were
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inoculated by Methylobacterium sp. The amount of chlorophyll was the highest in barley inoculated
with B. subtilis (1.1 mg/g fw), and the lowest values were (0.92 mg/g fw) in control plants.

The level of LPO was increased under heavy metal stress in all barley plants, both of which
inoculated by bacteria and which grown from sterile seeds, compared to normal conditions, but in
control plants were stressed higher than plants which inoculated by the bacteria, and the LPO level
under heavy metal stress was lower in plants which were inoculated by Methylobacterium sp. than
by B. subtilis. Nevertheless, a positive effect of inoculation was observed in all cases, which allows
us to formulate a proposal on the use of useful endophytic bacteria as potential natural resources for
enhancing phytoremediation of metal-contaminated soils and for studying the diversity and structure
of bacterial communities living in conditions of HM pollution [6].

In our work, we used two different endophytic bacteria with barley, and from our previous
work, we approved that bacteria can transfer from soil to leaves plant [7]. The photosynthesis rate
was higher in barley which inoculated by Bacillus subtilis and Methylobacterium sp. than in the
control plants. This is due to the high total chlorophyll values. Endophytic bacteria such as Bacillus
sp. produce phytohormones such as cytokinins, indoleacetic acid, indolebutyric acid, gibberellins,
can control of opening and closing of stomata, photosynthetic efficiency, and the supply of essential
vitamins, are examples of benefits related to the association between endophytes and plants [8].

Bacterial endophytes can promote the growth of plants and protect them from environmental
stresses and harmful microorganisms. Also, some endophytic bacteria can enhance the resistance of
host plants to abiotic stresses, such as HM. One experiment which agree with our result demonstrated
that the presence of Achromobacter xylosoxidans reduced ethylene levels in Catharanthus roseus and
increased the content of antioxidant enzymes such as ascorbate peroxidase, catalase, and superoxide
dismutase. Moreover, endophytic bacteria stimulated the growth of plants through increasing the
nutrient absorption capacity of rhizosphere and enhancing photosynthesis [9].

The future perspective to deepen the study of endophytes in terms of both application and
basic science is considered.

The work was funded by RFBR and DST according to the research project Ne 19-516-45006.
The authors also acknowledge financial support by the Ministry of Science and Higher Education of
the Russian Federation (agreement Ne 02.403.21.0006).
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L-ascorbic acid (ascorbate) is a major antioxidant in higher plants [1]. The ascorbate is not often
considered as a signalling molecule or important metabolic regulatory agent. Nevertheless, the
distribution of ascorbate across the plasma membrane (very high activity inside the cell and very low
outside) is typical for signalling substances [2]. We have hypothesised that exogenous ascorbate can
play the role of redox signalling molecule triggering Ca>" signalling and proteome changes in plant
cells. We have demonstrated that, in model plants (4rabidopsis thaliana), an exogenous L-ascorbic
acid triggered a transient increase of the cytosolic free calcium activity ([Ca**]cy.) that is central to
plant signalling [3]. Exogenous ‘Fenton’ catalysts, copper and iron, stimulated the ascorbate-induced
[Ca?"]eyt. elevation, while cation channel blockers, free radical scavengers, low extracellular [Ca®'],
transition metal chelators, and removal of the cell wall inhibited this reaction. Thus, the apoplastic
redox-active transition metals were involved in the ascorbate-induced [Ca®"]ey:. elevation. Exogenous
ascorbate also induced a moderate increase in programmed cell death symptoms in intact roots, but it
did not activate Ca®" influx currents in patch-clamped root protoplasts. Intriguingly, the replacement
of gluconate with ascorbate in the patch-clamp pipette caused a large ascorbate efflux current, which
showed a sensitivity to the anion channel blocker, anthracene-9-carboxylic acid (A9C), indicative of
the ascorbate release via anion channels. Physiological and genetics analyses of transmembrane
ascorbate currents revealed the ion channel system (including exact genes) involved in the ascorbate
efflux. EPR spectroscopy measurements demonstrated that salinity (NaCl) triggers the accumulation
of root apoplastic ascorbyl radicals in an A9C-dependent manner, confirming that L-ascorbate leaks
through anion channels under depolarization. This mechanism may underlie ascorbate release,
signalling phenomena, apoplastic redox reactions, iron acquisition, and control the ionic and electrical
equilibrium (together with K* efflux via GORK channels). To support the hypothesis that exogenous
ascorbate can regulate plant functions, we have carried out the proteomic analyses of ascorbate-
induced modifications in the total proteome of Arabidopsis thaliana roots. We have found that, in
response to the presence of the exogenous L-ascorbate, H>O, or ascorbate-containing mixtures
generating hydroxyl radicals, the expression of about 400 proteins changed in the root proteome. The
changes in the proteome under the influence of high levels of L-ascorbate, H>O» and mixtures that
generate hydroxyl radicals were qualitatively similar, showing that exogenous ascorbate could be an
important redox regulatory substance. Ascorbate-induced proteome changes involved the decreased
expression of systems involved in the metabolism of cytoplasmic proteins and the increased
expression of proteins responsible for the synthesis, folding and transport of mitochondrial proteins.
The characteristic regulatory proteomic modifications in response to low levels of L-ascorbate
included an increase in the expression of hormonal signalling, immunity and stress response systems.
This indicates the complex nature of proteome changes, leading to regulatory changes in
physiological processes aimed at the formation of new signalling and metabolic networks in the roots
of higher plants.
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One of the popular plant sources of biologically active compounds is licorice (Glicirrhiza glabra L.).
Its roots and rhizomes are used widely as an expectorant due to the presence of saponins, flavonoids,
polysaccharides, and other substances [1].

Active collecting of licorice for the needs of medicine has led to the decrease of natural
reserves and genetic diversity of this plant. So the introduction of licorice into a cell and tissue cultures
could be promising and perform an important task for plant biotechnology. Roots and rhizomes are
the traditional material for the medical purposes. The leaves of licorice plants have not been studied
enough and usually are not used. But it is known that the variety of flavonoids that reveal anti-cancer,
antiviral and a number of other biological activities is greater in leaves than in roots [2]. Flavonoids
and phenols are known as antioxidants. They are involved in quenching reactive oxygen and NO
radicals. So leaves could be considered as a new raw material for getting licorice biologically active
compounds.

In our study original licorice plants were taken from the collection of the Botanical garden
(Ural Branch of RAS, Yekaterinburg). Leaf explants of licorice were used for the callus culture. The
plant material was sterilized with ethanol and sodium hypochlorite according to standard methods,
and calluses were induced on MS medium (3% sucrose, pH 5.8, 1 mg/L BAP and 10 mg/L NAA).

The extraction of biologically active compounds from callus culture, leaves and rhizomes of
licorice was done by 95% ethanol. The rhizome extract was used as a comparison sample, as it is
traditionally used in medicine. The phenols and flavonoids were determined with the Folin-Chicolteu
reagent and aluminum chloride, respectively. The total antioxidant activity (in ABTS-test) and the
suppression of nitric oxide formation, as well as the total reduction potential [3] were measured
spectrophotometrically.

The highest concentration of phenols was found in leaf extracts. Extracts from calluses,
obtained from leaves, contained lower amount of these compound; however, it was comparable to the
rhizome extracts that are the traditional raw material for medical usage. The ratio of the total phenols
to flavonoids in leaves was 2.95 that were much higher than in the roots and rhizomes (0.24) and in
calluses (0.63). The content of flavonoids was higher in roots and rhizomes (14.5 mg/g) than in the
leaves (10.0 mg/g) and calluses (7.1 mg/g). Thus, in terms of the content of phenols and the ratio of
phenols to flavonoids, extracts from licorice calluses were more similar to root and rhizome ones.

Phenols and flavonoids are known to be powerful antioxidants, so it was interesting to
compare the antioxidant activity of the extracts obtained from different plant material. A study of
antioxidant activity has shown that leaf extracts (1160 c.u.) were twice active then callus (585 c.u.)
and root + rhizomes (550 c.u.) extracts in total reducing capacity. However, the content of reducing
agents does not always correlate with the ability to inhibit the formation of radicals. In the ABTS-test
the ability to inhibit the formation of the ABTS-radical the extracts from callus (92%) did not differ
from the rhizome extract (93%) and were slightly higher than the leaf (84%) extract. At the same
time, callus extract revealed less inhibition of nitric oxide formation (17%) compared to leaves (38%)
and rhizomes (37%). The results obtained, clearly evidenced that callus extracts are largely
comparable in their antioxidant properties with the extract of intact rhizomes.

The thin liquid chromatography has shown that in all extracts the same type of flavonoid was
found. One was specific for the roots and rhizomes. The highest diversity of phenols was found in
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leaves, and in calluses and rhizomes the spectrum of phenols was the same. Also extracts differed in
the diversity of sugars and did not differ in aminoacids.

Thus, the callus culture of licorice, obtained from leaves, can be a promising new raw material
for the synthesis of metabolites, in particular flavonoids with a high antioxidant potential. The use of
callus culture will reduce the collecting of plants in nature and restore the natural licorice population
size.
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Glycation, or the Maillard reaction, is commonly referred to as the interaction of protein amino- and
guanidine groups with reducing sugars and their carbonyl degradation products, a-dicarbonyls [1, 2].
One of the key factors influencing the complexity of the Maillard reaction both in vivo and in vitro is
the huge range of possible glycation agents, which differ greatly in their glycation potential and
specific mechanisms of advanced glycation end products (AGE) formation [3, 4]. Although the
differences in the glycation potential of monosaccharides are well studied, the mechanisms
underlying them, especially in plants, are poorly understood. /n vitro analysis of plant-specific
glycation reactions clearly indicates that plant tissues rich in highly reactive carbohydrates (fructose,
ribose and arabinose, sugar phosphates, and triosephosphates) may have higher glycation potential
[4]. Obviously, high concentrations of sugars in the presence of transition metal ions provide a high
rate of monosaccharide auto-oxidation, production of reactive oxygen species (ROS) and AGE
accumulation [4].

Previously, a comprehensive study of the plant AGE proteome showed that most AGEs are
formed via the autoxidative pathway [4]. Obviously, the glycation potential of individual sugars and
a-dicarbonyls, their ability to form AGEs, must be combined with analysis of glycated adducts bound
to proteins.

This study proposed to employ a platform combining three analytical methods: a proteomic
approach that considers site specificity in the formation and stability of glycation products,
carbohydrate analysis and a-dicarbonyl analysis [3]. To study the glycation potential of sugars and
their derivatives, D-glucose, D-fructose, and L-ascorbic acid were incubated with human serum
albumin (HSA) in vitro [3]. Sugars and their a-dicarbonyl intermediates were analysed in parallel
with protein glycation models (exemplified by hydroimidazolone modifications of arginine residues)
using bottom-up proteomics (LC-IT-MS, GC-EI-MS) and computational chemistry (MOE, 2019.0,
GNU Image Manipulation Program Version 2.8.16) [3]. The presence of protein (HSA) in the
incubation mixtures had different effects on the kinetics of carbohydrate degradation. The time curves
of glucose and ascorbic acid were not affected, whereas fructose was degraded much faster in the
presence of HSA. The dicarbonyl content derived from glucose and ascorbate gradually decreased
during the experiment due to the formation of Amadori compounds formed from glucose, oxidative
degradation of ascorbic acid and the reaction of glyoxal (GO) and methylglyoxal (MGO) formed with
protein side chains. In contrast, a-dicarbonyls formed from fructose showed a higher relative
abundance throughout the experiment. This suggestion is supported by similarities with GO and
MGO kinetics in the presence of unmodified HSA. Glycation of HSA with sugars revealed 9 glyoxal-
and 14 methylglyoxal-derived modification sites, respectively. Their dynamics were specific for
sugars and depended on the concentration of a-dicarbonyls, the kinetics of their formation and the
presence of stabilizing residues near the glycation sites [3].
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Endophytic bacteria (EB), the inhabitants of the internal tissues of all plant species, are capable to
produce the physiologically active substances that modulate the hormonal status of the plant and
induce the immune responses causing systemic resistance to pathogens and stresses. EB of the genus
Bacillus are the basis of biologicals with biofungicidal and growth-stimulating action, they contribute
the formation of a high yield of inoculated plants. However, the instability of the positive effect of
bacterial drugs is often associated with the peculiarities of variety-strain interactions, as well as with
stress factors of environment that affect the nature of symbiotic relationships. To predict the effective
symbiosis of certain strains of EB with the host plant, the markers are needed that indicate the degree
of stress in the plant in response to inoculation at early stages of development and that correlate with
the final field yield of plants. As such indicators were chosen: the content of proline (Pro) in plant
tissues — an antistress metabolite and a signaling factor for the regulation of cellular processes [1],
and malondialdehyde (MDA) — an indicator of lipid peroxidation and oxidative stress.

The aim of this study was to assess the content of these compounds in the tissues of bean
seedlings under normal conditions and under NaCl salinity, as well as to compare the early plant
responses in the model with the field yield of inoculated plants under normal conditions and under
stress.

The objects of the study were common beans (Phaseolus vulgaris L.) varieties: Ufimskaya
and Zolotistaya, differing in adaptive potential, productivity [2] and characteristics of interaction with
EB [3, 4]. B. subtilis 10-4 is a promising new strain, 26D is the basis of Phytosporin. Bean seeds were
sterilized with diacide, washed with sterile water, and inoculated with an aqueous suspension of a
two-day old culture of EB. A specific dose of EB in the suspension made using a turbidity standard
and multiple dilutions. The seeds were put on wet filters in Petri dishes and germinated for six days
in the dark and a day in the light. For seedlings, stress was created by immersing the 6-day plants in
a 2% NaCl solution for a day. To analyze 28-day plants, 6-day seedlings were planted in glasses with
sand and germinated in the light for 3 weeks; stress was modulated by the addition of a 2% NaCl
solution for 24 h. The concentration of MDA and Pro in plants were determined by the generally
accepted methods described in [5]. Field experiments were carried out on plots with an area of 1.8 m?
according to the generally accepted technique in triplicate [3, 4]. In an experiment on gray forest soil
in Salavat district of the Republic of Bashkortostan (RB) under the conditions of the northeastern
forest-steppe in 2018, extremely cold temperatures with frosts were observed both at the beginning
and at the end of the growing season, the yield was formed under stress conditions [3]. The 2020 field
experiment was carried out on leached chernozem in Ilishevsky district of the RB under optimal
hydrothermal conditions [4]. Statistical processing included the determination of average values,
standard errors and comparison of the significance of differences by the t-test (p < 0.05).

Colonizing a plant, EB exchange molecular signals with the plant, which allows them to
occupy this ecological niche without eliciting a violent phytoimmune response. According to the
MDA content, treated with EB plants do not experience stress: the MDA concentration in the
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inoculated variants both in young seedlings and in the roots of four-week-old plants does not exceed
the control level without inoculation, and in some variants is significantly lower than the control (see
graphic abstract, Fig.1). Varietal differences in the MDA content were found: the MDA level in the
seedlings of the Ufimskaya variety was higher than in the seedlings of the Zolotistaya variety.
According to MDA data, variety-strain features of the interaction of bacteria with different plant
genotypes are manifested in a similar way both in six-day-old seedlings and in the roots of four-week-
old plants. Both strains significantly reduce the level of MDA in plants of Zolotistaya variety, and
under the influence of strain 10-4 the concentration of MDA remains at the control level in plants of
Ufimskaya variety. To assess the response of six-day-old seedlings to inoculation with endophytic
bacteria in terms of Pro content, 2 doses of each strain were analyzed — 10° and 10’7 CFU/mL under
normal and stressful conditions (see graphic abstract, Fig. 2). It was found that, under normal
conditions, the Pro content in plant tissues of the Ufimskaya variety was higher than that of the
Zolotistaya variety. Under stressful conditions, the level of Pro in plants of both varieties doubled,
which is natural. At the same time, strains 10-4 and 26D had different effects on the change in the
amino acid content in tissues, and the dose of EB in the inoculum was also important. It is noteworthy
that in the absence of stress, strains 10-4 and 26D in a low dose contributed to a twofold and threefold
increase in the Pro content in plants of the Zolotistaya and Ufimskaya varieties, respectively.
However, under stress conditions in all inoculated variants, the Pro concentration in both cultivars
was lower than in the stress-induced control. This indicates, on the one hand, the protective effect of
EB, which create a physiological situation in the plant that does not require significant efforts from
the plant to eliminate oxidative stress caused by sodium chloride. This aspect was discussed in [5].
On the other hand, the spike in Pro levels in response to inoculation with certain strains under normal
conditions makes one pay close attention to this phenomenon as a marker of symbiont compatibility,
understanding this compatibility as a balance between growth responses, productivity, and systemic
defense associated with growth inhibition. Analyzing the data on the yield of inoculated plants (see
graphic abstract, Fig. 3) and realizing that a large number of factors contribute to the integral
characteristics of productivity, nevertheless, we note that under stress conditions an increase of 20 u
40 % of seed productivity was given by the variants Ufimskaya + 10-4 and Zolotistaya + 26D, that
is, those variants, in the early interactions of which high peaks of Pro were not observed as a signaling
factor indicating the degree of plant stress. Under normal conditions, this tendency in the
responsiveness of different varieties to inoculation with these strains is also traced, but not as clearly
as under critical conditions.
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Environmental and biotic stresses, such as salinity, dehydration or pathogen attack, ultimately triggers
overproduction of reactive oxygen species (ROS) that results in oxidative stress [1, 2]. It is known,
that depending on their local concentrations in specific cellular compartments and/or organs, ROS
can act either as signal molecules or as damaging factors. Although the problem of pathological and
regulatory ROS-induced effects in plants is well developed, it is still very little data on exact protein
pattern modification in response to specific ROS. Among the ROS, hydroxyl radicals and, hydrogen
peroxide, as well as their precursor superoxide, are critical for induction of oxidative stress.

Here, we report the specific modifications in the protein expression patterns of Arabidopsis
thaliana roots associated with the treatment with hydroxyl radicals and hydrogen peroxide. Intact
roots were treated by sub-millimolar and millimolar levels of H>O» and hydroxyl radical-generating
mixtures (CuClz, L-ascorbic acid, H2O2). Data analysis relied on protein identification and label-free
quantification (LFQ) with appropriate statistic post-processing. Bioinformatics analysis of
differentially expressed proteins, including functional annotation, intracellular localization,
involvement in metabolic and regulatory pathways, was accomplished to interpret the stress-related
responses. We have found that ROS induced a significant decrease in the number of proteins involved
in protein metabolism and stress response, together with the increased abundance of proteins involved
in redox metabolism. The hydroxyl radicals triggered a sharp decline in systems involved in protein
metabolism (60S ribosomal proteins) and stress response (such as glutathione-S-transferases). On the
other hand, H>O> demonstrated slightly different pattern of induced proteomic changes, including
changes in the redox metabolism (down-regulation of class III peroxidase proteins and up-regulation
of glutathione-S-transferases) and heat shock protein abundance. We have also noticed a decrease in
abundance of several cytoskeleton proteins, such as tubulin beta-chain proteins, under the H>O»
treatment. Overall, this study sheds the light onto unknown aspects of redox proteome in higher plants
including previously unknown hydroxyl radical- and H>O»-specific protein expression modifications.

This work is supported by the Ministry of Science and Higher Education of the Russian
Federation in accordance with agreement Ne 075-15-2020-922 date 16.11.2020 on providing a grant
in the form of subsidies from the Federal budget of Russian Federation. The grant was provided for
state support for the creation and development of a World-class Scientific Center “Agrotechnologies
for the Future.
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Oxidized derivatives of polyunsaturated fatty acids (PUFAs), oxylipins, are an important class of
bioactive molecules that are widely present in aerobic organisms (animals, plants, bacteria, algae,
etc.) [1, 2]. In plants, they participate in the regulation of growth, cell differentiation, morphogenesis,
organogenesis, and play an important role in responses to biotic/abiotic stresses [3]. The significant
amount of oxylipins is formed via the lipoxygenase pathway. Oxylipins formed during this pathway
include the well-known jasmonates and their derivatives, as well as many other compounds such as
hydroperoxy-, hydroxy, oxo- and epoxy derivatives of fatty acids, divinyl ethers, volatile aldehydes,
etc. The first step in biosynthesis is catalyzed by the lipoxygenase producing either 9- or 13-
hydroperoxide from PUFAs such as linoleic and alpha-linolenic acids. These derivatives serve as
substrates for enzymes of the CYP74 family (P450 superfamily): allene oxide synthases (AOSs),
hydroperoxide lyases (HPLs), divinyl ether synthases (DESs), and epoxyalcohol synthases (EASs).

We have identified novel oxylipins and unusual enzymes of their biosynthesis in different
plants. Among them there are the first 13-specific DESs (RaDES (Ranunculus acris), SmDESI,
SmDES2 (Selaginella moellendorffii)); the first 9-AOS member of the CYP74B subfamily
(CYP74B33, Daucus carota), whereas all other members of this subfamily are 13-HPL, responsible
for the formation of “green note” C6—aldehydes and C12—-aldoacids; the first identified DES (AoDES,
Asparagus officinalis) biosynthesizing the (112)-etheroleic acid and related isomers of divinyl ethers
in flowering plant etc. Recombinant proteins were purified by immobilized metal-affinity
chromatography. Products (oxylipins) purified by HPLC were identified by GC-MS and NMR data.

In invertebrates, such as coral polyps, it has been shown that catalases, rather than
cytochromes P450, are responsible for the biosynthesis of a number of oxylipins. Although the most
catalases are proteins involved in the metabolism of hydrogen peroxide, catalases of corals are
involved in the metabolism of fatty acid hydroperoxides producing compounds similar to the AOS
products; therefore, these enzymes were designated as catalase-like AOSs (cAOSs) [4]. We have
identified novel catalase-like proteins in coral Dendronephthya gigantea and fungi Fusarium
proliferatum. Enzyme from D. gigantean efticiently converts 9- and 13-hydroperoxide linoleic and
alpha-linolenic acids into AOS and EAS products. The preferred substrates for the F. proliferatum
enzyme are 9- hydroperoxides, which are converted into HPL and EAS products. The above-
described enzymes (cytochromes CYP74 and catalases) are an example of the convergent evolution
of metabolic pathways, when the final products are the main; and the enzymes of their biosynthesis
in various organisms may be different.

Studies of the CYP74 enzyme were carried out with the financial support of the MK-
903.2020.4. Studies of the catalytic properties of the catalases were carried out with the financial
support of the Russian Foundation for Basic Research (grant 20-04-01069-a). NMR analyses were
performed under support of grant 20-14-00338 from Russian Science Foundation. Phylogenetic studies
were carried out with financial support from the state assignment of the Federal Research Center
“Kazan Scientific Center of the Russian Academy of Sciences”.
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The fact that plant photosynthesis operates in the extreme range of light intensities requires activity
of numerous regulatory mechanisms, in particular those protecting the photosynthetic apparatus
against photodamage. One of such regulatory mechanisms is associated with a chloroplast movement
in the cell. Quenching of excessive excitations of chlorophylls is recognized to be one of the most
important photoprotective mechanisms operating at the molecular level. This process can be followed
in vivo by monitoring of chlorophyll a fluorescence lifetime. The application of Fluorescence
Lifetime Imaging Microscopy (FLIM) of plant cells enables combined analysis of both chlorophyll
excitation quenching and chloroplast movement. The results of our study show that both those
regulatory mechanisms operate synchronously to shape the overall photosynthetic response at the
cellular and molecular levels.

FLIM image of Vallisnaria cells recorded under different scanning laser intensity
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The knowledge about the interaction among plant, soil microorganisms and heavy metal is important
from applicational point of view. It can help in the regulation of plant physiology in the face of
adverse conditions in the environment. The soil bacteria from Spitsbergen seem to have potential for
plant growth promotion and elevation of resistance in stress conditions. Then, even though copper
(Cu) belongs to the key micronutrients, its elevated level can cause an oxidative stress leading to
reactive oxygen species (ROS) production. Despite many studies conducted on each of the mentioned
elements separately (plant, bacteria and Cu), it is still lacking knowledge about their interactions.

After 3-day germination, the plants of runner bean (Phaseolus coccineus L.) were transferred
to the Hoagland's medium in a growth chamber. One day after the transfer, part of the seedlings was
cultivated with the addition of bacterial strain (Serratia plymuthica from the Spitsbergen soil; 1 x 10®
colony forming units) and part was not. Three days after the transfer, Cu (50 uM CuSO4 x SH20) was
applied to some of the pots, and some were Cu-free. Then, the plants were cultivated for 14 days. In
the above- and underground plant parts there were measured: biomass; contents of elements,
photosynthetic pigments, total flavonoids, total phenolics and low-molecular weight organic acids;
level of antioxidant capacity and activity of antioxidant enzymes. Data analysis was performed in
Statistica 12.5 using the post-hoc Tukey’s test. The aim of the study was to investigate the effects of
S. plymuthica strain on the P. coccineus plants under Cu excess.

Regardless Cu presence in the environment, S. plymuthica did not cause any change in plant
biomass. After bacteria inoculation in free of Cu treatments, contents of P and Zn in leaves and roots
as the contents of N and Mo in leaves increased compared to treatments without bacteria. However,
presence of bacteria in Cu excess showed higher content of K in leaves and P in roots of runner bean
and lower carotenoid content than in non-inoculated treatments. Moreover, the concentration of total
flavonoids and total phenolics were detected to be increased in leaves of plants Cu applied after strain
addition compared to lack of bacteria in Cu environment. The decreasing trend in the content of
tartrate, malate and succinate in roots of inoculated plants was observed in the absence of Cu in
contrary to the treatments with the metal. Reverse dependency was shown for antioxidant enzymes,
like superoxide dismutase and catalase in roots; namely in free of Cu environment, bacteria increased
activity of the enzymes, but after Cu application bacteria decreased it similarly to the decrease in the
level of antioxidant capacity. The achieved effects depended often on the plant part.

The data obtained indicate that although S. plymuthica did not modify the plant biomass, it
demonstrated the potential to modulate physiological response and antioxidant status. It can mobilize
significant elements for P. coccineus, which can be used in the nutrient-poor environments for plants.
Furthermore, plants with higher contents of flavonoids and phenolics possess higher anti-reactive
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oxygen species activity. Higher synthesis of low-molecular weight organic acids can also accelerate
Cu detoxification. Increased activity of enzymes indicated intensive use of overproducted reactive
oxygen species. The results show that S. plymuthica can help to reduce stress in runner bean plants
caused by Cu excess.

This work was partially supported by the Polish National Centre (project no.
2017/01/X/NZ8/00859).
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During autumn, we are easily captivated by the colorful attributes of leaves. However, amidst the
picturesque view, in plain sight yet unremarked, is the work of carotenoids. Carotenoids are naturally
occurring lipid-soluble terpenoid pigments, consisting of isoprene residues and a polyene chain of
conjugated double bonds [1]. These pigments are widely disturbed in many life forms including, but
not limited to, plants and algae, and are responsible for the wide variety of yellow-red colors seen in
nature [1, 2]. During the past decades, carotenoids have attracted much attention in human nutrition
and health mainly as antioxidants to lower the onset of aging and chronic diseases including cancer,
cardiovascular diseases as well as age-related macular degeneration [3]. In addition, carotenoids are
of high demand in the food and beverage industry as natural colorant. With a current global market
estimated to exceed USD 1.5 billion, significant efforts and resources have been committed to
understanding carotenoid metabolism in plants and algae, among other carotenoids producers [2].

In plants and algae, carotenoids play diverse roles spanning from their native role as accessory
photosynthetic pigments to photomorphogenesis and protection against photo-oxidative damage [3].
Photosynthetic organisms such as plants and algae are constantly exposed to reactive oxygen species
(ROS) and free radicals as a result of photorespiration, photoinhibition and the presence of ROS
generators. Moreover, abiotic factors such as osmotic and thermal shock, heavy metals, air pollutants,
mechanical stress, UV radiation, nutrient deprivation and high irradiance could disrupt the ROS
homeostasis leading to oxidative stress [4]. To mitigate the detrimental effects of these highly reactive
molecules plants and algae have over the years evolved sophisticated mechanisms to counter these
molecules, one of such mechanisms is carotenogenesis. Due to the conjugated double bonds in their
structure, carotenoids serve as potent photoprotective and antioxidant agents [4]. In the chloroplast,
the principal source of ROS in plants and algae, carotenoids are reported to be the primary line of
defense against toxicity, where they serve as quenchers and scavengers of chlorophyll-excited states
and singlet oxygen species, dissipators of excess harmful energy [2]. It is, thus, prudent that
carotenogenesis is regulated, to some extent, by the redox state of photosynthetic organisms like
plants and algae.

In plants, one of the major factors that affect the expression level of carotenogenic genes is
light [2]. It is well known that even during normal conditions when leaves (or plants) are exposed to
light excitation energy photooxidation occur as a result of the donation of energy or electrons directly
to oxygen and exposure of tissues to ultraviolet irradiation which inevitably leads to the generation
of ROS. Thus, when plants are exposed excessive light photons more ROS are produced which
consequently lead to reduction of electron transport efficiency and photosynthesis [5, 6]. To counter
this photo-oxidative damage it has been reported that carotenogenesis is upregulated during
conditions of excessive light exposure. For instance, it is reported that under nutrient deprivation high
light leads to increased expression of phytoene synthase (PSY) and phytoene desaturase (PDS) genes.
Similarly, high mRNA levels of Lycopene B-cyclase (B-LCY) was observed under high light
conditions. Also, other environmental stresses i.e. drought, waterlogging, salinity, extreme
temperatures, heavy metals and nutrient deprivation have been reported to increase photo-oxidation
and ROS generation. Accordingly, these abiotic stresses have been observed to increase
carotenogenesis [5]. Furthermore, Othman et al. [7], reported that growing potato minitubers under
light resulted in twice as much carotenoids accumulation compared to growing under darkness, while
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water stress and salt stress resulted in decreased carotenoid levels. Beyond these, treatment of sweet
orange mutant with tert-butylhydroperoxide (a ROS generator) resulted in increased lycopene
accumulation [8].

Similarly, algae counter elevated ROS production by increasing carotenogenic activity.
Increased carotenoid production (up to 6 folds) by Nannochloropsis oculata was observed under salt
and Cu?" induced oxidative stress. Likewise, heavy metal-induced oxidative stress have been reported
to increase carotenoid accumulation is Spirulina platensis and H. pluvialis [4]. Also, addition of
various ROS generators such hydrogen peroxide, peroxynitrite, and sodium hypochlorite have been
reported to induce increase carotenoid accumulation in several microalgae. In addition, ROS induced
by a range of environmental factors including high light, nutritional deficit, osmotic stress and
extreme temperature also results in increased acuumlation of carotenoids in algae [9].

Thus, although regulation of carotenogenesis is multifaceted and quite complex in plants and
algae, it is partly regulated by the redox state of these organisms.
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Astaxanthin is the most powerful natural antioxidant known to science.

[B-Carotene is the most abundant form of carotene in plants.
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Rhizobial bacteria are nitrogen-fixing soil microorganisms capable of forming symbiotic associations
on the roots of legumes. As one of the partners of symbiosis, they significantly affect the yield of
legumes. It has been shown that aging and stress in plants are accompanied by the accumulation of
advanced glycation end products (AGEs) [1]. However, the question of the influence of exogenous
AGE:s on rhizobia remains insufficiently explored. Therefore, the goal of this work was to study the
effect of exogenous AGEs, in particular N°~(5-hydroxy-methyl-4-imidazolon-2-yl) ornithine (MG-
HI), on the rhizobium metabolome. The culture of Rhizobium leguminosarum bv viciae RCAM1026
was incubated with 25 pumol/L of MG-H1 at 20 minutes, 5 and 18 hours. Primary metabolites were
isolated from rhizobia by water-methanol extraction. Analysis of primary metabolites was carried out
using gas chromatography coupled to electron impact quadrupole mass spectrometry (GC-EI-Q-MS).
The search and identification of metabolites was performed using the AMDIS, MSDIAL, Xcalibur
3.0 and MetaboAnalyst software. During the analysis of experimental and control samples of R.
leguminosarum, 62 primary metabolites were found. On the other hand, the addition of MG-H1 to
the culture medium increased the level of metabolites involved in cellular energy processes. The
addition of MG-HI1 to the nutrient medium caused changes in the primary metabolome of rhizobia,
expressed in the intensification of energy metabolism processes. However, the underlying
mechanisms remain to be clarified.
This work was supported by the Russian Science Foundation (project 20-16-00086).
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Geum rivale (fam. Rosaceae) is a medicinal plant widely used in folk medicine as anti-inflammatory,
antiseptic, tonic remedy and for treatment of skin and gastrointestinal disorders. Geum rivale aerial
and underground parts are rich in essential oils, triterpenes and the most extensively compounds from
the group of polyphenols. Many of the plant phenolic compounds are known for their potent
antioxidant activity. Since oxidative stress underlies or at least might worsen various pathological
conditions (cancer, inflammatory disorders, neurodegenerative diseases, diabetes), research of the
plant-derived antioxidants is of the great interest. Nowadays prospective role of increased
antioxidants consumption in food and food supplements is not studied sufficiently and needs to
receive more attention as one of the ways of the people’s health and life quality improvement.

Previously antioxidant activity was shown for extracts and some pure compounds that can be
isolated from Geum rivale (in literature and our preliminary studies). Therefore, ethyl acetate and
water fractions of the G. rivale extracts were tested in radical scavenging assays (DPPH radical
scavenging, Trolox equivalent antioxidant capacity and scavenging of superoxide radical (NBT
assay). To identify the active agents responsible for observed effects, eight individual compounds
were isolated and their absolute quantification in extracts and tests of their radical scavenging activity
were performed. The studied compounds included isorhamnetin-3-O-B-D-glucuronide, kaempferol-
3-O-B-D-glucuronide, isorhamnetin-bis-3,7-0O-p-D-glucuronide, kaempferol-bis-3,7-O-p-D-
glucuronide, 6"-(4-hydroxycinnamoyl)astragalin, caffeoyl malic acid, ellagic acid and 3-O-
methylellagic acid. Their structural identity and purity was previously confirmed by NMR study [1].
Additional tandem mass spectrometric structural analysis was performed for this study with a hybrid
linear ion trap-orbital trap mass spectrometer (ESI-LIT-Orbitrap-MS). Absolute quantification relied
on ultra-high-performance liquid chromatography coupled on-line to high-resolution tandem
quadrupole-time-of-flight mass spectrometry (UHPLC-ESI-QqTOF-MS) and a standard addition
approach. In general, the ethyl acetate fraction contained higher amounts of the studied individual
analytes in comparison to the aqueous one. Two compounds, namely 6"-(4-
hydroxycinnamoyl)astragalin and 3-O-methylellagic acid, were barely present in water fraction:
below quantification limit vs 9.76 + 1.75 and 0.0043 + 0.0007 vs 39.23 + 1.45 pg/mg of the dry
extract). However, the aqueous fraction was approximately 4-5-folds richer with bis-glucuronides of
kaempferol and isorhamnetin isolated from Geum rivale for the first time (1.22 £ 0.16 vs 0.23 +£0.03,
and 1.88 £0.07 vs 0.48 &+ 0.04 ng/mg of the dry extract respectively).

This study was supported by the Ministry of Science and Higher Education of the Russian
Federation in accordance with agreement Ne 075-15-2020-922 date 16.11.2020 on providing a grant
in the form of subsidies from the Federal budget of Russian Federation. The grant was provided for
state support for the creation and development of a World-class Scientific Center “Agrotechnologies
for the Future”.
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Glycation is usually referred to as an array of post-translational modifications of lysyl and arginyl
protein residues with carbonyl compounds, predominantly reducing sugars and o-dicarbonyls.
Resulting advanced glycation end products (AGEs) represent a highly heterogeneous group of amino
acid adducts, only several dozens of which are well-characterized to date [1]. In mammals, elevated
contents of AGEs accompany ageing of tissues, as well as pathogenesis of such severe disorders as
diabetes mellitus and Alzheimer’s disease [2]. Not less important, strong accumulation of AGEs
accompanies plant development and ageing, as well as response to environmental stress [3]. Indeed,
drought results in dramatic decrease of water potential of plant tissues triggering overproduction of
reactive oxygen and nitrogen species [4]. To minimize stress effects plants can change the content of
amino acids, polyamines, polyols and sugars [5]. However, the accumulation of reducing sugars may
enhance monosaccharide autoxidation and generation of highly reactive a-dicarbonyl precursors of
AGE:s [6]. Although water deficit stimulates protein glycation in leaves, its effect on seed glycation
profiles is still unknown. Therefore, here we address the effects of a short-term drought on the patterns
of protein-bound AGEs and metabolome dynamics of pea seeds.

Pea plants were grown at 16 h light/8 h dark regimen at 21°C under 75% relative humidity.
After formation of last pods, plants were subjected to two-day drought by replacing the medium with
2.5% (w/v) polyethylene glycol 8000 solution. Afterwards, the plants were grown till the end of seed
maturation. After harvesting, seed metabolites were extracted using two different protocols. Three
extracts — water-methanolic (primary metabolites), water-ethanolic (metabolites of energy
metabolism) and organic (semi-polar secondary metabolites) — were received and analyzed with GC-
MS and LC-MS.

The total protein fraction was isolated from pea seeds and subjected to exhaustive enzymatic
hydrolysis. Resulted protein hydrolysates were analyzed and used for inflammation studies with
human cell line. Quantitative analysis developed for known dietary AGEs was based on LC-MS/MS.
Pea seed protein hydrolysates were tested for pro-inflammatory effects in a model of human
neuroblastoma cell line SH-SY5Y using Luminex Bead-based Multiplex Assay.

A short-term drought resulted in the significant decrease of decrease of transpiration, water
relative content and photosynthesis efficiency. However, biochemical markers demonstrated the
minor intensity of stress. Meanwhile, seed germination test did not demonstrate significant changes
suggesting that the damage extent to the seeds was minor.

Metabolome analysis revealed the dramatic suppression of primary seed metabolism, although
the secondary metabolome was minimally affected. This was accompanied by significant suppression
of NF-xB activation in human SH-SYS5Y neuroblastoma cells after the treatment with protein
hydrolyzates, isolated from the mature seeds of drought-treated plants. However, analysis of known
dietary AGEs did not reveal changes in contents of corresponding glycation adducts. Most likely, the
prospective anti-inflammatory effect of short-term drought is related to mobilization of the
biochemical mechanisms of antioxidant effects, or down-regulation of unknown plant-specific AGEs
due to suppression of energy metabolism during seed filling.
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The observed changes in the profiles of biological activity can be explained by drought-related
alterations in the patterns of primary metabolites. Given the contents of the marker AGEs were not
affected by drought, decrease in formation of some unknown glycation products can be proposed.

This work is supported by the Ministry of Science and Higher Education of the Russian
Federation in accordance with agreement Ne 075-15-2020-922 date 16.11.2020 on providing a grant
in the form of subsidies from the Federal budget of Russian Federation. The grant was provided for
state support for the creation and development of a World-class Scientific Center “Agrotechnologies
for the Future”.
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Brown algae of the order Fucales have high demand in the fields of nutrition, technology, medicine
and ecology. Traditionally, attention in biochemical studies of these algae was given to the specific
polysaccharide compounds i.e. agars and carrageenans. Currently, scientific interest was refocused to
low-molecular weight metabolites and proteins [1]. Because of their relatively high protein content
(up to 40 % DW), two-dimensional gel electrophoresis (2D-GE) was the most popular method to
address algal proteomes. This approach however does not give a comprehensive picture, especially
for oxidated and post-translationally modified proteins making algal proteomics and oxidative
proteomics a still unexplored area of plant physiology and biochemistry.

The major focus of this work was to analyze the proteome and redox-proteome of the well-
differentiated parenchymatous thallus of brown macrophyte Fucus vesiculosus in connection with
inter-zone differences. Its different morphological zones (apices and blades) were harvested in the
White Sea shore, and a whole-protein fraction was isolated by phenolic extraction. Bottom-up gel-
free proteomics approaches were applied as the as the most efficient state of the art technique [2].
After tryptic digestion and purification by solid phase extraction (SPE), the resulted peptides were
analyzed by nano-HPLC/nano-ESI-LTQ-OrbitrapXL-MS/MS. Identification of peptides and protein
annotation relied on the searches by SEQUEST engine against a combined database, composed of
protein sequences of Fucus sp., Saccharina sp., Laminaria sp., Ascophyllum sp., and Ectrocarpus
siliculosus. The mass increments corresponding to oxidated methionine, oxidated tryptophan and
tryptophan oxidative derivates such as kynurenine, oxolactone and hydroxykynurenine as well as
several advanced glycation end-products (AGEs) were also included in searches settings. Label-free
relative quantification (LFQ) of proteins relied on the Progenesis QI software and statistical
interpretation in R studio. Functional annotation and prediction of cell localization was postprocessed
with KEGG and GO tools.

We show that among 767 annotated non-redundant proteins the majority are involved into
protein metabolism, photosynthesis and oxidative phosphorylation. 254 proteins were found to be
specific for apices and 63 — for blades. Thus, in apices the most abundant group included ribosomal
proteins, translation initiation factors, and tRNA ligases, while blades possessed multiple components
of photosystems I and II, such as light harvesting complexes, zeaxanthin epoxidase and ferredoxin-
NADP oxidoreductase. Expectedly, oxidized methionine residues were predominant over modified
tryptophane residues (301 and 146, respectively) as well as modified arginine over lysine residues
(115 and 52, respectivelly). GO enrichment analysis of oxidatively modified proteins revealed protein
clusters to be connected with ATP-ase activity and glycolytic processes. The functional annotation
of modified proteins that are differentially expressed in apices and blades will be discussed.

This research was funded by the Russian Foundation for Basic Research (project 20-04-
00944).
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Priming of plants with natural agents including microorganisms is a promising alternative to chemical
methods of protection in growing plants and, particularly, in viticulture. However, the molecular
mechanisms of priming phenomenon are still not fully elucidated. The antioxidant system and reactive
oxygen species are known to effectively modulate the plant response to various external influences. The
study aimed to identify the relationship between the priming of grapes by microorganisms and the
functioning of the antioxidant system in a protective response to downy mildew infection. The
experiment was carried out on leaf disks of Muscat blanc susceptible to downy mildew infected with
Plasmopara viticola (Pv) and treated with incompatible microorganisms as well as with the
corresponding symbiotic ones.

Venturia inaequalis (V1) treatment appeared to be ineffective in controlling Pv. The production
of H,O, decreased relative to the control at 48 hpi. Infection with Pv against the background of Vi
restored the content of hydrogen peroxide to the control level at 48 hpi, while it was above the control at
96 hpi. Thus, oxidative processes during Pv infection against the background of Vi seems to be quite
pronounced, while SOD activity increased, and POX activity was lower than by Pv infection alone. No
changes in the content of ascorbic acid and viniferin were observed, while resveratrol and piceid
increased as compared to the control. Supposedly, Vi is able to neutralize some effects resulting from
the compatible interaction of grapes with Pv. However, to curb the growth of Pv, it is necessary to
“correct the direction” of oxidative processes towards the conversion of phenolic compounds. In
addition, a low accumulation of H>O» with its compatible interaction with a biotrophic pathogen may be
insufficiently toxic for the pathogen and, therefore, may be unable to inhibit the growth of the pathogen
[1]. The content of hydrogen peroxide, TBARS, SOD activity increased in Bacillus subtilis (Bs)
treatment at 48 hpi, which was more effective in controlling of downy mildew development.
Noteworthily, the degradation of ascorbate occurred most intensively in Bs after the Pv infection in the
experimental variants. Infection of plants with pathogens leads to lipid peroxidation [2], i.e. the cell
membrane gets disrupted and cellular integrity gets destroyed, which leads to further ROS formation.
The lack of change in antioxidant capacity may be the cause of lipid peroxidation or oxidative processes
in susceptible cultivars. At the same time, these processes could be considered as an attempt of a
susceptible cultivar to activate the first line of defense reactions using a burst of ROS [1, 3]. Importantly,
Bs significantly increase the formation of viniferin above the control values. Thus, with Bs priming, the
effect of compatible interaction between grapes and Pv decreases, while the formation of a toxic oxidized
form of resveratrol (viniferin) increases; however, the latter reaction does not suffice for suppressing the
development of Pv. The most effective Saccharomyces cerevisiae (Sc) treatment showed similar changes
brought to Pv infection in lipid peroxidation rates. The SOD activity was higher than the control, and at
96 hpi it increased significantly in Sc+Pv, which led to an increase in the H>O» content. The POX activity
in infected and uninfected Sc leaves did not change. Ascorbate degradation in Sc+Pv, in contrast to
Bs+Pv, was less intense. The decrease in piceid and resveratrol content and the corresponding significant
increase in the viniferin content during Pv infection against the background of Sc indicates “effective”
oxidative processes inducing the formation of viniferin.
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The study has revealed that Bacillus subtilis and Saccharomyces cerevisieae priming, which
reduced the development of Plasmopara viticola on grape leaves, ensures a higher level of H>O» and
maintains the associated SOD activity, as well as inhibits the growth of peroxidase activity in the
susceptible Muscat blanc grape variety, thus preventing the compatible interaction between P. viticola
and Vitis vinifera. The experiment showed that lipid peroxidation did not have a significant effect on the
control of downy mildew development. Therefore, a substrate for peroxidases can be assumed to play
one of the key roles in the effective suppression of downy mildew development, since by a decreased
resveratrol concentration a more pronounced formation of viniferin was observed in the most effective
S. cerevisieae, while in less effective B. subtilis an intensive degradation of ascorbate took place. An
additional antagonistic action by priming agents might be needed to secure a more effective containment
of downy mildew development on susceptible grape varieties.

The reported study was funded by RFBR according to the research project Ne 19-016-00210 A.
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Mosses, liverworts, and hornworts are among the oldest terrestrial plants, having evolved from early
diverging embryophyte lines. As a result, bryophytes are in an ideal phylogenetic position for
understanding past evolutionary changes in plants during “plant invasion”, one of the most
momentous episodes in Earth's history. Mosses are well-known for their resistance to harsh
environmental conditions, and they are frequently used by researchers as model organisms to study
stress responses. One of the most important processes under stress is the change in redox metabolism.
The evolutionary development of aerobic metabolic processes, such as respiration and
photosynthesis, inevitably led to the formation of reactive oxygen species (ROS) in mitochondria,
chloroplasts, peroxisomes and other important plant organelles. Some ROS are extremely toxic,
whereas others are readily detoxified by diverse cellular enzymatic and non-enzymatic systems.

It has been reported that increased class III peroxidase (POD) activity correlates with
resistance to adverse conditions in the vascular plants. They catalyze the oxidation of diverse
substrates using hydrogen peroxide (H2O2). In almost all plant species, class III PODs are
characterized by diversity of isoforms and comprise large multigene families. Bryophyte PODs, like
vascular plant PODs, are anticipated to play crucial roles in stress response and ROS detoxification,
however, only few reports exist on the expression of class III POD genes in mosses in response to
abiotic stresses.

In this study, genes encoding class III PODs were identified in the moss Dicranum scoparium.
Domain analysis using bioinformatic tools showed that all amino acid sequences of the identified
genes contain POD domain for class III PODs and were designated as DsPODs. Analysis of DsPOD
proteins revealed that they all possess important sites necessary for enzymatic activity. Prediction of
secondary structure indicated that these proteins mainly consist of o-helix and random coils.
Phylogenetic analysis demonstrated that DsPODs are clustered in different branches of the
phylogenetic tree, probably due to the diverse nature of POD isoforms or duplication event in the
genome of D. scoparium. Expression analyses using RT-qPCR demonstrated that DsPODI,
DsPOD2, DsPOD6 and DsPODS genes are induced and stably expressed when D. scoparium is
exposed to different stress treatments such as CdCl, paraquat, unfavorable temperatures, and
hydration-desiccation-rehydration stresses.

Our results revealed that CdCl upregulated the expression of DsPODI1, DsPODZ2, DsPOD6
and DsPODS genes, although only DsPOD?2 was upregulated following long-term exposure to CdCla.
These four genes were also upregulated by long term exposure of the moss to paraquat. In addition,
temperature stress also affected the expression of these four isoforms. DsPODI and DsPOD?2 were
induced by exposing moss thalli to a freezing temperature for 1 h. Also, short- and long-term exposure
of mosses to +30 °C and —20 °C upregulated DsPOD6. Hydration-desiccation-rehydration stress
gradually upregulated DsPOD?2 reaching the highest levels of gene expression after 24 h. Similarly,
expression of DsPODG6 also gradually increased after desiccation for 24 h, with highest expression
occurring after 0.5 h. DsPODS8 expression was highly induced after 1 h hydration, just before
desiccation.
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The changes in the expression of DsPOD genes in response to CdClo, paraquat, unfavorable
temperature and hydration-desiccation-rehydration stresses strongly suggest that peroxidases may
play a protective role against oxidative damages caused by these stresses in the moss D. scoparium.

This study was supported by the government assignment of FRC Kazan Scientific Center of
RAS, the joint grant of Russian Foundation for Basic Research (RFBR) and Government of Republic

of Tatarstan (grant No. 18-44-160031), Russian Foundation for Basic Research (RFBR), Russia
(grant No. 20-04-00721).
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The primary targets of Cd- and Zn - induced stress damages, as of the non-redox active heavy metals
(HM), are binding sites of transport proteins and enzymes which in turn causes ionic disturbance and
metabolic and redox imbalance or triggers signaling events that can lead to acclimation [1]. Organic
acids metabolism is of fundamental importance in plants and malate, citrate and oxalate considered
as key cellular ligands for HM ions chelation in modulating plant tolerance to HM stress [2, 3]. This
however is not entirely consistent with the idea of HM induced ROS generation and initiation of
oxidative stress, which can cause inhibition of TCA cycle enzymes and a decrease in the synthesis of
organic acids. [4]. Currently the mechanism of avoiding HM-invoked redox stress in mitochondria is
believed to be in activation of an alternative oxidase (AOX) [2] supposedly through citrate inducing
expression of the AOX gene [5].

Earlier we reported that C4 amaranth plants show an increase in oxalate pool in the leaves
when exposed to sublethal (1-10 puM) concentrations of Cd, which is consistent with oxalate
involvement in Cd chelation and tolerance [6]. The subject of the present work was the study of
modifications in organic acids metabolism in response to Cd and Zn stress in amaranth roots and in
young and mature leaves. The study was carried out on 42-day amaranth plants
Amaranthus caudatus L., exposed in a water culture to 7 days of CdSOs or ZnSO4 in concentrations
of 90 uM or 300 uM. The thermally stabile metabolites were analyzed by gas chromatography
electron ionization-quadrupole mass spectrometry (GC-EI-Q-MS).

Among over 400 detected metabolites, about 100-140 were differently (more than 1.5-fold, p
< 0.05) abundant in HM stressed as compared to the control plants with 2/3 being up regulated. In the
control, oxalate prevailed among the key organic acids with a maximum in mature leaves. When
exposed to Cd or Zn stress its content in mature leaves increased up to 1.7 and 1.2 times, in young
leaves it remained unchanged, and in the roots it decreased by 1.5 times. Malate and succinate were
the most abundant among TCA intermediates and in response to Cd malate increased quite intensively
in mature leaves (by 4.3 times compared to 2 times under Zn) while in young leaves and roots the
effects of both HM were poorly expressed. Succinate content did not change in case of Cd but
decreased in Zn treated plants whereas citrate levels remained stable (as of most other TCA
intermediates) or slightly increased.

A number of fatty and aromatic acids (shikimic, arachidonic, adipic, cinnamic, caffeic, ferulic,
benzoic acids and others) known as antioxidants or precursors in lignin biosynthesis were upregulated
in particular in roots and young leaves, which suggests their participation in the adaptation of
amaranth plants to Cd/Zn stress. The most pronounced increase was in the content of salicylic acid
recognized as signaling molecule under stress, which in case of exposure to Zn reached 27 times in
the roots and 23 times in the young leaves. Finally, a sharp rise was noted in the content of sugar-
derived acids more pronounced in the roots, where the levels of gluconic acid increased by 14 and 24
times when exposed to Cd and Zn, which indicates its possible role in the chelation of HM in amaranth
roots.

The results obtained suggest that in A. caudatus plants in response to chronic Cd or Zn stress
several metal- and organ-specific mechanisms of acclimation triggered including those associated
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with the maintaining of TCA cycle and mitochondrial activity. This is in good agreement with the
idea of possible involvement of AOX during acclimation to metal exposure, which provides a
decrease in ROS production [2] and modulation of the TCA cycle along the way of ensuring the
synthesis of malate and citrate, as key ligands during the sequestration of HM ions in vacuole.
Besides, the observed increase in malate and citrate content is consistent with the idea of TCA cycle
transformation from a closed to an open structure with the formation of malate and citrate “valves”
when the redox level in the cells increases [5] which can also be an adaptive mechanism in case of
Cd and Zn stress. Based on the proposed isocitrate pathway as dominant to oxalate biosynthesis [5],
the connection is supposed between the established intensification of oxalate accumulation in mature
amaranth leaves under HM stress with the stress-induced transformation of the TCA cycle.
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In eukaryotic cells, mitochondria perform many functions, including the production of ATP during
oxidative phosphorylation, maintenance of cytosolic calcium levels, generation of reactive oxygen
and nitrogen species, etc. [1]. It is obvious that maintaining the functional activity of mitochondria is
of particular importance under stressful conditions. Mitochondria are dynamic organelles that
undergo division, fusion, changes in morphology, intracellular localization, as well as an increase or
decrease in their number. It is known that the cellular architecture of mitochondria and the dynamic
reorganization of the mitochondrial network (mitochondrial dynamics) are regulated by a number of
recently identified proteins, most of which are dynamin-like proteins and are GTPases. Thus, Drpl
performs mitochondrial fragmentation, while mitochondrial fusion is regulated by mitofusins (Mfnl,
Mifn2), which ensure the fusion of the outer membrane, and the optical atrophy protein (Opal), which
promotes the fusion of the inner membrane. These proteins play an important role in mitochondrial
biogenesis, regulation of the cell cycle, cell survival and death, as well as in the development of many
diseases.

In contrast to animal cells, in which mitochondria are more likely to represent a dynamic
network [2], in a typical plant cell, mitochondria are represented by a population of several hundred
discrete organelles, the morphology of which can vary from spherical to tubular forms. Dynamic
changes in mitochondria in plant cells have been studied to a lesser extent than in yeast and
mammalian cells [4]. In Arabidopsis plants, homologues of proteins of the mitochondrial
fragmentation apparatus DRP1 (dynamin related protein 1), AtDRP3A and tDRP3B, have been
identified. These proteins are located in the cytosol and bind to the mitochondrial fragmentation site
using the Elongated Mitochondria 1 (ELM1) protein located on the outer mitochondrial membrane.
The question of how the fusion of plant mitochondria occurs remains open.

Inhibition of Drp1 leads to elongation of mitochondria and delays their fragmentation during
apoptosis of mammalian cells. However, in the absence of Drpl, mitochondrial division is not
completely prevented. An effective pharmacological approach for preventing mitochondrial
fragmentation in animal cells is the use of Mdivi-1, a specific inhibitor of dynamin GTPases. Mdivi-
1 (mitochondrial division inhibitor — 3-(2,4-dichloro-5-methoxyphenyl)-2,3-dihydro-2-thioxo-4 (1H)
-quinazolinone) was first described by Cassidy-Stone et al. [5] as an inhibitor of Drpl function in
yeast and mammalian cells.

Considering the facts of a stress-induced increase in the size of plant mitochondria, as well as
the presence of homologues of dynamin GTPases in plant cells, the purpose of this study was to study
the changes in the morphology and activity of mitochondria following targeted induction of
mitochondrial fusion using Mdivi-1, as well as to analyze the changes in the activity of other
metabolic pathways in the cells of wheat roots. The tasks of the study included the assessment of the
level of energy status of mitochondria in the roots treated with Mdivi-1. In addition, the changes in
the redox status, induction of autophagy, and the expression of genes encoding the key energy sensor
AMP-dependent protein kinase SnRK1 and the glycolysis enzyme GAPDH were analyzed.

It was found that incubation of wheat roots with 0.1 uM Mdivi-1 induces an increase in the
size of mitochondria, upregulates their energy status and the metabolic activity of whole cells. This
is evidenced by an increase in oxygen consumption, and the level of mitochondrial potential, and the
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changes in the production of reactive oxygen species (ROS). The formation of autophagosomes in
the cells of control roots excised from seedlings and incubated for 3 h in 0.25 mM CaCl, may indicate
the degradation of damaged cellular structures. Interestingly, no autophagosomes were observed in
the presence of Mdivi-1. An increase in the expression level of genes encoding the energy sensor
SnRK1 and the glycolytic enzyme GAPDH after prolonged (5 h) exposure to Mdivi-1 suggests that
a redistribution of the input of the main energy-producing metabolic pathways to the total energy
status occurs in the cells with fused mitochondrial phenotype.

Thus, the treatment of wheat roots with Mdivi-1, a GTPase inhibitor, can block the
fragmentation of mitochondria resulting in the appearance of enlarged mitochondrial phenotype with
high membrane potential. We suggest that the fusion of mitochondria in plant cells enhances the
efficiency of the functioning of the respiratory chain and helps to avoid the excess ROS formation
and associated cell damage. Increased activity of mitochondria requires the additional resources from
other energy sources such as glycolysis.
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The global climate changes represent one of the major challenges in the modern world. Indeed,
drought is the critical environmental factor reducing world crop productivity. At the organism level,
water stress and dehydration trigger an array of adaptive responses, featured with multiple alterations
in plant metabolism and physiology. At the physiological level, water stress and dehydration are
manifested with stomata closure and suppression of photosynthesis. These events trigger
enhancement of reactive oxygen species generation and development of oxidative stress, which might
cause tissue injury, apoptosis and necrosis. At the molecular level, oxidative damage is manifested
by lipid peroxidation and formation of reactive carbonyl compounds (RCCs), which readily react
with side chains of amino acid residues in proteins resulting in carbonylation of proteins. The
imbalance of carbonyls production and scavenging causes pathophysiological conditions that
accelerate ageing. Here, we specifically addressed drought-related changes of the carbonyl compound
profile in the nodules of the roots of pea (Pisum sativum) because drought stress affected on nitrogen
fixation. In the plant root, osmotic stress disrupts cellular ionic and osmotic equilibrium, resulting in
morphological and physiological changes in legume root nodules. Reduced water potential in the soil
also affects diffusion of oxygen via the root epidermis, directly influencing the function of root
nodules and efficiency of legume-rhizobial symbiosis. Indeed, symbiotic nitrogen fixation is highly
sensitive to drought: dehydration negatively affects nitrogen accumulation and compromises the
yields of legume crops. The observed changes in root nodule functional activity can be related to
oxidative stress, accompanying plant response to dehydration.

Pea seeds were germinated in dark during two days, transferred to polyethylene pots filled
with vermiculite, and the seedlings were inoculated with 150 mL of rhizobia (Rizobium
leguminosarum) suspension, supplemented to each pot. After inoculation, the plants were
supplemented with a nutrient medium containing ammonia nitrate. One week later, the plants were
transferred to an aerated hydroponic system based on the nutrient solution, and grown for two further
weeks. Afterwards, the plants were transferred to the growth medium supplemented with 5, 10, 15,
20, and 25% (w/v) polyethylene glycol (PEG) 8000, with PEG-free growth medium as control. One
week later, physiological stress parameters such as stomatal conductance, the relative chlorophyll
content and the leaf relative water were determined.

The RCCs in plant material were derivatized with 7-(diethylamino)-coumarin-3-
carbohydrazide (CHH), and lipophilic components were extracted with methyltert-butyl ether
(MTBE). The extracts were analysed by RP-UHPLC coupled on-line to Orbitrap Elite (Thermo Fisher
Scientific) mass spectrometer via a heated electrospray (HESI) source operated in the positive ion
mode. More than 300 carbonyl-CHH adducts could be efficiently separated on a C4 reversed phase
column and annotated by retention times, exact masses (m/z values), and characteristic fragmentation
patterns. The method was validated with authentic compounds representing the major groups or RCCs
— aldehydes, ketones, and keto acids. Thereby, this untargeted approach relied on the label-free
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relative quantification, and proved to be applicable to the estimation of quantitative differences in
carbonyl profiles. To determine derivative stability, pooled plant extract (as a quality control sample
(QC)) was repeatedly analysed over the experimental time. After integration of peak areas they were
normalized by MinMax Scaling. Using this strategy, all derivatized RCCs were distributed in 5
clusters on the basis of their degradation kinetics. This specific mathematic function was applied to
the experimental set of samples (run between QCs) for abundance normalization and correction of
derivative degradation. After FDR correction, 22 highly abundant RCCs were differentially regulated
in the stress and control group. After relative quantification and statistical interpretation, all
metabolites, differentially abundant in stress and control groups, were identified by tandem mass
spectrometry. Remarkably, 19 RCCs decreased their abundance in the stressed group, whereas only
three species were up-regulated under osmotic stress.

The reported study was funded by Deutsche Forschungsgemeinschaft (DFG) according to the
research project # FR 3117/2-3 and Russian Foundation for Basic Research according to the
research project Ne 20-316-80052.
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ROLE OF PLASTID-DERIVED PRENYL LIPIDS IN OXIDATIVE STRESS IN PLANTS

Strzalka K.
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Oxidative stress experienced by the cells of the vast majority of living organisms is a consequence of
the presence of oxygen in their living environment. Oxygen is the substrate for the formation of
reactive oxygen species, which are needed for many cellular processes, but when produced in excess,
they pose a serious threat that can, in extreme cases, lead to cell damage and death. Therefore, a key
problem for cells is to maintain redox homeostasis, which involves controlling safe levels of reactive
oxygen species. Particularly vulnerable to oxidative stress are chloroplasts, in which some elements
of'the electron transport chain are sources of reactive oxygen species. Their formation is also favoured
by the production of oxygen in chloroplasts during the light phase of photosynthesis. An excess of
reactive oxygen species in these organelles leads to oxidative stress resulting in photoinhibition and
damage of the photosynthetic apparatus.

Cells have evolved a number of mechanisms to prevent the formation of reactive oxygen
species, as well as factors to remove them. This category of factors includes certain enzymatic
proteins and small-molecule water-soluble and lipid-soluble antioxidants. The latter include prenyl
lipids, which not only prevent the production of reactive oxygen species but also effectively eliminate
their excess. Among the major prenyl lipid antioxidants there are isoprenoid chromanols, isoprenoid
quinols and carotenoids. Occurence of these compounds in plants and their role in maintaining cell
redox homeostasis will be presented and discussed.
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REDOX-REACTIONS OF SUNFLOWER INOCULATED WITH PLANT GROWTH
PROMOTING ENDOPHYTE PSEUDOMONAS LURIDA STRAIN EOO26 UNDER
COPPER AND NICKEL STRESS

ripti'’, Kumar A.!, Voropaeva O.!, Maleva M.!, Panikovskaya K.!,
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Metal contamination is one of most severe problem for today’s world and dual and multi-metal
contamination is much more complicated situation for the human being. It not only reduces the
microbial flora but also adversely affect the establishment of the plants by inducing oxidative stress
and altering other biochemical processes. In order to reduce the effect of metals on plant growth and
its development, metal tolerant plant growth promoting (PGP) endophytes have been frequently used
to combat with this problem [1, 2]. The PGP endophytes have been used because of their potential in
altering plant nutrient uptake, antioxidants accumulation, hormone levels, and stress and growth-
related genes in plants [3, 4, 5]. The current study was aimed to evaluate the efficiency of PGP
endophyte on growth, pigment content, stress tolerance, antioxidant system and metal stabilization
potential of sunflower (Helianthus annuus L.) grown under copper and nickel spiked soil.

A dual metal (Cu and Ni) resistant PGP endophyte Pseudomonas lurida strain EOO26 was
isolated from the leaves of Ni-hyperaccumulator plant Odontarrhena obovata (Alyssum obovatum L.)
growing on Cu-smelter impacted serpentine soil. The EOO26 strain showed multiple PGP attributes
i.e. indole-acetic-acid production, siderophore production, tri-calcium phosphate solubilization, 1-
aminocyclopropane-1-carboxylic acid deaminase production under varying pH 5.0-9.0.

Present study suggests inoculation of sunflower with metal tolerant strain EOO26
significantly decreased the reactive oxygen species mediated oxidative stress (lipid peroxidation) by
reducing the toxicity of Cu and Ni by secreting other plant growth promoting traits, which eventually
declined superoxide dismutase activity and leaf proline content under metal stress conditions.
Hydrogen peroxide was found increased by 2.8 and 4.8 times for Ni and Cu, respectively, in the
leaves of plants grown on metal-rich soil, which may be due to a decrease in guaiacol peroxidase
activity. Moreover, application of strain EOO26 further improved the carotenoid content. Higher
accumulation of both metals was found in the leaves and roots of strain EOO26 treated plants
compared to uninoculated metal treated plant and resulted in increase in Cu uptake by 8.6-fold for
roots and 1.9-fold for leaves. Furthermore, application of PGP endophyte enhanced the root and shoot
length for both Cu and Ni treated plants thus multiplies the phytostabilization potential of strain
EOO26 under Cu and Ni contaminated soil.

The excellent adaptation abilities and promising metal removal efficiency strongly indicate
superiority of strain EOO26 for phytoremediation of Cu and Ni contamination and may work
effectively for removal of dual metal contaminated soils.

T., and M.R. are grateful for the Russian Foundation for Basic Research, (RFBR), Russia
(Project No. 19-516-45006) and Department of Science and Technology (DST), India (Project
No.INT/RUS/RFBR/363) for bilateral research grant.
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NECROTROPHIC EFFECTORS SNTOX OF STAGONOSPORA NODORUM (BERK.)
MANIPULATE THE REDOX METABOLISM OF THE HOST PLANT TO HIJACK
ITS DEFENSE PATHWAYS
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The most important virulence factors of the Stagonospora nodorum are multiple fungal necrotrophic
effectors (NEs) that cause necrosis and/or chlorosis on wheat lines possessing dominant susceptibility
genes (Snn). To date, eight Snn-SnTox interactions are known. In addition to the three main
interactions Snnl-SnTox1, Snn3-SnTox3, and Tsnl-SnToxA, several other interactions have been
identified, such as Snn2-SnTox2, Snn4-SnTox4, Snn5-SnTox5, Snn6-SnTox6 and Snn7-SnTox7 [1,
2]. Effectors SnToxA, SnTox1, SnTox3 cause necrosis and chlorosis in susceptible wheat genotypes,
it follows from this that they have an impact on the redox metabolism of the host plant. Unfortunately,
the whole signal transduction pathway from recognition of the effector by the receptor to the necrosis
development is unknown [1]. First of all, PAMP-triggered immunity (PTI) is characterized by rapid
and strong production of ROS (mainly hydrogen peroxide (H20:) and superoxide radical) in the
apoplast through activation of NADPH-oxidases localized on the plasmallema also known as
Respiratory Burst Oxidase Homologs (RBOHs), as well as peroxidases (POD) and superoxide
dismutase (SOD), leading to PTI-dependent basal defenses that inhibit invasion of pathogens [3]. It
is believed that suppression of primary ROS burst during PTI by effector proteins as virulence factors
is a common adaptation of many virulent pathogens [3]. Much data has been accumulated on the
effectors of various pathogens that suppress ROS burst during PTI [3]. However, there is no such data
on NEs SnToxA, SnTox1, and SnTox3.

In our work, we used different wheat genotypes Omskaya 35 (tsnl/snn3/Snnl), Ka-
zahstanskaya 10 (¢sn1/Snn3/Snnl), Zhnitsa (Tsnl/Snn3/Snnl) and three S. nodorum isolates Sn4VD
(toxA/tox3/tox1), SnB (ToxA/Tox3/tox1), SNOMN (ToxA/Tox3/Tox1), carrying a different set of
susceptibility genes and NEs genes, respectively to study three interactions Snn/-SnTox1, Snn3-
SnTox3, and Tsn/-SnToxA. Full compatibility reaction in combination cultivar/isolate Zhnitsa/SnB,
Zhnitsa/Sn9MN was shown. Incompatible interactions or resistance were observed when cultivars
were inoculated with the Sn4VD isolate. Also the incompatible interaction was observed in the
combination cultivar/isolate Om35/SnB (tsnl/snn3/Snnl - ToxA/Tox3/toxl). Analysis of the
transcriptional activity of the NEs genes and the assessment of the damage areas revealed a
relationship between the virulence of the isolate and the expression of the NEs genes, and also
revealed epistatic and additive interactions. Thus, we assume that the avirulence of isolate Sn4VD,
manifested in the absence of visible lesions on the leaves of all studied cultivars was associated with
the absence of expression of three NEs genes upon inoculation of three different wheat genotypes.

To check the role of compatible interactions in suppression of ROS production we studied
expression of genes encoding two isoforms of wheat NADPH oxidase, RBOHD and RBOHF,
superoxide dismutase (7aSod) and anionic peroxidase (7aPrx). We also studied the activity of
peroxidases and catalases in all incompatible and compatible interactions. The threefold and fourfold
increase in the H>O; content was observed in variants with incompatible interactions (Om35/Sn4VD,
Kaz10/Sn4VD, Zh/Sn4VD, Om35/SnB) at an early stage of infection. The oxidative burst in all
incompatible interactions was accompanied by a significant increase in the activity of free PODs,
inhibition of CAT activity, and an increase in the transcripts level of genes TaRbohD, TaRbohF,
TaSod and TaPrx. All compatible interactions inhibited H>O> production in susceptible wheat
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varieties at early stage of infection compared with incompatible interactions. The Snn/-SnTox1
(Om35/Sn9MN) and Snn3-SnTox3 (Kaz10/SnB) interactions reduced H>O» production by 2 times as
compared to the incompatible interaction in variant Om35/SnB. The presence of two or three
compatible interactions in wheat plants leads to an even greater decrease in HoO> production. The
Snn3-SnTox3 interaction inhibited H2O2 production in wheat at the early stage of infection by
affecting four enzymes of redox metabolism: NADPH-oxidases, peroxidases, superoxide dismutase
and catalase. The 7sn/-SnToxA interaction suppressed the production of H>O> by activating mainly
the CAT activity and inhibiting the POD activity. The Snn/-SnTox1 interaction inhibited the
production of H2O; in wheat by mainly reducing the POD activity and the transcript level of gene
encoding anionic peroxidase (7aPrx), which is a lignin-forming peroxidase.

We assume that a different effect of NEs on the enzymes of redox metabolism could be
associated with additional functions of effectors described recently [1]. It was recently discovered
that SnToxA and SnTox3 directly interact with the pathogenesis-related protein 1 (PR-1), which can
lead to increase susceptibility to S. nodorum [4]. PR1 protein is a marker protein salicylate-dependent
defense response of plants against pathogens. This response is associated with an oxidative burst and,
the activation of the NADPH-oxidase and apoplastic peroxidases and inhibition of catalase activity
[5]. Peroxidase and catalase are important components of the salicylate signaling path-way and
determine the redox status of an infected plant. Our results showed that the 7sn/-SnToxA and Snn3-
SnTox3 interactions led to disruption and inhibition of salicylate-dependent plant defense response
and an increase in the disease reaction.

Recently chitin-binding activity for SnTox1 was visualized in vivo using a GFP tagged
version of the protein [2]. It has been shown that SnTox1 binds to the surface of the hyphae
particularly near points of hyphal branching or plant penetration. Upon penetration into a plant,
various components of the fungal cell walls, such as glucans, chitin and proteins, can be degraded by
hydrolytic enzymes of plant origin, such as beta-1,3-glucanases, chitinases, serine and cysteine
proteases and then act as a PAMP to trigger major immune responses [1, 3]. Thus, chitin binding
activity of SnTox1 was associated with a prevention of plant chitinases from binding with hyphae
and degradation of the fungal cell wall and the release of chitin fragments into the apoplast.
Consequently, the development of plant defense reactions was suppressed [2]. It was shown that
chitin fragments activate plant peroxidases, which, firstly, leads to the development of an oxidative
burst, and secondly, to create conditions for lignification of the damage area and restrictions of the
pathogen. Our results suggest that the Snn/-SnTox1 interaction reduced the peroxidase activity and
the transcript level of gene encoding anionic peroxidase TaPrx by binding to chitin.

This work was supported by State Project AAAA-A16-116020350027-7 and the Russian
Foundation for Basic Research, project number 20-316-80047.
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Increasing plant resistance to pathogens and unfavorable agro-climatic conditions are topical issues
in crop production. In this regard, the most promising method in plant protection is the use of
biological products based on endophytic bacteria of the genus Bacillus [1]. The mechanism of the
protective action of such biopreparations may be due to the enhancement of H>O» production and its
indirect participation in the enhancement of the expression of PR proteins genes [2]. A feature of such
bacteria, including B. subtilis, is the ability to influence plant growth directly through the synthesis
of metabolites of a hormonal and signal nature, such as salicylic (SA) and jasmonic (JA) acids. It is
of considerable interest to elucidate the mechanisms of induction of plant resistance to pathogens and
abiotic stresses under the action of bacteria of the genus Bacillus in combination with
immunomodulators.

The studies were carried out on potato plants grown from microtubers, which were treated
with a suspension culture of Bacillus subtilis bacteria (10® cells/mL), a mixture of bacteria with SA
(10° M), JA (107 M), SA+JA. Three days after the treatment, the plants were infected with a spore
suspension (107 spores/mL) of the late blight pathogen P. infestans and began to create a moisture
deficit. Molecular biochemical parameters were assessed in the leaves 7 days after infection, when
the soil moisture was 40%. Differences in the studied parameters were analyzed using the Kruskal—
Wallis test.

A significant decrease in the degree of leaves damage by P. infestans under the influence of
treatment with B. subtilis in combination with JA was revealed. The increase in potato resistance was
mediated by a stimulating effect on the concentration of H>O» and the transcriptional activity of PR
protein genes in plant tissues. The method of two-dimensional electrophoresis revealed differences
in the presence of 19 proteins in the pl range from 4.0 to 9.0 with molecular weights from 30 to 125
kDa in the proteome of potato leaves. The greatest differences in the protein spectrum were observed
in infected plants treated with B. subtilis in a mixture with JA, which correlated with increased
expression of the PR-6 gene, a marker of the activation of the jasmonate signaling pathway for the
formation of induced systemic resistance. In all treatment options, in contrast to the control, the
presence of chloroplast protein (oxygen-evolving enhancer protein 1), involved in ROS generation,
was observed. The highest content of this protein was observed in plants treated with B. subtilis, as
well as in infected plants treated with B. subtilis in combination with JA. It is known that the oxidative
burst is a signal for the hypersensitivity reaction, which is closely related to the effective response of
plants to infection with a pathogen. There are data in the literature on the relationship between the
RPHI1 oxidative burst protein and plant resistance to Phytophthora brassicae [3]. It should be noted
that in plants treated with SA (with increased expression of the PR-1 gene, a marker of the salicylate
signaling pathway), this protein was also present in an amount half as much as in the treatment with
JA.
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Thus, under conditions of abiotic stress, treatment with bacteria, through H>O>-mediated
signaling pathways, activates defense systems associated with the plant's response to the invasion of
microorganisms. The results of such studies can be used to develop new environmentally friendly
products of complex action for plant protection.

The work was carried out with the financial support of the RFBR and the BRFFR within the
framework of the scientific project No. 20-516-00005, on the equipment of the Center for Collective
Use “Biomika” and USU “KODINK”.
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(biyopecieHIINH.

MUTOXOHIPUH SIBJISIFOTCSI MHOTO(YHKIIMOHAIBHBIMU OpraHe/UIaMU, KOTOpbIE HapsiAy C SHEpro-
o0ecreYeHneM KIIETOK, UIPAlOT BaXKHYIO pOJIb B PEryISLUN MHOTHX KJIETOYHBIX IPOLECCOB,
BKJItOUasi (YHKIUU MOZIYJISIUU PEIOKC-CTaTyCca M CUTHAJIMHIA, B TOM YHCIIE€ 3a CUET T'eHepaluu
akTuBHBIX popm kucaopoaa (ADK) [1]. braronapst BO3MOKHOCTH AETEKTHPOBATh BHYTPUKIIECTOUHBIC
JUHAMUYECKHE COOBITUS B BBICOKOM HPOCTPAHCTBEHHO-BPEMEHHOM pa3pelleHud, a HMEHHO
Ha YPOBHE MHJMBHYaJIbHBIX OPIaHEIUl B PEXKUME PEAJLHOTO BPEMEHH, IIPEIMETOM UHTEHCUBHOTO
M3YYEHUs] TMOCIHEAHMX JIET CTajdd JuHamMudeckue (EeHOMEHbI, HalioJaeMble KaK BBICO-
KOAMIUTUTY/IHbIE (IIYKTyallud MHTEHCUBHOCTU (IIyOPECHUEHIMU ClIeUn(pUIecKuX Kpacurenen
B CEKyHIHBIX auamna3zoHax. K TakoBbIM oOTHOcAT mynbcanuu (‘pulsing’) TpaHcMeMOpaHHOTO
MOTEHIMaJa MUTOXOHAPHH (Aym) ¥ 4acTO CBSI3aHHBIC C HUMH «BCIBIIIKW» ¢uryopecueHmn ADK-
JIETEKTUPYIOIIUX CHUCTEM, KOTOpbIE TMOJyYnuiau Ha3BaHue wMurtodiemeit (‘mitoflashes’) [2].
Ha nanHbIif MOMEHT NpHUpoO/a AMHAMUYECKUX (PEHOMEHOB, B TOM UHCIIE TPUITEPHbIE MEXaHU3MBI,
OCTalOTCS HEMOHITBHIMU, OCOOEHHO B CIIy4yae MUTOXOHJPUN KJIETOK PaCTEHHI.

B nmanHO#l paboTe uccienoBaiu 3aBUCHUMOCTh JTUHAMUYECKHX COOBITUH OT MOOMIBHOCTH
MUTOXOHJIpUI1 B KjeTkax. B kauecTBe 00BEKTOB MCCIEAOBAHUN OBLIM MCHOIb30BAaHbI KOJEONTUIN
ATHOJIMPOBAHHBIX MPOPOCTKOB 03UMOM mieHuts (7riticum aestivum L., copt Muponosckas 808),
BBIPAIICHHBIX THAPOMOHHBIM criocobom (23-25 °C, 3 cyr) B temHoTe. O6pasis! okpamubaium 0.5 pM
TMRM wumn coBmectho ¢ 10 pM DCF-DA, npocmatpuBamu B Zeiss LSM META 510
C MOCJIEYIOIUM MYJIbTUTPEKOBbIM aHanu3oM B Imagel (Fiji) ¢ momombto nporpammel TrackMate
v6.0.1 [3]. 1151 KOJIMYECTBEHHOr0 aHaIM3a MOOMIBHOCTH MUTOXOHJPUI HMCIIONIb30Bau time-lapse
cepun ¢peiimoB (3 muH) obmactu uHTepeco (ROI) miomanso 2000-3000 MkM? ¢ BpeMeHHBIM
paspemienuem 0,8 mc/mukcens (500 mc/ppeiim).

Hcxons u3 AaHHBIX TPOKUHT-aHAIM3a MHIWBUIYaIbHBIX MUTOXOHJpPUN, OpraHesulbl ObuIH
YCIIOBHO OTHECEHbI K 3 cyOmomyssiusiM IO CKOPOCTH W XapakTepy IBM)KEHHUS - «Oerymme»,
«Oponsune» u «cuasguuey. [lepemernienune opranesut 3a 3MUH MOHUTOPUHTA cocTaBuiio 6omee 10 MM
y «Oerymux», 1-10 MKkM 1 MeHee | MKM — y «OpOJsTUux» U «CUITIMX», COOTBETCTBEHHO. «berymue
MUTOXOHJIPUM XapaKTEPU30BAJIUCh IMOYTH MPSIMOJIMHEHHBIM U OJIHOHANPABICHHBIM JBUKEHHEM
1 1octatoyHo ObIcTpo nokuaanu ROIL. «bpoasuue» umenu mMupoKuil AUana3oH CpeAHUX CKOpOCTen
BCiencTBUE stop-and-go Tuma JBMKEHUM; U1 HUX OTMEYeHbl HauOojee YacThle HU3MEHEHUS
HANpaBlICHUS] JABW)KCHUS U KOHTAKTBHI C JPYTMMU MUTOXOHApUsMU. OpraHeibl ¢ MUHUMAIbHON
MOJBMKHOCTBIO — «CHUASIIME» — KOHTAKTUPOBAIM C IUIa3MajJeMMON, M XOTS COCTaBJIsUIU
55% ot obmero uucina mutoxoHapuii B ROI, mynbcupoBanu vaie, uem 601ee MOOUIbHBIC, & HIMEHHO
80% ot obmiero uucia coObITHil. MIHTEpEeCHO OTMETUTb, YTO B MOMEHT IMYJIbCALUU CKOPOCTh
JBYO)KEHUS MOOMIIBHBIX OpraHe/ul pe3KO0 CHUKalach M CTAHOBMJIACH CONOCTAaBUMOW C TaKOBOM
«euaguein» cyononymsuuu. Takum 00pa3oM yCTaHOBJIEHO, YTO MAJICHHT-aKTUBHOCTh MUTOXOHIPUIN
3aBUCHUT OT UX MOBEJICHHUS, & COOTHOIICHUE CYOIOMYISAIUIl CKOpee BCEro OMpeAessieTcs 3anpocaMu
KJIIETKH B COOTBETCTBUM C TEKYIICH CHUTYyallMed W/WiIM MU3MEHEHUSMH OKpyXaromen cpenbl. dDakT
TPaH3UTOPHOW OCTAHOBKU OpPraHeNlJI B MOMEHT NaJICUHI-aKTUBHOCTHU CBHJIETEJIBCTBYET O TOM, UTO
B CyOKOpTEKCE KJIETOK MOTYT CYIIECTBOBaTb CallThl MOAUGUKALUU W/WIM PEOopraHu3aliu
KOMIIOHEHTOB MEMOpaH MHUTOXOHIpPUH, KOTOpbIE BEAyT K OOpa30BaHUIO BPEMEHHBIX MHOPOBBIX
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KaHaJIOB, IETEKTUPYEMBIX MO-OBICTPOMY U 00OpaTUMOMY XapakTepy kak Beiopoca TMRM BcnenctBue
najgeHus Aym, TaKk W BHyTpuUMHUTOXOHIpHanbHOro okucienus DCF. Bwicokas ammummryna,
KPaTKOBPEMEHHOCTh M CTpOTras JIOKalnu3alus BbIABICHHBIX Mutodmmendr ADK mo3Bomser
MIPEIIOJIOKUTH 00 UX CUTHAJIBHOM 3HAUEHUH, TOI/Ia KaK caMa MHAYKIUS MYyJIbCallUil pU OCTaHOBKE
MUTOXOHJIpUH — O MPOSIBICHUU CHUCTEMHOM, a HE TOJIbKO CTOXaCTUYECKOW, KaK MOCTYIUPYETCs
B JIUTEpaType, NpUpoje THHAMUYECKUX (PEHOMEHOB.
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THE PULSING-ACTIVITIES OF MITOCHONDRIA DEPEND ON THEIR MOBILITY

Abdrakhimova Y.R.!, Abdrakhimov F.A.2

nstitute of fundamental medicine and biology, Kazan (Volga Region) Federal University, Kazan, Russia
*Kazan Institute of Biochemistry and Biophysics,
Kazan Scientific Center of Russian Academy of Sciences, Kazan, Russia

Keywords: ROS mitoflashes, mitochondrial mobility, fluorescence intensity pulsing.

Using the real-time single-organelle tracking analysis, we first revealed the close dependence the
frequency of mitochondrial dynamic events, such as transmembrane potential (Aym) pulsing and ROS
flashing, on the motility of the organelles in the coleoptile cells of wheat seedlings that were grown
in the dark (23-25 °C, 3d). According to traffic velocities of individual mitochondria, we
distinguished 3 basic subpopulations, namely ‘running’ (more than 10 um distance traveled for 3
min), ‘walking’ (1-10 um) and ‘sitting’(less than 1 um) ones. The high flickering activity (80% from
the total events) was inherent mainly for non-mobile mitochondria, which, in turn, were 55% from
the total number of organelles in ROI; they had close contacts with the plasma membrane, and so
could be involved in communication between intra- and extracellular compartments. It should be
stressed that at the moment when the pulsing events were happen, velocity speeds of the mobile
mitochondria declined sharply and became common with those of ‘sitting’ ones. This fact may be
explained by existence of the cell sub-cortex sites of modifying and/or reorganizing of mitochondrial
membrane components to result in a formation of the transient pore channels that detected in a sudden
and reversible manner in the cases as TMRM emission due to Ay, dissipation as intramitochondrial
oxidation of DCF. These outstanding characteristics of ROS mitoflashes allow to suggest their role
in cell signalling whilst the stopping of mitochondrial traffic before pulsing induction could indicate
on systemic, not only stochastic as postulated in literature, nature of the dynamic phenomena.

Under pt][éi_ng
mitochondrion traffic
is stopped

74



[Txoa MoTOABIX YIEHBIX «PoJh aKTHBHBIX (DOPM KUCIOPOAA B )KU3HU PACTCHUN

VIK 661.162.6

SAIIUTHOE JEMCTBUE OKCHJIA A30TA HA ®U3UOJIOI O-BUOXUMUYECKHUE
ITAPAMETPBI 1 HEJIOCTHOCTb MEMBPAHHBIX CTPYKTYP PACTEHUM
INIIEHUIBI K IOBPEXJAIOIMEMY JEUCTBHUIO 3ACYXH

ABainbaes A.M.", Ajtary;iosa U.P., Jlyosinosa A.P., bespykosa M.B., Macaennukosa JI.P.,
KOanames P.A., IlnoTHHKOB A.A., ®egopoBa K.A., [llakuposa ®.M.

WBT" YOUIL PAH, Yda, Poccus
*E-mail: avalbaev@yahoo.com

KiroueBble ciioBa: BBIXOJ 3JICKTPOJIUTOB, 3aCyXad, OKCHU a30Ta, IECPEKUCHOC OKUCIICHUC JIUITUAO0B.

K uncny nauboniee pacnpOCTpaHEHHBIX CTPECCOBBIX (PAKTOPOB, MPUBOIAIIMX K CYIIECTBEHHOMY
TOPMOXKEHUIO POCTa U CHUYKEHUIO MPOJYKTUBHOCTH PACTEHMI, OTHOCUTCS 3acyxa. B oTBeT Ha neiic-
TBUE Ae(uIUTa BIard B PACTCHUSX PAa3BUBACTCS OKUCIUTEIBHBIA CTPECC, XapaKTEepPH3YIOLIHHCS
M30BITOYHOM reHeparueit akTuBHbIX Gopm Kuciaopoaa (ADK). K ochoBabiM mutieHsm ataku ADK
NPUHAIEKAT JIMOUABI MeMOpaH, MOJBEpraroIluecs Jerpajaiuu ¢ oO0pa30BaHUEM pPa3IUYHbBIX
MPOJYKTOB NEPEKHCHOIO OKHUCIEHUS JUNUAO0B. BakHylo ponb B peryinsiudd (OpMUPOBAHUS
YCTOMUMBOCTHU pacTeHUH K 00€3BOKMBAHUIO UTPAIOT IPUPOJIHBIC PETYIATOPHI POCTA, CPEId KOTOPBIX
Bce Oosbiiee BHMMaHue npuBiiekaeT okcuy azora (NO). JlanHas paboTa MoOCBsIIEHA BBISBICHUIO
nporekTopHoro 3¢ dexra noHopa NO nutponpyccuaa Hatpus (SNP — sodium nitroprusside) B ontu-
MaJbHON CTUMYJISUK pocTa KoHneHTpanuu 200 MkM Ha pa3nudHbie (HU3HO0JIOT0-OMOXUMUYECKHE
MOKa3aTea M IeJIOCTHOCTh MEMOpaHHBIX CTPYKTYp HPOPOCTKOB IIIEHMIIBI, IOABEPTHYTHIX
JENCTBUIO 3acyxH, Mojaenupyemoil ¢ momouipio 12%-ro nomustunenrnukons (I191). B xoxe
MIPOBE/ICHHBIX AKCIEPUMEHTOB ObUIO BBIABICHO, 4TO IIDI-MHIYyIMPOBaHHOE HApyIIEHUE BOJHOTO
peXuMa IPOPOCTKOB IIIEHUIbI BBI3BAIO 3HAUYUTEIIBHOE CHM)KEHHE B HHUX OTHOCHUTEIBHOTO
COJIEp’KaHUS BOJbI, & TAK)KE YMEHBIIEHWE OCMOTHYECKOrO IOTEHLMala U TPAHCIHUPALUHU, YTO
OTpa3ujoch B HMHIUOMpOBaHUM pocTa pacteHuil. B ycmosusx IIOI-unaynupoBaHHO# 3acyxu
BBISIBJICH SIPKO BBIPAKEHHBIHM ucOaIaHC B TOPMOHAIIBHOM CUCTEME ITPOPOCTKOB MIIIEHUIIBI, KOTOPBIH
00yCJIOBJIEH KaK CYyIIEeCTBEHHbIM HakorieHueM ABK, Tak u cHuW)XeHuEM ypOBHS IIMTOKMHUHOB
n MYK. OOHapykeHO, 4TO 3acyxa NMPUBOJWIA K HAKOIUJICHHWIO TPAHCKPUIITOB T'€HOB 3aIIMTHBIX
6enxoB — TADHN neruapuHa B moOerax M arrfioTHHHHA 3apojsiiia mieHunbl (A3I1) B KOpHsX.
B 10 xe Bpems, Habmonanochk HakorieHHe A3Il B KOpHSX MPOPOCTKOB, MOCIE YErO COIAEPIKaHHE
JIEKTUHA B HUX ITOCTENIEHHO CHU)KAJIOCH 3@ CUET €ro IKCKPELUHU B HapYXHYIO cpeny. Bmecrte ¢ Tem,
BBI3BAaHHBIN 3aCyX0M OKHCIUTEIBHBIN CTPECC OKa3all CHIIbHO BBIPAKEHHBIN MOBPEKIAI0MnN A HexT
Ha IIeJIOCTHOCTh MEMOpPaHHBIX CTPYKTYpP, KOTOPBIH CONPOBOXKIAJICS Oojee 4YeM JIBYKPAaTHBIM
MOBBIIICHHEM YPOBHsSI MajoHOBOro muanpiaeruaa (MJIA), KOHEYHOro NpPOJyKTa MEPEKHCHOTO
OKHCJIEHUS JIMIIUJIOB, U BBIXOZ0M JIEKTPOJIMTOB U3 PACTUTEIBHBIX TKAaHEH.

[TpenoOpabotka mnpopoctkoB SNP  cHmxana wunayuupoBanHblii [IOI0  nucGananc
(buTOropMoHOB M ypoBeHb HakomieHust A3I1 B KOpHSX U B HApy>KHOU Cpesie, 4TO OTPa3miIoCh B HOP-
MaJM3alMd POCTOBBIX IMapaMeTpOB U YIy4dlEHUH ToKazaTesned BoaHoro obOmena. SNP-
npenoOpaboTaHHbIe PACTEHUs XapaKTEPU30BAIHMCH JOMOJHUTEIBHBIM YBEIMYEHUEM COJEepIKAHUs
TpaHckpuntoB TADHN reHa B OTBET Ha 3aCyXy, OJJHAKO OHO ObLIO HECYIIECTBEHHBIM, YTO TpeOyeT
JaIbHEHUILET0 JETANBHOTO u3ydeHus posin TADHN reHa AerupuHa B MPOSIBICHUH IPOTEKTOPHOTO
nevictBusi NO Ha pacTeHMs] TMIICHWIIBI TPU BO3JCHCTBUM 00€3BOKMBaHMs. VIHTEpecHO, 4YTO
npenobpadborka SNP  mpuBoamMia K yMEHBIICHUIO CTpPECC-MHAYLIMPOBAHHOTO HAKOIJICHHUS
TpaHckpuntoB reHa A3ll, 4To CBHAETENBCTBYET B MOJb3y MEHBUIEH CTENEHHM IOBPEXKIAIOIIETO
JIeHcTBUS 3acyXW Ha mpenoOpaboTaHHBIE OKCHMAOM a30Ta pacTeHus. Bwmecte ¢ Tewm,
npenodpadoranHsie SNP IpopocTKy XapaKTepr30BaIMCh CYIIIECTBEHHO MEHBIINM YPOBHEM CTpeCC-
MHIYLIHUPOBAaHHOTO HakomieHuss MJIA u s3x300cMoca 37€KTPOIUTOB.

75



[T MexmyHapOaHBIH CUMITIO3UYM «MOeKyIspHBIE acTIeKTh PEIOKC-MeTaboIn3Ma pacTeHUI»

Takum 00pazom, COBOKYITHOCTh IOJIyYEHHBIX PE3yJIbTaTOB MO3BOJISET 3aKIOYUTh, YTO SNP
B ONTHUMAJIBHOM B CTUMYJSIHMH pocTa KoHueHTparuu (200 MkM) XapakTepu3yrTcs SIPKO
BBIPKEHHBIM 3aIIUTHBIM 3P (EKTOM Ha PACTCHHUS MILIEHUIIBL, TIOABEPTHYTHIX 3acyxe. [[poTeKTopHBIi
3¢ dexT okcuaa a30Ta Ha pacTEHUS MIIEHUIIBI MOXKET ObITh 00YCIIOBJICH €T0 BIMSTHUEM Ha COCTOSTHUE
FOPMOHAQJIBHOM CUCTEMBl M YPOBEHb 3alIUTHBIX COCIUHEHUW. JlaHHBIE O CHUIKEHHHM CTpeccC-
WHIYIIUPOBAHHOTO HaKorieHuss MJIA 1 BbIX0/1a DJIEKTPOJIUTOB MO/ BIUSTHUEM TIpenoopadoTku SNP
MOTYT CBUJIETEIILCTBOBAThH O CIIOCOOHOCTH OKCHA a30Ta CHIXKATh YPOBEHb HHAYIIUPYEMBIX 3aCyXOM
OKHUCJIUTEIbHBIX MOBPEKICHUI MEMOPAHHBIX CTPYKTYP.

Paboma evinonnena 6 pamxax eocsadanus (mema No AAAA-A21-121011990120-7) npu
yacmuunou noooepoicke epanma PODU Ne 20-04-00904_a, ¢ npusneuenuem npubopHoco napra

LIKII «buomuxa» (Omoenenue OUOXUMUYECKUX MEMOO08 UCCAe008AHUL U HAHOOUOMEXHON0SUU
PILIKII «Aeuoenvy) u YHY « KOTUHK».

PROTECTIVE EFFECT OF NITRIC OXIDE ON PHYSIOLOGICAL
AND BIOCHEMICAL PARAMETERS AND THE INTEGRITY OF MEMBRANE
STRUCTURES OF WHEAT PLANTS TO THE DAMAGING EFFECT OF DROUGHT

Avalbaev A.M., Allagulova Ch.R., Lubyanova A.R., Bezrukova M.V., Maslennikova D.R.,
Yuldashev R.A., Plotnikov A.A., Fedorova K.A., Shakirova F.M.

IBG UFRC RAS, Ufa, Russia

Keywords: electrolyte leakage, drought, nitric oxide, lipid peroxidation.

This work has studied the protective effect of sodium nitroprusside (SNP), the NO donor, on various
physiological and biochemical parameters and the integrity of membrane structures of wheat
seedlings exposed to PEG-induced drought. It was revealed that PEG caused a significant decrease
in relative water content, osmotic potential and transpiration of wheat seedlings which led to seedling
growth inhibition. Under drought conditions, there was an imbalance in the hormonal system of wheat
seedlings. Drought caused the transcript accumulation of TADHN dehydrin gene in shoots and WGA
gene in roots. At the same time, drought-induced oxidative stress had a pronounced damaging effect
on the integrity of membrane structures, which was accompanied by a significant increase in the level
of malondialdehyde (MDA) and electrolyte leakage. Pretreatment of seedlings with SNP reduced the
PEG-induced hormonal imbalance which was reflected in the normalization of growth and an
improvement in water metabolism. Under drought, SNP-pretreated seedlings were characterized by
an additional minor increase in the content of TADHN transcripts as well as a decrease in the stress-
induced accumulation of WGA transcripts, which indicates less damaging effect of drought on NO-
pretreated plants. At the same time, SNP-pretreated seedlings were distinguished by a significantly
lower level of stress-induced accumulation of MDA and electrolyte leakage and these data may
indicate the ability of nitric oxide to reduce the level of drought-induced oxidative damage to
membrane structures. Thus, the obtained results allow us to conclude that SNP has a pronounced
protective effect on wheat plants subjected to drought.

Mitric oxide (NO) protects the growth and the integrity of membrane structures of wheat seedlings from
drought-induced oxidative Injury
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AKTUBHOCTbDb KATAJIA3bI U CYIIEPOKCUAAUCMYTA3bI B TAJINIOMAX
IUAHOJUIIAMHUKA PELTIGERA PRAETEXTATA
HA PA3HBIX CTAAUAX OHTOI'EHE3A

Anzapocosa B.I.", Tepeoosa E.H., Coanonsanxun I1.A.

[leTpo3aBoackuii rocyiapcTBEHHBIN yHUBEpCUTET, IleTpo3aBoack, Poccus
*E-mail: vera.androsova28@gmail.com

KaroueBsle cinoBa: Peltigera praetextata, xkatanasa, JIMIIAWHAKHA, OHTOTE€HE3, CYNIEPOKCHITUCMYTa3a.

JIumaiHUKY — 3TO YYBCTBUTENIbHBI KOMIIOHEHT COOOLIECTB; OHM MOTYT OBITh IOKa3aTeiaeMm
OIIpEeJICJIEHHBIX YCIOBUI OOUTaHMS M UX U3MEHEHHH, B TOM YHCIIE — CTEIICHN HApYIICHHUS SKOCUCTEM.
AKTUBHOCTh M3y4Y€HHUS aHTUOKCHUIAHTHBIX CHCTEM JIMIIAHHUKOB B HACTOSIEE BpeMs BO3pOCIa,
IJIaBHBIM 00pa3oM, B CBSI3U C IIOMCKOM TNPHUPOJHBIX AHTUOKCHJAHTOB JJISi MCIOJBb30BAaHUS X
B OMOTEXHOJIOTHYECKUX Ipolieccax. BmecTte ¢ TeM HU3ydYeHHE AaHTUOKCUAAHTHON aKTUBHOCTH
JUIIAHUKOB, KaK KOMIUIEKCHOI'O IIOKa3aTessl peaklMM OpraHu3Ma Ha H3MEHEHHs YCIIOBHM
oOuTaHUs, MO3BOJIMT NPUOIU3UTCS K MOHUMAHUIO NPUYMH U MEXAHHU3MOB YYBCTBUTEIHHOCTHU
JUIIAHHUKOB K U3MEHSIOIINMCS YCIOBUSM CPEJIBL.

[lenpto Hamero wucciaelIoBaHUs SBISJIOCH H3Y4YEHHE AaKTUBHOCTU KaTaja3dbl M CyIep-
OKCHJITUCMYTa3bl B TaJJIOMax TeEIbTUTephl OKalMieHHOU (Peltigera praetextata (Florke ex
Sommerf.) Zopf.) Ha pa3HBIX CTaAUIX OHTOTCHE3A.

B xoze uccnenoBanus ObUTM MPOAHAIN3UPOBAHBI aKTUBHOCTH (hepMeHTOB KaTanassl (KAT)
u cynepokcugaucmyrasbl (COJ]) B BUPrHHWIBHBIX, T€HEPATUBHBIX U CEHUJIBHBIX TajuloMax
AMU(PUTHOTO LUAHOOMOHTHOTO JHINANHMKA P. praetextata CpeIHETACKHBIX JIECHBIX COOOIIECTB
(Pecnybnmuka  Kapenusi). AKTHUBHOCTH  (DEPMEHTOB  OMPENETSUIM  CHEKTPOGOTOMETPUUECKH
no obmenpunaTeiM Metonam: KAT — mo peakuuu pasznoxenus nepekucu Bogopona [1], COI —
10 WHTHOMPOBAHMIO BOCCTAHOBJIEHHUS HUTpOCUHEero Tterpaszonus [2]. CoumepkaHue Oenka OBLIO
OIpeJIeJIEHO CHEeKTpOooTOMETpUIecKH 1o MeToay bpendopaa.

CornacHO TMOJIy4EHHBIM JIaHHBIM, HauOoJjbllee cojaepkaHue Oenka ObUIO OOHApYXKEHO
B CEHWJIbHBIX TaylsioMax nenbturepsl (1,22 mr/r cyx. maccel). st Buprunmnbsbix (0,72 Mr/r cyx.
Maccel) M reHepaTuBHBIX (0,56 MI/r cyX. Macchl) TaJJIOMOB 3aperHCTPUPOBAHO MEHbIIIEe
cozep:kanueM oOenka. CpaBHEHHUE MOTYYEHHBIX HAMU JJAHHBIX C JAHHBIMU JPYTUX MCCIEI0BaTENEH,
MO0Ka3ajo, 4YTO cojiepkaHue Oenka B TajlioMax MeNbTUrepbl B 3 pa3a HUXKE, MO CPaBHEHHUIO
¢ medaroaueBbIM XJOpouUIaitHukoM Lobaria pulmonaria [3]. BeposiTHee BCEro 3TO CBS3aHO
c MeTabO0JIMYECKUMU OCOOEHHOCTAMHU JI00apUM Kak JIMIIalHUKA, KOTOPbIH HMMEET MOCTOSHHBIN
MCTOYHHMK a30Ta B BUJE a30T(HUKCUPYIOMHKX IIMaHoOakTpuu B 1edanoausx. CpaBHEHUE ¢ JaHHBIMU
ucclienoBaresnei o cojepKaHuio 0enka B Apyrux Bujaax HeredanoaueBbIX JUIAHHUKOB, HATPUMED
B nnmnaiiHukax poaa Cladonia, BEISIBUIO COMIOCTaBUMBbIE JaHHBIE 110 COJEpKaHUI0 Oernka [4].

B npenenax nuzydeHHoi BEIOOPKH, COMIACHO pe3yIbTaTaM 0JHO(PAKTOPHOTO AUCIIEPCHOHHOTO
aHanu3a, HanoOobInas akTuBHOCT, KAT Oblia BeISIBIICHA JUISI CCHHJIBHBIX TaLIOMOB (3651,1 MKMOJIB
H>O/Mr Genka) menbTurepsl, Mo cpaBHEHHIO ¢ BUPruHWIBHBIME (3178,1 Mkmose HoOo/Mr Genka)
u reHepaTUBHBIME (2883,7 Mmxmoabs H2O2/Mr 6enka) Tamomamu.

[IpoTrBOMONIOKHBIE PE3yNbTaThl OBUIM TOMy4deHbl 1o akTuBHOCTH COJ] B Tamiomax
nenbTUrepbl: HauMeHblas aktuBHocTe COJl 3apeructpupoBaHa AJi CEHWIbHBIX TayuiomoB (0,59
yci. ea./mr 6enka). AktuBHOCTh COJl B BUPTMHWIBHBIX W TEHEPATUBHBIX TAJUIOMax IEJIbTUTEPHI
ObL1a BhINIE U cocTaBuna 2,19 u 2,74 ycn. en./mr 6enka, COOTBETCTBEHHO.

CpaBHeHuE MOJTYYEHHBIX JJAHHBIX C pe3yJIbTaTaMu JAPYTUX UCCIIeI0BaTENIeH, UCTIOIb3YIOIINX
cx0kyto MeToauky omnpenenenus aktuBHoctd KAT u COJl y nedanoaueBoro XjiaoponuiiaiHuka
Lobaria pulmonaria [3] nmoka3ayo, 4ToO BBISBICHBI CXOKHE 3aKOHOMEPHOCTH: BBICOKAsI aKTUBHOCTh
KAT wu nuszkas aktuBHoctb CO/l y ceHmnbHBIX Ta/uioMOB. Ha OCHOBaHMM NOJy4YEHHBIX JaHHBIX,
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MO>KHO MIPEJIMOJIOKUTD, YTO B CECHUIIbHBIX TAIOMAX JUIIAHHUKOB 00pa30BaHUE IEPEKUCH BOIOPOA,
HE CBSI3aHO C U3BECTHOM peakuueit nucmyranuu, korga COJl nepeBoauT CynepoKCUIHbIA paguKai B
IIEPEKUCHh BOAOPOAA U MOJIEKYJISIPHBIM KHUCIOPOA. Bech myil nmepekucu Bogopoaa HEUTpalIU3yeTcs
KAT, Tak kak Bcerjja uMeeTcs JIMHEHHAsi 3aBUCUMOCTb MeKy akTUBHOCThIO KAT 1 kKoHIIeHTpanuei
nepekucH Bojiopoaa [5].

Paboma ewinonnena npu noodepowcke Munucmepcmea HayKu u 8vicuie2o 00pazo8anus
Poccuiickoii @edepayuu (npoexm No. 0752-2020-0007).
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ACTIVITY OF CATALASE AND SUPEROXIDE DISMUTASE IN THALLOMAS
OF THE CYANOLICHEN PELTIGERA PRAETEXTATA AT DIFFERENT STAGES
OF ONTOGENESIS

Androsova V.I., Terebova E.N., Solodjankin P.A.

Petrozavodsk State University, Petrozavodsk, Russia
Keywords: Peltigera praetextata, catalase, lichens, ontogenesis, superoxide dismutase.

The aim of the study was to evaluate the activity of catalase and superoxide dismutase in the thalli of
cyanolichen Peltigera praetextata at different stages of ontogenesis. According to the obtained data,
the highest protein content was found in senile thalli of P. praetextata (1.22 mg g dry weight). For
virginal (0.72 mg g dry weight) and generative (0.56 mg g' dry weight) thalli, a lower protein
content was recorded. Within the studied sample, the highest catalase activity was found for senile
thalli (3651.1 umol H,O2 mg! protein) of P. praetextata in comparison with virginal (3178.1) and
generative (2883.7) thalli. The contrary results were obtained for the activity of superoxidedismutase
in P. praetextata thalli: the lowest superoxidedismutase activity was recorded for senile thalli (0.59
conventional U mg™! protein). The activity of superoxide dismutase in virginal and generative thalli
of P. praetextata was higher and amounted to 2.19 and 2.74 U mg! protein, respectively.

Protein content:
the highest protein content in senile
thalli

Peltigera praetextata
Thalli of different stage
of ontogenesis:
«  virginile
generative &
senile

Activity of catalase:
the highest catalase activity in senile
thalli

dismutase

/|1 \

Activity of superoxide dismutase:
the lowest superoxide dismutase
activity in senile thalli

Measurements of protein content,
activity of catalase and superoxide
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BO3JENCTBHUE NaCl-3ACOJIEHUSA U HIEJJOYHOCTHU HA COJAEP)KAHUE
ACKOPBMHOBOM KUCJIOTBI B KPECC-CAJIATE

Apucosa A.K.", Epemuenko O.3., CemenoBa B.A.

IlepMmckuii rocyrapCTBEHHBIN HAIMOHAJIBHBIA UCCIIEIOBATENIbCKUNA YHUBEPCUTET, [lepmb, Poccust
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Kuarouessble cioBa: Lepidium sativum L., ackopOUHOBast KUCIIOTa, TIIyTaTHOH, COJICBOM U IIEJI0YHOMN CTpece.

OKHCIIUTENBHBI CTpEeCC pacTeHUH B YCIOBUAX KOMOWHHUPOBAHHOTO BO3JEHCTBUS 3aCOJICHUS
U IIETIOYHOCTH M3YYEH HEAOCTaTOYHO. BOCCTaHOBHUTEIbHYIO aKTUBHOCTh ACKOPOMHOBOW KHCIIOTHI
Y TJIyTaTHOHA B Kpecc-cajaTe uccieaoBain B 1ByxdakTopHom ombite: 3acosenune NaCl (30, 70, 110,
150 MM) u menounocts (7, 8, 9, 10 pH). Ha HauanpHOM cTaguu cTpecca akTUBHOCTh ackopOaTa B
0oJIbILIel CTENEHH CBsI3aHa ¢ 11eJI0YHOCThIO (29%), 601ee cinaboe BausHUE okazano NaCl-3aconenue
(21%); B3aumonerictBuem NaCl-3aconenus u menouyHoctd o0yciaoBieHo 8% (HhakTOpHON HArpy3KU
oO1el qucnepcuu moxKasarers.

3acosleHHe KOPHEBOM Cpelbl 4YacTO CONPOBOXKJIAETCS ILIEJIOYHBIM CTPECCOM, KOTOPBIN
BBI3BIBACT OECIOPSIIOYHOE MOTJIONICHNE HOHOB M HAPYIIIA€T BHYTPUKICTOYHBIA HOHHBIN OanaHc [1].
HccenepoBarenaMu  OTMEUYaeTcs, 4YTO IIEJIOYHOM CTPECC PpACTEHUM, COBMECTHOE BIIUSHUE
3aCOJICHHOCTH Y LIEJIOYHOCTH U3YYEHbI HEAOCTATOUHO [2].

W3BecTHO, YTO cTpecc-BO3JEHCTBUE HA PACTEHUS BBI3BIBAET CBEPXIIPOIYKIMIO aKTHBHBIX
dopM kucnopoaa [3]. B neTokcukanuu akTUBHBIX (hOpPM KUCIIOpOa MPUHUMAET y4acThe ackopoar-
TJTyTaTHOHOBBIN LMK (OJIUH U3 UCTOYHUKOB MOOUJIBHBIX JOHOPOB 3JIEKTPOHOB B PEIOKC-TpoIIeccax
[4].

Lenp HaImMX HCCIe0BaHUM — ONIpeIeNInTh KOMOUHUpOoBaHHOE Bo3zaelicTBue NaCl-3aconenus
M MIEJIOYHOCTH KOPHEBOM Cpe/ibl Ha BOCCTAHOBUTENIbHYIO aKTUBHOCTb ACKOPOMHOBOM KHCIIOTHI
U TJIyTaTHOHA B Kpecc-canate (Lipidium sativum L.).

HccnenoBanus npoBeieHbl B ABYX(AaKTOPHBIX ONbITaX C BApUAHTAMH OTAEIHLHOTO 3aCOJICHUS
—NaCl30, 70, 110, 150 MM, otaenbHoro Brusinus menounocta —pH 7, 8, 9, 10 u koMOMHUPOBaHHOM
JIeNCTBUM 3THX (akTopoB. PacTeHus BbIpalBaiy Ha BEPMUKYJIUTE B TeueHue 9 aueit, na 10-e cytku
BHOCHUJIY PACTBOPBHI C ONPEAEIEHHON KOHIEHTPALMEN COJIM U pa3HOU peakuueit cpenbl. s oneHku
BJIMSIHUSL CTpecca Ha BBICOTY U MacCy pacTeHUU CHUMaiu MopdoMeTpuyecKue MoKazaTeian depes
48 yacoB 1mocje BHECEHHs pacTBOPOB. BOCCTaHOBUTENBbHYIO aKTUBHOCTh ACKOPOMHOBOW KHCIIOTHI
Y TJIyTaTHOHA ONPENEISUIA B CBIPOM Macce pacTeHul cimycTs 12 yacoB mociie BO3JEHCTBUS CTpecC-
¢daxTopoB metoaom Ilerra B Monudukanuu [Ipokoresa.

B daxTopHo#t Harpy3ke 001l JUCepCr BOCCTAHOBUTEILHOM aKTUBHOCTH aCKOPOMHOBOM
KHCIIOTBI OTMEYEHO BIUsHUE IeIo4HocTH (29%), Gomnee ciiabbiM 0Ka3ajaoch BIMSHUE 3aCOJCHHS
(21%). Ot B3aumonerictBus (haktopoB NaCl-3aconeHus v MEIOYHOCTH 3aBUCENO 8% HM3MEHEHUM
nokaszarensi. OTH pe3ylbTaTbhl MOJATBEPXkAAIOT POJb ACKOPOMHOBOM KHMCIOTHI Kak OJHOTO
13 OCHOBHBIX OMOJIOTHYCCKHX BOCCTaHOBHTEINEH [3.,4].

ConeprkaHue BOCCTAaHOBJICHHOM ()OPMBI IITyTaTHOHA B KPECC-CAaTe U3MEHSIOCh B IIMPOKOM
nHTtepBane — ot 0 1o 26 Mr% chIpoil Macchl paCTEHUM, [P ATOM HE BBISIBJICHO 3HAYMMOTI'O BIIMSTHUS
¢daxTopoB. Uepe3 48 4 mocie crpecc-BO3AEHCTBHSI 3aCOJICHHUE U OIETaYMBaHUE KOPHEBOM Cpeibl
onpenensui 6% (pakTopHON HArpy3KH 00IIEH JUCTIEPCHH BBICOTHI M MacChl Kpecc-caara.

Takum o00pa3oM, B HayaJlbHOM CTaJAuM CTpecca, BBI3BAHHOTO KOMOMHUPOBAHHBIM
BozzaerictBueM NaCl-3aconeHust U MIET0YHOCTH, BiIUsiHUE (hakTopoB ompenenser 58% ¢hakTopHOH
Harpy3Ku 0oOIIel TUCTIEPCUN TTOKa3aTess BOCCTAHOBUTEILHON aKTHBHOCTH aCKOPOMHOBOW KUCIIOTHI
B Kpecc-casiaTe. DTU Pe3yibTaThl MOATBEPKAAIOT POJIb ACKOPOMHOBOM KHCIOTHI B OKUCIUTEIBHO-
BOCCTAHOBUTEJIbHBIX PEAKIMSIX pACTEHUH B OTBET Ha KoMmOumHupoBaHHoe BozzaeiictBue NaCl-
3aCOJIEHUS U LIEJIOUYHUCTH.

79



[T MexmyHapOaHBIH CUMITIO3UYM «MOeKyIspHBIE acTIeKTh PEIOKC-MeTaboIn3Ma pacTeHUI»

Cnucok aureparypsl

Yang C., Xu H.H., Wang L., et al. // Photosynthetica. 2009. 47(1), 79—86.

Javid M.A., Ford R.A., Nicolas M.E. // Functional Plant Biol. 2012. 39(8), 699-707.
[Tpanenosa E.B., Humaesa O./1., CansieB P.K. // @uznomn. pact. 2017. 64(6), 433—445.
[apora E.N., Mensenes C.C. // ®uzno. pact. 2017. 64(1), 9-10.

b s

EFFECT OF NaCI-SALINIZATION AND ALKALINITY ON THE CONTENT
OF ASCORBIC ACID IN WATERCRESS

Arisova A.K., Eremchenko O.Z., Semenova V.A.

Perm State University, Perm, Russia
Keywords: Lepidium sativum L., ascorbic acid, glutathione, salt and alkaline stress.

Oxidative stress response of plants under combined influence of saline and alkaline conditions has
yet to be determined. We used a two-way ANOVA test to analyze ascorbic acid reducing activity in
watercress exposed to NaCl salinization (30, 70, 110, 150 mM) and alkaline conditions (7.0, 8.0, 9.0,
10.0 pH). In the early stage of stress response ascorbate activity was mostly associated with alkaline
stress (29%). NaCl -salinization affected watercress ascorbic acid activity to a lesser extent (21%).
The combined effect of two factors accounted for 8% of the variance in the data.

12 hours Effect of alkalinity
\1/29%
Higher reduced activity o Interaction of
9 days of ascorbic asid 8% factors
salt and alkaline - s s . 21%
H>Odist solutions S —

Effect of salinization
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BJIMAHUE HEJOCTATKA U U3BBITKA HIMHKA HA SKCIIPECCHUIO I'EHA HVCAT?2,
AKTHUBHOCTbB KATAJIA3bI U OKUCJIUTEJIBHBIE ITPOLHECCHI Y AYMEHSA
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WHcTuTyT OHoorun — 000C00IEHHOE T0/Ipa3ieICHHE
OI'bYH ®UIL] «Kapenwckwmii Hayunbli 1ieHTp PAH», [leTpo3aBomack, Poccus
*E-mail: batova@krc.karelia.ru

Kirouesble cinoBa: Hordeum vulgare L., HvCAT2, xaranasa, IEpeKUCHOE OKUCICHUE JIUMUAOB, IUHK.

Karanaza (KAT) sBasercs OOHUM M3 KIIOYEBBIX KOMIIOHEHTOB AHTHOKCHJAHTHOM CHCTEMBI,
KOHTPOJIUPYIOIINX YPOBEHb aKTUBHBIX (hopm kuciiopoaa (ADK) B kirerkax. [lokazano ygactue 3Toro
dbepMeHTa B 3alIUTHO-TIPUCIIOCOOUTENBHBIX PEAKIUAX PACTEHHUH, CBSI3aHHBIX C JIEHCTBUEM Ha HHX
ctpecc-hakTopoB pazHou mpupoxasl [1, 2]. OgHako B OTHOIICHWH W3MEHEHUs akTUBHOCTH KAT
U DKCIPECCHU KOAMPYIOIIMX €€ TI€HOB B YCIOBUSAX CTpEcca, BbI3BAHHOIO HapyLIEHHUEM
MHUKPO3JIEMEHTHOTO COCTaBa Cpelbl, MMEIOTCS JIMIIb €JAWHWYHbIE CBeAeHUs [3]. YuuTbiBas
BBIIIIECKAa3aHHOE, 1IETIBI0 IAHHOTO UCCIICIOBAHUS SBUIIOCH M3YUYCHUE BIUSIHUS HEOCTATKa U H30BITKA
nuHKa Ha JKcrpeccuto reHa HvCAT2, obmyto aktuBHOCTh KAT M OKHCIHUTENBHBIE TPOIECCHI
B JIUCTBSAX STUYMEHSI.

HccnenoBanust MpoBOJWINCH B YCJIOBUSAX KOHTPOJUPYEMOW Cpebl Ha PACTEHUAX SUMEHS
(Hordeum vulgare L.) c. Hyp., KOTOpbIe BbIpalliiBaJId Ha MUTATEIBHOM pacTBOpe XOrIHAa—ApHOHA
c pa3HbIM conepkanueM muHka: 0 MxM (aeduuur), 2 MkM (onTUMaIbHBIA YPOBEHb, KOHTPOJIb)
1 1000 MxM (u30bITOK, CyOseTanbHas KoHIeHTpanus). i ananusa ucnonb3zoBanu 1-it muct. Ot6op
npo6 npoBoaunu uyepe3 7, 10 u 14 cyrok skcnozunuu. CopeprkaHue MajOHOBOTO JIMANIbJAETHAA
(MIAA) u aktuBHocth KAT ompenensinu crneKTpoOTOMETPUYECKH 1O METOAMKAM, OMHCAHHBIM
panee [4]. HakoruieHwe TpaHCKPUIITOB TIeHOB aHaiu3upoBaiu Metojom [ILP-PB, Bwruucisiu
no ¢opmyne 24T y Bplpaxkamu B OTHOCUTENBHBIX €IMHULAX. BHOJOrMYeckas MOBTOPHOCTH
B IIpejieax KakJ0ro BapuaHTa onbita 3-5 kpaTHas. JJoCTOBEpHOCTh pa3auyuil MEXIy BapHUaHTaMU
OMBITOB OIIEHUBAH ¢ TOMOLIbI0 KpuTepust Cterozienta rpu P < 0.05.

BrisBiieHo, uTo neunuT MHKA HE BBI3BIBACT yBeJNMUYEHUs cojaepxkaHus MJIA B JUCTBX
STIMEHSI, TOT/1a KaK P U30BITKE METAJIa OHO yXKe yepe3 7 CyT. ObLI0 B 2 pasa BBIIIE, 4YeM B KOHTPOIIE,
U MPOJOJIKAIO YBEIMYMBATHCA 10 KOHIA onbiTa. OOHApYKEHO, TakKe, YTO CHYCTA 7 CYT U IpH
HEJOCTaTKe, W MpU K3OBITKE NMHKA B CcyOCTpare B JHUCThSIX SUYMEHS HAOIIOJAeTCs YCUIICHHE
skcnpeccun reHa HvCAT2 (B 4,7 u 6,5 paza Mo OTHOIICHHUIO K KOHTPOJIIO, COOTBETCTBEHHO).
B nanbHelinieM B BapuaHTe ¢ M30BITKOM IIMHKAa 4Yucio MaTpull reHa HvCAT2 cyuiecTBEHHO
HE U3MEHSJIOCh, a NMpu JAeduuure MeTaljia OHO YMEHbIIAIoch U yepe3 14 cyT ObuIo B 5 pa3 HUXKe
KOHTPOJIbHBIX 3HadeHui. O0mas aktuBHocTh KAT nipu gedunmre nuHKa B cpeic B TEUSHUE BCETO
OTbITa COXpaHsuIach Ha OAHOM ypoBHe. IIpu n30bITKe MeTaa yepe3 7 cyT aKTUBHOCTh (hepMeHTa
3HAYUTENIBHO MpEeBbIMIaNa KOHTPOIb (B 4,5 paza), a ciycts 10 cyT ObUI0 3a(hUKCHPOBAHO PE3KOE
(moutu B 2 pasa) ee CHUYKEHUE 110 OTHOIICHUIO K UCXO/IHBIM 3HAUEHUSIM.

Takum 00pa3zoMm, HEIOCTATOK IIMHKA HE BBI3BIBACT YCUJICHHS OKHCIUTEIBHBIX MPOIIECCOB
B JIUCTBAX STYMEHSI, TOT/1a KaK U30BITOK ATO0 MUKPOAJIEMEHTA IPUBOJIUT K YBEJIMYCHHUIO COJIEPIKAHUS
MJIA, uTo yKa3bpIBaeT HA pPa3BUTHE OKHCIUTEIBHOTrO cTpecca. Habmomaemoe nepBoHayaaIbHO IpU
HEJIOCTaTKe W M30BITKE IMHKA YBEJIWYEHHUE OTHOCHTEIIBHOTO COJIEp KaHMsI TPaHCKpUNITOB HVvCAT2
B JINCTHSIX, OYCBUIHO, HEOOXOIUMO JUIsl aKTHBH3AIUU CHHTE3a MOJIeKyn (epmeHTa. B ycrmoBusix
nedunuTa UUHKA 3TO, HAPSAAY C OAPYTMMH 3alllUTHBIMU MEXaHHW3MaMH, MO3BOJISET MOJAEPKUBATh
OKHUCJIUTETHHO-BOCCTAHOBUTENIbHBIN OanaHc KiIeTok B HOpMe. CHIDKEHUE aKTUBHOCTU (hepMEHTa,
HaOmoaeMoe Ha (oHE coxXpaHeHUs BhICOKOH skcnpeccun HvCAT2 B ycnoBusx M30BITKA IWHKA,
MOJKET OBITh CBSI3aHO ¢ UCTOIIeHHEM Iyna Mojiekyl KAT B kieTke BcleACTBHE HapyIIeHHs OanaHca
MEXy UX CHHTE30M U PaciajoM WU SBJISETCS OAHOW U3 PEryJsTOPHBIX peakluid, HE0OXO0AUMbIX
JUTSL 3aIlycKa JOIMOJIHUTENBHBIX MEXaHHW3MOB 3alllMThl W/WIW pernapanuu. B 1enoM, moiydeHHbIe
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pe3yibTaThl CBUACTENBCTBYIOT 00 yuactun rena HvCAT2 u kogupyeMoir UM u30(popMbl epMeHTa
B a/laliTalluy PACTCHUN SUMEHS KaK K HEJIOCTAaTKy, TaK U K N30BITKY LINHKA B CpeJie.
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EFFECT OF ZINC DEFICIENCY AND EXCESS ON THE HVCAT2 GENE EXPRESSION,
CATALASE ACTIVITY AND OXIDATIVE PROCESSES IN BARLEY LEAVES
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Institute of Biology of the Karelian Research Centre of the Russian Academy of Sciences
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Catalase (CAT) is one of the key antioxidant enzymes. However, the information about involvement
of CAT in plants adaptation to trace element disbalance is limited. The aim of this study was to
investigate the effect of Zn deficiency and excess on CAT activity, HvCAT2 gene expression and the
development of the oxidative processes in barley leaves.

The influence of the Zn deficiency as well as Zn excess leads to CAT2 gene expression by 4.7
and 6.5-fold increase respectively compare to control on the 7 day. After 14 days at Zn deficiency
the HvCAT transcripts content by 5-fold decrease compare to control whereas under Zn excess did
not change. CAT activity was not affected by Zn deficiency while Zn excess caused significant
elevation of the enzyme activity on the 7 day of exposure with following sharply decrease on day
10. Thus, both a Zn deficiency and excess initially caused accumulation of HvCAT transcripts content,
that can be necessary for further activation of CAT synthesis. Probably, this allows maintaining
normal redox balance of cells at Zn deficiency. However, the development of oxidative stress under
Zn excess was observed that can be associated with decrease of CAT activity due to imbalance
between the synthesis and decay of enzyme molecules. According to results we can supposed that
HvCAT gene and the CAT enzyme take a part in the adaptation of barley to the Zn deficiency and Zn
excess.

Exposition 7 day 10 day 14 day
T _ HvCATZ 1 HvCAT2
h Zn deficiency CAT = CAT =
e (0 uM) MDA 4 MDA 4
a
T
L Zn excess HvCAT2 P HvCAT2 T HvCAT2 T

CAT 1 CAT =
n (1000 yM) CAT T
T - increased compare to control; | - decreased compare to control; = - did not differ from control
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Peakiusi reHOTHIOB MINEHUIBI HA 00€3BOKMBAHUE LIMPOKO HCCIEIYETCs, TOCKOJIbKY MOYBEHHAs
3acyxa SIBJISIETCS OCHOBHBIM MPENSATCTBUEM Ul YCIIEHIHOIO POU3BOACTBA CEIbCKOXO035IICTBEHHBIX
KyJIbTyp. M3ydeHa peryismnus OKUCIUTEIbHO-BOCCTAHOBUTEIBHOTO OOMEHAa B KOPHSX IPOPOCTKOB
MIIEHUIBI C Ppa3JIMYHBIMU CTPATErws MM ajalTaluu: 3acyXxoycroiumBoro copra Okazxa 70
Y 4YBCTBUTEJIBHOIO K paHHel 3acyxe copta Canasar KOnaeB npu neduuurte Bojibl, BbI3BaHHOM 12%
I13I" 6000. ¥ copra CanaBar FOnaeB naOmronanocs Oojee paHHee, JUIMTENbHOE 3HAUYUTEIBHOE
MoJJiep>)KaHue aKTUBHOCTH CYIEPOKCUAAUCMYTa3bl U IMEepokcuaasbl. B kopHsax copra Dxama 70
AHTHOKCHUIAaHTHBIE (DEPMEHTHI MOCIIE€ PE3KOTr0 TPAH3UTHOTO OTCPOUYECHHOTO HAKOIIJICHHs paboTallu Ha
00s1e€ HU3KOM YPOBHE U CYILIECTBEHHO HE U3MEHSUIUCH. JTO MO3BOJISET NPEANOI0KUTH, YTO T€HOTHUIT
3aCyXOyCTOMUMBOro copTa Obl1 0ojiee YCHEIIHBIM B AJIMMUHALIMM AaKTUBHBIX (DOPM KHCIOPOAA,
BBI3BaHHBIX 00e3BOkMBaHUEM. C Ie/bI0 TMOBBIIEHUS YCTOWYMBOCTH PACTEHUH K CTPECCOBBIM
¢dakTopam OOIIEIPUHATHIM TOAXOJIOM SIBJISETCS MPUMEHEHHE (PUTOTOPMOHOB Pa3HOW MPHUPOJIBL.
Hamu mnokazano, uro wmetrmpkacMoHaT (MeX) sddextuBHO HOpMaM30Ban OKHCIUTEIBHO-
BOCCTAHOBUTEJIbHBINA CTaTyCc y 000OMX MCCIIEOBaHHBIX copToB. IIpeaBapurenbHas 00paboTka 3TUM
(UTOrOPMOHOM CHHXaJla YpPOBEHb CTpPECC-MHAYLMPOBAHHBIX HapylieHud romeoctaza ADK
Y YPOBEHb MTPOYKTA MEPEKHUCHOTO OKUCIICHUS JIUIHI0B MAJIOHOBOTO JHalibAeria ObicTpee y copTa
Oxana 70. IIpoBeneHHBI THCTOXMMHYECKUM aHAJIU3 JIOKAJIbHOM AaKTHBAallMM IEPOKCHIA3bI
B CErMEHTaX KOHYMKa CeMEHHbIX KopHeil copra CamaBar lOmaeB nox BmusiHuem 12% IIOI,
BKJIIOYAIOIUX  30HBl MEPUCTEMbl W  PACTSDKEHMs, T[IOKa3aJl YCWIEHHE  OKpallllBaHUS
3,3-nuamunoOen3uanHoM (JJAB) oTHOCHTENIBHO KOHTPOJIS B 30HE PACTSIKEHUS U HE3HAYUTEIbHOE
M3MEHEHUE B 00J1aCTH MEPUCTEMBI U TaK Ha3bIBaeMoil T-30HbI Ilepexo/1a OT BEPXYIIKU KOPHEH K 30HE
pactsixenus. [Ipenodpadorka MeXX nprBoania npu crpecce K 3aMETHOMY CHUYKEHUIO JIOKAJIN3allul
MEPOKCUJIA3HON AaKTUBHOCTH B 30HE AaNMKaJIbHOM MEpPUCTEMbI, LEHTPAIBHOIO IMJIMHJIpPA
U cyO3muaepManbHOW 001acTH 30HBI pacTsbKeHHs. B oTimume oT CXOAHOTO C YYBCTBUTEIBHBIM
COPTOM pacCIpe/esIeHHs] aKTUBHOCTH IEPOKCHUIA3bl B KOHTpOJIe, XapakTep okpammnBaHus [IADb
KOHYMKa KOpHA coprta Okaxa 70 mpu obpabotke 12% IIDI pasurenbHO oTiauyancs. BeisBieHO
YCUJICHWE HaKOIUIEHUs MEPOKCHUJA3HON AaKTUBHOCTH, CBUJCTEIbCTBYIOIIEE 00 aKTHBAIUU
AHTUOKCUIAHTHOM 3aIMThl KIJIETOK, B SMUAECPMAJIbHONM M CcyOsmuaepmanbHOW obnactu T-30HBI
U 30HBI MEPUCTEMBI, a TaK)Ke HE3HauuTelbHOe yBenuueHue okpamuBanHus [IABb B oOnactu
LEHTPAIBHOI0 IWINHAPA. IHTEHCUBHOCTD JIOKAJILHOTO PAaCIPEIEICHHsI IEPOKCUIA3HON aKTUBHOCTH
B Npeo0pabOTaHHbIX (PUTOrOPMOHOM KOPHSIX YCTOHYMBOIO COpTa MPHU CTPECCe COOTBETCTBOBAJIA
YPOBHIO aKTUBHOCTH B HHMX 3TOTO (pepMEHTA, KOTOPHII K 3 U OMbITa CHUXKAJICA 10 KOHTPOJIBHOTO
3HaueHus. Bmecte ¢ Tem, B oTinune oT KOHTpois, 3pdexkt MeXK Ha MakcHMaabHYI0 aKTUBHOCTb
MEPOKCH/1a3bl HAOIIOAAJICS B KJIETKAX 30HBI MEPUCTEMBI, IPUJICTAIOLIEH K MTOKOSIIEMYCS LIEHTPY, I/1€
MIPOMCXOJUT aKTUBHOE JIEJIEHUE KIIETOK; B 30HE PAaCTSKEHUSI MHTEHCHUBHOCTh OkpamuBaHus JIAb
ObU1a HE3HAYUTEIHHOM.

W3BecTHO, YTO yCUJIEHUE CHHTE3a JIMTHUHA U €r0 OTJIOXKEHHUS B 000JI0YKaX KJIETOK BHOCHUT
BaXHBIM BKJIag B (OPMUpPOBAHME YCTOWYMBOCTH pacTeHUil k crpeccy. llomydyeHHble naHHBIE
CBUJCTEIbCTBYIOT 00 YCKOPEHHH OTJIOKEHHUsl JIMTHUHA, OKpaiieHHoro duopormounH-HCL,
B SMHIEPMAIBbHON U cyOanuaepManbHOil 006acTi T-30HbBI U EHTPATBHOM LIMJIMHIPE KOHTPOJIbHBIX
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KOpHeH yctoiuuBoro copra Jkana 70 orHocutenbHo copra Canasar FOmaeB, 4TO COOTBETCTBYET
JIOKaJbHOM aKTHBAllMd B HUX mepokcuaasbl. [lpoenennsiii anamm3 sddexra MeXX Ha KopHU
MCCIICZIOBAaHHBIX COPTOB TaKXKe JEMOHCTPHUPYET KOJOKAIM3AIMIO B HUX JIMTHUHA U TIEPOKCUIA3HON
aKTUBHOCTH,  COOTBETCTBYIOLEE  YPOBHIO  AKTUBHOCTHM  AHTHOKCHJIAHTHOro  (epmeHTa.
AHaTOMHYECKHE OCOOCHHOCTH HAKOIJICHUSI CBS3aHHBIX (DEHOJBHBIX COEJAMHEHHH B KIETKaX,
BEpOSITHO, CIOCOOCTBYIOT (hOPMHUPOBAHUIO OTPAaHUYHMBAIONIECTO Oapbepa, MpeAoTBpalias MOTEepH
BOJ1bI (HEKOHTPOJIMPYEMBbIii 0OpaTHBIHM MOTOK) U3 KOPHSI M U3MEHSA ITyTH [IEPEHOCA HOHOB B YCIIOBHSIX
OCMOTHYECKOI'0 CTpecca, SIBJISISICh OJHUM M3 BO3MOXHBIX (PaKTOPOB, MO3BOJISIONIMX COXPAHUTH
JIeNIeHHE ¥ POCT B YCIIOBHUSX 00€3BOKMBAHMsI Ha BBICOKOM ypoBHE. CTparerus 3acyx0oycTOMYHUBOTO
copra K 00€3BOKMBAaHUIO BKJIFOUACT JIOKAIBHOE HAKOIUICHHE TMEPOKCHIa3bl W YCKOPCHHE
JUTHUGUKAIMM B SIUACPMAIBHOW W CcyOdnuaepMaibHOM ob6mactu T-30HBI M LIEHTPAIbHOM
[WIMHAPE, YTO CBHIETEIBCTBYET 00 aKTHBAIIMY aHTHOKCUIAHTHON 3alIUTHI KJIETOK, a TaKxke Oosee
OBICTPYIO CTAaOMUIM3aIMI0 peloKc-MeTabonu3ma Mmpu cTpecce. B MexaHW3M 3allluTHOTO EHCTBUS
METHJDKaCMOHATa TPU OCMOTHYECKOM CTpecce 3aJeHCTBOBaHA CHOCOOHOCTh CTAOWMJIM3alMK Ha
ypOBHE OJHM3KOM K KOHTPOJIO KOJMYECTBEHHBIX M3MEHEHHA W JIOKAIW3allUd aHTHUOKCHUIAHTHBIX
(hepMEHTOB M OTJIOKEHUSI IUTHUHA.

Paboma evinonnena 6 pamkax eocydapcmeennoco 3adauus (mema Ne AAAA-A21-
121011990120-7) u uacmuuno noooepxcana epanmom PODU Ne 20-04-00904.

ROLE REDOX METABOLISM REGULATION IN DROUGHT TOLERANCE
OF WHEAT VARIETIES WITH DIFFERENT DEHYDRATION SENSITIVITY

Bezrukova M.V., Lubyanova A.R.

Institute of Biochemistry and Genetics — Subdivision of the Ufa Federal Research Centre of the Russian
Academy of Sciences, Ufa, Russia

Keywords: Triticum aestivum, drought, methyl jasmonate, PEG 6000.

The strategy of drought-resistant plant cultivar growing under dehydration includes local
accumulation of peroxidase and accelerated lignin deposition in the epidermal and subepidermal
regions of the T-zone and the central cylinder. These histochemical data indicate the antioxidant
enzymes activation in cells, as well as more rapid stabilization of redox metabolism under stress.
Under osmotic stress, the mechanism methyl jasmonate-induced protection involves the hormone
ability to stabilize not only quantitative changes and localization of antioxidant enzymes, but lignin
deposition at a level close to the control.
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CeixThIBKAp, Poccus
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KiroueBble ciioBa: KaHBLIe(l)I/ITLI, pe,Z[OKC—MeTa6OJ'II/ISM, IIUI'MCHTEI, Q)CHOHBHLIG COCAUHCHUS, YITICBO/BI.

PacteHus-kanbueduTsl IPEACTABISAIOT  YHUKAIbHYIO, MAaJOU3YYEHHYIO TIpPYIIy pPACTEHHH,
NPOU3PACTAIOIIMX  NPEUMYIIECTBEHHO Ha  I0YBAaX, OOraThlX COCIMHEHHSIMU  KaJbIIHSL.
DKOJIOTHYECKHUE OCOOEHHOCTH MECTOOOMTAaHMH Kaiublie(UTOB CBOCOOpa3HbI; MOYBEHHBINH CyOCTpar
cnabo pa3BUT, MOJBMXKEH, MOJBEPKEH MOCTOSHHOW 3PO3UH, IUIOXO MPOHHUIIAEM Ul BOJbI, Oe/eH
MHUHEpaJIaMi U OPraHUYECKHMMH COEIMHEHUSIMU; PACTEHUS M1O0IBEPraroTCs HOCTOSIHHOMY JEHCTBUIO
BETPOB, BBICOKOI TeMmmepaTypbl BO31yxa, M30bITouHONW mHComsiuuu [1]. Pactenus, oburaromme
Ha MEJIOBBIX OOHAKECHMSIX, MPOSIBISAIOT TMPU3HAKKM KaK KCepoMOp(hHOW, Tak U TearuoMOpHOM
OopraHM3anMu. Aganrauus K YCIOBHUAM IIPOU3pACTaHMs IpPOSBIAETCS HAa pPa3sHbIX YPOBHSX:
Mopdonoruueckom, pU3noI0rndeckoM u OnoXxuMuyeckom. B ocHoBe pu3noiornueckux aganTamui
pacTeHMi JieaT U3MEHEHUsl KJIIETOUHBIX MPOLIECCOB — COAEPKAHUE M COCTaB COEAMHEHUMH, TECHO
CBSI3AHHBIX C OCHOBHBIMH META0OJIMYECKUMHU MYTSIMH, BKJIIOYAs PEAOKC-METab0IM3M, KOTOPBIN
paccMaTpuBaeTCcs Kak OJUH U3 (PYHJaMEHTAJIbHBIX MEXaHHU3MOB DEryJsIIMU (PYHKIHMOHATBHOM
aKTHBHOCTH KJIETOK [2].

Lenp paboThl — M3Y4YUTHh B3aUMOCBS3b AHTHOKCHUJAHTHOTO CTaTyca M CTPYKTYPHBIX
0COOEHHOCTEH HEKOTOPBIX Mpe/icTaBUTeNeH KalbleuTHONU (DIIOpHI.

UccnenoBanu 13 BHUJIOB pacTeHUH KaybLE(PUTOB, IMPOU3PACTAIOIIMX HA TEPPUTOPUU
Camapckoii obnactu. Pemokc-mMeTaboin3mM OIEHUBAIU 10 OBOJHEHHOCTH JINCTHEB, COJICPKAHUIO
(OTOCHUHTETHYECKMX HUTMEHTOB, YIJIEBOJOB, (DEHONBHBIX COEIMHEHHMH, BOJO- M MEMOpaHO-
CBSI3aHHBIX OEJIKOB, MHTEHCUBHOCTU HAKOIUICHUS MPOJIYKTOB MEPEKHCHOIO OKHUCIEHUS JIUIHI0B
(ITOJI). [1nsa BBIABICHHUS B3aUMOCBS3HM CTPYKTYPHI U (PM3UOJIOT0-OMOXUMHUECKUX MapaMeTpoB ObLI
HCIOJIb30BaH METO]I KOPPEJIALIMOHHOTO aHaIH3a.

BbisiBieHO, UYTO  KanbIEQUTHl peaqu3yloT pPa3IUYHble CTPYKTYpHBIE —aJalTaluH,
MIPOTUBOACHUCTBYS N30BITKY CBETA (OIYyILIEHUE), CHIKAsl OTEepH Biaru (BockoBoii HaiieT). CTpykTypa
uX MOOEroB ompezensieT 00beM MEepBUYHON MPOAYKIUHU pacTeHuid. KonndecTBeHHOE coaepaHue
KOMIIOHEHTOB, PETrYJIMPYIOIIMX PEIOKC-METa00Iu3M, KOPPEIUPYIOT Kak MeXIy co0oil, Tak
U CO CTPYKTYPHBIMH [TOKA3aTENISIMU pacTeHUH. B 4acTHOCTH, B MHOTOBHIOBBIX COOOIIIECTBaxX y Oosee
BBICOKMX pAacTeHMH cojepkaHHe (POTOCMHTETUYECKUX IUTMEHTOB HMXKE, YeM Yy HH3KOPOCIHbIX.
Coneprxanue GpeHOIbHBIX coenHeHni 1 ypoBeHb [10J] B mucThsaX KanbleuToB CBI3aHO C YPOBHEM
pa3BUTHUS BOCKOBOro Hajera. Pacrtenus, Qopmupyromme KypTHHBI M MOIIHBIE [00€rHy,
XapaKTEepU3yIOTCs MOBBIIIEHHON akTUBHOCTHIO [1OJI.

Takum 00pa3oM, KOJUYECTBEHHOE COJIEp’KaHWE KOMIIOHEHTOB, PETyJIHUPYIOIIUX PEeIoKC-
METa00IN3M, KOPPEIUPYIOT KaK MEKIY COOOH, TaK U CO CTPYKTYPHBIMHU TMOKA3aTEISIMUA PACTCHUH.

Cnucok Jimreparypbl
1. Escudero A., Palacio S., Maestre F.T., Luzuriaga A.L. // Biol. Rev. 2014. 90, 1-20.
2. Maprunosuu I'.I'., Yepenkesuu C.H. // Ycenexu ¢uznonoruu. nayk. 2008. 39, 2944,
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RELATIONSHIP BETWEEN OF REDOX METABOLISM
AND STRUCTURE OF CALCIPHYTE PLANTS

Bogdanova E.S.!, Kavelenova L.M.% Nesterov V.N.!, Kuzovenko O.A.2,
Sarvarova R.R.%, Tabalenkova G.N.}, Rozentsvet O.A.!

'Samara Federal Research Center RAS Institute of Ecology of the Volga Basin RAS Togliatti, Russia
2Samara National Research University named after academician S.P. Korolev, Samara, Russia
*Institute of Biology, Komi Scientific Center RAS, Syktyvkar, Russia

Keywords: calciphytes, redox metabolism, pigments, phenolic compounds, carbohydrates.

The calciphylous flora species form systematically and structurally heterogeneous group of plants
that capable of tolerating highly stressful conditions. Calciphytes implement various structural
adaptations to excess light (leaf pubescence) and moisture loss (waxy coating). Their shoot structure
determines the volume of primary plant production. The work investigated the antioxidant status and
structural features relationship of some species of calciphytes. Redox metabolism in plant leaves was
assessed using parameters such as water content, photosynthetic pigments, soluble carbohydrates,
water-soluble phenolic compounds, water-soluble and membrane-bound proteins, and lipid
peroxidation (LPO) level. The data obtained showed that the quantitative content of the components
regulating redox metabolism correlates both with each other and with the structural parameters of
plants. In particular, the content of photosynthetic pigments in multi-species communities in taller
plants is lower than in low-growing ones. The content of phenolic compounds and the level of LPO
in calciphyte leaves are associated with the level of development of wax plaque. The plants forming
clumps and powerful shoots are characterized by increased LPO activity.

Paired correlation coefficients of biochemical and structural parameters of calciphyte plants. *The
reliability of the correlation coefficient at a confidence level of 0.95 for a sample size of 15 pairs of
values (species) corresponds to the values of the correlation coefficient from 0.51 and above; **At a
confidence level of 0.99 — the correlation coefficient is from 0.63 and above; ***At a confidence
level of 0.999 — a correlation coefficient of 0.75 and higher.
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W3BecTHO, YTO pacTeHusi, B OTIWYME OT >KMBOTHBIX, 00JIAZAlOT CJIOXKHBIM COCTaBOM CTE€PHHOB,
MHOroo0Opasue KOTOpPOro ONpeaeisieT MUPOKUH CIeKTp (GYHKIUNA CTEPUHOB B JKU3HEACATEIbHOCTU
pactenuii [1]. IIpeobnamaromumu MeMOpaHHBIMH CTEPUHAMHU BBICIIMX DPACTCHHH SBIISIFOTCS
S-CUTOCTEpHUH, KaMIeCTepUH, cTUrMacTepu. CTPYKTYpHO CTUTMACTEpUH IMOXO0XX HAa CHUTOCTEPHH,
HO OTJIMYAETCS OT CHUTOCTEPHMHA JBOMHOHN CBs3bI0 B ToyioxkeHUH C-22, B 00pa3oBaHHH KOTOPOH
yuactByeT ¢epmeHT C-22 crepun-fecarypasza [2]. B mociennue roxabl mosiBuiachk WHGOpMAIHS
O TOM, YTO CTUIMACTEPHUH SBIISIETCS «CTPECCOBBIM» CTEpUHOM. llokazaHo, 4TO HakoIUIEHHE
CTUTMAacTEPHUHA MPOUCXOAUT B PACTEHMSIX IPU OTBETaX Ha pa3IMUHBbIE CTPECCOBBIE BO3JEHCTBUS,
B YaCTHOCTH, MPU OAKTEPHAIBHON aTake u pu rpaBuTponusme [3]. Jlo HacTosmero BpeMeHn TOHKHE
MEXaHHU3Mbl BOBJIEUEHUSI CTUTMACTEPUHA B CTPECCOBBIE OTBETHI OCTAIOTCS HE PACKPHITHIMHU.

B mnameit nmabGoparopuu OBUTM TPOBEIEHBI HCCIICIOBAHUSA, ITOCBAIICHHBIE HW3YYCHHIO
MEXaHU3MOB BOBJICUEHHUS] CTUIMACTEPHHA B CTPECCOBBIE OTBETHl PACTUTENBHBIX KJIETOK. bBbIIO
MIOKAa3aHo, YTO JICHCTBUE HU3KOM TeMIiepaTypbl Ha MPOPOCTKH MIIEHUIbI TPUBOJINIIO K YBEIUUYEHHUIO
IIPOHUIIAEMOCTH I1JIa3MaJIEMMBI JUIsl HOHOB, U3MEHEHUIO PEJIOKC-CTAaTyca KIETOK (BO3pacTall ypOBEHb
H>0; u TIOJI, noBeImanack akTUBHOCTh MEPOKCUJIA3 U YPOBEHb AKCIPECCUHM T'€HOB MEPOKCH]IA3)
U YBEJIWYCHHUIO YpPOBHA cTUrmMacrepuHa [4]. beuio oOHapykeHO, YTO ypOBEHb TPAHCKPUIITOB
C22-ctepuH paecaTypa3bl BbIIIE B KOPHSAX MPH JEHCTBUM XOJIOJa, YE€M B JIMCThAX, YTO
CBHJIETEIILCTBYET 00 OpPraHocneuu(UYHOCTH «CTEPUHOBOIO» OTBETA B IMPOPOCTKAX IMIICHUIIBI
Ha JeiCTBHE HU3KOW Temmeparypbl [5]. JlelicTBHME MOBBIIMIEHHON TeMMepaTypbl MNPUBOIAUIIO
K CHIDKEHMIO 3HEPreTUYECKUX I10Ka3aTelei, M3MEHEHUIO PENOKC-CTaTyca KIETOK M CHMYKEHUIO
KHU3HECIIOCOOHOCTH, HO HE BBI3bIBAJIO U3MEHEHUH B COJEpKaHUU CTUTMacTepuHa. Takum oOpa3om,
CTUTMAacCTEPUH OKa3aJICd HEYYBCTBUTEJIBHBIM K BO3ACHCTBHUIO IOBBILIEHHOW TEMIIEpPATypbl, 4TO
MO3KET CBHJIETEIHCTBOBATH 00 N30MPATEIbHOCTH «CTEPUHOBOT0» OTBETA Ha JIEHCTBUE A0MOTUYECKUX
crpeccopoB. MccnenoBanue neiHCTBUsI (GUTOTOPMOHOB HAa YPOBEHb CTUTMACTepUHA IMOKAa3alo, YTO
nipu aeiictBun ABK u CK Ha npopocTku nieHuIbl OblTH BbISBJIEHBI Han00JIee 3aMEeTHbIE H3MEHEHUS
COJIEp/KaHUsl CTUIMacTepuHa. AHalu3 aKTUBHOCTM TreHoB (C22-cTepuH JecaTypasbl BbISIBUI
YBEJIMUEHUE aKTUBHOCTU I'eHOB IpH JeicTBuu ABK B KOpHSX, HO HE B JUCThAX. Takum 0Opazom,
U3MEHEHHUE AaKTHUBHOCTU TIeHOB, koaupyroumux C-22 crepuH pecarypasy, HIpH ACHCTBUM
(UTOrOpMOHOB HOCHUT OpraHocnenuuyeckuii xapakTep M euie pa3 MOATBEP)KIAeT ydacTue
CTUIMAacTEepUHA B PAa3IMYHBIX CTPECCOBBIX OTBeTax [6]. OOpaboTka MHPOPOCTKOB MIICHUIIBI
3aCOJICHHEM NPUBOJWIIA K CHIKEHUIO DHEPreTUYECKUX IOKazaTesiei, YBEITUYCHHUIO COJEp KaHUS
H>O02 ¥ TOBBIIEHUIO AKTUBHOCTU MEPOKCHIA3bl, CHUKEHHUIO >KU3HECIIOCOOHOCTH KJIETOK
U OJHOBPEMEHHOMY YBEJIMYECHHUIO COJEpKaHUS CTUIMAcTEepUHA B KIETKAX, 4YTO MOXKET
CBUJETEIbCTBOBATh O BOBJIEUEHUH CTUIMAcTEpUHA B CTPECCOBBI OTBET PACTUTEIBHBIX KIIETOK
Ha 3aCOJICHUE.

Ha ocHOBaHMM MONY4YEHHBIX JAaHHBIX MOXXHO 3aKJIIOYHUTh, YTO YPOBEHb CTUIMAacTepUHA
B pACTUTEIbHBIX KJIETKaX YYBCTBUTEJIEH K JIEWCTBUIO pPa3JIMYHBIX CTPECCOPOB, HO CTENECHb
4yBCTBUTEIBHOCTU OTJIMYAETCS B 3aBUCUMOCTH OT XapakTepa BO3AEHCTBUS.

Paboma evinonnena 6 pamxax evinonnenus cocyoapcmeennozo zadanus UL KazHI] PAH,
a maxoice npu Gurarcosoli noddepicke epanma PODPU Ne 20-04-00988, epanma Ilpezudenma PD
MK-264.2020.4
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STIGMASTEROL - STRESSFUL PLANT STEROL

Valitova J.N., Renkova A.G., Khabibrakhmanova V.R., Mukhitova F.K., Rakhmatullina D.F.,
Viktorova L.V., Galeeva E.I., Trifonova T.V., Ponomareva A.A., Minibayeva F.V.

Kazan Institute of Biochemistry and Biophysics,
FRC Kazan Scientific Center of the RAS, Kazan, Russia

Keywords: reactive oxygen species, salt stress, stigmasterol, temperature stress.

In recent years, the information that stigmasterol is a "stressful" sterol has emerged. It has been shown
that stigmasterol accumulated in plants in response to various stress factors. In our laboratory, it was
shown that cold treatment of wheat seedlings led to an increase in the permeability of the plasma
membrane for ions, changes in the redox status of cells (an increase in the level of H>O> and LPO, in
the activity of peroxidases) and an increase in the level of stigmasterol. The effect of high temperature
induced a decrease in energy parameters, changes in the redox status of cells (an increase in the H,O»
level and peroxidase activity) and a decrease in viability, but did not cause changes in the stigmasterol
content. Thus, stigmasterol was found to be insensitive to the effects of high temperature, which may
indicate the selectivity of the “sterol” response to the action of abiotic stressors. Salinity treatment of
wheat seedlings led to a decrease in energy parameters, a change in the oxidative status of cells: an
increase in the H>O; content, an increase in peroxidase activity, a decrease in cell viability and a
simultaneous increase in the stigmasterol content, which may indicate the involvement of stigmasterol
in the stress response of plant cells for salinity. It can be concluded that stigmasterol is sensitive to
various stressful influences, but the degree of sensitivity differs depending on the nature of the
exposure.
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JIMmaifHUKKY COCTOST U3 JBYX WM 0ojee TeHeTUYeCKH 00O0COOJIEHHBIX, HO B TO K€ BpEeMs TECHO
CBS3aHHBIX MEXIy €000l MOP(OJIOrHYecKH, (U3HOJOTUYECKHM U OMOXUMHYECKH OPTaHU3MOB:
rerepoTpodHoro rpuda (00bIYHO ackoMuIleTa) U HOTOTPOPHON BOJOPOCTH U/WIN LIUAHOOAKTEPHUH.
B3aumooTHOLIEHNS! KOMIIOHEHTOB JIMIIAWHUKA JIOCTATOYHO CJIOXHBI M OINPEACNSAIOTCA Kak
cumOuornyeckue. Hanmnune GoTOCHHTE3UPYIOLIEro HmapTHEpa MO3BOJSET JIMIIAWHUKAM 3aCeNiTh
CcyOCTpaThl, MNPAKTUYECKH IIOJHOCTHIO JIMIICHHbIE OPraHWYEeCKOro BEIIeCTBa, a HaJIU4yue
MOP(OJIOTHUECKUX U XUMUYECKUX MPHUCIIOCOOJIEHUH — HE TOJIBKO BBDKHMBATh B YCIOBHSIX CTpecca,
HO W OBICTPO BOCCTAaHABJIMBATh META0OJMYECKYI0 aKTHBHOCTH [l]. OIHMM U3 KOMIIOHEHTOB
3¢ GEKTUBHON 3aIIUTHI JUIIAKHUKOB OT JEHCTBUS HEONAronpusTHBIX (DAaKTOPOB Cpebl SBISETCS
HAJINYHE YHUKAIBHBIX META0OJMTOB, B YACTHOCTH, BHICOKOMOJICKYJISIPHBIX TEMHBIX MUTMEHTOB —
MEJIaHUHOB, KOJIMYECTBO KOTOPHIX YBEIIMUMBAETCS B OTBET HA YBEIMYCHHE KOJIMUYECTBA COJHEUHBIX
nyded. IIurmeHTanus BepXHEW CTOPOHBI CIIOEBHINA JIMIIAHHUKOB JCHCTBYET KAaK IE€pBasl JUHUSA
3aMTHl  JUId  TpeaoTBpaiieHuss Y O-MHIYIUPOBAHHOTO BHYTPUKJIETOYHOTO MOBPEXKICHMSL.
[TokazaHo, 4TO JUIIAHHUKOBBIE OKCHA3bl JAKKA3HOTO M THPO3WHA3HOTO TUTIOB MOTYT Y4acTBOBATh
B MeTabonu3me L-quruapokcudennnanannna (L-DOPA), npeamectBeHHrKa MenanuHa [2]. Llensio
HaCTOsIIEH paboThI OBUT aHAINM3 aKTUBHOCTH M U30(DEPMEHTHOTO COCTABa JIAKKA3 U THPO3UHA3 B PsijIe
HEMEJaHU3UPOBAHHBIX U MEJIaHU3UPOBAHHBIX JMIIAHHHUKOB.

HccnenoBanust TPOBOMWIM C HCIOJIB30BAaHHEM TAJUIOMOB JIMINAWHUKOB —Pa3IMYHBIX
TakcoHOMHYECKUX Tpymit: Lobaria pulmonaria (L.) Hoffm., Cetraria islandica (L.) Ach., Evernia
prunastri (L.) Ach. u Pseudevernia furfuracea (L.) Zopf., B KOTOpbIX 0Opa3oBaHHE MeJaHWHA
MHIYLIHUPOBAJIOCH 0] BIUSHUEM €CTECTBEHHOI'O COJIHEYHOI'O OCBEIICHMs. BhIABIIEHO yBenndyeHue
aKTUBHOCTH JIAKKa3bl U TUPO3UHA3bI B AKCTPAKTAX MEJIAHU3MPOBAHHBIX 00PA3II0B JIMIIAWHUKOB, IO
CpPaBHEHHIO C HEMEJIaHW3MPOBAHHBIMU. YCTAHOBJICHO, YTO JWIIAWHUK Tmopsaka Peltigerales
L. pulmonaria nposBnsn 0ojiee 3HAYUTENbHYIO AaKTUBHOCTh OKCHAOPEIYKTa3, IO CpPaBHEHUIO
C TakoBOW B JMIIaiHWKaxX Tmopsaka Lecanorales. Yactuunas ouncTka OCJIKOB AKCTpaKTa
L. pulmonaria ¢ noMonipt0 aHHOHOOOMEHHOW XpoMaTorpaduu BIIBUIIA MTUKU AKTUBHOCTH JIAKKA3bI
u  THpo3uHa3bl.  OxapakTepu3oBaH  HM30(DEPMEHTHBIH  CHEKTP  OKCHMJAa3,  OIpEIesICHbI
M302JIEKTPUYECKHE TOUYKM U MOJIEKYJISIpHbIE Macchl OCHOBHBIX wu3odopm. Crenuduyeckoe
OKpaluBaHue reneil nociae 2D-snekTpodopesa ¢ MOMOIIBI0 CyOCTpaTOB JIAKKa3bl 0-AMaHU3UINHA
u tupo3uHasbl L-DOPA BusyanusupoBaio nase maxxopHsie n3ohopmsl hpepmenton: 120 k/la ¢ pl 6,6
u 60 x/la ¢ pI 5,9 1 no3BoAMIIO CAENATH NPEANONIOKEHUE, UTO B IHIIaHuKe L. pulmonaria L-DOPA
HE TOJIBKO SBJISIETCS MPEIIECTBEHHUKOM B peakUu oOpa3oBaHUs MeEJIaHMHA C Y4YacTHEM
TUPO3UHA3bI, HO TAKXKE MOXKET ObITh METa00JIM3UPOBAH JIAKKA3aMHU.

Oxcugopeaykrasbl  JIMXEHU3UPOBAHHBIX TPUOOB  O0NAJAIOT  IIUPOKUM  CIEKTPOM
(U3MOIOTNYECKOr0 JEHCTBUSA, B TOM YHMCIIE YYacTBYIOT B PaCIICIUIEHUHM JIPEBECHHBI, Mpolieccax
ryMuQpUKaIy moyBkl [3], OMOCHHTE3e MEJTAHWHOB U IPYTUX MUTMEHTOB, 3aIIUINAIOIMNUX (OTOOUOHT
OT u30bITKa ynbTpaduoieTa U paJuOaKTUBHBIX BemiecTB [4]. Hapsaay ¢ 3THUM, OKCHIOpEnyKTa3bl
JUIIAWHUKOB BBIMOJHSIOT IPOTEKTOPHYIO (DYHKIIHMIO MOCPEACTBOM O0pa3OBaHUs M JAETOKCHUKAIMU
aKTUBHBIX (OPM KHCIOPO/a, YIACTBYIOIIUX B 3aAIIUTE JIUIIAHHUKOB OT NMATOT€HOB U aOMOTUYECKHX
cTpeccopos [5].
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ACTIVITY OF LACCASES AND TYROSINASES IN NON-MELANIZED
AND MELANIZED LICHENS

Viktorova L.V., Galeeva E.I., Minibayeva F.M.
Kazan Institute of Biochemistry and Biophysics FRC KazSC RAS, Kazan, Russia

Keywords: isoforms, laccase, lichens, melanin, tyrosinase.

Redox enzymes are among the key factors of stress tolerance of lichens. They are involved in the
formation of melanins, protective pigments synthesized by mycobiont. Lichen thalli from various
taxonomic groups, in which the formation of melanin was induced by natural sunlight were selected.
The activities of laccase and tyrosinase activity in the extracts from melanized lichens was higher
than in non-melanized lichens. It was found that lichen Lobaria pulmonaria (L.) Hoffm. from the
order Peltigerales exhibited the most significant oxidoreductase activity compared to lichens from the
order Lecanorales. Partial purification of proteins from L. pulmonaria extracts using anion exchange
chromatography revealed the peaks of laccase and tyrosinase activities. The isoenzyme spectra of
oxidases were characterized, the isoelectric points and molecular weights of the main isoforms were
determined. Specific staining of 2D-gels using laccase (o-dianisidine) and tyrosinase (L-DOPA)
substrates visualized two major enzyme isoforms of 120 kDa with pl 6.6 and 60 kDa with pI 5.9. It
was suggested that in L. pulmonaria L-DOPA is not only a precursor in the melanin formation
mediated by tyrosinase, but it can also be metabolized by laccases. The functions of these enzymes
include the deterioration of wood, soil humification, the synthesis of melanins, and also the generation
and metabolism of reactive oxygen species, which are involved in the defence of lichens from
pathogens and abiotic stresses.

Cetraria islandica
Evernia prunastri
Pseudevernia furfuracece

Lobaria pulmonaria

Non-melanic /
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NCCIEJOBAHUE OKHCJIEHUA ITYJIA INTACTOXHHOHA B YCJIOBUSAX
OBPA3OBAHUA CYIIEPOKCUIHOI'O AHUOH-PA/IUKAJIA MEMBPAHHBIMHA
KOMIIOHEHTAMM ®OTOCHUCTEMBI I BBICIIUX PACTEHUM

Buabsinen J1.B.", Koszyaesa M.A., Haiinos H.A.,
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WHucTuTyT QyHAaMEHTANBHBIX TTpoOiieM Oouonorun Poccuiickoii akanemun Hayk (UDIIb PAH),
Ob6ocobnennoe noapaznencane PI'BYH OULL «[TymuHCKUI HAyIHBIH TEHTP OHOJIOTHIECKUX
nccnenoBanuii Poceniickoit akagemuu Hayk», [Tymmno, Poccns
*E-mail: vilyadar@gmail.com

KiarwoueBble c¢JioBa: aKTHUBHBIC q)OpMBI Kucjiopoaga, 1ImyJ IIJIaCTOXMHOHA, pPEIAOKC-CUTHaInu3alus,
CynepOKCI/I,I[HBIfI AHUOH-pAAUKaAJII, (bOTOCI/ICTeMa L

[Tyn mnacroxunona (IIX myi) XJIOpOMJIACTOB — KIIIOYEBOE 3BEHO PEJOKC-CUTHAIMHIA PAcTEHU,
OT OKHUCIIUTEIbHO-BOCCTAHOBUTEIBHOIO COCTOSIHUSI KOTOPOIrO 3aBHUCUT IMPOTEKaHHME MHOYKECTBA
PETYIATOPHBIX U METa0OINYECKUX IMyTeH B pacTUTENbHOU KileTKe. VccnenoBanue B3auMOACHCTBUS
koMroHeHToB [IX myna ¢ akTuBHBIMH (opMamMH KHUCIOPOAA, MPHUBOJSIIETO K HW3MEHEHHIO €ro
OKHUCIIUTETHHO-BOCCTAHOBUTEIBHOTO CTATYCA, SBJISICTCS BAXKHBIM ISl TOHUMAHUS aHTHOKCHIAHTHON
u curHanbHOU (pynkmuit [1X myna. Panee B uccienoBanusx Haiiel jJadopaTopuu ObUTO MOKAa3aHO,
YTO P MOBBIIIEHHONW OCBEIIEHHOCTH U B YCIOBHUSX, KOTJAa KUCIOPOJ SIBISETCS €IUHCTBEHHBIM
akienTopoMm MEKTPoHOB OT (orocuctemsl I (OC I), u B MpUCYTCTBUHM €CTECTBEHHOT'O aKIENITOPA
snexkTponoB  or  ®C I, (eppemokcuna, Npud NapauieJbHOM —BoccTaHoBieHun HAJID',
CyNepoKCHIHbI aHuOoH-pamukan (02°) reHepupyercss NPEHUMYIIECTBEHHO MPOMEKYTOUYHBIM
KopakTopoM rmepeHoca anekrpoHa DPCI — (UITOXMHOHOM B BOCCTaHOBJIECHHOW (opme
(pmmtocemuxuHonoMm). B Hammx paborax ObUIO MPEANOJIOKEHO, YTO TEHEPUPYEMBIH
¢mutocemuxuHoHOM 2°" MoOXeT OBITh BOCCTAHOBICH JI0 TEPOKCHJIA BOJOPOAA JBYKPATHO-
BOCCTAHOBJICHHBIM IUIACTOXMHOHOM, IJIACTOXUHOJIOM.

B nannoit pabote MbI Hccie10BalId OKUCIICHHE ITyJIa IJIACTOXWHOHA B YCIIOBUSX 00pa30oBaHus
0,* kommonentamu @®C [ BBICIIHX pacTeHHH C IOMOIIBI0 H3MEpeHUs (DIyopeceHInN
xJopoduiuia a ¢ BeicokuM paspemenueM (JIP-tect). MccnenoBanust mpoBOAUIN C UCIIOJIb30BAaHHEM
MHTAKTHBIX THJIAKOUIOB HINuHarta. [loHOE BOoccTaHOBIIEHHE ITyJla TUIACTOXUHOHA MPH OCBELICHUH
o0ecreyrBaIy ¢ HOMOIIBI0 UHTMOUTOPOB OKUCIICHHS TUIACTOXMHOJIA B INTOXPOMHOM bgf KOMILIEKCE:
nuHuTpodenuoBoro ¢upa nogonutporumosia (DNP-INT) u qubpomtumoxunona (DBMIB). [lns
BocctaHoBieHus PC 1 u obOpa3oBaHHs €€ KOMIIOHEHTaMH CYIEPOKCHIHOIO aHHWOH-paJuKania
HCIIOJIB30BAJIU JIOHOPHI 3JIEKTPOHOB: ackopOat HaTpus u 2,6-auxiopdenonunaodpenon (DCPIP) nimn
ackopbat Hatpus u N,N,N',N'-rerpamernin-n-¢penunenuamua (TMPD). Ilpu uszmepenun JIP-
KMHETHK TUIAKOMbl OCBELIAIM KPACHBIM CBETOM MHTEHCHBHOCTBIO 600 MKMOJb KBAaHTOB M~ c!
B TEUYEHHUE 5 CEK B NMPUCYTCTBUU MOJIEKYJSPHOIO KHUCIOPOJA B KAUECTBE AKLENTOpa AJIEKTPOHOB
ot ®C 1. PerucTpupyolyio BCIBIIKY MOITHOCTHI0 3000 MKMOIIBL KBaHTOB M2 ¢! 1oj1aBasnu B uHTe-
pBaie ot 0,1 10 2 cek B TEMHOTE I10CJI€ BHIKJIIOYEHUS CBETA.

C npuMeHEHHUEM UHTHOUTOPOB OKUCIICHUS TIJIACTOXHWHOJIA U IOHOPOB 3J1eKTpoHOB i1t DC 1,
MBI TIOKa3aJii, 4YTO OKHUCIEHHE IUIACTOXMHOJA IOCIE BBIKIIOUEHHUS] CBETa HOCUT JBYX(a3HbIN
xapakTep; npudem ObicTpas (10 0,5 cexyHnapl) (pa3za OKUCICHUS IUIACTOXMHOJIA 3HAYUTEIBHO OoJiee
BbIp@)KE€HA B MPUCYTCTBUH JAOHOPOB 31eKTpoHOB K PC I, ueM B MX OTCYTCTBHE, T.€. B YCIOBHSIX
obpazoBanus O2° memOpanHbIMU KomrioHeHTamMu ®C 1. beicTpas (a3a oKHCIIEHUs TIaCTOXHHOJIA
NPAaKTUYECKH HCYe3alia B IPUCYTCTBUU METUIIBHOJIOI€HA — HCKYCCTBEHHOI'O aKIENTOPa 3JIEKTPOHOB
ot ®OC I, kotopsIii, obecrieunBasi 3HPEKTUBHBIA OTTOK AJIEKTPOHOB OT TEPMHUHAIBHBIX aKIIEITOPOB
@C 1, npenorBpainaet oopazoBanue MmemopanHoro O2°*" B 3Toi Gorocucteme. [lonydeHHbIC TaHHBIC
CBUJCTEILCTBYIOT B I0JIb3Y MPEANOI0KEHUS O TOM, YTO IUIACTOXUHOJ OKHUCISIETC MeMOpaHHBIM
02*", o6pazoBanabiM B OC I. ['eHepupyemblii IpH 3TOM MEPOKCHI BOAOPOJA SIBISETCS BaKHOU
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CUTHAJIbHOW MOJICKYJIOW B PAaCTUTEIBHON KIIETKE, MOITOMY JaHHAs PEaKIUs MOKET OBbITh YacThIO
PEIIOKC-PETYISTOPHBIX MEXaHW3MOB, OOECIECUMBAIONIMX AaJANTAlUI0 PACTCHHH K CTPECCOBBIM
YCIIOBUSIM.

Paboma uwacmuuno noooepocana epanmom PHD Nel7-14-0037 In.

PLASTOQUINONE POOL OXIDATION DURING SUPEROXIDE ANION-RADICAL
FORMATION BY MEMBRANE COMPONENTS OF PHOTOSYSTEM 1
IN HIGHER PLANTS

Vilyanen D.V., Kozuleva M.A., Naidov L.A.,
Borisova-Mubarakshina M.M., Ivanov B.N.

Institute of Basic Biological problems RAS, Pushchino, Russia

Keywords: reactive oxygen species, plastoquinone pool, redox signaling, superoxide radical anion,
photosystem 1.

A number of metabolic and regulatory pathways depend on plastoquinone pool redox state; therefore,
it is important to study the mechanisms of interactions between plastoquinone and reactive oxygen
species, which can affect the redox state of the plastoquinone pool. It has been shown, that superoxide
anion-radicals are generated by phyllosemiquinone, a reduced membrane component of photosystem
I (PS 1), at high light intensity with a native electron acceptor from PS I. Our previous publications
suggested that superoxide anion-radicals generated by phyllosemiquinone could interact with
plastoquinol leading to formation of hydrogen peroxide. In this study, we demonstrated using JIP-
test that in the presence of plastoquinol oxidation inhibitors and electron donors for PS I, the oxidation
of the plastoquinone pool at high light intensity has a biphasic kinetics. Moreover, the fast
plastoquinol oxidation phase (under 0.5 s) is more pronounced in the presence of electron donors for
PS I than in their absence. The addition of an artificial electron acceptor from PS I, methyl viologen,
eliminated the fast plastoquinol oxidation phase by providing fast electron flow from terminal
cofactors of PS I. We believe, that interaction between plastoquinol and the membrane superoxide
anion-radical generated by PS I leading to formation of hydrogen peroxide may be part of the redox
signaling system in higher plant cells.
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POJIb AJIbTEPHATUBHOM OKCHJIA3BI B PEI'YJISIIIUUA SHEPTETUYECKOT' O
U PEJJOKC-BAJTIAHCA PACTEHUM
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WuctutyT Ounonornu Komu Hayuroro tieatpa YpO PAH, CeikteiBkap, Poccus
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KaroueBble cjoBa: anantanus, albTepHATUBHAs OKCHJa3a, JBIXAaTEIbHBIC ITyTH, CTPECC, SHEPTreTHYeCKas
3¢ (HEeKTUBHOCTD JIBIXAHUSI.

AnpTepHaTUBHBIN (IIMAHUAYCTONYMBEIN) IMyTh abixanus (All), ocymecTBIAOMMI TpaHCIIOPT
AJIGKTPOHOB Yepe3 TePMHUHAJIbHYIO allbTepHATHBHYIO oOkcuaasy (AQO), He COIpsbkeH C ABYMs
IIyHKTaMH 3alacaHusl SHEPIuu, IMOITOMY CHMIKACT SHEPreTHYECKy0 3(P(EKTUBHOCTh [JbIXAHUS
(O31) [1]. Ha ocHOBe u3y4yeHus AbIXaHUS U peryasuuu akTuBHOocTH AO obocHoBaHa poib All
B IOJUIEP>KaHUU SHEPreTHYECKOro U PeJoKC-0ajaHca KISTKU M LIEJI0ro pacTeHUs IPU W3MEHEHUU
YCIIOBUH Cpellbl. YCTaHOBJIEHbl 3aKOHOMEPHOCTM HW3MEHEHHUs [bIXaHUS M COOTHOLICHMUS
JIBIXaTEIbHBIX MYTEH B MPOLIECCE AEITHOJISIIMU NMPOPOCTKOB mieHulbl [2]. pixanue u Bxaag All
BO3pacTally, JIOCTUTas MakCUMyMa B TE€UEHHE MEpBBIX 4—0 U 3eleHeHus, Korjna (GpopmupoBaiach
THIakoniHas cucrema. AkTuBHOCTh All koppennpoBana ¢ ypoBHEM 3KCIPECCUU MHIAYLIMPYEMOTO
cBeToM rera AOXla, cnabo 3aBucena oT konudectBa 6enka AO u He BIuUsIa CyliecTBeHHO Ha DD /1.
[Tokazano ckoopauHUpoBaHHOE (yHKIIMOHUpoBaHUE AQO, HSHEProAUCCUNIUPYIONIEH W aHTH-
OKCHJIAaHTHOM CHCTEM, KOHTPOJIMPYIOIIUX ypoBeHb HakomuieHus APK M perynupyrommx CHUHTE3
ackopOaTa B 3elIeHEIollel KJeTKe. BBISBIEHbI OHTOT€HETHYECKHE 3aKOHOMEPHOCTH H3MEHEHUs
JIBIXaHMS JINCTHEB ABYX BHJIOB 3JIAKOB C Pa3HOM >KM3HEHHOM CTpaTeruei. B IbIXaHUM MOJIOABIX
JIMCTHEB SIPOBOM NIIEHUIBI U 03UMOW pXKU JOMHHHMPOBAJ LUTOXPOMHBINA IyTh. B 3penbix mucTeax
nmeHunsl BKiaaa All moBblmancs, a 03UMON pXH, HA00OPOT, CHIDKAJICSA, YTO OOECIeYMBAET
HEOOXOUMBIA JIJI1 MOJATOTOBKM K IEPE3MMOBKE YpPOBEHb JHEProIlacCTUYECKHUX BemiecTtB [3].
IIpoananu3upoBaHa 3aBUCUMOCTb JAbIXaHMs U BoBieueHUs All B pacTeHUsAX X0JI0A0CTOMKOrO copTa
SYMEHSI OT CKOPOCTH POCTa, MOAYJIUPYEMOW YPOBHEM MUHEPAIbHOTO MUTAHUS U TEMIEPaTypHBIM
pexxumoM. B mpenenax TemmepaTypHOoro ontuMmyma pocra BosiedeHue All  perymupyercs
CKOpPOCTBIO POCTa M HAIIPABJICHO Ha MOJJIEpKAHNE MaKCUMaIbHOU DD/ Ha ypOBHE 1IE€710T0 paCTEHUS.
[Tpu orpaHuyYeHUH POCTa HEAOCTATKOM TeIjia M/MI MUHEPAJIbHBIX 3JIEMEHTOB JIbIXaHUE MPOTEKAaeT
B OCHOBHOM 10 IIUTOXPOMHOMY ITyTH. B 3KcnieprMeHTax Mo BIUSHUIO pa3HbIX 7103 KaJAMHs Ha pOCT,
JIBIXaHUE U COOTHOUIEHME ABIXATEJbHBIX IYTEH B PACTEHUSAX SUMEHS, BBIPALIMBAEMBIX NPHU JIBYX
TEMIIEPATYPHBIX peXKUMax, MOKa3aHO, YTO PACTeHUs ObUIN CIIOCOOHBI MOAEPKUBATh HA TOCTOSSHHOM
ypoBHe BenuuuHy O3JI, KpoMme BapuaHTa € BBICOKMM ypoBHeM Kaamus (100 Mkmoinb) mpu
MOHM)KEHHON Temmneparype. B ycioBusix cuiibHOro crpecca 99/1 cHU»kKanach 10 BEJIMYUHBI BJIBOE
HUKE TeopeTuuecKkd BO3MOXHOU (15 mombp AT®/MoInb), 4TO MOKHO pPAClEHHWBATh KaK MPHU3HAK
cyOJieTaIbHOTO COCTOSIHMSI pacTeHuid. BoisiBneHo BnusiHME YpoBHs skcmpeccun reHa AOXIa Ha
dbopMupOBaHUE MyTeH ananTauu pacteHuit Arabidopsis thaliana x Bozneiicteuto Y ®-B panuanuu
B (pusnonoruvecku npuemsemoi nose [4]. Pacrenust 4. thaliana antucencoBoii no AOX1a nuHUN
agantupoBanuch K Y®-B nyreMm ycuiieHHs aKTUBHOCTH aHTUOKCUIAHTHOM CUCTEMBI U HAKOILICHHUS
AHTOLIMAHOB, TOTJla KaK y JIMHHUU CO cBepxdkcrpeccued 40X/a KIHOYEBYH poiib B aJallTallud
K (akropy urpaer All. IlpoBeneHo u3yueHHe IbIxaHus 0OpaOOTAHHBIX AHTOLMAHAMU PACTCHUN
BogHOTO Makpodura Elodea densa npu neiicteBun Cd m Mn [5]. OGpaboTka 3K30Tr€HHBIMHU
aHTOIIMAaHAMU CHUXKaja (PUTOTOKCMYHOCTh METAJJIOB, aKTUBUPOBAJa JbIXaHUE PACTEHUI, B OCHOB-
HoM 3a cueT BoBnieueHus All [1pu yBenuduenuu All ot 20 10 40-50% oT 00111€TO JBIXaHUS BETUYNHA
33/]1 BapsupoBana B npenenax 18-21 mons ATD/M0OIb TIIOKO3BI.

Crnenano 3akiroueHue o Tom, uro All sBisieTcs HeOThbeMIIEeMOM 4acThio cOaTaHCUPOBAaHHOM
3aIIUTHOM CUCTEMBI KJIETKH, YYaCTBYET B CUTHAJIMHTE, TOJIEpPKaHUH PeloKC-0aaHca U peryisiinum
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OMOPHEPTeTHKH B HOPME M TIPHU CTpPeccaX, BbI3BIBAEMBIX pa3iIuyHbIMU (akTopamu. [Ipemnoxxen
QITOPHUTM Pa3BUTHUA COOBITUN TTPU MOAYISIITUU All 1 conpsKeHHBIX M3MEHEHHSIX BeTUUuHbI DD /1.

HUccneoosanue evinonneno 6 pamkax 6wodcemuou memvl HUP (nomep I'P AAAA-AI7-
117033010038-7) u npu noooepoicke PODU (eparnm Ne 19-04-00476 A).
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MBS

ROLE OF ALTERNATIVE OXIDASE IN REGULATION OF ENERGY AND REDOX
BALANCE OF PLANTS

Garmash E.V.

Institute of Biology, Komi Scientific Centre, Ural Branch, Russian Academy of Sciences,
Syktyvkar, Russia

Keywords: adaptation, alternative oxidase, respiratory pathways, stress, energy efficiency of respiration.

The mechanisms of regulation of the alternative (cyanide-resistant) respiratory pathway (AP) of its
role during growth and plant adaptation under changing environmental conditions are studied. The
key role of AP as an integral part of the balanced defense system of the cell involved in signaling,
maintaining redox balance and regulating bioenergetics under stress are shown. Based on the results
obtained, a concept considering AP as a necessary component in the quantitative assessment of the
energy efficiency of respiration is proposed.
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Ypanbckuit henepanbHblil yHUBEpCUTET M. TiepBoro lIpesunenra Poccun b.H. Enprnaa,
ExartepunOypr, Poccus
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3acojieHHe TIOYBBI OCTAETCS AaKTyaJIbHOW TPOOJIEeMOM B CEIBCKOM XO3SHCTBE, ITOCKOJIBKY
OrPaHUYMBACT POCT U YPOXKAMHOCTH PACTEHHHA. AKTMBHO M3Y4alOTCs OMOXMMHUYECKHE U MOJIE-
KYJISIPHO-TEHEeTHYECKHEe MEXaHU3Mbl aJanTallud pacTeHuil K stomy (aktopy. M3BecTHO, 4TO
pacTeHus UCIBITHIBAIOT OCMOTHUYECKUI U TOKCHUYECKUI cTpecc. PaHee ObLIO MOKa3aHO MOBBIILICHUE
aktTuBHOCTH Tiepokcuaa3 Il kmacca, yBenumyeHue KOJWYECTBA TMEpPOKcHIa M (DEHOJOB B OTBET
Ha BosueiictBue NaCl y Glycine max L [1]. BeIIBUHYTO NpennojioKeHHE, YTO aIloIIacTHBIC
MEPOKCHJIa3bI TOCPEACTBOM JIUTHU(PUKAUU KJIETOYHBIX CTEHOK PETYIUPYIOT POCT KOPHS B YCIOBHSIX
3aconeHnu. Hame wuccrnenoBanue HampaBieHO Ha wu3ydeHue BoszaedctBus NaCl (5-75 MM)
Ha aKTUBHOCTh IUTO30JbHOM M amorutacTHOW rBaskosioBod mnepokcuaassl (I'TIO), comepkanue
NepoKCcH/Ia, PEHOJIOB B pa3HbIX OpPraHax MPOPOCTKOB LIUHUH.

Cemena nuHuu (Zinnia elegans Jacq). mpopaniuBanu B yamkax [lerpu ¢ no6asnennem 5, 10,
25, 50 u 75 MM NaCl (xontpons — Boaa) B Teuenue 7 aneir npu 24 °C u doronepuone 16/8.
BexoxecTs cemsiH omnpeaensii Ha 3 aeHb. Ha 7 neHb olleHMBaM OMOXUMHUYECKHE MapaMeTphl.
AKTUBHOCTh 1IMTO30JbHOM U anorutactHou ['TIO, konuuectBo H2O; ompenensiau no craHaapTHOU
MeToauke B rpyoom skctpakte [2]. Conepikanue PeHOIOB ONPELSISUIA C HCTIOIb30BAaHIUEM PEAKTHRA
®onuna-YekonabTey B cnupToBoM dKcTpakTe [3]. CtatucTuueckyro o0paboTKy JaHHBIX MPOBOIUIN
B niporpamme Excel u STATISTICA 10 mst Windows 10 ¢ mpumenenuem U-kputepusi MaHHa-
YurHu.

[IpopocTky MHUYU OTJIMYATUCH HU3KOW YCTOMYMBOCTHIO K 3acojieHuI0. Tak, mpu o0padoTke
25 MM 3amemsics pocT oceBbix opraHos, npu 50 u 75 MM NaCl cymecTBeHHO CHHXaloCh
[popacTaHue CeMsiH M 3aTOpPMaKuBajcsi pocT. PacTeHHsl HCHBITBIBAIM CTpPECC, O YEM
CBHJIETENILCTBYET yBenauueHue konuuectBa H>O> M B KOpHe, W B TUIOKOTWIIE IpU 0OpaboTke
pactenuii S u 10 MM NaCl. ®eHobl SABISAIOTCS aHTHOKCHIAHTAMHK, CyOCTpaTaMu i IEPOKCHAA3.
B xopHe HabIr01a711M CHIPKEHHE KOJIMYeCcTBa (DEHOJIOB IO CPAaBHEHUIO C KOHTPOJIEM U ITPH 00paboTKe
5u 10 MM (Ha 28% u 14% cooTBeTcTBEHHO). B rumokorune ux KOJUYECTBO CHHXKAJIOCH MPHU
obpabotke 5 MM (Ha 27%), HO Bo3pacTaio rpu 10 MM (B 2,8 pa3). Kopau npopoctkoB O6butn 60see
YyBCTBUTEJBHBI K JIeHCTBUIO cTpeccopa. ObpaboTka nuanu S u 10 MM NaCl npuBena K CHUKEHHUIO
aktuBHOCTH anoractHoi [TIO B xopHe (Ha 34 u 84% COOTBETCTBEHHO), HO Pa3HOHAMPABICHHO
BJIUSUIA HA €€ aKTUBHOCTb B TUIIOKOTHJIE: IIPH 00paboTke 5 MM OTMETHIIN yBEJIMYEHHE aKTUBHOCTH
OTHOCHUTENIBHO KOHTpoJisi Ha 94%. AxtuBHOcTh 1uto30ibHONM ['TIO cHMkanach B KOpHAX IIpU
nerictBur 10 MM NaCl. B runokoTusie ee akTHBHOCTB Bo3pacTana B 1,2 u 3,2 pa3a mpu o6paboTke 5
1 10 MM NaCl cooTBETCTBEHHO.

Taxkum 006pazoM, opranbl pacTeHUN OTIMYAIUCH 10 coaepxkannio HoO» u aktusHocTu I'TIO,
JIOKQJIM30BAHHON B pa3HbIX KOMIIAPTMEHTAaxX (AmoIulacT M LUTO30Jb) B YCIIOBUSAX 3aCOJIECHUS.
VYBenuueHue KonuuecTBa (PeHOJIOB B TMIIOKOTHIIE MOXKET OBITh CBSI3aHO C UX aKTUBHBIM Y4acTHEM B
HEHTpaln3aluy aKTUBHBIX (OPM KHCIOpOJa Ha JaHHOM JTane pocTta HUHHUU. CHIDKEHHE
AKTUBHOCTH IIEPOKCHA3 MOIJIO OBITh BHI3BAaHO HeEraTUBHbIMM d(dexramm u30bTka Na®
Ha KoHpopmanuio pepmenta. Kak cieacrtsue, HabI0Aamu yBeIMUEHUE COJCPKAHUS IEPOKCUA, UTO
CBUJETEIHCTBYET O YYBCTBUTEILHOCTH IPOPOCTKOB IUHHUH K 3aCOJICHUIO.
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ACTIVITY OF APOPLASTIC AND CYTOSOLIC PEROXIDASES IN ZINIUM SPROUTS
UNDER SALINATION

Gudilina A.S., Tugbaeva A.S., Ermoshin A.A., Kiseleva L.S.

Ural Federal University named after the first President of Russia B.N. Yeltsin,
Yekaterinburg, Russia

Keywords: hydrogen peroxide, oxidative stress, phenols, sodium chloride.

Soil salinity is a serious problem in agriculture because limits plant growth and productivity. The
response to salinity includes both changes in biochemical, physiological processes and changes in
morphology of plant. Previously, an increase in the activity of class III peroxidases, an increase in
the amount of peroxide and phenols in response to the action of NaCl in root Glycine max L. was
shown [1]. Our study is aimed at studying the effect of different concentrations of NaCl (5-75 mM)
on the germination of zinnia seeds, the level of stress markers (guaiacol peroxidase activity, peroxide
and phenol content, and the amount of lipid peroxidation products) in root in hypocotyl. The zinnia
seedlings were sensitive to salt. The growth of root and hypocotyl was reduced under 25-75 mM, the
germination was significantly reduced under 50 and 75 mM NacCl. The increase the level of hydrogen
peroxide was shown. The activity of cytosolic and apoplastic guaiacol peroxidase, amount of soluble
phenols was reduced in roots under 5 and 10 mM NaCl, that confirm barrier function of these organ.
The activity of cytosolic guaiacol peroxidase, the content of phenols increased in hypocotyl, that nay
be altered with their antioxidant function.
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LOBARIA PULMONARIA TIPU Y®-BO3JENCTBUU

T'ypesaunos O.IL", Xaou6paxmanosa B.P. %, Xaiipyaimna A.®.2,
Paccabuna A.E.!, lleasikun M.A.Y, Munn6aesa ®.B.!

'Kaszauckuit unctutyt 6noxumun u 6uodusuku O®UL KasHI| PAH, Kasaus, Poccust
2Ka3aHCKHii HALIMOHAIBHBIN MCCIIE0BATEILCKHI TEXHOIOTMYeCKHi yauBepeuteT, Kazans, Poccus
3Kasanckuii (ITpuBoimkckuii) Gpenepanbubii yauepcutet, Kazans, Poccus
*HUncruryT 6uonorun Komu Hayuroro nentpa Vpanbckoro oraenenus PAH, CoiktbiBkap, Poccus
*E-mail: gurjanov58@gmail.com

Karouessle cnoBa: Lobaria pulmonaria, abnotndeckuii ctpecc, murMeHThl, Y @-o001y4eHne, SKCTpeMOPHUITBL.

Cpenn  (QOTOCHHTE3UPYIOIIUX OPTaHW3MOB OCOOBIM HWHTEpPEC TMPEACTABISIIOT JIMIIAWHUKH,
OTJIMYUTEIBHOH OCOOCHHOCTBIO KOTOPBIX SIBJSIETCS CHMOMOTHYECKash MHpUpOJa UM BBICOKAs
YCTOMYMBOCTh K JICHCTBUIO HEOJIArompHsATHBIX YyCIOBUM cpeabl. Ocobas ponb B 3alIUTHBIX
MEXaHM3MaxX CTPECCOBOM yCTOMYMBOCTH JIMIIAWHUKOB IPUHAUIEKUT CHHTE3UPYEMBIM HMH
BTOpUYHBIM MeTabosmtam [1]. Tak, 3ammTy JUIIAHUKOB OT HETaTHMBHOTO ACUCTBUS YD sydeit
o0ecreYnBalOT SKPAaHUPYIOIUE TUTMEHTHI — MEJIAaHUH U aHTPAXUHOHBI, & TAK)KE aHTUOKCHUJAHTHBIE
MMUTMEHTHI — KapOTUHOU B! [2]. Panee B COOCTBEHHBIX HCCIICIOBAHUAX YCTAHOBJICHO, YTO PA3JIMYHbIE
JUIIAMHUKKE coAepkKaT MENaHWH, U €ro CHHTE3 akTuBUpyercs B oTBeT Ha YD-B obGmyuenue [3].
B cBsi3u € 3TUM, aKTyaJIbHBIM U BaKHBIM SIBJIIETCSI MCCIIEIOBAHUE U3MEHEHNUI B COCTABE MMTMEHTOB
JUIIAfHUKOB TpU CTpeccoBoM oTBere Ha Y@D-B oOnydeHuwe. DTO TMO3BOIMUT OLEHUTH BKIIAJ
Pa3JINYHBIX IMTMEHTOB B BBICOKYIO CTPECCOBYIO YCTOMYMBOCTD JIMIIAWHUKOB K Y D BO3/IEHCTBHIO.

Tamnomsl numaitnuka Lobaria pulmonaria nonsepranu Y ®-B obmyuenuto (280-315 Hwm,
momHocTs 3 Br/M%, 80 MHMH exenHeBHO B TeueHue 14 jHeif). DKCTparmpoBaHHE MHIMEHTOB
U3 TAJUIOMOB JIMIIAWHUKA IPOBOJMIM ALETOHOM. B MOIy4eHHBIX AKCTpPAaKTaxX METOAOM IPSMOM
CHEKTPO(OTOMETPHUH ONPENEISIIN COIepKaHne XJIOpo(dUIIIOB a U b, KAPOTUHOUAOB, AaHTPAXUHOHOB
[4]. CocTaB NUIrMEHTOB B MOJYYEHHBIX 3KCTPAKTaX MCCIENOBAIM METOJIOM HHCTPYMEHTAJIBbHON
BbICOKOd(h(eKkTHBHONM  TOHKOCIHOWHON  xpomatorpaduu (CAMAG, Switzerland). Ilocne
HKCTPAarupoOBaHUsl AallETOHOM M3 TAUIOMOB L. pulmonaria BBIAETSUIA MENAHUH — IIEIOYHOU
JKCTpakKIuen. BpIxo MerannHa onpeaesuii FpaBUMETPUYECKH.

VY CTaHOBIIEHO, YTO COCTaB MUIMEHTOB B L. pulmonaria nocne Y®-B obnyyeHus He usme-
HSIETCS, OJIHAKO HAOJIOAAIOTCSl CYLIECTBEHHbIE M3MEHEHHUS B MX KOJIMYECTBEHHOM COJCpIKAHHM.
HauOonpme u3MeHeHHsT OOHAapyXEeHbI B COAEPKAaHMM (HOTOCMHTETHUECKUX MUTMEHTOB
XJIOpOUIIOB a U b, UX cofepaHKUe B TAJUIOMax JHUIIAHUKA yBEJIMYUBACTCSI IPUMEPHO B 2 pasa.
ConeprkaHue KapOTHHOMJIOB, 00JIaalONIUX BBIPAKEHHBIMH AHTHOKCH/IaHTHBIMHU CBOMCTBAMH, B TaJl-
JoMax JMIIaHUKA Takke Bo3pacraer nodytu B 1,2 pa3a. HecmoTps Ha TO, YTO aHTPaXWMHOHBI
SIBIISIFOTCSI SKPAHUPYIOMIMMHU MMUTMEHTAMU M CIIOCOOHBI 3alIMIIATh JUIIAHHUK OT BpenHoro Y d-B
00JTydeHHUsI, UX KOJMYECTBO B TAJUIOMAX JIMIIAHHUKA TTocsie Y D-BO3/1eCTBHS HAXOUTCS Ha YPOBHE
koHTposs. CopepkaHMe MEJIaHWHA, TEMHOIO IMIMEHTa IOJIMMEPHON HpPHUPOABI, B TauIOMax
mumaiHuka npu Y®-B o0nydenun ysenuuuBaetcst B 1,2 pasza. M3BecTHO, 4TO MenaHUH, HapsaLy
¢ GOTONPOTEKTOPHBIMH CBOMCTBAMH, 00JIa7aeT BEIPAKEHHOM aHTUOKCUIAHTHON aKTHBHOCTHIO.

TakuMm oOpa3om, NoOJydyeHHBIE PE3YyIbTAThl CBUIETEILCTBYIOT O Ba)KHOM POJIM MUTMEHTOB
B TOHKHX MEXaHHM3MaX CTPECCOBOTO OTBeTa NHIIaHuKa L. pulmonaria na Bo3neiicteue Y®D-B
o0yueHus.

Paboma evinonnena 6 pamxax evinonnenus cocyoapcmeernnoeo 3aoanus QUL KazHI] PAH,
a maxaice npu punancosou nooodepaicke epanma PH® Ne 18-14-00198, PODU Ne 20-34-90044.
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CHANGES IN PIGMENT COMPOSITION OF LICHEN LOBARIA PULMONARIA
FOLLOWING UV RADIATION

Gurjanov O.P.!, Khabibrakhmanova V.R.!2, Khajrullina A.F.3,
Rassabina A.E.!, Shelyakin M.A.%, Minibayeva F.V.!

'Kazan Institute of Biochemistry and Biophysics, FRC Kazan Scientific Center of the RAS, Kazan, Russia
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Keywords: Lobaria pulmonaria, abiotic stress, extremophiles, pigments, UV radiation.

UV radiation is a threat for plants; therefore, to preserve the diversity and productivity of the flora it
is important to study the mechanisms of adaptation to UV radiation. Lichens are photosynthesizing
organisms, which can serve as model species for studying the effects of UV radiation because they
can survive in conditions that are extremely unfavorable for other organisms. Secondary metabolites,
and especially pigments, play a special role in the protection of lichens from UV radiation. The aim
of present work was to study the changes in the pigment composition in the lichen Lobaria
pulmonaria in response to exposure to the medium-wavelength UV (UV-B). It was found that the
composition of pigments in L. pulmonaria thalli did not change when exposed to UV-B, but
significant quantitative changes were observed. In lichen thalli after UV-B exposure the content of
photosynthetic pigments chlorophylls a and b about doubled, carotenoids increased by 1.2 times. The
content of melanin, which has pronounced photoprotective and antioxidant properties, in the lichen
L. pulmonaria also increased by 1.2 times following UV-B irradiation. Even though anthraquinones
are light screening pigments, their amount in UV treated thalli was at the control level. Thus, the
results obtained indicate that pigments have significant contribution to the fine mechanisms of the
UV-B stress response of the lichen L. pulmonaria.
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KiroueBnble ciioBa: AHOKCHsI, aKTHUBHBIC (bOpMI:I Kucjiopozaa, Kap6OHI/IJ'II/IpOBaHI/IC, MEPCKHUCHOC OKUCJICHUC
JIMTIUAOB, MOCTAHOKCHA, IPOTCOM.

OpuuM U3 HEONAaronpusATHBIX (HAKTOPOB, BIUAIOIIMX HAa pPACTEHUs, SBISETCS KHUCIOPOJHAs
HE/I0CTaTOYHOCTh, KOTOPasi Pa3BUBAETCSl BCJEICTBUE M30BITOYHOIO YBIAKHEHHMS U 3aTOILICHHS.
OT Heé HepeaKo CTpafaroT KaK MPUPOAHbIE (PUTOLEHO3bI, TAK U ITOCA/IKH KYJIbTYPHBIX PACTEHUH, YTO
IPUBOJMT K CYLIECTBEHHBIM IOTEPSM yposkasi. B ectecTBeHHOH cpenie oOuTaHus BCIe 3a IEPUOIOM
nedumnuTa KucIopoAa OOBIYHO CIIENYeT BOCCTAHOBJICHHE ad’pOOHBIX YCIOBUW, W pacTeHUS
OKa3bIBAIOTCS B YCIOBHMSX ITOCTAHOKCHYECKOTO OKHCIUTEIBHOrO BO3JeicTBusa. V3ydeHue
MEXaHM3MOB 3TOr0 CTpecca y pacTEeHUM, pa3IMyalolIUuXCsl [0 YCTOMYMBOCTU K KHCIOPOIHOM
HE/I0CTaTOYHOCTH, COCTABIISIIO LEJIb JAHHOTO UCCIICOBAHMS.

DKCMEPUMEHTHI TPOBOIMIIM HA TPOPOCTKAX MIeHUIbI (17iticum aestivum L., HEeyCTOMUNBOE
K JepuuuTy Kuciopona pactenue) u puca (Oryza sativa L., ycroitunBoe pactenue). [Ipoaykuuio
A®K B mpoToracTax U3 JIUCTHEB PACTCHUI OIICHUBAIM C TIOMOIIBIO (uryopeciieHTHOro 30H1a CM-
H,DCFDA. Dunorennoe coaepxanue H>O» B Tkansx uccnepoBasiu ¢ FOx-peareHToM. YpoBeHb
nepekucHoro okuciaeHuss sunuaoB (IIOJI) ompepensmm 1Mo  KOHIEHTpAIMKM  MajJOHOBOTO
JUANbICTHIA. Kap6onunupoBanue 0enKoB OLICHUBAIN o OKpAILITUBAHUIO
JTUHUTPOGEHWITHAPA3UHOM OEJIKOBBIX JKCTPAKTOB C IOCIEAYIOIIEH CIEeKTPOPOTOMETpUEH WU
UMMYHOOJIOTTUHIOM. [IpoTeoM u3yudanu MeToJaMH JBYMEPHOH TeieBOil NPOTEOMUKH C TOC-
aenyromuM TpuncuHoim3zoM U MALDI-TOF-MS. OxucnurenbHble NOBPEXICHUS, BbI3BAHHBIE
BO3JCHCTBUEM AaHOKCMM U IMOCIEAYIOIIEH pea’paluy, CpaBHUBAIM C HCKYCCTBEHHBIM
OKHUCJIUTEIbHBIM CTPECCOM, CIPOBOLMPOBAHHBIM XHUMUYECKUMHU areHTaMu (METUJIBUOJAI€HOM
¥ MEHAJIOHOM - IPOIYLIEHTAMHU CYNIEPOKCHUIHOTO aHUOH-PaUKaa, IEPEKUChI0 BOJIOPO/IA, a TAKXKE
CMECBIO MEJIM U aCKOPOMHOBOM KUCIOTHI i1 reHeparuu OHe paaukana).

Axxymymsaiust H2Oz, TIOJI u xapOoHwimpoBaHue O€IKOB y HEYCTOMYMBOrO OOBEKTa
(TIIIEHMITBI) CTUMYJIUPOBAIMCH B OOJIBIIIEH CTEMEHU, YEM Y YCTOMUMBOTO (prca) KaK MoJ1 JeHCTBUEM
MIOCTAaHOKCHHU, TaK M NPOOKCHUIAHTOB. IIOCTaHOKCHS NMPUBOIMIA Y MEHEE YCTOHUMBOrO OOBEKTa
K Pa3BUTHIO OOJBIIMX MMOBPEKIACHUN, YeM HCKYCCTBEHHBIH OKHUCIWUTEIBHBIN CTPECC, BBI3BAHHBIN
pooKcuaaHTaMu. Puc, Ha000pOT, NEMOHCTPUPOBAN MOBBIIICHHYIO YCTOHYMBOCTH Kak K IOCTa-
HOKCHUYECKOMY, TaK U XHMHUYECKOMY OKHCIUTEIbHOMY BO3JeHCcTBUIO. VccnenoBanue mpoaykuuu
A®K Ha KI€TOYHOM YPOBHE BBISBHIIO OOJIBIIYIO PEAKTUBHOCTH MPOTOILIACTOB PUCA MO OTHOIICHUIO
K TUIIOKCUH, PEa’pallud U IEpPEeKHuCH BOAOPOJA, TOrJa Kak B MPOTOIUIACTaX IIIEHHUIbI Oosee
uHTeHcUBHas akkymymsanus ADK monm neiicTBueM METHIBHUOJIOI€Ha M MEHaauoHa. bombiias
akkymyisanus A@K B rporomuiactax u MpopocTKax pyca Ipu KpaTKOCPOUHBIX aHOKCUH U pea’paliuu
MOJKET OBITh OTPAKEHHUEM UX aKTHUBHOTO YYaCTHS B TPAHCAYKIIMH KHCIOPOJHOTO CUTHANA.

B mporeome mobGeroB puca ObLIO BBIsIBIEHO 72 Oenka, U3 KOTOpeIX 31 ObuLI
uaeHTUGUIMPOBaH. B aHOKcHyeckoM mporeome MmoOeroB Obula XapakTepHa paboTa HIanepoHOB,
O0enkoB  (orocuHTe3a W (DEPMEHTOB TJIMKOIW3a. B MOCTaHOKCHIO MOBBIIANACH  JOJIA
dortocunTeTHueckux OenkoB U AT®-cuHTaspl. B mpoTreomMe mOOEroB MIIEHUIBI  YIAIOCh
UICHTUQUIUPOBATh TOJIBKO 4 TSATHA, KOTOpbIe OBUIM MPEJICTaBICHbl OOJBIION U MaJo
cyobeaunuuamu Pybucko. B nmporeome kopHeii puca 6110 00HapykeHO 78 O€lIKOB, U3 KOTOPHIX 38
ObUIM OXapaKTepH30BaHbl. B yCIOBHSIX aHOKCMM M TOCTAHOKCHMM B MPOTEOME KOpHS puca
npeobnananu OeNKH, OTBEYAIONIME 3a YCTOMYMBOCTH K IATOreHaM M aOMOTHYECKUM (hakTopam,
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(bepMeHTHI TJIMKOJIM3a U aHTUOKCUJAHTHBIX cUcTeM. IIpuMeHeHHe MeToja TJaBHBIX KOMIIOHEHT
II0Ka3aJI0, YTO AHOKCUYECKUH M ITOCTAaHOKCHYECKHM MpOTeOM M B Io0Oerax, U B KOpPHAX pHca
IPYNIHUPYIOTCS BMECTE, OTAEJIBHO OT HOPMOKCHU. OJTO IO3BOJISET 3aKJIIOUUTh, YTO pPeadpalus
HE SIBIIIETCSI CaMOCTOSITENIBHBIM CTPECCOPOM, HO €€ MOKHO CUMTATh MPOJOJDKCHUEM BO3ACHCTBHS
(mocneneicTBueM) aHOKcUU. TakuM o00pa3oMm, pacTeHHe, YCTOMYMBOE K JEPHUIUTY KHUCIOPOAA,
obinagaer OousiblIed yCTOMYMBOCTBIO M K IIOCTAHOKCHMYECKOMY, M K HMCKYCCTBEHHOMY
OKHCIIUTEIBHOMY CTpecCy, BBI3BaHHOMY 00paboTkoil mnpookcugantamu. llocTaHokcnuyeckuit
OKMCIIMTEIbHBII CTpEecC MO CHJIE BO3JEHCTBHUA Ha pacTeHUs, B OCOOEHHOCTH HEYCTOMUYUBBIE,
IIPEBOCXOUT UCKYCCTBEHHBIN OKUCIUTEIBHBIN CTPECC.

OXIDATIVE STRESS IN PLANTS UNDER OXYGEN LACK AND SUBSEQUENT
RE-AERATION

Yemelyanov V.V.

St. Petersburg State University, St. Petersburg, Russia
Keywords: anoxia, reactive oxygen species, carbonylation, lipid peroxidation, re-aeration, proteome.

In the natural environment, the restoration of a normal oxygen level after oxygen deprivation leads
to the fact that the plants face intensive post-anoxic oxidative stress. We studied oxidative damage in
seedlings of wheat (non-resistant to hypoxia plant) and rice (resistant one). Oxidative stress was
created by plant treatment with anoxia and subsequent re-aeration along with incubation with oxidant
agents. The accumulation of H>O», lipid peroxidation and protein carbonylation in the intolerant
object (wheat) were stimulated to a greater extent both under the action of post-anoxia and
prooxidants. Post-anoxia led to the greater damage in wheat than artificial oxidative stress induced
by prooxidants. Rice showed increased resistance to both post-anoxic and chemical oxidative stresses.
The proteome of rice shoots includes 72 proteins, of which 31 were identified. It was found that shoot
anoxic proteome were characterized by the presence of chaperones and proteins involved in
photosynthesis and glycolysis. In the post-anoxic proteome of shoots, the proportion of
photosynthetic proteins and ATP synthases increased. In the proteome of rice roots, 78 proteins were
found, of which 38 were identified. PR-proteins, enzymes of glycolysis and antioxidant systems
prevailed in the root proteome of rice under conditions of anoxia and post-anoxia Application of
principal component analysis (PCA) for the evaluation of changes in proteomes showed that anoxic
and post-anoxic proteomes in both rice shoots and roots were grouped together, separately from
normoxia. This proves that post-anoxia is not an independent stress-factor, but it can be considered a
continuation of the impact of anoxia.
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Oxcupn a3orta npeacTaBiisgeT co00i CUTHAIBHYIO MOJIEKYJTY, YYACTBYIOIYIO B CaMbIX Pa3HOOOpPA3HbIX
(U3MOTOTNUECKUX MPOLIECCAX B PACTEHUIX, BKIII0YAs IPOpacTaHKe, pa3BUTHE, IBETCHUE U CTApEHHE.
PasnmyHbIMH  MCCIENOBAaHUAMHU IIOKA3aHO HAJIM4YME IIOJIOKUTEIBHOM KOPPEIALIMA  MEXKIY
yBenuueHueM cozepxkanuss NO B opraHax M TKaHSX PACTEHUN IpU PA3JIMYHBIX CTPECCOBBIX
BO3JEHCTBUSAX M aJanTalyed pPacTeHHl K U3MEHAIOUIMMCS YCIOBUSIM BHEIIHEH cpenbl [1], 4To
CBUJCTEIBCTBYET O BO3MOXKHOCTH HCIIOJIb30BaHUS DK30I'€HHBIX JOHOPOB OKCHJA a30Ta B Ka4eCTBE
IPEapaToB, MOBBIIIAIOIINX YCTOWYMBOCTh PACTCHUN K JIEMCTBUIO CTPECCOBBIX (akTOpoB. OcoObIi
MHTEPEC BBI3BIBACT HM3YUYCHHUE BIMSHHUS JOHOPOB OKCHJAA a30Ta Ha YCTOMYMBOCTH PACTEHHM
K JepUIMUTY BOJbI, HETaTUBHO BIHSIOIIEMY Ha pPOCT M pa3BUTHUE PACTCHUH, TEM CaMbIM
OrPaHUYHUBAIOLIETO POAYKTUBHOCTh CEITbCKOXO3SICTBEHHBIX KYJIBTYD.

B Hamelt paGore B KadecTBE JOHOpa OKCHAA a30Ta MbI HMCIOJIB30BAIN HUTPO3HIBHBIN
KOMIUIEKC jkefne3a ¢ Tuocynbdarom (kpucrammnyeckuii THKXK-tuo) [2]. [IpenapaT oTHOCUTEIBHO
CTaOWJIeH NpU XPaHEHUH HA CBETY B OTCYTCTBUE BIJIAr, MPHU PACTBOPEHUH B BOJE NMPOUCXOAUT
renepanus NO.

Lenpto wuccnenoBanuss ObUIO uW3ydeHHe BiuaHus Jepuuura Boael u  THKIK-tHO
Ha (QYHKIIMOHAJIBHOE COCTOSTHUE MUTOXOHIPUN S-THEBHBIX 3THOJIMPOBAHHBIX IPOPOCTOB TOpOXa.

PaboTy mpoBoIMIM HA MUTOXOHJPUSAX 5 JHEBHBIX 3THOJHPOBAHHBIX IMPOPOCTKOB ropoxa
(Pisum sativum L), copt ®uopa 2, NOABEPrHyTHIX 2-X JHEBHOMY aAepuuuty Boxabl (/IB)
1 o6paboranubix 10 M TKHXK-THo.

B ycnoBusix nmeduimura BOAbI B MeMOpaHax MUTOXOHJIPHH IMPOPOCTKOB HaOI01aIach
akTUBanus nepekucHoro okuciaeHus aunuaos (I1OJI). IIpu 3ToM UHTEHCUBHOCTH (IIyOpECHEHIINN
npoayktos I1OJI Bospactana B 2 pasa. 3amaumBanue cemsH B 10° M pacrBope THKXK-Tno
npenorBpamano akrupauuio [1OJI: naTeHcuBHOCTH (hiyopecueniuu npoaykroB I1OJI cHmxkanack
IIOYTHU J0 KOHTPOJIBHOTO YPOBHS.

N3menenne GpU3NKO-XMMUYECKHX XapaKTePUCTUK MEMOpaH MUTOXOHAPHIL, COIIPOBOXKIATIOCH
n3MeHeHueM B cojaepkanuu KupHbIx kucinor (OKK), comepxammx 18 atomoB yriepona. Tak
cojiep>KaHue JIMHOJIEHOBOM KUCIIOTHI B MEMOpaHaX MUTOXOHAPUI MPOPOCTKOB, CHU3MIIOCH Ha 15%,
a muHoJsieHoBoH — Ha 14%. [1pu sTom XC;g HenachimeHHbIX KK/Cig.0 ymensiumucs ¢ 16,1 = 0,12 1o
10,04 + 0,23, 4yTO OTpa3UIOCh Ha OMOIHEPreTUUECKUX XaPAKTEPUCTUKAX MUTOXOHApHIL: B 1,5 paza
CHIDKAJIUCh CKOPOCTH TPAHCIOPTa JIEKTPOHOB HA IUTOXPOMOKCHIA3HOM YYaCTKE JbIXaTeIbHON
LenM MHUTOXOHApMil. BBejnenue B cpedy HHKyOaruu MutoxoHapuit 5x10° M uuroxpoma C
MPUBOJWIIO K BOCCTAHOBJICHUIO JTHUX CKOPOCTE 10 KOHTPOJIbHBIX 3HA4eHUH. MOXKHO
NPENOI0KUTh, YTO B YCIOBHAX AeuuuTa BOABI MPOMCXOJWIO YAaCTHUYHOE BBICBOOOKICHHE
nutoxpoma C ¢ BHEIIHEH MOBEPXHOCTH BHYTPEHHEH MEMOpaHbl MUTOXOHIpUH B 1InT0301b. THKOK-
THO, IpenoTBpauias okucieHue HeHachleHHbIX JKK Cig, B OCHOBHOM JIMHOJIEBOH U JINHOJIEHOBOU
KHCJIOT, BOCCTaHABIUBAaJl CKOPOCTU TPAaHCIOpPTa 3JEKTPOHOB HA LUTOXPOMOKCHIA3HOM YYaCTKE
JbIXaTeIbHON 1lend MUTOXOHApU. OgHaKo STH TOKa3aTend ObUIM HECKOJIBKO HHUXKE, YeM
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B KOHTPOJIbHOMU Irpymie. BeposTHO, 3TO cBA3aHO ¢ KOHKYPEHTHBIMM OTHOIeHusAMHU Mexay NO u O
3a CalThl CBSA3bIBAHUS LIMTOXPOMOKCHAA3HI [3].

Coxpanss ¢yHKMOHaNBbHOE cocTossHue MuToxonapui, THKXK-tno mpemympexnan
TOPMOYKEHHE POCTA IPOPOCTKOB B YCIOBUAX JeduuuTa BoAsl. IIpeanonaraercs, 4To aianTOreHHbIH
s¢dexT npenapara, BEpOSITHO, ONPEACISAETCS €ro aHTHOKCUAHTHBIMU CBOMCTBAMHU.

Paboma evinonnena 6 pamkax 2ocyoapcmeenno2o 3adanus Munucmepcmea HAyKu u 8blcuie2o
obpazosanusi Poccuiickoui @edepayuu (mema Ne 1201253310).
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FUNCTIONAL STATE OF PEA SEEDLINGS MITOCHONDRIA UNDER CONDITIONS
OF INSUFFICIENT WATERING AND TREATMENT WITH TETRANITROSIL
COMPLEX OF IRON WITH THIOSULPHATE LIGANDS

Zhigacheva LV.!, Krikunova N.L.!, Generozova I.P.?

'N.M. Emanuel Institute of Biochemical Physics Russian Academy of Sciences, Moscow, Russia
2K.A. Timiryazev Institute of Plant Physiology Russian Academy of Sciences, Moscow, Russia
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The effects of 2-day water deficiency and NO donor (TNIC-thio) on the functional state of
mitochondria of 5-day etiolated pea seedlings were studied. Water deficiency led to the activation of
lipid peroxidation (LPO) and, due to this activation, a decrease in the content of Cig fatty acids in
mitochondrial membranes. Wherein, the content of linolenic acid in the membranes of seedling
mitochondria decreased by 15%, linolenic acid — by 14%, and the XC;s unsaturated FA/Cisyo
decreased 1.6 times, which was reflected in the bioenergetic characteristics of mitochondria: 1.5 times
decreased the rate of electron transport in the cytochrome oxidase region of the mitochondrial
respiratory chain. The introduction of 5%10° M cytochrome C into the incubation medium of
mitochondria restored these rates to control rates. Treatment of pea seeds with 10 M TNIC-thio
prevented the activation of LPO and the oxidation of linoleic and linolenic acids in the mitochondrial
membranes. At the same time, the electron transport rates in the cytochrome oxidase region of the
mitochondrial respiratory chain were restored. Preserving the functional state of mitochondria, TNIC-
thio prevented the inhibition of seedling growth under conditions of water deficiency. It is assumed
that the adaptogenic effect of the drug is probably determined by its antioxidant properties.
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EXTREMORIENTALIS PHS1 HA AKTUBHOCTDb IEPOKCHU/IA3 B MOJAEJIUPYEMBIX
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K wnaubonee crpeccoBbIM [uis pacTeHUd (u3nueckuMm (HakTopaM MOXKHO OTHECTH HU3KHE
TEMIIEpaTypbl U BBICOKYIO BJIQXHOCTH TOYBBI B paHHHE CpPOKH Beretanuu [1]. AOuoTmdeckue
CTpECChI, BBI3bIBAIOIINE Psii MOP(OIOTUYECKHX, (PU3NOTOTHUECKUX M MOJIEKYISIPHBIX U3MEHEHUN
B PACTCHHSX, BIUSIOT HA UX POCT U MPOAYKTUBHOCTH M CITOCOOHBI TPUBOAUTH K UX rudenu [2]. Korna
pacTeHUsl MOABEPratoTCs JEHCTBUIO CTPECCOB, a 3AIMTHBIE CUCTEMbI HE CIPABISAIOTCSA CO CBOMMHU
GYHKIMSIMU, MOXKET HapylmiaThCs OaJaHC MEXIy OOpa3oBaHHEM U TYIICHHEM aKTHUBHBIX (OpM
kuciopona (ADK), B pesynapTaTe NPOUCXOIUT OKHUCIUTEIBRHOE TMOBpEXAeHHE KieToK. [lox
BO3/CHUCTBUEM CTpecca aKTHUBHPYIOTCS (pepMEHTATUBHBIE U HE(PEPMEHTATHUBHBIC CUCTEMbI 3aIUTHI
ot ADK [3]. Ilepokcunaza (I10) — onuu n3 ocHOBHBIX (pepMeHTOB AeTokcukanuu H>O» B pacTeHUsX,
metabonusupyromuii ee 10 H2O [2]. B ¢ynkiun 110 BXoauT 3ammra pacTUTENBHOTO OpraHU3Ma
ot BpeaHoro BozaencTeust ADK, o6pazyronuxcst mpu GporocunTese u apixanuu [3]. B cBs3u ¢ atum,
1esnb paboThl — M3ydeHHE BIUSHHS OaKTEpU3aLMU CeMsH IIICHUIbl HA aKTUBHOCTb CBOOOIHBIX
1 cnaboCBsA3aHHBIX TIBAasKOJI-3aBUCHUMbBIX IEPOKCHIAa3 B TKAaHAX PACTEHU B YCIOBUSAX HU3KHUX
TeMIIepaTyp U MOBBIIICHHON BIIAYKHOCTH.

OOBeKTHI uccieoBaHus: 12-Tu NMHEBHBIC pacTeHuUs: mmeHunsl (1riticum aestivum L., copt
Wpenn) u xxuakas 24-yacoBas Kynbrypa Oakrepuii (Pseudomonas extremorientalis PhS1). Pactenus
KyJabTuBHpOBaIu B kiumarokamepe (Growth Chamber GLK-300, Kopes). HWHTeHCHBHOCTH
ocsemmenns — 200 mMxmons kBaHTOB/(M? cek) DAP ¢ 16-uacoBriM doToneprogom npu 18-20 °C
(nenp) u 14—16 °C (Houb) u BaxHocTH 75% Ha NPOTSHKEHUU 12 CYyTOK B ONTUMAIBHBIX YCIOBUSX U
temneparypoil 14—16 °C u 6—8 °C u Braxxnoctu 90% B ryMHUIHBIX YCIOBHSIX SKCIIEPUMEHTA I10CIIE
6 THEll KyJTbTUBUPOBAHUS B ONTUMAJIBHBIX YCIOBHSIX. AKTUBHOCTH MIEPOKCHU/IA3 B JIUCTHSAX U KOPHSIX
pacTeHuii onpenensian cnekrpodoroMerpudeckum Mmero1oM (A =470 um), paccuntbiBanu mo Chance
and Maehly [4]. PacmpocTpaHeHHOCTh KOpPHEBBIX THWJICH YYHUTHIBAJIM B COOTBETCTBUH
c pexomeHaauuaMu [5]. OLeHKa CTaTUCTMUYECKON 3HAYMMOCTHM pa3jiMuuil IPOBEACHA C YYETOM
kpurepus CtbrogenTa 1 95% ypoBHS 3HAUMMOCTH.

DKCIIEpUMEHTAIBHO YCTAHOBJIEHO, YTO TIOHM)KEHHBIE TEMIIEpaTyphl BHI3bIBAIN Y IPOPOCTKOB
MIIEHUIIBI CTPECC, MPOSBUBILUNCSA B CHM)KEHUU MX JJIMHBI U YBEJIMYEHUU aKTUBHOCTH MEPOKCH]IA3
B KOPHSIX U JIUCTHSIX, YTO MOXKET yKa3bIBaTh Ha OJMH u3 Mexanu3MmoB TymieHuss ADOK. Tak, B oTBer
Ha BO3/JICHCTBUE MOHMKEHHBIX TEMIIEpaTyp M MOBBIIIEHHON BIAQ)KHOCTH OTMEYEHO CTAaTUCTHUYECKU
3Haunmoe (p < 0,05) yBenuueHHe aKTHUBHOCTH (PEPMEHTOB B JHUCThAX HineHUIBI Ha 14-88%
U B KOpHsIX B 2,7—4,9 pa3za. bakTepusaiiys ceMsH B ONTUMAJIbHBIX YCIOBHSIX CIIOCOOCTBOBAA POCTY
IIEPOKCHUJIA3HON aKTUBHOCTH B TUCThsIX Ha 3—91%, B kopHAX Ha 14—-121%, B ryMUJIHBIX YCIIOBHAX HA
8—73% n 39-97%, cooTBETCTBEHHO. PacipocTpaHEHHOCTh KOPHEBBIX THUJIEH NIIIIEHUIIbI, CBA3aHHBIX
C HaJIMYUeM BO30YyAMTENICH Ha MOBEPXHOCTH CEMsIH, O3 OaKTepu3aluy yBEIUYHBAIACh B T'YMUIHBIX
ycIIoBUsX 110 3,9 pa3 o CpaBHEHUIO C PACTEHUSMHU, BBIPAIIICHHBIMU B ONITUMAJIbHBIX yclIoBUsX. [Ipu
o0paboTke ceMsiH Oakrtepusimu P. extremorientalis pacnpOCTpaHEHHOCTh OOJIe3HEH CHU3UIIACh
Ha 40% u 13% OTHOCUTENBHO KOHTPOJIS B ONTUMAIBHBIX YCIIOBUSX U CTPECCOBBIX COOTBETCTBEHHO.
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Takum oOpa3om, OakTepusauus CIOCOOCTBOBAJIA YBEIWYCHUIO IMEPOKCHUAA3HOIO OTKIMKA
B TKaHSAX JIUCTBEB M KOPHAX PACTEHUH MIIEHUIbl KAK B ONTHMAJIBHBIX YCIOBHSAX, TaK U IpHU
IIOHMKEHHBIX TEMIIEpaTypax M BBICOKOM BIIaXXHOCTH. [Ipum 3TOM, yBelMueHHE NEPOKCUAA3HON
aKTUBHOCTH HauOoJiee OTYETIMBO IIPOCIECKUBAIOCH B KOPHAX pPACTEHUH. AKTHUBAaLUS JaHHBIX
(bepMEHTHBIX CHCTEM MOJ JeicTBUEM OakTepHil mpeBbIlIaia MOKa3aTeu YBEINYCHUsI aKTUBHOCTH,
CBSI3aHHOM C  XOJIOZOBBIM  CTPECCOM M CIOCOOCTBOBala 3HAYUTEIBHOMY  YBEJIMYEHUIO
PE3UCTEHTHOCTH MPOPOCTKOB K BO30YAUTEISIM KOPHEBBIX THUJICH TMIIIEHHIIBI.

Hccneoosanue svinonmneno npu gpunancosotl noooepicke PODU 6 pamkax nayunozo npoexma
Ne 20-34-900635.
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EFFECT OF WHEAT SEED BACTERIZATION WITH PSEUDOMONAS
EXTREMORIENTALIS PHS1 ON PEROXIDASE ACTIVITY UNDER SIMULATED
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We studied the effect of bacterization of wheat seeds on the activity of free and weakly bound
guaiacol-dependent peroxidases in the tissues of wheat plants under stress (low temperatures and high
moisture). We found that stress factors caused a statistically significant (p < 0.05) increase in the
activity of enzymes in leaves and roots of wheat seedlings. We established that seed bacterization
under optimal conditions promoted the growth of peroxidase activity. There was an increase in root
rot disease incidence of non-bacterized seedlings under stress compared to plants under optimal
conditions. We noted that root rot disease incidence of bacterized plants decreased both under optimal
and stress conditions compared to control. An increase in peroxidase activity during bacterization
was more significant in wheat roots.
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VYpan — peruoH 6orarblif MOJE3HBIMU MCKOIIAEMbIMH, Pa3padaThIBAEMbIMU U IepepadaTbIBAEMbIMU
c 18 Beka. K HacrosmeMy BpeMeHH Ypan — KpynHEHIIMH HMHIYCTpUalbHBIM pernoH Poccum,
TEPPUTOPUU  KOTOPOTO HCIBITBIBAIOT OTFPOMHYIO TEXHOICHHYK Harpy3ky. OcoOeHHOCTH
XMMHAYECKOTO COCTaBa TOPHBIX MOpoJ VYpala U HNPOMBIIUICHHbIE BBIOPOCH MPEANPHUATHN
00yCII0BUIIM BBICOKUI YPOBEHb CO/IEPKaHM B IOYBAX U BOAHBIX pecypcax Tskelblx MeTtaios (TM),
(eHOJI0B, HUTPUTOB, a TAKXKE adPOTEXHOT'CHHBIX MOJUTIOTAHTOB, MPEX/E BCEI0 KUCIBIX ra3oB 1 TM.
B Vpansckom yHuBepcutere ¢ Hadasia 2000-X TOJOB MPOBOIATCS HMCCIIECIOBAHUS OCOOCHHOCTEH
pacTeHUil MHAYCTPHAIBHBIX 30H U MEXaHU3MOB UX HPUCHOCOOJIECHUS K TEXHOTEHHBIM (haKTOpam.
W3yuaroTcst pacTeHUsl JUKUX BUJOB U3 MPHPOIHON cperbl (POHOBBIE M MMITAKTHBIC TEPPUTOPHUH),
a Tak)Ke MX CEMEHHOE MOTOMCTBO, BBIPAIIEHHOE B JIA0OPATOPHBIX KOHTPOJIUPYEMBIX HOPMaJIbHBIX
U CTPECCOBBIX YCIIOBHUSIX, MOJICIbHbBIE JIJISl U3YyUEHUS (PU3UOJIOTUN pacTeHUM BUJbI (TabaK, STUYMEHb,
uHMs U apyrue). Mzydeno 6osee 20 BUIOB Ha3eMHBIX M BBICIIMX BOJHBIX PACTEHUH U3 IPUPOAHBIX
MOMYJISIIUM, OOMTAIOMIKX B JIOKAJIMTETaX C Pa3HbIM YPOBHEM TEXHOTE€HHOM Harpysku. IIpoBeaeHo
KOMIUIEKCHOE ~ OIMCAHHWE aHATOMO-MOP(OJOTHYECKUX, (UIUOJOTHUECKUX, OHOXMMHYECKHX
0COOCHHOCTEH pacTeHUH U3 UMIIAKTHBIX 30H B CPaBHEHUH ¢ (POHOBBIMH, B TOM YHCIIE, MIOKa3aTeln
HAKOIJICHUS MOJUIIOTAHTOB B OpraHax pacTeHHH M YCTOWYMBOCTH K CTpeccopaM, Takue Kak
MEPEKUCHOE OKUCIICHNE JIUIHJIOB, aKTUBHOCTh (DEPMEHTOB aHTHOKCUAAHTHOM 3aIIUThI, HAKOIIJICHHE
HU3KOMOJIEKYJISIPHBIX aHTHOKCHJIAHTOB U Jip. Ocoboe BHUMaHue yaeneHo s¢p¢pexram TM, B nepByto
ouepeqb, MEAM, HHUKENs, KaAMHs Ha 3TH mNokazatenu. [[ns psna BUIIOB MPOBEAEHO H3yueHUE
TEHETHYECKOr0 Pa3HOOOPa3Hs JIOKAIbHBIX MOMYIAUMNA M3 MECTOOOMTaHMH, pa3nuYaromuXcs
YpOBHEM TEXHOT€HHOM Harpy3ku. B 1abopaTopHOM SKCIIEPUMEHTE H3Y4aloTCS MPOLECCHI
BOCCTAQHOBJICHUS PACTEHUH TOCIE CHATHS JEHCTBHA CTPEcCOpOB Ha (EHOTUIHYECKOM (POCT,
aKTUBHOCTbh aHTHOKCUJAHTHBIX (epMeHTOB, U30(popmbl hepMeHTOB, conepkanue APK B TkaHsiX)
U TEHETUYECKOM YPOBHAX (M3MEHEHHE SKCIIPECCMH TEHOB AaHTHOKCHIAHTHBIX (EPMEHTOB
u (epMeHTOB cHHTE3a JIMTHUHA). M3y4aroTcss NmpupoAHble OMOJOTHYECKH AKTHUBHBIE BEIIECTBA
rpuOOB U PaCTECHUN KaK (UTOMPOTEKTOPHI, CHUKAIOIINE Y pacTeHUH ypoBeHb cTpecca. [lonmydeHnHbie
JTaHHBIE AIOT BO3MOKHOCTh MOJIETTUPOBATh MEXaHU3MBI IPUCIIOCOOJIEHUH PACTEHUH K TEXHOT€HHBIM
dakTopaM M BBIABIATH MCTHHHBIC aJanTalMM WIM aKKIMMAlUM, a Takke (OpMYyIHpOBATH
PEKOMEH/Ialliy 1O UCIOJIb30BAHUIO BUJIOB pacTEHUN s 1efiel puTopeMeualnu.

Paboma ewvinonnena npu uacmuunou ¢hunancosol noodepowcke Munucmepcmea HayKu
u svicuezo oopazosanus P® (coenawmenue Ne 02.403.21.0006) u epanmos PODU (Ne 20-44-66001 1,
Ne 19-516-450006).
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INDUSTRIAL URALS: HOW PLANTS SURVIVE

Kiseleva L.S.

Ural Federal University named after the first President of Russia B.N. Yeltsin,
Yekaterinburg, Russia

Keywords: genetic variability, Ural region, redox metabolism, technogenic pollution, phenotypic
characteristics.

The Urals is the region rich in minerals that have been developed and processed since the 18th
century. To date, the Urals is the largest industrial region in Russia, the territories of which are
experiencing a huge technogenic load. The peculiarities of the chemical composition of rocks in the
Urals and industrial emissions from enterprises determined a high level of heavy metals (HM),
phenols, nitrites in soils and water resources, as well as aerotechnogenic pollutants, primarily acid
gases and HMs. Since the beginning of the 2000s, the Ural University has been conducting research
on the characteristics of plants in industrial zones and the mechanisms of their adaptation to
technogenic factors. Plants of wild species from the natural environment (background and impact
territories), as well as their seed progeny grown under laboratory controlled normal and stress
conditions, model laboratory species (tobacco, barley, zinnia, and others) are studied. More than 20
species of terrestrial and higher aquatic plants from natural populations inhabiting localities with
different levels of technogenic load have been studied. A comprehensive description of the
anatomical, morphological, physiological, biochemical characteristics of plants from impact zones in
comparison with background ones, including indicators of the accumulation of pollutants in plant
organs and stress tolerance, such as lipid peroxidation, the activity of antioxidant enzymes, the
accumulation of low molecular weight antioxidants and etc. Particular attention is paid to the effects
of HM, first, copper, nickel, cadmium on these indicators. For several species, the genetic diversity
of local populations from habitats differing in the level of technogenic load was studied. In a
laboratory experiment, the processes of plant recovery after the removal of stressors are studied on
the phenotypic (growth, activity of antioxidant enzymes, enzyme isoforms, ROS content in tissues)
and genetic levels (changes in the expression of genes of antioxidant enzymes and lignin synthesis
enzymes). The natural biologically active substances of fungi and plants are being studied as
phytoprotectors that reduce the level of stress in plants. The data obtained make it possible to model
the mechanisms of plant adaptations to technogenic factors and to identify true adaptations or
acclimations, as well as to formulate recommendations on the use of plant species for
phytoremediation purposes.
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I'EHEPAIIUA CYIIEPOKCUIHOI'O PAIUKAJIA B XJIOPOIIJTIACTAX:
®OTOCHUCTEMA I, Y] IMIACTOXAHOHA, IUTOXPOMHbBII KOMILIEKC?

Kosynesa ML.A.

HucTutyT QyHaaMeHTanbHbIX podiem Ounonorun Poccuiickoit akagemun Hayk (MDITb PAH),
O60co6nernoe monpasaenearne @PI'bYH OUL «IlymuHCKHA HAYIHBIN TIEHTP OHOIOTHISCKUX
uccienosannii Poccuiickoil akagemun Hayk», [lymuno, Poccus
E-mail: kozuleva@gmail. com

KiiroueBble cjioBa: mysl IJIACTOXWHOHA, CYNEPOKCHUAHBIM aHUOH-PAANKal, (POTOCHHTETHUYECKAs HIEKTPOH-
TPaHCHOPTHA 1IeMb, (hoTocucTeMa [, mnToXpoMHBIH b6f KOMITITEKC.

Cynepoxcuaabiii anHnoH-paaukan (O2™) sBIseTCs 0OHON U3 IEPBUYHBIX aKTUBHBIX (DOPM KHCTIOpOAa
(ADK), koTopbie 00pa3yroTCs MPH HEMTOCPEICTBEHHOM B3aUMOJICHCTBUN MOJIEKYJIIPHOTO KUCIIOPOJIa
C KOMIIOHEHTaMH (OTOCHHTETHYECKOro ammapata. Bo3zmoxHocTh renepanuu Oz ¢ BBICOKUMU
CKOPOCTSIMM IPUBEJIA K Pa3BUTHUIO B XJIOPOIUIACTAX PACTEHUI MOLIHOW aHTUOKCUIAHTHOM CUCTEMBI.
Mexanu3m renepanuu Oz B XJIOpOIIacTax Ha CBETY M3BECTEH — 3TO OJHO3JIEKTPOHHOE
BoccTaHoBJeHHEe O KOMIOHEHTaMU (POTOCUHTETUYECKOU AIeKTpOoH-TpaHcropTHOU 1ienu (OITLI).
OTy peakiuil0 MOXHO paccMaTpuBaTb WU C Jpyrodl crtopoHbl: Oz BBICTYIIA€T B KauecTBe
QJIBTEPHATUBHOIO AKLENTOpa 3JEKTPOHOB OT KoMnoHeHToB (DOTIL, uto ymeHblIaeT ux nepe-
BOCCTAHOBJICHHE B CTPECCOBBIX YCIOBHUSX (HAapHUMeEp, MPpHU MOBBIIIEHHON ocBenieHHOCTH). K Tomy
xe, n3 O oOpasyeTcst MEepOKCHI BOJOPOJA, KOTOPBIM SBISETCS Ba)KHBIM CUTHAJIBHBIM areHTOM
B PAacTUTEIbHOU KIIETKE, U €ro IeHepanys B XJOPOIUIACTaX B CTPECCOBBIX YCIOBUAX BakKHA JUIA
3aIlyCKa aKKJIMMallMOHHBIX IIPOLIECCOB.

C TepMOIMHAMUYECKOM TOYKM 3peHust wenbld psg  komroHeHToB DOOTI[ moxer
BOCCTaHaBIuBaTh kuciaopog A0 Oz7. C mnpumeHeHueMm AMHUTPOGEHUIOBOTO  3dupa
HOIOHUTPOTUMOJA, UHIMOUTOpPA OKUCJICHMS IUIACTOXMHOJNIA B LMTOXpOMHOM b6f KkomIuiekce,
MMOKa3aHo, YTO MyJ TUIACTOXMHOHA MOKET reHepupoBaTh 02" ¢ HU3KUMU ckopoctsimi [1]. C apyroii
CTOPOHBI, BKJIaJ ITyJia IJIACTOXWHOHA B oOpa3oBanue Oz TOCTUTraeT MaKCUMyMa IpU J0CTaTOYHO
HU3KUX MTHTEHCUBHOCTSIX CBETA, TO3TOMY €r0 CJI0KHO PacCMaTpUBaTh KaK CYIIECTBEHHbII HCTOUYHUK
sToit ADK B cTpeccoBbIx ycnosusix. O6pazoBanue Oz B iUTOXpoMHOM b6f KOMITIEKce Takke ObLI0
MOKAa3aHO B AKCIIEPUMEHTaX C U30JIMPOBAHHBIMU KOMILIEKCAMH [2]; TpUYEM CKOPOCTH ITOM peaKuu
ObUIN CYIIIECTBEHHO BBIIIE, YeM CKOPOCTH aHATIOTUYHON PeakIMy B IUTOXPOMHOM bcl xomIiekce u3
MUTOXOHJpUH. [Ipeanonaraempiii Mexanu3Mm BoccTaHoBieHUs Oz B 3ToM kKommnoHeHTe DITI[ —
peakiust Oz C MJIACTOCEMHUXMHOHOM, IPOMEXKYTOUYHOM (OPMOI OKHCIIEHUS IIAaCTOXMHOIA,
MPOUCXOAAIIEM B XHMHOJ-OKHCIISIIOIIEM caiiTe muToxpomHoro b6f komrmiekca. OmHako
SKCTPANOJISLUS JaHHBIX, [IOJYYEHHBIX C M30JMPOBAaHHBIMU KOMIUIEKCAMM, Ha CUTYallUIO B THJIA-
Koujiax TpedyeT OCTOPOKHOCTH, TOCKOJIbKY BbII€JIEHHBIE KOMIUIEKCHI HE MO/IBEPKEHbI MEXaHU3MaM
PEryJsi 3JIEKTPOHHOIO TPAHCIOPTa, KOTOPBIE PEAIM3YIOTCS B TWJIAKOMAHBIX MeMOpaHax;
B YAaCTHOCTH, B HUX OTCYTCTBYET «(POTOCHHTETHYECKUN KOHTpOJb». Hamm HenaBHUE pe3ysbTaThl
CBHJIETEIILCTBYIOT, YTO YCIIOBHUS CpalaThIBaHUS «(POTOCHMHTETHYECKOIO KOHTPOJIS» B THUJIIAKOUIAX
OTrPaHUYUBAIOT JACTPOTOHUPOBAHUE IUIACTOCEMUXUHOHA B XMHOJI-OKUCIISIIOIIEM caiiTe, yMeHbIIas
BEPOATHOCTB €ro peakuuu ¢ Oz.

Psin  skcrepuMeHTaNnbHBIX JAHHBIX IIO3BOJISIET IMPUIIKMCATh AaKLUENTOPHOM CTOpOHE
¢dorocucremsr I (OCI) xmroueByro ponb B reHepauuu Oz, Jlonroe Bpemst QeppenokcuH
paccMaTpuBaiu Kak OCHOBHOW BOCCTaHOBHUTENb 2 B XJIOpOILIACTe. DTOT BBIBOJ Oa3upoBalics Ha
HAOJIIOACHUU O TOM, YTO JK30T€HHas J100aBKa (eppelOKCHHAa K HM30JMPOBAHHBIM THIIAKOMJAM,
JUIICHHBIM CTPOMAJIbHBIX KOMIIOHEHTOB XJIOPOIUIACTOB, MPHUBOJWIA K YBEJIUYEHUIO CKOPOCTH
obpazoBanust O>". OpHako jderanbHas OIEHKA YydacTusl (EeppelloKCMHA B BOCCTaHOBJICHUU
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KHCIIOpOJIa MOKa3alia, 4YTO €ro BKJIaJ HE3HAUYHUTEJICH B YCIOBHSX MapalieIbHOTO BOCCTAHOBIICHUS
HAJI®" [3]; BaxkHO, Ipu 5TOM, uTO YacTh O2 06pa3oBhIBaach BHYTpH MeMOpansl [4].

Kogakropsl mnepenoca snekrponoB @PC 1 005amaroT JOCTATOYHO HHU3KUMH PEIOKC-
MOTEHIIMaJaMH, 4YTOObl paccMaTpuBaTh X B KauecTBE 3(h(PEKTUBHBIX BOCCTAHOBUTENEH KHCIOpOIa
C TOUKH 3peHUs TepmoanHaMuki. [eiictButensHo, uMeHHO PC I cpenu Bcex koMrnoHeHTOB DOTL]
o0ecrieurBaeT MakCHUMalbHblEe CKOPOCTH BOCCTAHOBJIEHMs Kuciaopona. OJHAKO BOIPOC O HEMo-
CPEICTBEHHBIX KOPAKTOpaX, JOHUPYIOIIUX IEKTPOHBI KUCIOPOIY, OCTABAJICS OTKPBITHIM JI0 HEJIaB-
Hero BpemMeHH. B Hamield pabote ObUIO MOKa3aHO, YTO BKJIaJ TepMUHAIBHBIX KOodakTopoB DC I
B oOpazoBanue O MOCTHraeT HACHIIICHHS MPU HU3KUX MHTEHCHUBHOCTSX CBETA, a yBEIUYCHHE
oOpazoBanus 02" ¢ POCTOM OCBEIICHHOCTH 00ECTICUMBACTCS YBEIIMUEHUEM BKJIa/1a BOCCTAHOBIICHUS
Oz ot mpomexyTouHbix KopakTopoB DC I, GUIOXMHOHOB, MPUYEM MPEHUMYIIECTBEHHO 3a CUET
¢umnoxunona B A-setsu OC [ [5]. ImeHHO 3Ta peakius BHOCUT OCHOBHOM BKJIa/ B reHeparuio 02"
B XJIOPOIUTACTaX B YCJIOBHUSX MOBBIIIICHHON OCBEIICHHOCTH.

Paboma svinonnena npu uacmuunoti noooepxcke PH® #17-14-0137 In.
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GENERATING SUPEROXIDE RADICAL IN CHLOROPLASTS: PHOTOSYSTEM 1,
PLASTOQUINONE POOL, CYTOCHROME COMPLEX?

Kozuleva M.A.

Institute of Basic Biological Problems of the Russian Academy of Sciences,
Federal Research Center, Pushchino Scientific Center for Biological Research
of the Russian Academy of Sciences, Pushchino, Russia

Keywords: cytochrome b6f complex, photosystem I, photosynthetic electron transfer chain, plastoquinone
pool, superoxide anion radical.

Superoxide radical anion (O>") is one of the ROS that are formed by the direct interaction of O> with
the photosynthetic apparatus. The mechanism of O™ generation in chloroplasts in the light is known
to be the one-electron reduction of Oz by components of the photosynthetic electron-transfer chain
(PETC). Here, possible components of the PETC contributing to O™ generation are discussed.

-1.5 2 e ;

. 1 Proo
t L En (0,/0,7) DMF (-550mV) & Tgo0_ /Ao
o Peso” : —— H,O (-160 mV) P NADP*
: ~ . LAl N PhQe/PhQ,
« ™~ - Pheo/Pheo | Aoa \:\‘1\ o/PhQy . i
—os: T~ : P:Q.{Q;‘/‘FO; —. oL
w I8 S auay o) paspa- PR DT e R rd/Pa mrseR
i. oo4 i ‘;7/; — _QeT/QeH T T m b/l T o
¢ A/ Qa /s - . Pa/PaH, _:.’,:“ . NADPH
w os ﬁ : PQ /PQH, : FeS/FeS~ s : : .
I : | | * Pz00 /P700
: . : ! 1 : :
104 TV;Z /Tyrz: | ' : Photosystem |
. — : . 1 1 P P N
' T Psso’/Peso [Photosystem 11 : ! ]
H,0 1_5_-\ ........... (Fhotes ystem Il e ;

[m ) by /f complex

108



[Txoa MoTOABIX YIEHBIX «PoJh aKTHBHBIX (DOPM KUCIOPOAA B )KU3HU PACTCHUN

VK 633.521

MEKCOPTOBBIE PA3JINYUA 110 COAEPKAHHUIO XJIOPOPUJIJIA
B JIMCTBAX PA§TEHI/II71 LINUM USITATISSIMUM L.
NP JEUCTBUU CTPECC-®PAKTOPA

Kopoaés K.II.

OI'AOY BO «TroMeHckuil rocyaapcTBEHHBIN YHUBEpCUTET», TroMeHb, Poccus
*E-mail: corolev.konstantin2016@yandex.ru

Karouessble ciioBa: Spad-502 Plus, neH-moiryHel, JeH MacaUUHbIH, CTPECC.

Hcnonb3oBaHne COBPEMEHHBIX (DU3HOJIOr0-OMOXMMUYECKUX OSKCIPECC-METON0B JUarHOCTUKU
YCTOMUMBOCTU PACTeHUH K HEOIaronpusTHBIM (aKTopam Cpelbl SBISIETCS OJHUM U3 HPUEMOB
[0 ONTHUMH3alUU CEJIEKIHMOHHOIO IIPOLECCa, COKPAIICHHIO IOTEPh ypOKasg M  IOJIYYEHHUIO
YCTOMYMBBIX I€HOTUIIOB pacTeHui [1, 2]. 3acyXOyCTOHYMBOCTD SIBJISIETCSI CIIOXKHBIM IOJIMI€HHBIM
IIPU3HAKOM, KOTOPBIN OIpPEeIseTCs] aJalTUBHBIMU, T€HETUUECKH OOYCIIOBIEHHBIMU CBOMCTBAMHU
pactenuss [3]. Ilpm »sTOM, cienyeT OTMETUTb, YTO CKOPOCTb TIOTEpU BOJBI 3aBUCHUT
OT aHaTOMUYECKOTO CTPOCHMsI, HHTCHCUBHOCTH METa00JIMUecKuX rporecco [4, 5]. B TromeHckoi
00J1aCTH B IOCJIETHHIE I0JIbI HAOII0JAaeTCsl HECTAOMIBHOCTD BBINAICHHSI OCa/IKOB B IEPHOJ BETeTalluu
pacTeHuil IbHa, YTO HErAaTUBHO CKa3bIBACTCS HA YPOBEHb pean3alui OMOJI0rHYECKOro NOTEeHIMala
pacrenuil npHa. Llenp uccnenoBanus — yCTaHOBUTDH BIMSIHHME 3aCyXHM Ha COZep)KaHue XJopoduiuia
B JIUCTBSIX PACTEHUN y COPTOB JIbHA — JOJTIYHIA U JIbHA MACIUYHOTO.

UccnenoBanust BbimonHensl B 2018-2019 rr. B maGoparopun MHUKPOOHOIOTMYECKUX
1 OMOTEXHOJIOTHYECKUX HucchaeaoBanuii MHcTuTyTa OMOMornn TIOMEHCKOTO TOCYAapCTBEHHOTO
yauBepcutera. OOBEKT uccienoBaHus: copT nbHa-gonrynna (Tomuu, Mask, Alizee) u npHa
maciaugHoro (Jleryp, Cesepnbiii, buproza) Pacrenuss npHa BbIpalIMBaid Ha BEreTAI[MOHHBIX
creyiaxax B cocynax. O6bem moussl B kaxaoMm — 280 r., ocsemeHHocts — S0001K, remnepatypa —
25 °C, doronepuon — 16/8 4. (aeHB/HOYB). YPOBEHHb BIAXHOCTH TMOYBHI (60%) B cocyae
MOAJNCPKUBAIIM IIyTEM IIOJIMBA JMCTWIMPOBAHHOM Boaou. IloyBeHHyr0 3acyxy co3zaBaiu
Ha 14 cyTku omnbITa (. «eTOYKK») TPEKPAIICHUEM ITOJIMBA U YBSIaHUsI paCTEHUH. 3aTeM, Yepe3 MATh
CYTOK, COCYJbl YBIQXKHSJIM M PACTCHHUs BBIPAIMBAIM B OOBIYHBIX YCIOBMSX 10 Hadaia CTajJuu
obicTporo pocta (21 cyt). [loBTOpHOCTH OMBITOB — yeThipexkpaTHasi. Coxepikanue xyopodusiia
B JINCTHSIX PACTEHMH JIbHA ONPEeNsuIi cueTunkoM xiopodumia Spad-502 Plus (Minolta Camera Co
Ltd., Japan). CtaTuctudeckyro oOpabOTKy SKCIEPUMEHTAIBHBIX JIAHHBIX BBITOIHSUIH 1O JIakuHy
I'.®. [6]. locTOBEpPHOCTH pa3aInuMil ONpPEeIIsan Ha OCHOBaHUH t-kpuTepus CThIO/IEHTA.

YcraHoBneHsl jaoctoBepHble paznuuus (p > 0,01) mexay copramu MO COJAEPIKAHUIO
xJIopodusuia B TUCTHSIX. B mepro nmosiBieHus MoJHbIX BCX0A0B (4—8 cyT.) coaepkaHue XJIopoduiiia
B CEMSIOJIbHBIX JIMCTBSIX MAciIU4HOro JibHa Obuio B 1,5-2,5 pasza A0OATyHIIOBOTO, MPH 3TOM,
MaKkCUMyM BBISIBIIEH Yy copToB buproza, CeepHblii. Moaenupyemblii cTpecc-(hakTop BBI3bIBAI
CHIDKEHHUE Co/Iep KaHUsl XJIopoduiuia B IMCThAX JibHA OT 2,0—6,8 en. spad (Masik, Tomuu) go 1015
en. spad (bupro3sa, Jleryp). DddexT noausa He IPUBOINII K 3HAYUTEIIBHBIM JOCTOBEPHBIM PA3THUUIM
MeX1y copTaMu Ha 21 CyTKH OmbITa, YPOBEHb HAKOIUIEHUS (POTOCHHTETUYECKUX MUTMEHTOB ObLI
HIDKE KOHTPOJISI, YTO MOKET OBITh CBSI3aHO C OTHOCHTEIBHON COPTOBOM 3aBHCHMOCTBIO OT YPOBHS
cTpecc — (hakTopa Ha Ha4aJbHOM dTane (OPMUPOBAHUS PACTEHUH JIbHA.

Takum 00pa3oM, Ha OCHOBAHUHU BBIIOJHEHHBIX HCCIEIOBAaHMA HAaMH YCTaHOBJIEHO, YTO
M3y4aeMble cOpTa JIbHa aKTHBHO PEarupyroT Ha MOJEIUpyeMblil cTpecc-pakTop. BeisiBieHo, yTo
OOJIBIIMM COJIepKAHUEM XJIOPOHIIIa U YCTOMUMBOCTBIO K 3aCyX€ XapaKTepHU30BAIUCh COpPTa JIbHA
MacCJIMYHOTO.
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INTERVARIOUS DIFFERENCES IN THE CONTENT OF CHLOROPHYLL
IN LEAVES OF LINUM USITATISSIMUM L. PLANTS
UNDER THE ACTION OF THE STRESS FACTOR

Korolev K.P.

Tyumen State University, Tyumen, Russia

Keywords: Spad-502 Plus, fiber flax, oil flax, stress.

Drought is one of the negative factors affecting the morpho-physiological parameters of plants. In
laboratory conditions, the reactions of four cultivars to the effect of drought at the early stage of
ontogenesis were studied. The cultivars were diagnosed by the chlorophyll content in flax leaves
using a Spad-502 Plus optical chlorophyll counter. The reliability of differences between varieties in
the degree of manifestation of the indicator “chlorophyll content” has been established. The
variability of the accumulation of photosynthetic pigment in the leaves during the counting period
was revealed in flax varieties — fiber and oil flax.

oo Chlorophyll counter J— Significant differemces were

establithed between fiber

temperature (25.0°C), Sp.d-!’oz fcras ' Nax and oil Max varieties in
Photoperisd (16/3) j terms ::::I::..’h,'ll
@ : The drought

Y An inhibitory effect of e s oL he
%‘\ drought during the growth of Severny, Biresa,
% Nax was revealed, while the mhl';hrm
V aftereflect of restorative the varisties
Irrigation did nat affect the Tomich, Mayak,
Alizee
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CIIOCOBHOCTbH TPOAHTOILIMAHUIMHOB IMOBBIIIATH YCTOMUYUBOCTD
PACTEHUM COU K BUOTHUYECKOMY CTPECCY

Kysneunosa B.A."", baunosa A.A.%, UBavenko JLE.?

'OUL] «BcepoccHiCKIii MHCTUTYT TEHETHIECKUX PeCYpcoB pactenunii um. H.U. Basuiosay,
JlanbHEeBOCTOUYHAS OMBITHAS CTAHIIMSI, OTJIEN TEHETUYECKUX PECYPCOB 3€PHOBBIX KYJIBTYP U COH,
Canxkr-llerepbypr, Poccus
2OI'BHY ®HI «BcepoccHiickuii HaydHO-HCCIIEN0BATEILCKHMI HHCTUTYT COM», brarosemenck, Poccus
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KiioueBble ciioBa: Glycme max, aHTUOKCUAAHThI, IPOAHTONUAHUANHBI, HEPKOCIIOPO3.

Cost B mepuosi OHTOTeHe3a IOJBEPraeTcs JCHCTBUI0O OMOTHUYECKUX M a0MOTHYECKUX CTPECCOPOB.
K OunornueckuMm ¢akropaM, 3HAUUTEIBHO CHMKAIOIUM YPOXKAWHOCTb, OTHOCATCS pa3IM4YHbIC
6one3nu. PacpocTpaneHHbIM 3a00JI€BaHUEM COH, BbI3bIBaeMbIM Bo30Oynutenem Cercospora sojina
Hara, cumTtaercs OJHUM M3 CaMbIX DPa3pyLIUTEIbHBIX, MOPAXKAIOLIMX PACTEHHUS COHM, OCOOEHHO
BO BpPEMS MX PEINPOAYKTUBHOW cTaauu pocta. IIpomecc MOBBIIEHUS YCTOMYMBOCTH K 3TOMY
3a00JI€BaHUI0 TIPOMCXOJUT C YydYacTHeM aHTHOKCHIaHTHOM cuctembl (AOC), BKIOYAIOMICH
HU3KOMOJIEKYJISIpHBIE BEIIECTBA U BEICOKOMOJIEKYJsipHbIe (hepmenTsl [1]. [Ipu HegocTarounoii cuie
AOC akTyalbHO BHOCUTh aHTHOKCUJAHThI U3BHE. DYHKINS TAKUX AHTHOKCUAAHTOB, B TOM YHCIIE
MPOAHTOIMAHUAMHOB  3aKJIIOYaeTcs, TMpPEekKIe BCEro, B pa3HOOOpa3sHOH, YHHMBEpCAIbHOU
1 3QPEeKTUBHOI 3alllUTEe paCTEeHU B CTPECCOBBIX cuTyauusx [2]. Ilpu 3Tom nporcxonuT yarie BCero
CTUMYJIMPOBAaHUE CHUHTE3a IPOAHTOLMAJMHOB, CBS3aHHOE C IIOBBIIIEHUEM YCTOHYMBOCTU
K OXJIQXKJIEHUIO U 3aMOpPaXMBAHUIO, K 3arps3HEHMIO TSDKEIbIMU METaJlJIaMH, K 3acyXe U JAPYyruMm
daxrTopam [2]. [IpoBeneHHOE UCCET0BaHNE HATIPABICHO HA BBISIBJICHUE POJIM MTPOAHTOLMAHUIMHOB
B MOBBILICHUH YCTOMYMBOCTU PACTEHUH COM K LIEPKOCIOPO3Y C MCIOIb30BAHUEM MHOKECTBEHHBIX
dopM mepokcuaaz B KayecTBE MOJICKYISPHBIX MapKepoB amantanuu. OrnpeneneHo cojep:kaHue
MajoHoBoro auanbaeruaa (MJIA) kak mokazarenst cTpecca Cow, OMOMETPUYECKHE IOKa3aTeln
IIPOPOCTKOB COM M aKTMBHOCTb NEpokcuaas npu BozueictBuu Cercospora sojina Hara u mocne
BHECEHUS IPOAHTOLIMAHUHOB.

OOBeKTOM /151 OLIEHKM BIMSHUS Ha ceMeHa rpuOkoBoil nHpeknuii Cercospora sojina Hara
ObLa ucronb3zoBana cos (Glycine max (L.) Merr). PacTtenus cou npopamyBaiv BO BIQKHBIX PyJIOHAX
no I'OCT 12044-93 B Tteuenne 10 pgHell. AKTHBHOCTH IEPOKCHAA3bl  OINPEAEISIN
kosjopumerpudeckum merogoM A.H. Bbospkuna B moaudukanuu A.T. MokpoHOCOBa, KOTOpPBIi
OCHOBaH Ha ONpEJEICHUH CKOPOCTH peaklIMM OKUCIEeHHs OeH3uauHa [0 o0pa3oBaHus
OEH3MIMHOBOTO CHHEr0 B NPUCYTCTBHM IEPOKCHAA BOAOpOoAa W mepokcunaasbl. [3,4]. IIpu stom
BBISIBIICHHE 30H C (EepMEHTaTHBHON  aKTUBHOCTHIO  (opM  (pepMEHTOB)  TPOBOIUIH
COOTBETCTBYIOIIMMH THCTOXUMUUYECKUMU MeToaamu [3]. CopepkaHue MajlOHOBOTO JAHAJIbJIETUia
onpenensuii GOTOKOJIOPUMETPUUECKUM METOJIOM [4]

IIpn Bnustnun Cercospora sojina Hara BblBI€HO YyBenuueHue coxaepxkanue MJIA
B MPOPOCTKAX COU, YTO XapaKTEpHU3yeT BOZHMKHOBEHHE OKHCIUTEIBHOIO cTpecca. Y MEHbLINIACh
BBICOTA M Macca IPOPOCTKOB, IPOMU3OLUIO CHW)KEHHE YIEIbHOW AKTUBHOCTH M W3MEHEHHE
MHOKeCTBEHHBIX (hopm mepokcuaas. Ilocie nodaBiieHns K MOPaKEHHBIM MaTOr€HOM PACTEHUSM
MIPOAHTOIMAHUAMHOB CHU3WIOCH cozepkanne MJIA B pacTeHMsIX, yaydIIWINCh OMOMETPUYECKHE
MIOKAa3aTelH, OBBICHIIACH Y/IeJIbHAs aKTUBHOCTb NMEPOKCH/Ia3 U MOSIBUINCH HOBbIE MHOKECTBEHHBIE
(bopMBbI SH3MMA, CIIOCOOCTBYIOIINE TOBBIIICHUIO YCTOHYUBOCTH COU K U3YYEHHOMY 3a00JI€BAHUIO.

Takum 00pa3oM, BHeCEHHE MPOAHTOIMAHUINHOB B Cpey ISl MPOpaIlUBaHUs CEMSH COH,
MOPaXEHHBIX IIEPKOCIIOPO30M, IOBBIIAIOT YCTOMYMBOCTb K BIUSHHUIO I1aTOT€HA, CHHXKas
conepxkanue MJIA u ctumynupyst OMOXUMUYECKHUE U MOP(OJIOTHUESCKUE TIPOIIECCHI.
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ABILITY OF PROANTOCYANIDINES TO INCREASE THE RESISTANCE
OF SOYBEAN PLANTS TO BIOTIC STRESS

Kuznetsova V.A.!, Blinova A.A.%, Ivachenko L.E.?

'FRC All-Russian Institute of Plant Genetic Resources. N.I. Vavilova, Far Eastern Experimental Station,
Department of Genetic Resources of Grain Crops and Soybeans, St. Petersburg, Russia
2FSBSI Federal Research Center “All-Russian Research Institute of Soybeans”, Blagoveshchensk, Russia

Keywords: Glycine max, antioxidants, proanthocyanidins, cercospora.

Soybeans are exposed to biotic and abiotic stressors during ontogenesis. Biotic factors that
significantly reduce yields include various diseases. The common soy disease caused by the pathogen
Cercospora sojina Hara is considered one of the most damaging soybean plants, especially during
their reproductive growth stage. The process of increasing resistance to this disease occurs with the
participation of the antioxidant system (AOS), which includes low molecular weight substances and
high molecular weight enzymes. With insufficient AOS, it is important to introduce antioxidants from
the outside. It was found that the introduction of proanthocyanidins into the medium for the
germination of seeds of soybeans affected by cercosporosis increases the resistance to the influence
of the pathogen, reducing the content of malondialdehyde and stimulating biochemical and
morphological processes.

NMpopoCTKM COM —» BHECEHME NPOAHTOLMAHMAWHOB = M3MEHEHME MHOMECTBEHHBIX popm
nepoKcuagas—>nosbilleHUe COU K BUoTUUECKOMY CTpeccy
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Y®-UHAYIUPOBAHHBIA CUHTE3 MEJAHUHA B JINIIAWHUKE
LOBARIA PULMONARIA: UIEHTUOUKALNIUA KJIIOYEBBIX TEHOB
U TPAHCKPUIITOMHBII AHAJIN3

Jlexcnn U.IO.¥, easikun M.A.}, Munné6aea ®.B."?
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KuaroueBsle cioBa: Lobaria pulmonaria, MenanuHbl, TPAHCKPUNITOMHBIN aHam3, Y @ obmydeHue.

JIMImaiftHUKY SBISIOTCS HKCTPEMO(UIBHBIMU OPraHU3MaMU U CIIOCOOHBI BBIKMBATH I10]1 JJaBJICHUEM
pa3auyHbIX abuoTHueckux (akTopoB. BakHOe MecTo cpeln MEXaHHM3MOB BBICOKOH CTpeccoBOM
YCTOMYMBOCTH JTUIIAHHUKOB 3aHUMAIOT BTOPUYHBIE MeTa00IUThI. K TakuM MeTaboauTaM OTHOCUTCS
TEMHBI NHUTMEHT MeJIaHUH, OOECMEeUMBAIOIIMN KOMIUIEKCHYIO 3alllUTy OT TaKHUX CTPECCOBBIX
Bo3zelcTBUl, Kak Y®-o0myuenue, paguauus u ADK. MenaHuHbl aCKOMHIIETOB, B TOM YHUCIIE
JIUXCHU3UPOBAHHBIX, OTHOCAT K JBYM OCHOBHBIM TIpylmaM — auUIOMEJaHUHAM C HU3KUM
coziepkanueM azota (Hampumep, DHN-mMenaHuH) 1 syMenaHMHAM C BBICOKMM COJIEp)KaHHEM a30Ta
[1]. CuHTE3 MEnaHWHOB B JIMIIAWHWKAX W3Y4YeH JUIIL (parMeHTapHO, a WHPOpMAIHS O TeHaX,
KOHTPOJHMPYIOIUX ATOT MPOIECC B 3TUX CUMOMOTHYECKHUX OpPraHM3Max, OTCYTCTBYeT. B cBs3u
C OTUM, UENbI0 HACTOSIIEr0  HCCIAEAOBaHUA  ObUIO  M3y4YEHHE  OKCIPECCMH  T'E€HOB
Y®-unaynupoBaHHoro  OMOcHMHTE3a  MEJTAaHMHOB B JMIaiiHuke  Lobaria  pulmonaria
C MCTOJIb30BaHUEM TeHOMHBIX JaHHBIX B 0a3e JGI (https://jgi.doe.gov/).

JUist MHOYKIMY CHHTE3a MEJIaHMHA YacTh TAJUIOMOB MOJBEPralii €KeTHEBHOMY O0JIyUYEeHUIO
YO®-B paguanueit B teueHune 14 nHeit, Bpems skcnozunuu 80 MuH. B KkadecTBe KOHTpOJIA
HCIIOJIb30BAJIMCh HEMEJIAHW3UPOBAaHHBIE TaVIOMbl. AHAJIM3 O3KCIPECCHMM TE€HOB IPOBOJWIN
C IOMOIIIBIO TPAHCKPUIITOMHOTO aHanu3a u metona [P B peanbHOM BpemMeHU. AHAJIN3 SKCIIPECCUU
MIPOBOJIMIICS C TIOMOMIBIO ITporpaMMHON cpenbl Rstudio (maker edgeR).

C nomorsto nanabeix PHK-cexkBeHMpOBaHus ObLIO TOKA3aHO, YTO B TAJIIOMAX, MOABEPTHYTHIX
Y®O-uHAyIUpOBAaHHON MEJIAHU3ALMN, IIPOUCXOAUT IIOBBILMICHHE YPOBHS JKCIPECCHM TI'€HOB,
BOBJICUEHHBIX B CHHTE3 dyMEJlaHMHA (THpO3MHA3a, MyJabTUMenHas okcujpaza) 1 DHN-menanuna
(monmukeTtuacuHTazbl, cuutanonaeruaparazsl U THN-penykrassl) [2]. [lpeacraBnsier uHTEpecC
3HAYUTEJIbHOE YBEJIMYEHHUE AKTUBHOCTH I'€HOB MOJUKETHICHHTA3, IPEIITOJIOKUTEIBHO CBI3aHHBIX C
CUHTE30M acIyJIbBUHOHA WJIA €r0 CTPYKTYPHOT'O aHAJIOra, KOTOPBIH, COINIACHO AAHHBIM JIUTEPATYpHI,
SIBJISICTCSI MOHOMEPOM MeJlaHuHa B rpude Aspergillus terrus [3].

buonndopmaruueckuii ananu3 reHoma L. pulmonaria ¢ WCHONB30BAaHUEM IPOTPAMMBI
AntiSMASH BwisiBun, uro reHsl cuHTe3a DHN-menmannHa opraHu3oBaHbl B KJAcTep
U KOBKCHpeccupyrorcs. JlaHHbIe TPAaHCKPUIITOMHOIO aHaJIN3a ObLIM BEpU(UIIUPOBAHBI C TOMOIIBIO
meroaa I[P B peambHOM BpemeHu. [lonydeHHblEe HaMM JaHHbBIE CBHJIETEIBCTBYIOT O CIIOKHOU
TEHHOM PEeryysLuu Mpolecca MeJaHu3aluy JTUIaiiHuka L. pulmonaria u BO3SMOXXHOM CHHTE3€ Kak
9y-, Tak u  DHN-memanuHoB. MOXHO mojaraTb, 4YTO CHHTE€3 KOHCTHUTYTHBHOI'O
u YD-UHIynIupyeMOro MejlaHMHAa MOXKET obecneunBaTh 3amiuTy L. pulmonaria He TONBKO OT
CBETOBOI'O CTpecca, HO U APYTrUX aOMOTUYECKUX CTPECCOB.

Paboma evinonnena 6 pamxax evinonmnenus cocyoapcmeernnoeo 3aoanus QUL KazHI] PAH,
a maxaice npu Qpunarcosou noodepaicke epanma PH® Ne 18-14-00198.
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UV-INDUCED MELANIN SYNTHESIS IN LICHEN LOBARIA PULMONARIA:
IDENTIFICATION OF KEY GENES AND TRANSCRIPTOME ANALYSIS

Leksin LY., Shelyakin M.A.3, Minibayeva F.V.12

'Kazan Institute of Biochemistry and Biophysics, FRC Kazan Scientific Center of the RAS, Kazan, Russia
’Kazan Federal University, Kazan, Russia
JInstitute of Biology, FRC Komi SC UB RAS, Syktyvkar, Russia

Keywords: Lobaria pulmonaria, melanins, transcriptome analysis, UV radiation.

Lichens are symbiotic photosynthesizing organisms able to survive in harsh environments.
Mechanisms of their high stress tolerance include regulation at the level of gene expression and
biosynthesis of secondary metabolites. However, there are only few reports on the transcriptome
changes in stressed lichens. In present work, we analyzed gene expression in the lichen Lobaria
pulmonaria during melanin biosynthesis in response to UV-B exposure using the genomic data from
JGI database (https://jgi.doe.gov/). The thalli of lichen were daily exposed to UV-B radiation for 14
d. Analysis of gene expression of mycobiont was performed by transcriptome analysis and qPCR.
Among differentially expressed genes the genes involved in both eumelanin (tyrosinase, laccase) and
DHN-melanin (polyketide synthese, tetrahydroxynaphthalene reductase, scytalone dehydratase)
biosynthesis were detected. Bioinformatic analysis of the L. pulmonaria genome using the
AntiSMASH program revealed that the genes for DHN-melanin synthesis are organized into a cluster
and coexpressed. Data obtained by transcriptome analysis were verified using real-time PCR. In
conclusion, our data suggest the existence of a complex gene regulation of UV-induced melanization
of L. pulmonaria and the possibility of synthesis of both eu- and DHN-melanins. It can be assumed
that the synthesis of constitutive and UV-induced melanins can protect lichens not only from light
stress, but also from other abiotic stresses.

v

Days of melanization

uvT uvill

multi-copper oxidase / laccase

DHN-melanin biosynthesis: Increased expression of gene cluster
(PKS, scyvtalone delivdrothase, THN-reductase) and others
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BbICOKHE TEMIIEPATYPbI BbI3BIBAIOT ObPA3OBAHHUE A®K 1 HAPYHIEHUE
JABIXAHMUSA B KVIETKAX CYCIIEH3MOHHOMU KYJIbTYPbI
SACCHARUM OFFICINARUM

Jooymkuna U.B. ">, ®exsesa A.B.!, Crenanos A.B.!, I'padeabnbix O.1.'2
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Kiouessble cioBa: Saccharum officinarum, akTuBHbIe (POPMBI KHCIIOPO/Ia, BEICOKOTEMITEPATYPHBII cTpecc,
JIbIXaHHE, CYCIIEH3UOHHAS KYJIbTYypa.

Temmneparypa sBISeTCS OJHUM U3 Haubosiee BaXKHBIX (PAaKTOPOB OKPYKAIOLICH CPe.bl, BIUSIOLINX
Ha pOCT, pa3BUTHE U MPOJYKTUBHOCTb pacTeHUU. B HOpPManbHBIX YCIOBUAX AaKTHUBHBbIE (OPMBI
kuciopoaa (ADPK) sABISIOTCS BaXKHBIMU BTOPUYHBIMU MECCEH/PKEPAMU U YIaCTHUKAMU CUTHAJIBHBIX
MyTel PaCTUTENBbHBIX KJIETOK, UTPAIOUIMMH BaKHYIO POJIb B UHTETPALMHU U PErYISILUK KJIETOYHOTO
metabomu3ma. Opnako A®K — 53T0 He TOJIBKO MOJEKYIbl CHUTHAIBHOM TpPaHCIYKIIHH,
HO U TOKCHUYHbIE, BHICOKOAKTUBHbBIE COEIMHEHHUS. B HeOIaronpusTHeIX ycloBUSX (OpMHUpPOBaHUE
MEXaHM3MOB aKKJIMMaTU3alluil PaCTeHUH K CTPECCOBBIM (paKTOpaM OYEHb YaCTO COIPOBOXKIAETCS
U3MEHEHUSAMU 3HEPreTUYECKOro CTaTryca KIJIETOK M Ipolecca JbIXaHUs, YTO MOXKET IIPUBECTH
K nHTeHcuukauuu reuepann ADK 1 noBpexaeHnI0 BHYTPUKIETOYHBIX CTPYKTYP.

B pabore ucnonb3oBanack CycrieH3MOHHas KylbTypa KIeTok Saccharum officinarum (copt
POJ2878, nunus, ycroitunBas k aHokcuu, rnonydeHHas B UIOP PAH u moGe3Ho npegocraBieHHas
k.0.H., c.H.c CUDOUBEP CO PAH IlImakossim B.H). KynbpTypa kieTok BblpaimuBanack Ha cpeje
Mypacure-Ckyra ¢ wmonuduxamusmu  [1].  Mukpockonuueckuili  aHajau3  MPOBOIMIICS
C MCIIOJIb30BAaHMEM HHBEPTHUPOBAHHOTO (uroopeciieHTHOro Mukpockona (AxioObserver Z1, Carl
Zeiss) ¢ mudpoBoit MoHOXpOMHOM Kamepoit (AxioCam MRm3). [{0Jt0 ’KUBBIX ¥ TTOTHOIINX KIETOK
B KYJIbType OMNpEACsIA METOJOM JBOWHOIO OKpAaIIMBaHUS C (IIOOPECHEHTHBIMM 30HJAMMU:
¢moopecuenn auaneratom (FDA, 50 mxM) u nponuauii wnomaunom (PL, 7 mxM) [2]. dus
ompenenenust cogepxxkanus A®DK B kierkax wucnonb3oBanu (iaroopecueHTHbIH 3oH7 2',7'-
nuxiopoduroopecuenH auarerat (HDCF-DA, 1 MmkM) corinacHo MeTofy, onrcanHoMY panee [1].
CKopocTh TOIVIOIIEHUsI KUCIOPOJa KJIETKaMHM CYCIIEH3MOHHOM KyNbTypbl M3Mepsuin npu 26 °C
¢ ucnoas3oBanreM cucreMbl «Oxytherm» (Hansatech Instruments, Great Britain). AHanu3 JaHHBIX
IIPOBOJIMIIN C IPUMEHEHHUEM TeCTa Ha HOpMallbHOCTH [anupo-Yunkca. [lonapHoe MHOXKECTBEHHOE
CpaBHEHHE IPOBOAMIIM C UCIIOJIb30BaHUEM MeToj1a J[aHHa.

YcTaHOBIEHO, UTO JIEHCTBUE BCEX M3YyUEHHBIX MOBBIICHHBIX Temmepatyp (45, 50, 55 u 60 °C
B Teuenne 10 u 30 mMuH) npuBonuio kK yBenuuenuto ypoBHsi ADK B kierkax S. officinarum, HO
rubenu KJIeToK mocie AercTBus temmnepatypsl 45 °C He mpoucxoausno. Hambonee BeipaskeHHOE
yBenudeHue ypoHsi ADK nabmronanock npu aeiictBun temneparyp 45 u 50 °C. B cBsizu ¢ 3Tum,
HE00X0AUMO OBLIIO BBISIBUTH, KAKHWE U3MEHEHHS B ()YHKIIMOHUPOBAHUU MUTOXOH/IPHA, CONPSKEHHBIE
¢ yBenumdyeHueM ypoBHs ADK, mpuBommnum k rubenu kietok. IlokazaHo, 4Tro misi KJIETOK S.
officinarum BaXHO TNONIECPKUBATH WHTECHCUBHOCTH [bIXaHHWA B TEUCHHE IEPBBIX CYTOK IIOCIE
CTPECCOBOTO BO3JEUCTBHUA. Tak, mocie o0pabOTKK KyJIbTypbl TemmepaTypoil 45 °C cKopocTh
KJIETOYHOTO JIBIXaHUsS, XOTS U CHUXKAJach, HO He omyckanach Hke 1000 amMons O2/MHH/T CHIpOWA
Maccel, a BkJaa uuroxpomuHoro mnytu (LII) mocruran 90%. [leiictBue Ttemneparypel 50 °C
NPUBOAMIIO K JUIMTEILHOMY TIpolleccy THOenu KIETOK B KynbType S. officinarum, KOTOpOMy
MPE/IUIECTBOBAJIO 3HAYUTENBHOE CHIKEHUE JIbIXaTeJIbHOM AaKTUBHOCTU KieTok. [lpu sTom
aKTUBHOCTb ajbTepHAaTUBHOrO NyTH (AIl) AbIxaHMs TOYTH HE M3MEHsIAch. BrionHe BEpOATHO, YTO
takas crabmibHOCTh AIl Obula HeoOXoauMa IS pealn3allud MPOTPaMMbI THOETH B KYJIbType
u koHTpoussa 3a ypoBHeM ADK. Temmneparypsl 55 u 60 °C BbI3bIBaIM MacCOBYIO I'MOENb KJIETOK
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B KYJIbType, OJIHAKO PE3KO€ CHUKCHHE aKTUBHOCTH JBIXaHUS B OTUX CIy4asx HaOII0IaIoch cCpaszy
e MOocyIe TeMIepaTypHoi o0paboTku. Takum 00pa3oM, MOKHO 3aKJITFOYUTh, YTO TTOKA PaCTUTEIbLHBIE
KJIETKH B YCIIOBUSIX BBICOKOTEMIIEPATYPHOTO CTpecca CIIOCOOHBI 00eCIeYnBaTh CBOU MOBBIIICHHBIC
SHEPTeTUYECKHE TMOTPEOHOCTH W OJHOBPEMEHHO ciepkuBaTh oOpa3zoBanne ADK, um HUYEro
He yrpokaeT. OqHaKo, KaK TOJBKO 3TOT OaJlaHC CMEIIAETCSl B CTOPOHY HM30BITOYHOM MPOAYKIIMH
A®K, npoucxoauT HapylIEHHE Mpoliecca AbIXaHUsl, YTO BIIOCIEICTBUU TPUBOJUT K HEAOCTATOUHOU
HHEProoOECIeYeHHOCTH KIETOYHOT0 METaboIr3Ma 1 3aKaHYMBACTCS THOEITBIO KIIETOK.

Paboma evinonnena 6 pamxax cocyoapcmeennoeo zadanus CUDOUBP CO PAH (Ne eoc.
peaucmpayuu 121031300009-4).
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HIGH TEMPERATURES INDUCE ROS GENERATION AND DAMAGE
TO RESPIRATORY ACTIVITY IN SACCHARUM OFFICINARUM SUSPENSION CELLS

Lyubushkina L.V. 2, Fedyaeva A.V.!, Stepanov A.V.!, Grabelnych O.1.!?2

!Siberian Institute of Plant Physiology and Biochemistry, Irkutsk, Russia
Hrkutsk State University, Irkutsk, Russia

Keywords: Saccharum officinarum, high temperature stress, reactive oxygen species, respiration, suspension
culture.

High temperatures are important abiotic stressor factors affecting plant growth, development and
productivity. One of the consequences of their effects on plants is an increase of reactive oxygen
species (ROS) generation. At the same time, ROS role in the plant cell depends on many external and
internal factors. The aim of this study was to identify the relationship between ROS content and
mitochondrial function in the cells of a Saccharum officinarum suspension culture under different
high temperatures. We found the most significant increase in ROS content in S. officinarum cells
during high temperature treatments was at 45 and 50 °C. We stated the ROS level was largely
determined by mitochondrial activity. It is shown that it is important for S. officinarum cells to
maintain the respiration rate during the first day after stress exposure. The decrease in the respiratory
activity of cells under high temperatures treatments was defined by the decrease of the cytochrome
pathway contribution. It should be noted that the contraction in respiration rate at a temperature of
50 °C preceded the death of cells in the culture, and was not a consequence of it. Temperatures of 55
and 60 °C caused extensive cell death in the culture, but a great decrease in respiratory activity in
these cases was observed immediately after temperature treatment.

y |Slight decrease of respiration rate. High contribution
- ! . of cytochrome pathway in respiration. Further
45°C > Increase decrease in ROS level. ROS are signal molecules for
¥ accclimation. Cells survive.
\ Of Ros Significant decrease of respiration rate for a long
° . : period of time. Decrease of alternative pathway
50°C r> Ievel in contribution. ROS are signal molecules
for cell death. Death is a prolonged process.
k plant
5 Dramatical decrease of respiration activity.
55/60°C > Cel |S > ROS irreversible damage cellular structures.
' /| Extensive process of non-controlled cell death.
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CIEPMUH-UHIYLIUPOBAHHASI AYTO®AT S B KOPHAX TRITICUM AESTIVUM

Masuna A.B.%Y, JImutpuesa C.A.2, [lonomapesa A.A.2%
Paxmaryiuna I.®.2, Munubaesa ®.B.!?

'Kazanckuii (IlpuBosmkckuil) GpenepanbHblii yausepeuret, Kasans, Poccus
*Kazanckuii uactutyT 6Moxumun 1 onodusuku OUILL KasHL PAH, Kasaus, Poccus
*E-mail: abmazina@gmail.com

KiroueBble ciioBa: Triticum aestivum, ayrodarus, TOIMaMHHBI, CIEPMHUH.

AyTtodaruss — 3TO BBICOKOKOHCEPBATHUBHBIA KaTaOOJMYECKUH IPOLECC BHYTPUKIETOUHOM
Jerpajaliil TOBPEKICHHBIX, OKHCICHHbIX WM H30BITOYHBIX MAaKpPOMOJIEKY]1 M OpraHel.
AyTtodarusi IpUHUMAET y4acTHEe B OHTO- M OpraHOTe€HEe3e, CTApEHUH U MPOrpaMMHUpPyeMoil rudenu
kiIeTok. Ha 1aHHBIE MOMEHT aKTyalbHbIM CTAQHOBHUTCS IOMCK (DPU3MOJIOTMYECKUX HHAYKTOPOB
aytoaruy Ais MpeloTBpAIIEHUS U YIaleHHs] TOKCHUYHBIX MOCIEICTBHI CTPECCOBOIO COCTOSIHUS
KIeTOK. TakuMuM  HMHIYKTOpaMH MOTYT  SIBJIATBCS — MOJMaMUHBl — Oosblias — rpymmna
HU3KOMOJIEKYJISIDHBIX ~ A30TCOJEP)KAlIMX  COECIMHEHUM,  YHUBEPCAJIbHBIX  OPraHUYECKUX
IIOJIMKAaTHOHOB, 00JIaZAI0IUX BBICOKOW OMOJIOrMYECKOM akTUBHOCTBIO. [loka3aHO, 4TO K30r€HHOE
IIPUMEHEHHE TI0JMAMUHOB MOKET ITPOJUIEBATh KU3Hb PA3JIMYHBIX MOJEIbHBIX OPTaHU3MOB 3a CYET
aKTHBAallUM B KJETKax ayTodaruu, a reHeTuueckas MHakTupauus ayrodaruueckux (A7G) reHoB
cauMaeT 3PGheKT «aoaroxuTeas» [1]. B cBA3M ¢ 3TUM, 1IENTBI0 HACTOSIIETO MCCIEIOBAHUS OBLIO
W3yuyeHHe MHIYKIHUU U PEeryiauuu ayrodaruu B KJIETKaX KOPHEW MIIeHUIbI NMpH JIeHCTBUU
MoJInaMUHa CIIEpMUHA.

WHTakTHBIE KOPHU 4-THEBHBIX POPOCTKOB NMIIEHUIbI 1 riticum aestivum L. copra Kazanckas
100ueifHas BbIIEP)KUBAJIM B PACTBOpAx criepMuHa B KoHIeHTpausx 1, 10, 100 mxM B Teuenue 3 u.
Bbbu1o mokaszano, 4To crepMuH B ¢pu3nonornueckux konueHtrpamuax (1 u 10 MmxM) ungynuposain
oOpa3oBaHue ayTo(parocoMm B KJIETKaxX KOpHEH U CIoCOOCTBOBAJ YBETMUEHUIO YPOBHS TPAHCKPUIITOB
ATG4/ATG6/ATGS TenoB, HO HE IPUBOIWII K CHIDKEHHIO JKU3HECTIOCOOHOCTH KileToK. Bo3neiicTBue
CIIEPMUHOM MPUBOJINJIIO K TIOBBIIICHUIO B KJIETKaX ypoBHs okcuja azora (NO), yTo moATBEPKIaI0Ch
XapakTepHbIM TpuruleTHBIM OIIP crnekTpoM W WHTEHCHUBHBIM CBEYEHHEM CHEIH(PHUUECKOro
¢dayopecuentHoro kpacurenss DAF-FM, a rtaxke 3HauMTenbHOMY MOBBIIIEHUIO YpoBHA H2Oo.
WuTepecHo, uTo ypoBeHb mepekucHoro okucieHus nununoB (I10JI) ne usmenscs. Crnepmun
B BbICOKOH koHIeHTpamuu 100 MxkM wmHmynupoBan oOpazoBanue LysoTracker-momoxurenbHBIX
KOHTJIOMEpAaTOB, MaJIeHUE UHIeKca MEMOpPaHHOW CTa0MIIBHOCTH, MOBBIIIEHUE B 4 pa3a ypoBHS H202,
a Tarke mobimeHne ypoBHsS IIOJI moutm B 2 pasza. Bc€ 3T0 cmocoOCTBOBaO CHUKEHUIO
KU3ZHECTIOCOOHOCTH KIICTOK.

BaxHbIM MEXaHU3MOM DEryisiiui ayToparuu y pacTeHUil IpU CTPECCOBBIM BO3JEHCTBUU
sprsieTcs: aktuBanuss AM®-3apucumoit mporennkuHassl SNRK 1, kotopas gochopunupyer kuHazy
TOR u HexoTopbie ayrodarmyeckue Oe€nKH, 3amyckas KacKkaibl ayToparudyeckux peakiui [2].
WHTepecHO, YTO B KOpHSX MUIEHUIBI CIEpMUH B KOHHEeHTpauusax 1 u 10 MxM wuHIynuposai
ayroaruro 0e3 CHMIKEHHsI 3HEpProoOECHedYeHHOCTH KIIETOK, O Y€M CBUJAETENbCTBYET BBICOKHUMH
ypoBeHb AW, HaM4Ke 3HEPrU30BaHHBIX MUTOXOHAPUMA M HU3KUH YpOBEHb TPaHCKpUNTOB SnRK].
B 10 xe Bpems 100 MxkM cnepmuH BbI3bIBan majeHue YpoBHS AWm, 4TO CONMPOBOXKAAIOCH
U3MEHEHUEM YIIBTPACTPYKTYpbl MHUTOXOHIPUH U CHUKEHUEM YPOBHSI IOIVIOLIEHMSI KUCIOPOJA.
MoxHo nonarats, 4To ayTodarusi, *HAyLHPOBaHHAsI CIEPMUHOM, OIIOCPELYeTCsl METab0JINYeCKUMU
COOBITHSIMH, KaK 3aBUCSILIUMH, TaK U HE 3aBUCIILUMH OT ypoBHs AT®. [lonydyeHHble HAMU JaHHBIE
CBHJIETEIILCTBYIOT O BO3MOYKHOW BOBJIEYEHHOCTH CIIEPMUHA B IIpOLECC ayTO(aruu y pacTeHHH,
a TaKKe JBOWCTBEHHOCTH ero 3¢ @dekra, MpOSBIAIOUIETOCS, B 3aBHCUMOCTU OT KOHIEHTpAIUU
CIIEpPMMHA, KaK aJalTUBHBINA KJIETOYHBII OTBET HAa CTPECCOBOE BO3JCHCTBUE UM UHAYKTOP THOEnn
KJIETOK.
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SPERMINE-INDUCED AUTOPHAGY IN ROOTS OF TRITICUM AESTIVUM

Mazina A.B.!2, Dmitrieva S.A.%, Ponomareva A.A.%,
Rakhmatullina D.F.%, Minibayeva F.V.!

! Kazan Federal University, Kazan, Russia
2Kazan Institute of Biochemistry and Biophysics,
FRC Kazan Scientific Center of the RAS, Kazan, Russia

Keywords: Triticum aestivum, autophagy, polyamines, spermine.

Autophagy, a highly conserved catabolic process, is considered as a non-specific stress response,
which contributes to the programmed death of individual cells and the survival of the whole organism.
The search for the physiological inducers of autophagy for the prevention and removal of toxic effects
of stresses became an important problem. Nitrogen containing compounds polyamines can be among
such inducers. The aim of present work was to study the induction and regulation of autophagy in the
cells of wheat roots following exogenous application of polyamine spermine. We showed that
treatment of intact roots with spermine in concentrations of 1 and 10 uM induced the formation of
autophagosomes and increased the expression of autophagic genes (47G4/ATG6/ATGS) but did not
lower cellular viability. Spermine-induced autophagy was accompanied by an increase in the level of
H>0> and the level of NO but not lipid peroxidation (except 100 pM spermine). Autophagy is an
energy dependent process. Spermine at low concentrations increased the mitochondrial membrane
potential (A%¥m), while 100 uM spermine decreased A¥m and inhibited the rates of respiration, while
the expression of SnRK/ subunits was upregulated. Our data indicate the possible involvement of
spermine in autophagy in plants. The role of this process can directly depend on the concentration of
spermine and be manifested as an adaptive stress response or inducer of cell death.

physiological
Adaptive stress response
concentration

high
Cell death

concentration
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AKTHUBHBIE ®OPMbI KUCJIOPO/IA B 3AIIIMTE PACTEHUM
OT BUOTHUYECKOI'O CTPECCA

Maxkcumos U.B.
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E-mail: igor.mak2011@yandex.ru

Kuarouessble ciioBa: aktuBHbIe popmbl kuciopoaa (ADK), putonmmyHuTeET.

Kucnopon u ero cBobomgHo-paaukanbHble ¢GopMbl (akTUBHBIE (GopMbl Kuciopoma, APK) —
YHUKAJIbHOE SIBIIEHHE NPUPOAbI, (OpMHUpYIOIIee XH3Hb Ha 3emie. DBOJIOLUOHHO PACTCHHS
IIPUCIIOCOOMINCH UCIIOIB30BATh CBOOOIHO-PAAUKAIBbHBIE (POPMBI KUCIIOPOJIa AJIsl CBOEH 3aILUTHI OT
pa3IMYHOIO pOJAa CTPECCOB, CBSA3AHHBIX C MEXAHUYECKUM IIOBPEKICHHEM, B TOM UHUCIIE
U TIOBPEKICHUS IATOr€HAaMH U BPEUTEISIMU, /1€ B&XKHOE MECTO, 3aHUMAET OKHCIEHNE (EHOIbHBIX
COeIMHEHUIl ¢ 00pa3oBaHMEM JIMTHMHA W CyOepuHa, 00JaJalouIMX YHUKAJIbHBIMH CBOHCTBAMHU
BOJIOHETIPOHUIIAEMOCTH, YCTOMYUBOCTH K JIETpaJalliy, a TAKKe BHICOKOH OMOLIUAHOCTH.

OcoOsrit uHTEpec npenctaBissior ADPK B CBSI3M MX aKTUBHBIM BOBJICUEHHUEM COBMECTHO
¢ (epMEeHTaMM NPO-/aHTUOKCUIAHTHOW CHUCTEMBbI BO B3aMMOJEHCTBHE PACTEHHH C pPa3IMYHBIMU
dhopmamu puUTONATOTEHOB U BpeauTeneld. Pasimnunbie cTpecchl, Hapyiias 0aJaHCOBOE COOTHOIIICHHE
B ypoBHe ADK B pacTeHMsX, MPUBOAAT JIMOO K HEKPO3y TKAaHEH B 30HE MOBPEXAEHUH, 1100
K CBepXuyBCTBUTENIbHOM peakunu (CBY-peakunn), KOTOpble HEOOXOUMO OTJIMYATH APYT OT JApPYyra.
[TepBblif B pacTeHHUsIX BBI3BIBACTCS MATOICHOM, CBS3aH C HEOJIArONPUATHBIMHU YCIOBHSIMH CPEIbI
U TPUBOJUT K OOJIE3HH, a BTOpasl PEaKiUs TaKKe WHUIUUPYETCS YYXKEPOJHBIM IaTOT€HHBIM
OpPraHM3MOM, HO €€ IpPOTEKaHUE 3aIpOrpaMMHUPOBAHO B TIE€HOME XO3slMHA M HAaIlpPaBJIEHO
Ha IPEOJOJEHUE CTPECCOBOTO COCTOSIHUS W HM3OJIILUI0 BPEIHOIO OPraHM3Ma OT JKMBBIX TKaHEHU
pactenus. Beicokas oxucnutensHas cnocoOHocts ADK co3naer yrposy JUist KOMIIOHEHTOB KHBBIX
KJIIETOK, TO03TOMYy B HHMX CYHIECTBYET €CTECTBEHHAasi CHCTEMa pEryJsiiud HX YPOBHS,
MOJIICP>KUBAIOIIAst FTOMEOCTa3 00beJUHsIeMast TIOJ] TEPMUHOM «I1pO-/aHTHOKCHIAHTHAsI CUCTEMA, I/1e
npoueccs! reHepann ADK TecHO CBs3aHbI ¢ MPOLIECCAMU X YTHIIM3ALHH.

OynkuuonanbHas ponb ADPK B pacTeHusax npu (OPMHPOBAHUU HMX B3aWMOOTHOIICHUI
C pacTEHUSIMU UMEET JIBE IPOTUBOPEUNBHIE CTOPOHBI: 1) MHHTEHCUBHOCTh UX MPOAYKLINUHU (HEraTUBHOE
HAKOIJICHHE) KOPPEJIUPYET C pa3BUTUEM MATOJIOIMUYECKOT0 Mpoliecca U 2) akTUBHOCTh HHTHOUTOPOB
uX jaerpaganuu (MO3UTHUBHOE HAKOIUICHHE) WM, HAlIPOTUB, HAJTMYME aHTUOKCHIAHTOB (TIO3UTHUBHAS
yTHIW3anus) cBsizaHa ¢ 3ammTHON peakiueil. [Ipogykums ADPK mmeer nByxdasHblii Xxapakrtep.
[lepBbiii Bcruleck WX ypoBHS, HaOdromaembiii uepe3d 15-20 MuH mocne AeWCTBUS CTpeccopa,
CONPSKEH C CUTHAJIbHOM CHUCTEMOW pacTeHHi. BTOopoil mposBIgeTCS HE BCEraa, a TOJBKO
B HECOBMECTMMOW C KJIETKaMu @AaTOr€Ha CUCTeMe B Ipeaenax 3—6 4YacoB IOCHE IEPBOro
U BBIPAXKAETCS B BHUJIC CUJIBHON M JJUTEIbHOHN JOKAJIBHON MX MPOAYKLUUHU B 30HE MH(OUIIMPOBAHUS
Y CONPOBOXKAAETCS 3aUUTHON peaKiuei.

Bxmrouenne ADK B cuctemy 35MCUTOPHON CUTHAJIBHOM TPAHCIYKIIMH, HECOMHEHHO, CBSI3aHO
C UX CHOCOOHOCTBIO K MMIpAallMM WA C OBICTPBIM BKJIIOUEHHWEM B OINPE/ENIEHHbIE CUTHAJIbHbIC
cucreMbl. TakuMu CBOMCTBaMHU B, TEPBYIO ouyepeilb, 001aaeT MOJIeKysa MePeKHCcH BOJIOpOaa, TaK
Kak SIBJSICTCSI HEMOHW3UPOBAHHOW M JOBOJBHO cTabmibHOW. Hampumep, yctanosieHo, uro H202
MOJKET aKTUBUPOBATh KWHa3bl KMHa36l MAP kuHa3bl. BTopoil curHanbHON MOJIEKYI0H MOKET OBITh
ruipokcunepokcuibHblil pagukan (HO2-). SIBnsisice BbICOKOAKTUBHBIMHU coefuHeHusiMu, ADK
MOTYT BBIIIEIJIATh OJIMIOCAXapHJbl C MOBEPXHOCTH KIIETOYHBIX CTEHOK IATOI€HAa IOCPEACTBOM
MEPEKUCHOTO THIPOJIN3a XUTHHA U, TEM CaMbIM, CIIOCOOCTBOBATh BHIPAOOTKE U OJIUTOCAXapPUIHBIX
AIIUCUTOPOB. DTOT 3P (HEKT MOKET YCUIMBATHCS B IPUCYTCTBUH MEPOKCHIA3HI.

CooTBeTCTBEHHO, MOXHO omnpenenutb APK kak «MHCTpYMEHT» JBOMHOIO Ha3HAYEHWS,
MO3BOJISIOMIMK pacTeHHI0, MpHU 3((HEKTUBHONW OPraHM3aLUU 3AIIUTHOTO AP QeKTa, YHHUTOKHUTD
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MaTOreH MOCPECTBOM OKHMCIMTEIBHOTO B3pbIBA, a Takxke, Bbi3biBass CBU-peakiuto, hopmMupoBathb
BOKPYI HEro 30HY M3 MEPTBBIX pACTHTEIbHBIX KIIETOK, HACBHIICHHBIX aHTUMHKPOOHBIMU
COCJIMHCHUSMHU U TaKUM 00pa3oM H30JUPOBATh €r0 OT JKUBBIX TKaHEH. Pe3kne u MHOTOKpaTHBIC
u3MeHeHuss ypoBHs A®MK B pacTeHusAxX, MOABEPTrHYTHIX HHOPHUIIMPOBAHUIO (UTOMATOICHAMH,
BEPOSITHO, SBISIFOTCS S((EKTUBHBIMU TOJBKO IPH HAMPABICHHOM HX BO3JCHCTBUU B TOYKHU
MPOHUKHOBEHUS! MH(EKIIMOHHOTO areHTa, 4Yero JOBOJBHO CIIOKHO JOOWUTBHCS, €CIAM YYHUTHIBATH
UX MOBPEXKIAIOIIYI0 AKTUBHOCTh U MOOMJIHOCTb.

Paboma evinonnena npu noooepocke Munucmepcmea Hayku u 6vlcuie2o 00pA308aHUsL
Poccuiickoii @edepayuu (coenawenue No AAAA-A21-121011990120-7).

REACTIVE OXYGEN SPECIES IN THE DEFENSE OF PLANS
TO BIOTIC STRESS

Maksimov L.V.

Institute of Biochemistry and Genetics — Subdivision of the Ufa Federal Research Centre
of the Russian Academy of Sciences, Ufa, Russia

Keywords: reactive oxygen species (ROS), phytoimmunity.

Reactive oxygen species (ROS) are a unique natural phenomenon that forms life on Earth. They are
of particular interest due to their involvement in the pro-/antioxidant system involved in the
interaction of plants with pathogens and phytophages. The functional role of the ROS has two
contradictory sides: 1) the intensity of their production correlates with the development of diseases
and 2) the activity of inhibitors of their degradation or, conversely, the presence of antioxidants is
associated with a protective reaction. Accordingly, ROS can be defined as a dual-purpose “tool” that
allows a plant to destroy a pathogen through an oxidative explosion.

Resistance Susceptibility

Inhibitin of

fungal growth Growth of fungi
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COJEP)KAHUE ®EHOJIbHBbIX COEJUHEHUM B JINCThAX PLATANTHERA
BIFOLIA N3 ECTECTBEHHOM U TPAHC®OPMUPOBAHHBIX DKOCUCTEM
HA PA3HBIX CTAIAUAX PASBUTUA OPXUJIEHU
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HogBuxog I1.E., Exbkuna A.B., Knumona B.H.

VYpansckuii hemeparbHbIil yHUBepcUuTeT UMeHH niepBoro [Ipesunenta Poccun b.H. Enpruna,
ExartepunOypr, Poccus
*E-mail: maria.maleva@mail.ru

Kirouesblie cioBa: Orchiddceae, Bo3pacTHasi CTPyKTypa MOIMYJISILIH, 30JbHBIE CyOCTpaThl, pelIoKCc-0anaHe,
(1aBOHOUIBI.

[IpencraButenu cemeiictBa Orchidaceae Juss. Hepenko SBISIFOTCS HCTOYHUKOM IPHUPOAHBIX
AHTUOKCHUJIAHTOB, K YHCITy KOTOPBIX OTHOCSTCS ()EHOJbHbBIE COSANHEHHSI, UTPAIOLIHE BaXKHYIO POJIb
B ()OPMHUPOBAHUM YCTOMYMBOCTH PACTeHHUI K cTpeccoBbiM (paktopam [1]. Platanthera bifolia (L.)
Rich. ¢ apeBHMX BpeMeH HCHOIb3yeTCsl B HAPOIHOM MEIUIMHE, IMOCKOJIbKY 00JIaaeT spKo
BBIDOKCHHBIMH JICUEOHBIMU CBOMCTBaMU [2]. DTa opxuues SBIAETCS OXPaHSIEMBbIM BHJIOM,
3aHeceHHbIM Kak «peakuit» (III xateropumsi) Bo MHorue pernonaiabHble KpacHble kHuru Poccun,
B TO Bpems Kak B CBep/UlOBCKOM oOiacTu eil mpucBoeHa V KaTeropusi — «BOCCTAHABIMBAIOIAsS
YHUCICHHOCTbY» [3]. B mocneaHue rofsl 10CTaTOYHO MHOTOYHUCIEHHBIE LeHononynsuuu P. bifolia
ObuUTM OOHapy)KE€Hbl Ha NPOMBILIUIEHHO HapyILIEHHbIX Teppuropusx CBepasioBCKkoil oOiacTu,
BKJIIOUAsi 30JI00TBAJIBI TETIOBBIX dnekTpocTanimii ([POC) [4].

[lenb uccnenoBaHus — OLIGHKA COJIEP’KaHUsS MPOIYKTOB MEPEKUCHOTO OKUCIICHUS JIUIUI0B
(ITOJI) u pacTBOpUMBIX (EHOJBHBIX COEAMHEHHH B JIMCTHSIX T€HEPaTHBHBIX ocobeil P. bifolia,
MPOM3PACTAIONINX B E€CTECTBEHHOW (Jiecomapk) W TpaHchopMHpoBaHHBIX (305100TBaIBl ['POC)
skocuctemax CpenHero Ypana, a Takxke coep:kaHus (pJIaBOHOUIOB y OPXHU/IEU Ha Pa3HBIX CTAIUAX
ee pa3BUTHUS. PacTUTeNbHBIN MaTepuan OTOMpaiy B CEpeIMHE UIOJISl B IIEPUO/T LIBETEHUS OpXUIeH B
€CTECTBEHHOM JiecHOM coobiectBe (FOro-3amannslii neconapk r. ExatepunOypra), a Takxke B ABYX
JIECHBIX ¢duToIIEHO3AX, c(OpPMHPOBABIINXCS Ha 30J100TBaJIaxX CpenneypanbCckoit
u Bepxuerarunsckoit 'POC. Conepxanue npoayktos [10JI, pacTBOpUMBIX (E€HOIBHBIX COCTUHEHHUI
1 (HJIaBOHOUIOB U3MEPSUTH CIIEKTPOPOTOMETPHUUECKH, COTIIACHO CTAaHIAPTHBIM MeTo1aM [ 5, 6].

OOHapyXeHO, YTO B HapyLIeHHbIX MectooOuTanusix P. bifolia cnocoOHa (opmupoBaTh
LICHOIONYJISIUN C BBICOKOM UHCIEHHOCTBIO W 3HAYMTEIbHBIM BKJIAJOM B BO3PACTHON CIEKTP
reHepatuBHbIX ocoOeil. IIpu 3ToM mBerymme opxuaeu conaepxkaiu B cpenHem Ha 20% Oombiie
npoayktos ITOJI, uTo cBUAETENBCTBYET O CIBUIE pPENOKC-OalaHca B CTOPOHY OKHUCIMTENbHBIX
nporeccoB. Kpome Toro, y pacrenuii, mpouspacraromiux B TPaHC(HOPMHUPOBAHHBIX 3KOCUCTEMAX,
HaOJI0AAJI0Ch YBEJIMYEHUE COZAEp:KaHUs (PEHOJbHBIX COCIMHEHWH, B YacCTHOCTH, ()IaBOHOUIOB
(B cpenHeM B 2,4 pas3a), Ha BCEX M3y4YEHHBIX cTagusax. HezaBucuMo OT yciloBUII IpoU3pacTaHus
BUPTUHWIBHBIE 0COOU XapaKTEePU30BaIMCh MUHUMAIBHBIM COJIEpKaHUEM (DJIaBOHOMIOB, BEPOSITHO,
13-32 METa0OJIMYECKUX NIEPECTPOEK B EPUO/T 3aKJIAJKU T€HEPaTUBHBIX OpraHoB. B mepuos niseTenus
KOJINYECTBO ()JIABOHOUIOB B JIUCThSAX OPXHUJEU CHOBA YBEJIMYMBAJIOCH HAa BceX yuyacTkax. [Ipu stom
nonsi (praBOHOMIOB OT OOIIEro cojep:kaHus (EHONbHBIX COEAMHEHHMH Bo3pactana oT 42%
B €CTECTBEHHOM (uToneHo3e 10 66%, B cpeiHeM, B TpaHCPOPMHUPOBAHHBIX sKocucTeMax. CrenaHo
3aKJIIOYEHUE, YTO ()JIABOHOUBI YYaCTBYIOT B 3aIlIMTHO-IIPUCIIOCOOUTENBHBIX peakuusix P. bifolia,
obecrieunBas HE TOJBKO BBDKMBaHME JTOH OpXUAEH, HO M CHOCOOCTBYs peanu3aluu
€€ OHTOT€HETUYECKON IIPOrPaMMBl.

Paboma evinonnena npu wacmuunou ¢punancosou noooepiicke PODPU u Ilpasumenvcmea
Cseponosckou obnacmu (npoexm Ne 20-44-660011) u Munucmepcmea Hayku u 6vlcuieco
oopaszosanusi PO 6 pamkax '3 Yp@Y (FEUZ-2020-0057).
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FOLIAR PHENOLIC COMPOUNDS CONTENT IN ORCHID PLATANTHERA BIFOLIA
FROM NATURAL AND TRANSFORMED ECOSYSTEMS
AT DIFFERENT STAGES OF DEVELOPMENT

Maleva M.G., Chukina N.V., Borisova G.G., Filimonova E.I.,
Novikov P.E., EI’kina A.V., Klimova V.N.

Ural Federal University named after the first President of Russia B.N. Yeltsin,
Ekaterinburg, Russia

Keywords: Orchidaceae, age structure of population, fly ash substrates, redox balance, flavonoids.

The content of soluble phenolic compounds in generative individuals of Platanthera bifolia (L.) Rich.
growing in natural (forest park) and transformed (fly ash dumps of Thermal Power Stations)
ecosystems of the Middle Urals, Russia, as well as the content of flavonoids at different stages of
orchid development were studied. It was found that in disturbed habitats, P. bifolia is capable of
forming coenopopulations with a high abundance and significant contribution to the age spectrum by
flowering individuals. Additionally, flowering orchids contained more lipid peroxidation products
(on average by 20%), which indicate a shift in the redox balance towards oxidative processes. An
increase in the content of phenolic compounds, particularly flavonoids (on average, 2.4 times), was
observed at all development stages of the plants growing in the transformed ecosystems. Regardless
to the growing conditions, the non-flowering mature individuals were characterized by a minimum
content of flavonoids, probably due to pre-generative metabolic restructuring. Whereas, in the period
of orchid blooming, the flavonoid content in their leaves was increased over again in all studied sites.
At the same time, flavonoid content in the total amount of soluble phenolic compounds was increased
significantly from 42% in natural habitat up to 66% on average in transformed ecosystems. It was
concluded that flavonoids are involved in the protective adaptive reactions of P. bifolia, ensuring not
only the survival of this orchid, but also contributing to the implementation of their ontogenetic
program.

Transformed ecosystems Populations with a high abundance Juvenile Immature
(Fly ash dumps of Thermal Power Stations)

Flavonoid content decreased
in non-flowering and increased
in flowering orchid plants

Compared to orchids from the
natural forest population:

Non-flowering
individuals

Lipid peroxidation products

Soluble phenoclic compounds

e : including flavonoids
Platanthera bifolia (L.) Rich. Flowering individuals
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MEJIAHUHBI: TEMHAS CTOPOHA PEJOKC-METABOJIM3MA
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KiroueBble c10Ba: apXuTeKTypa, MEIaHUHBI, MOJTU(EHOIbHBIC MOTUMEPHI, (YHKIIUH.

Menanunsl (0T rpedeckoro Melano, 4To O3Ha4yaeT TEMHBIM WJIM YEPHBIN) MPEICTABISIOT COOO0M
CEMbIO CTPYKTYPHO CJIOXHBIX, TEMHO-IIUTMEHTHUPOBAHHBIX I1OJIMMEPOB, KOTOPBIE IPEICTABICHBI
BO Bcex Ouoyiornyeckux napcrtBax. HecMoTps Ha OpHUpPOIHYIO YHUBEPCAIbHOCTb, 3TO OJHU
3 HauOoyee 3arajJlouHbIX OuornonumepoB Ouocdepbl. EcTecTBEeHHbIE MeENaHUHBI SBISIOTCS
reTeporeHHbIMU MOJUMEPaMU, 00pa3yIOLIUMUCS B PE3yJIbTaTe OKUCICHUS (PEHOIbHBIX/MHI0IbHBIX
NPE/IIECTBEHHUKOB U TOCJIEAYIONIeH MOJIMMEpPU3alii MPOMEXKYTOUHBIX (PEHONOB U XHWHOHOB.
B 3aBHCHMOCTH OT CTPYKTYPBI, 3JIEMEHTHOT'O COCTaBa U MICTOYHMKA, MEJIAHUHBI ITOAPA3/IEIIAI0TCS Ha
pa3NUYHBIC THMbBI, TaKHE€ KaKk »JSyMENaHWH, (EOMeNaHuH, HeWpOMeNaHuH, aUIOMelaHUH
Y TMHOMENTAaHMH. DTH MUTMEHTHI BBINOJHAIOT Pa3HOOOpaszHble (DYHKUMH, B TOM 4YHCIIE TYIICHHE
CBOOOJHBIX PAJAMKAJIOB, 3alllUTa OT CBETOBOI'O CTPEcca, MEPEHOC 3HEPruu, TEPMOPETYISIUS,
XeJlaTUPOBAaHHUE METAJIOB, KaMy(sbDK, HMMYHHBIH OTBET W BUPYJIEHTHOCTH [1]. B HexoTopbIx
CllyyasiX 3TH IUTMEHTHI, CIOBHO OOOIOJJOOCTPBI MedY, MOTYT MpOSBIATH KaK 3aIUTHBIC, TaK
U TOKCHYHBIE CBOMCTBA, B CBSI3M C YE€M HMHOI/IA HEOOXOAMMO HMHTMOMpPOBaHHE MEIaHOTEHE3a.
HenaBHue nccnenoBanus MpoeMOHCTPUPOBAIIN, YTO HEOOJIbIINE BapHAIMU B CTPYKTYpE MOHOMEPA
MEJJaHWHA MOTYT BbI3BaTh 3HAYUTEIbHBIE HW3MEHEHUS B HX PEIOKC-XapaKTEPUCTHKAX,
AHTUOKCHJIAHTHBIX  CBOMCTBAX, METAJUI-XEJIATUPYIOLEH aKTUBHOCTH, a TakXKe€ BIUATh
Ha MOP(OJIOTHIO €CTECTBEHHBIX MEIaHUHOBBIX I'panyl [2]. MUKpOCTPYKTypa MEIaHHUHOB JJOBOJILHO
NOJApPOOHO M3y4deHa JJIi HEKOTOPbIX MATOreHHBIX TPHUOOB M MEIaHOCOM YEJIOBEKa, OJHAKO
nHpopMaLUsg O CTPYKType U (U3HKO-XMMHYECKHX CBONCTBaX MEJAHMHOB (POTOCHMHTETUYECKUX
OpPraHM3MOB YPE3BBIYAWHO OrpaHWuYeHa. B HacTosImeM CcooO0IIeHnn O00CYXIalTcs CBOWCTBA
u (GYHKIUU MEJAaHMHOB M3 pacTeHUl | JumaiHukoB. Jlyig JumIaiHUKOB (OpMHUpOBaHUE
MEJIAaHUHOBOT'O CJIOSI Ha IMOBEPXHOCTH CJOEBHUINA B OTBET Ha YIbTPaduOJIETOBOE BO3JECHCTBHE
SBJISIETCS. OJIHMM M3 KJIFOYEBBIX MEXAHH3MOB HX BBICOKOW CTPECCOBOM yCTOMYMBOCTH. B Xxone
MEJIaHU3aIUK TAIJIOMa MPOUCXOAMT AKTHBAIMA T'€HOB, KOHTPOJIUPYIOIIUX HE TOJBKO OMOCHHTE3
MeJTaHMHA, HO M pa3HoOoOpa3Hble cTpeccoBble OTBeThl. (CBOMCTBAa MeJlaHWHA JI€Jal0T 3TOT
€CTECTBEHHBII IOJIMMEP NEPCHEKTHUBHBIM OOBEKTOM Ui (YHJAMEHTAJIbHBIX M IPHUKIATHBIX
HCCIIEIOBAaHUM C IIMPOKUM CIEKTPOM MPUMEHEHHs] B OMOTEXHOJOIMH, MEIUIIMHE, peMeAualuiu
Y HAHOTEXHOJIOTHH.

Paboma evinonnena 6 pamxax coczaoanuss ®UL] KazHI] PAH u noooepacana epanmom PHD
Ne 18-14-00198.
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MELANINS: THE DARK SIDE OF REDOX METABOLISM
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Melanins (Greek melano, meaning dark or black) are a family of structurally complex, darkly
pigmented polymers that are present in all biological kingdoms. Despite being ubiquitous in nature,
they are among the most puzzling biopolymers in the biosphere. Natural melanins are heterogeneous
polymers derived by the oxidation of phenolic/indolic precursors and subsequent polymerization of
intermediate phenols and their resulting quinones. Depending on their structure, elemental
composition, and source, melanins are divided into several types such as eumelanin, pheomelanin,
neuromelanin, allomelanin, and pyomelanin. These pigments carry out a vast array of functions,
including radical scavenging, photoprotection, energy transduction, thermoregulation, metal
chelating, camouflage, immunity, and virulence [1]. These pigments sometimes behave as a double-
edged sword, and inhibition of melanogenesis could be desirable in some cells. Recent studies have
shown that slight variations in the monomer structure of melanin can cause significant differences in
its redox characteristics, antioxidant capacity, and metal-chelating activity, and it can also affect the
morphology of the natural melanin granule [2]. The microstructure of melanins has been well studied
for some pathogenic fungi and human melanosomes, however, the information about the structure
and physico-chemical properties of melanins from photosynthesizing organisms is extremely limited.
In this review, the properties and functions of melanins from plants and lichens will be discussed. For
lichens, melanization of the thallus in response to UV radiation is one of the key mechanisms of their
high stress tolerance. During melanization of the lichen thallus, upregulation of the genes controlling
not only melanin biosynthesis but also of diverse stress responses takes place. The properties of
melanin make this natural polymer a fascinating subject for fundamental and applied research with
applications in biotechnology, medicine, remediation, and nanotechnologies.

Melanin
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VY 1maHoOaKkTepuii B XOA€ CHCTEMHOIO aHAJIM3a BBIABICHO OOJBIIOE YUCIO TE€HOB, 3KCIPECcCUs
KOTOpPBIX HMHAYLUPYETCS TMpU JIEeHCTBUM aOMOTHMYECKHX CTPECCOB: TEIJIOBOIO, COJIEBOTO,
OCMOTHUYECKOT'0, KUCJIOTHOTO, ICUCTBUS CBETA BHICOKOW MHTEHCUBHOCTH WIH yabTpaduosuera. I eHs
6enkoB TerioBoro moka (BTI) aktuBupyroTCs Ipu BO3ACHCTBUN BCEX MEPEUUCICHHBIX (PaKTOPOB
1 (OpMHUPYIOT YHHMBEPCAJIbHYIO TPYIIy I'€HOB OOIIEro CTpeccoBoro orBera. Hammuume momoOHOM
IpyHnbl T€HOB IMOJpa3yMeBaeT TAaKK€ BO3HUKHOBEHHME TIPYNIbl YHHUBEPCAIbHBIX TPUITEPOB
CTPECCOBOIO OTBETA, K KOTOPHIM MO BCEH BUIMMOCTH MOTYT OTHOCUTBHCSI aKTHUBHBIE (DOPMBI
kuciopona (ADPK) u, B vactHoctu, nepokcur Bogoposa HoOo, a Takyke u3MeHEeHHUs pelloKc-cTaTyca
9JIEMEHTOB (POTOCUHTETUYECKOH 3JIEKTPOH-TPAHCIOPTHOM 1en# [1].

Hamu Obi1 ckOHCTpyupoBaH nBOWHOW MyTaHT Synechocystis sp. PCC 6803 mo renam
Karana3a-nepokcuaassl (katG) u TeOpeTOKCUH-TIEPOKCUIA3HI (£px), KOTOPBII ObLIT HECTIOCOOEH pacTH
npu BHeceHuu B cpeay H»Oo. JlaHHBIN MyTaHT BeCbMa I0JI€3€H B OTHOIICHUHU MCCIIEI0BaHUS POJIH
nmanHoit ADK B kimerkax nuaHoOakTepuid, Tak Kak B KieTkax awkoro Tuma H>O» ObicTpo
MHAKTUBUpYETCS Nepokcuaazamu. Ham yianoch npoieMOHCTpUPOBAThH € UCIIOJIb30BAHUEM JJAHHOTO
MyTaHTa, YTO 3KCIPECCUS T€HOB XOJIOJOBOI'O CTPECCa PEryIMpyeTcs CO CTOPOHBI dHIOTEHHOIO
MEepoKCcUIa BOAOPOJA Ha YpOBHE KaK BOCHPHUATHS, Tak U mnepenadn curHaina [2]. Kpome Toro,
Bo3HUKHOBeHHe A®K B KieTkax 1HMaHOOAaKTEpUH TECHO CBA3aHO C PEIOKC-CTaTyCcoM
(OTOCUHTETHUECKUX MEMOpaH, Ha KOTOPYIO OKa3bIBACT BIUSHUE BSI3KOCTH/TEKYUYECTh KJIETOUHBIX
MeMOpaH, CBSI3aHHOE CO CTENEHbI0 HEHACBIIIEHHOCTH KUPHBIX KUCIOT 00 ¢ Temiieparypoii [3].

Mpbl cuuTaem, 4TO «IIEPECEYCHHE» CUTHAJIOB O BSI3KOCTH M TEMIIEpaType, OCBEIICHHOCTH
U PEIOKC-CTaTyce IMPOUCXOAUT C ydyacTueM TructuanHoBod kuHa3el Hik33, ceHcopa HM3KHX
TeMIepaTyp y LMaHOoOakTepuidl. JTa NMpOTEeMHKHHAa3a XapakTepusyercss Haiuuuem PAS-nomena,
KOTOPBI MOXET OBITh CBSI3aH C BOCHPHUSATHEM pEIOKC-CUTHANa, YTO JeNaeT JaHHbIH Oenok
KaHJIMJaTOM Ha poJib YHUBEPCAJIbHOTO OEJIKOBOTO TPUITEpa, PETYIUPYIOLIEr0 SKCIPECCHIO T€HOB
npu aOMOTUYECKHUX CTpeccax B KJIETKaX [IHaHOOAKTEPU.

Paboma ewvinonnena npu noodepoicke Poccutickoeo Hayunoz2o ¢onoa 6 pamkax npoekmos
Ne 19-74-10100 u 21-74-30003.
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REDOX REGULATION OF GENE EXPRESSION IN CYANOBACTERIA
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In cyanobacteria, systemic analysis revealed a large number of genes whose expression is induced
under the action of abiotic stresses: heat, salt, osmotic, acid, high light or ultraviolet. Heat shock
protein (HSP) genes are activated under the influence of all these factors and form a universal group
of general stress response genes. The presence of such a group of genes also implies the emergence
of'a group of universal stress response triggers, which apparently may include reactive oxygen species
(ROS) and, in particular, hydrogen peroxide H2O: as well as changes in the redox status of
photosynthetic electron-transport chain elements [1].

We constructed a double mutant of Synechocystis sp. PCC 6803 by the catalase-peroxidase
(katG) and thioredoxin-peroxidase (zpx) genes disruption, which was unable to grow when H>O» was
introduced into the medium. This mutant is very useful with respect to investigating the role of this
ROS in cyanobacterial cells because H>O» is rapidly inactivated by peroxidases in wild-type cells.
Using this mutant, we demonstrated that the expression of cold stress genes is regulated by
endogenous hydrogen peroxide at the level of both perception and signal transduction [2]. In addition,
the occurrence of ROS in cyanobacterial cells is closely related to the redox status of photosynthetic
membranes, which is influenced by the viscosity/fluidity of cell membranes related to the degree of
unsaturated fatty acids or to the temperature [3].

We believe that the “intersection” of viscosity and temperature, illumination and redox status
signals occurs with the participation of histidine kinase Hik33, a low temperature sensor in
cyanobacteria. This protein kinase is characterized by the presence of the PAS domain, which can be
associated with the perception of the redox signal, which makes this protein a candidate for the role
of a universal protein trigger regulating gene expression under abiotic stresses in cyanobacteria cells.
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JAuajibacrua, pe30HaHC IHyMaHa, OJICKTPOMATrHUTHBIC ITOJIA.

['eomMarHuTHOE 1MOJIE — BAXKHBIN (PAKTOP OKPY’KAIOLIECH CPEebl, €r0 HEOThEMIIEMON YaCThIO SIBIISIOTCS
HU3KOYaCTOTHBIE BO3MYILECHHA — DJJICKTPOMArHUTHBIE H3JIy4EHUS IIYMaHOBCKOIO JUara3oHa
(ILISMMN). JIroboit npeacraButens Ouocdepsbl 3eMiIn MOCTOSTHHO B TEYCHUE JKU3HU HAXOIUTCS O]
BO3JEHCTBUEM DJICKTPOMArHUTHBIX IIOJEH J@aHHOIO 4YacTOTHOIO [JHMAla30Ha, W H3Y4YCHHE
0COOEHHOCTEH BOCHPHUATUS MMOJOOHBIX W3IYYEHUH pa3IMYHBIMH OpPraHU3MaMH  SIBISETCS
akTyanbHbIM. OJIHUM W3 YHUBEPCAJIBHBIX MEXaHU3MOB OTBETA PACTUTEIBHBIX OPraHU3MOB
Ha BHEIIHEE BO3/CUCTBHE SBIIACTCS U3MEHEHHE B CHCTEME KOMIIOHEHTOB PEIOKC-MeTadoiIHu3Ma.
B cBia3sm ¢ 9THM, HccleqoBaIM  OTBET CO CTOPOHBl AHTHOKCHUIAHTHBIX  (DEPMEHTOB
(cymepokcuaaMCMyTa3bl M KaTanas3bl) U CUCTEMBI JIMIIONEPOKCHIAIMU (COAEpIKaHUEe MaJIOHOBOI'O
JUalbAeruia) pacTeHU Ha NPOJOJDKUTENBHOE BO3JEHCTBME MArHUTHBIX IIOJIEH C YacToTamy,
COBIIAJIAIOLIMMHU C IIEPBBIMU TPEMsI rapMOHUKaMu pe3oHanca [llymana — 7,8 ', 14,3 I'n, 20,8 I'm.

WccnenoBanust mpoBOAWIA HA PACTEHUSIX MIICHUIIBI MATKOW sipoBoi (Triticum aestivum L..)
copra 3nara u ropoxa (Pisum sativum L.) copta Anp0ymeH. CeMeHa ONBITHON TPYIIIBI pacroiaraiu
B TeHepaTope MarHUTHOro mnojs. /st co3ganusi mepeMeHHOro MarHuTHOTO 1nosst (dactotsl: 7,8 '
nma 14,3 I'u wm 20,8 T'u, HanpsixkeHHOCTh 18MKTI) MCMOIB30BaAId JIBA COOCHO PACIIOIOKEHHBIX
kosibla ['enpMromnbia. PacTeHuss KOHTPOJIBHOM IPyMIbl PacHoyiarajiuch B MJICHTUYHBIX YCIOBHSX
Ha AHAJIOTMYHOM JEpEeBSHHOW KOHCTPYKLUMH, HO HE HUMeBlIeW kosen ['enpmronsua. Pacrenus
KYJIbTUBHPOBAIU B pexkume 16/8 4 (aenb/Houb) pu Temneparype okoiio 23 °C 1o Bo3pacta 18 gqHeit
C MOMEHTA 3aMa4YHUBaHMsL.

[Tocie okOHYaHUSI IKCIIO3UIIMH OTIPEIEISUTH CoJIepKaHrue MajJIoHOBOro auanbaeruaa (MJIA)
U aKTUBHOCTb AHTHOKCHJIAHTHBIX (PEPMEHTOB, a MMEHHO KaTaja3bl M CYNEPOKCHUIIUCMYTAa3bl.
Conepxxanne MJIA peructpupoBalivd MO peakiuu ¢ THOOAPOUTYPOBOW KUCIOTOH [1], aKTUBHOCTH
KaTtaja3bl ONpeAesIsin 1o [2], cynepokcuaaucMmyTasbl coriacHo [3]. O BIUSHUU 3JIEKTPOMarHUTHBIX
nosie ¢ vacroramu peszoHaHca lllymana Ha akTUBHOCTH OTAeNIbHBIX u3opopm COJl cymmiu
10 pe3yJibTaTaM HaTUBHOIO AJIEKTpodopesa B MOJIMAKPUIAMUIHOM Telle.

B oOpa3nax, BBIACTICHHBIX KaK W3 ONBITHBIX, TaK M KOHTPOJBHBIX PACTEHHH Tropoxa,
oOHapyxkeHbl 4 XapakTepHble 30HBI, cooTBeTcTBywoIHe Mn-, Fe u nsym Cu/Zn-uzopopmam
CYHNEPOKCUIUCMYTa3bl. JlOMOMHUTENbHO OBbLIM BBIABICHBI ABe OenkoBbie ¢pakuuu ¢ COJ-
akTuBHOCTHIO ¢ Rf 0,42 1 0,50 B mucThax ropoxa, BeipamieHHoro npu yacrorax 14,3 I'mu 20,8 ', a
npu yacrore 7,8 'l nanHble ppakiuu He onpeaesuck. dnekrpopoperpammbl COJl, BeIaeneHHON
U3 JIUCTHEB MILIEHUIbI KaK OIMBITHBIX, TAK U KOHTPOJBHBIX TPYII, HE pa3auvaiuch. B pacteHusx
oboux BUAOB cymMmapHas akTuBHOCT, COJl HM B OJHOM M3 BapHaHTOB ONbITA HE HM3MEHSJIACK.
B pacreHusx miIeHUIBl OBLIO 3aperuCTPUPOBAHO IMOBBIIIEHHWE AaKTHUBHOCTH KaTajuasbl IpU
BO3JICUCTBUU MEPEMEHHOr0 MarHUTHOro noiiga ¢ yactorou 20,8 I't, y pacTeHuil ropoxa 0TMEYEHO
CHIJKEHME JaHHoro mnapamerpa npu uacrore 14,3 I'. CoaepkaHue MaJOHOBOTO JUalIbJIETH]IA
HE U3MEHSJI0Ch IIPY BhIpAIIMBAaHUM PACTEHUH MIIEHULBI U TOPOXa B IEPEMEHHBIX MAarHUTHBIX MOJISAX
Tpex mnepBbix yactoT LIIOMU. Takum oOpa3zom, y4duTbIBas, YTO MCCIEAOBAHHBIE IEPEMEHHBIE
MarHMTHBIE IOJSI CXOKU IO CBOMM XapaKTEpPUCTUKAM (MMUTHPYIOT) €CTECTBEHHBIE BO3MYILECHHUS

127



[T MexmyHapOaHBIH CUMITIO3UYM «MOeKyIspHBIE acTIeKTh PEIOKC-MeTaboIn3Ma pacTeHUI»

T€OMarHUTHOTO TOJIs1, HA0JI01aeMble He3HAUYNTENIbHBIE U3MEHEHHSI PEIOKC-MeTabo3Ma BEpOsITHES
BCEro HOCUJIU a/IalITUBHBII XapakTep.

Paboma ewvinonnena npu ¢unancogoti noooepoicke 6 pamrax Coenawenus c Ilpasu-
menvcmeom PD Ne 075-15-2019-1892.

Chnmcox aureparypsl

1. Kumar G.N.M., Knowles N.R. // Plant. Physiol. 1993. 102, 115-124.
2. Patterson B.D., Payne L.A., Chen Y., Graham D. // Plant Physiol. 1984. 76, 1014—1018.
3. Giannopolitis C.N., Ries S.K. // Plant Physiol. 1977. 59(2), 309-314.

EFFECT OF ELECTROMAGNETIC FIELDS OF SHUMAN RESONANCE FREQUENCES
ON THE COMPONENTS OF REDOX METABOLISM OF WHEAT AND PEA PLANTS

Mshenskaya N.S., Sinitsyna Yu.V., Kaly’asova E.A

Lobachevsky State University of Nizhny Novgorod, Nizhny Novgorod, Russia

Keywords: Pisum sativum, Triticum aestivum, antioxidant enzymes, malonic dialdehyde Schumann
resonance, electromagnetic fields.

Any living thing of the Earth's biosphere is constantly under the influence of electromagnetic fields
of the Shuman resonance frequencies during its life. The response from antioxidant enzymes and the
lipoperoxidation system of plants to prolonged exposure of magnetic fields with Schumann resonance
harmonics frequencies — 7.8 Hz, 14.3 Hz, 20.8 Hz — was investigated. In samples isolated from both
experimental and control pea plants 4 characteristic zones corresponding to Mn-, Fe and two Cu/Zn
isoforms of superoxide dismutase were found. The appearance of two additional protein fractions
with SOD activity (Rf 0.42 and 0.50) in pea leaves at frequencies 14.3 Hz and 20.8 Hz was detected,
but at a frequency of 7.8 Hz these fractions were not determined. Electrophoregrams of SOD isolated
from wheat leaves of both test and control groups did not differ. In plants of both species the total
activity of SOD in either of the experimental variants did not change. In wheat plants an increase in
catalase activity was recorded when exposed to an alternating magnetic field with a frequency of 20.8
Hz, in pea plants there was a decrease in this parameter at a frequency of 14.3 Hz. The content of
malonic dialdehyde in wheat and pea plants did not change under the alternating magnetic fields
influence. Thus, considering that the alternating magnetic fields in our study are similar in their
characteristics to natural disturbances of the geomagnetic field the minor changes in redox
metabolism observed were most likely adaptive.

_INFLUENCE CONSEQUENCES
PEAS WHEAT
Isoforms of Appearance of minor U
SoD isoforms of SOD &
Total no change no change
SOD activity 8 &
&7 Catal
% = " ?se Decrease at 14.3 Hz Increase at 20.8 Hz
3 activity
Electromagnetic fields
Schumann resonance frequencies MDA content no change no change
7.8 Hz; 14.3 Hz; 20.8 Hz
18 uT; 18 days
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ITUJIEH: MAJIEHBKAS MOJIEKYJIA — BOJIBIIUE BOITPOCHI

Hosuxosa I'.B., Momkos U.E.”
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Ku3Hb KI€TOK JIF0OBIX MHOTOKJIETOUHBIX OPraHU3MOB, B TOM YHCJIE€ PAaCTEHUH, 3aBUCUT OT OBICTPOTHI
M aJIeKBAaTHOCTU MX pEaKIHii Ha M3MEHEHHs] WHTEHCHUBHOCTU BO3JCHCTBHI (DaKTOPOB BHEIIHEH
Cpellbl, a TAKXKE CIIOKMBLICHCS BHYTPUKIETOYHOM CUTyaluu. B KadecTBe IIaBHBIX IPOBOJHUKOB
TaKUX peaklUuil ercTBYIOT (PUTOropMOHBL. MccinenoBaHus MpoLEeccoB BOCIPUSATHS TOPMOHATBHBIX
CUTHAJIOB, YCHJICHHMSI STHUX CHUTHAJOB, IyTeld MX Mepedauyd M MpeoOpa3oBaHUN B KOHEUYHbIE
(U3MOIOTNYECKUE OTBEThI OCTAIOTCS AKTYaJbHBIMU M WHTCHCHUBHO PAa3BHBAIOTCS B COBPEMEHHOMU
AKCIIEPUMEHTAIbHONU Ouojoruu pacreHuil. LleHTpaibHOE MECTO B 3TUX UCCIEAOBAHMUSIX 3aHUMAIOT
BOIIPOCHI CIIEU(UIECKOTO Y3HABaHUSI TOPMOHA €T0 PELEITOPAMHU, B PE3yJIbTaTe Yero MHULUUPYETCs
1IeTTh OMOXUMHUYECKHUX PEaKIINi HEOOXOIUMBIX JIJIsl OCYIIECTBIICHHS KOHEUHOTO d(pdekTa ropMoHa Ha
KIIETKY.

[TpocTeiimuii M0 XMMHUYECKOM CTPYKTYpe ra3000pa3Hblii (PUTOrOPMOH STHIIEH SIBJISETCS
MOIIHBIM PETyJIATOPOM (PU3HOJIOTUYECKUX MPOLECCOB B PACTEHUSAX KaK B HOPMAJbHBIX YCIOBHUSX,
TaK ¥ IPH JIEHCTBUU CTPECCOPOB PA3IIMUHON IPUPOBL. DTHIIEH KOHTPOJIMPYET MPOPACTAHUE CEMSH,
CO3pEBaHME KIMMAKTEPUUECKUX IUIOAOB, PACTSDKEHHE KIIETOK, OTBETHI HA IMAaTOreHbl, 00pa3oBaHHe
KOPHEBBIX BOJIOCKOB, CTAPEHHE U ONAJCHUE JINCTHEB, IBETKOB, IUIOJOB U JIPYrUe MPOLECChl. DTUIIEH
Y UHTUOUTOPBI €ro IeHCTBUS IIUPOKO MPUMEHSIOTCS B PACTEHUEBO/ICTBE U MUILEBON HHAYCTPHH, YTO
SIBJISIETCS] OJTHOM M3 NPUYMH MOCTOSHHOI'O MHTEpEca K MCCIEJOBAaHUIO MEXAaHU3Ma JCHCTBUSA 3TOTO
¢duToropmoHa.

B nocnennue Tpu necatuietus ObUIM JOCTUTHYTHI 3HAUMTEIbHBIE YCIEXU B H3y4YEHUU
pelenuuy dTHIIeHa, nepeaayn U (yHKIMOHAIU3AIMKA €ro curHaia. MIMeHHo 3TH acnekTsl OynyT
pPacCMOTpPEHBI B TOKJIAJE.

ETHYLENE: A SMALL MOLECULE - BIG QUESTIONS
Novikova G.V., Moshkov L.E.
K.A. Timiryazev Institute of Plant Physiology of RAS, Moscow, Russia

Keywords: phytohormone, receptors, signal transduction.

The gaseous phytohormone ethylene, the simplest in chemical structure, is a powerful regulator of
physiological processes in plants both under normal conditions and under the action of stressors of
various nature. Ethylene controls seed germination, ripening of climacteric fruits, elongation of cells,
responses to pathogens, formation of root hairs, aging and shedding of leaves, flowers, fruits, and
other processes. Ethylene and inhibitors of its action are widely used in plant growing and food
industry, which is one of the reasons for the constant interest in the study of the mechanism of action
of this phytohormone. In the past three decades, significant advances have been made in the study of
ethylene reception, transmission and functionalization of its signal.
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PEJOKC-COCTOSHUE NIEPEHOCYUKOB 3JIEKTPOHOB B XJIOPOIIVIACTAX
ITPU TEIIJIOBOM CTPECCE

Mum6ésiTko HJLY, Kpyk 10.2, Crpskanka K.2, Jlemuguux B.B.!

'Benopycckuii rocyiapcTBeHHbIN yHUBEpCHTET, MuHCK, Benapych
2SIrenonckuii ynusepcuret, Kpakos, Ilosbima
*E-mail: pshybytko@bsu.by

KnroueBnie ciuoBa: Hordeum vulgare, miacTOXWHOHBI, TEIUIOBOW CTPECC, TPAHCIIOPT 3JIEKTPOHOB
B XJIOPOIIACTAX.

Temmneparypa sBiI€TCS OAHMM M3 OCHOBHBIX (DaKTOPOB OKPY’KAalOIIEH Cpeibl, PeryJupyroliuM
(OTOCHHTETHYECKYI0 aKTHBHOCTb pacTeHuil. llpupoma cTpeccodyBCTBUTENBHOCTH (DOTOCHHTE3a
OIIPEIeNIAETCS KaK CIIOKHBIM CTPOCHMEM IUIMEHT-0€JIKOBBIX KOMIUIEKCOB THJIAKOMIHBIX MeMOpaH,
TaK ¥ TOHKUMU MEXaHU3MaMH PETyJISUH AIEKTPOHHBIX TOTOKOB B XJIOPOIIACTAX, META0OINYECKOM
U pelokc-peryisanuend. Peakuus (OTOCMHTETMUECKOro ammapara Ha BBICOKHE TEMIIEpaTyphl
MHOro(asHa U BBIpaXKaeTcs B MOJU(PHUKAIMU CTPYKTYPbl TUIAKOUJIHBIX MEMOpaH W HpPOTEKAaHHUs
dboToxumuueckux peakiui [1, 2]. B ganHOi paboTe ¢ WCIOIB30BaHUEM psijia OMOXMMUYECKHUX,
OMOPU3NUECKUX M MOJEKYISIPHBIX METOJO0B HCCIIEAOBAaHbl MEXAaHU3Mbl TEPMOWHAKTHUBALUU
TUJIAKOUIHBIX MeMOpaH Hordeum vulgare. Tlpu TemnoBoil 00paOOTKe MHTAKTHBIX MPOPOCTKOB
sumeHs yxe depe3 30 muH TeruioBoro BozzaeicTBus (40 °C) Habmoanoch M3MEHEHHE PelloKC-
COCTOSIHUSI TIOABM)KHBIX MEPEHOCUYHUKOB JJIEKTPOHOB, IUIACTOXWHOHOB, a TakK)K€ IIOBBIIICHHE
TPAaHCTUJIAKOUAHOIO MPOTOHHOro rpaaueHta. llocae 3 4 HarpeBaHMsl NPOPOCTKOB SUMEHS
nepepacnpeesieHie IJIaCTOXMHOHOBBIX MOJIEKYT MeXAy (OTOAKTHBHBIM U HE(POTOAKTUBHBIM
IyJJaMU COIPOBOXKJAJI0 CHUKEHUE YpPOBHS aKTHBHBIX PEAKIMOHHBIX LIEHTpoB PC2 u sBisAIOCH
OTrpaHUYUBAIOIIUM (DOTOCHHTETHYECKYIO aKTUBHOCTH (akTopoM. Peskoe Bo3pacTaHue ypOBHS
OKHUCJIEHHOCTH IIACTOXMHOHOBBIX MOJIEKYJ B iepBble 15—30 MUH HarpeBaHusl IPOPOCTKOB SIUMEHS
KOPPEIUPOBAJIO C noBbiieHueM ypoBHs reHepaiun AD@K. OOHapyKeHHbIE TEPMOUHAYLIIPOBAHHBIE
M3MEHEHMs (YHKIMOHMPOBAHUS (DOTOCMHTETHYECKOTO ammapara CONpPOBOXKAAIUCH aKTHUBAIMEH
TaKMX MPOTEKTOPHBIX MEXaHM3MOB, KaK IepepaclpesielieHue CBETOCOOMPAIOLIEro MUTMEHT-
oenkoBoro komruiekca ot gorocuctemsl (PC) 11 k @C I u noBeIlIeHHEM BKJIaJa adbTePHATUBHBIX
MIOTOKOB QJIEKTPOHOB, YTO, IMO-BHAMMOMY, NPEIOTBpAIIa0 IEPEBOCCTAHOBICHHE JJIEKTPOH-
TpaHcnopTHO# nenu. Cienyer OTMETHTb, YTO BBICOKOTEMIIEpaTypHas oOpaboTKa CyIIECTBEHHO
MOBBIIIAJIAa MTOTOK 3JIEKTPOHOB, Katanusupyemslii HAJIH-neruaporenasa-nogo0HbIM KOMITJIEKCOM,
U TO/ABJIsUIA JIMHEHHBIN 3JIEKTPOHHBINA TpaHcropT yepe3 ¢eppenokcun: HAID-okcuaopenykrasy
Y IUKJIAYECKHH SJIEKTPOHHBIN MOTOK, KaTalW3UPYEMbIi (eppeOKCHH:TIACTOXMHOH-PEAYKTA30M.
C HCIoNIb30BaHMEM HCKYCCTBEHHBIX PEIOKC-MEIMATOPOB IIOKa3aHa pEryjsTOpHas pojb
IJIACTOXMHOHOBOIO Tyjia U (eppeloKCHHAa B OTBETHOM peaklWU 3JIEKTPOH-TPAHCIOPTHOW IeNnH
XJIOPOIIJIACTOB Ha TermjoBoe Bo3jaeicTBHe. OlLeHKa COCTOSIHMS Iyla ackopOaTa M TiyTaTHOHA
M0Ka3aja, 4YTo JJaHHbIE areHThl HE YYaCTBYIOT B TEPMOMHAYIIUPOBAHHOM M3MEHEHUH PEJJOKC-CTaTyca
xjioporutactoB. ChenaH  BbIBOJ, YTO PEIOKC-PErysslUsi OTBETHOM CTPECCOBOM peaKIMH
(OTOCMHTETHUYECKOTO amnmnapara MpU YMEPEHHOM TEIUIOBOM BO3JCUCTBUM OCYIIECTBISETCS
IIOJIBUKHBIMU [IEPEHOCYMKAMU 3JIEKTPOHOB U PEIAOKC-ar€HTaMHu.

Cnucok Jimreparypbl
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EFFECT OF HEAT STRESS ON REDOX STATE OF ELECTRON CARRIERS
IN CHLOROPLASTS

Pshybytko N.L.!, Kruk J.2, Strzalka K.%, Demidchik V.V.!

'Belarusian State University, Minsk, Belarus
?Jagiellonian University, Krakow, Poland

Keywords: Hordeum vulgare, electron flows in chloroplast, heat stress, plastoquinone.

Temperature is a critical environmental factor modulating the photosynthetic activity. Here, the effect
of heat stress (40 °C) on the photosynthetic electron flows of important crop Hordeum vulgare has
been examined. Heat-induced inhibition of the liner electron flow due to impairment of the water
oxidizing complex and the increase in the extent of Qa reoxidation by Tyr z.x was showed by
measurements of oxygen evolution and Qa~ reoxidation kinetics in the absence and presence of
exogenous electron acceptors. Using HPLC analysis, the decrease in size of the photoactive PQ-pool
and a change in the proportions of oxidized and reduced PQ under heat treatment were observed. An
increase in the level of oxidized plastoquinones in the first 15-30 min of heating correlated with an
increase in ROS level. Analysis of light induced P700" kinetics showed limitation of electron flow to
ferredoxin — NADP" oxidoreductase under heating. On the other hand, the decrease in the
PGRL1/PGRLS5-dependent electron flow was observed while the alternative electron flow provided
by the NADH dehydrogenase like complex was accelerated by high temperature. Using artificial
oxidizing agents, the regulatory role of the plastoquinone pool and ferredoxin in the response of the
electron transport chain of chloroplasts to the heating was showed.
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®U3UKO-XUMUYECKUE CBOMCTBA U BUOJIOTHMUYECKAS AKTUBHOCTD
MEJIAHUHA JIMIHIAVWHUKA LEPTOGIUM FURFURACEUM

Paccaouna A.E."", Xa6u6paxmanosa B.P."%, Bekerr P.IL.°, Munu6aesa ®.B.!
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KuaroueBsble ciioBa: Leptogium furfuraceum, aHTupaadKaibHash ak THBHOCTh, MEJIAHUH, PU3UKO-XUMHUYECKUE
CBOMCTBA.

Cpenu MHOT000pasust IKCTPEeMOPUIBHBIX OPraHU3MOB 0CO00€ BHUMAaHUE YAESETCS JTUIIaiHUKAM.
Nx BwICOKast cTpeccoBasi YCTOMYMBOCTH OOYCJIOBJICHA HAJIMYMEM B COCTAaBE JIMIIAHHUKOB
VHUKAIbHBIX BTOPHYHBIX MeTa0onuToB. [lo pe3ynpTaTaM COBPEMEHHBIX HCCIICIOBAHWA, HapPSIy
C JIMIIAHUKOBBIMU BEILIECTBAMU B aJlaNTallK JIMIIAHHUKOB K HEOIAronpUsSTHBIM YCIOBUSIM CPEJIbI
BXHYIO POJIb UrpaeT MenaHuH [ 1]. 3BecTHO, 4TO MeTaHWHBI CIIOCOOBI 3AIIUIIATH OT UHTEHCHBHOTO
YO wusnyyeHus, NOPOSABIATh AHTUPAIUKAIbHYIO, AaHTUMYTareéHHyI0, aHTHOAKTepUAIbHYIO
AKTUBHOCTH, CBSI3bIBATh HOHBI METAJIJIOB U Pa3JIMUHbIE OpraHudeckue coeauHenus. [1lo xummuueckoit
NPUPOJE MEJAaHUHBl MPEACTABISAIOT COOON  BBHICOKOMOJIEKYJISIPDHBIE — IOJIUMEPBI, KOTOpHIE
B 3aBUCUMOCTH OT CTPYKTYpPhl MOHOMEpPHOTO 3BEHA KIACCHPUIMPYIOT KaK dSyMEJIaHUHBI,
aJUTOMeIaHuHBI, (heoMeaHuHbI U ap. [2]. B )KUBBIX opraHu3max, B YaCTHOCTH, B BBICIIMX I'pulax,
MEJIaHUH JIOKAJIU3YeTCsl B KJIETOYHOM CTEHKE, CBS3BIBASICH CO CTPYKTYPHBIMHU MOJIMCAXaApPUAAMHU
u Oenkamu. DTO 00yCIIaBIMBAET CJIOKHOCTH BBIACJICHUS MEIAHUHOB Uil U3y4YeHHs] UX (PU3UKO-
XUMHYECKUX CBOWCTB U OMOJOTHYECKOW AKTUBHOCTH. YYHTHIBAs, YTO MEJAHWUHBI JUIIAWHUKOB
MPAKTUYECKH HE H3Yy4eHbl [3], BaXKHBIM SBIACTCS TPOBEJICHUE HCCIEAOBAHUN IO TMOI00PY
3¢ (HEeKTHBHBIX YCIOBHIA BBIJICICHHUS MEIAHUHOB U3 TAJUIOMOB U MOCIEIYIOIINUNA aHATU3 UX (PU3HKO-
XUMUYECKUX CBOMCTB U OMOJIOTMUECKOW aKTUBHOCTH.

B pabGore mna wuccinenoBaHui  ObL1  BBIOpaH JUINAMHUK Leptogium  furfuraceum.
OKCTparupoBaHUE M3MEIBYEHHOIO TAUIOMAa OCYLIECTBISJIM pPAacTBOPOM THAPOKCHIA HATpPHS,
BBIJICJICHHE MEJIAaHUHOB U3 MOJIYYEHHOIO ILIEJIOYHOI0 IKCTpaKTa MpoBOAMIM Ipu cMmeHe pH cpenbl
U TNpPUPOJABl PACTBOPUTENA. BBIXOJ MEIaHMHOB ONpPENENsINd TIPABUMETPUUYECKUM METOJOM.
HccnenoBanne (U3MKO-XMMHUYECKUX CBOMCTB MEIAHMHA BKJIIOYANIO OINPEACTICHUE JIIEMEHTHOTO
coctaBa, aHanmu3 Y®- u UK-cnektpoB. OmnpenesneHne aHTUPAAUKAIBHON aKTUBHOCTH MEJaHWHA
IPOBOJMIIA  CHEKTPO(POTOMETPUUECKUM METOJ0M B OTHOIIEGHUM pajgukana 2,2-mudeHun-1-
nukpuiruapazmia (JPII).

W3 rannoma L. furfuraceum monydeHsl ABa oOpas3ia MelaHWHA: TIEpBbIA 00pa3el] ¢ BBIX0I0M
3,2% mnony4eH NpU IOAKUCICHUM ILEJIOYHOro HKCTpakra jumaiiHuka ao pH 1-2, Bropoin —
¢ BBIXOJOM 3,9% monyueH mpu A00ABJICHHWH 3TaHOJIA K OCTATKY IIEIOYHOIO IKCTPAKTa MOCIe
nonakucienus. VccnenoBanue 31eMEHTHOTO COCTaBa MepBoro odpasna MelaHUHA 0Ka3aJ10, 4YTO OH
conepxut B cpenneM 49% C, 6,7% H u okono 10,8% N, 4To 1103BOJISIET OTHECTH €70 K YyMEJIaHUHAM.
C mnomouplo peHTreHo(GIyOpEeCcHEeHTHOrO0 aHajdu3a YCTAaHOBJIEHO HajJu4ue B TepBoM oOpasle
MeJIaHMHA METAJIJIOB ¢ MapaMarHuTHeIMU cBoiicTBamu — Fe (4%) u Cu (1%). Y- u UK-cnektpsl
nepBoro oopasiia MeJlaHhHa COIIOCTaBUMBI CO CIIEKTPAMU KOMMEPYECKOro Iperapara MejlaHuHa U3
Sepia officinalis. Ananu3 aHTHpaauKaNIbHON akTHBHOCTH B oTHomeHuu JIDIIIT mokasam, uTo
ko3 duiment ICso coctaBun 310 mxrxmn!. MiccnenoBanne BToporo o6pasia MeaaHuHA TPOBOTHTCS
B HACTOSIIIEE BpEMSI.

Paboma evinonnena 6 pamxax eoczadanus @UIL] KasHI] PAH u noodepoicana epanmamu PHD
(Ne 18-14-00198) u PODU «Acnupanmory (Ne 20-34-90044).
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PHYSICO-CHEMICAL PROPERTIES AND BIOLOGICAL ACTIVITY OF MELANIN
OF LICHEN LEPTOGIUM FURFURACEUM
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The physicochemical properties of melanin isolated from the lichen Leptogium furfuraceum were
studied. Melanin was isolated by alkaline extraction followed by acid precipitation. It was found that
the isolated melanin contains on average 49% C, 6.7% H and ca. 10.8% N and belongs to the type of
eumelanin. Using the IR spectroscopy, hydroxyl and carboxyl groups were found in the structure of
melanin. The photo-absorbing ability was confirmed by UV spectroscopy. The analysis of antioxidant
activity of melanin isolated from L. firfiuraceum showed that the ICso was 310 pgxmL™!. Using X-
ray fluorescence analysis, the presence in lichen melanin the metals with paramagnetic properties
such as Fe (4%) and Cu (1%) was detected. This suggests the sorption abilities of the melanin from
L. furfuraceum.
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Mxu SBJISIOTCS OJAHMMHU M3 APEBHEMIINX HA3E€MHBIX OPraHU3MOB U NPEACTABISAIOT cO00H BETBb
ABOJTIOIIMHU BBICITUX pacTeHuid. OCHOBHOW MHTEPEC K MCCIEAOBAHUIO MXOB OOYCIIOBIICH UX BBICOKOM
CTPECCOBOW  YyCTOWYMBOCTBIO. AOHMOTHYECKHE CTpPECCOpbI, TakHe KaK 3acyxa, 3acoOJICHHUE,
SKCTpeMalibHbIe TeMIEepaTypbl, KCEHOOMOTHKU U MPOOKCHIAHTHI, SIBJSIOTCS CEPbE3HBIMU yTPO3aMHU
JUIS IPUPOJTHBIX SKOCHCTEM. UTOOBI BEIKUTH B CYPOBBIX YCIOBHUSX, MXU BbIpaboTanu 3(hheKkTuBHbIC
MEXaHU3Mbl YCTOMYMBOCTH, CPEIU KOTOPBIX OCO00E€ MECTO 3aHMMAarOT MEMOpaHHbIE CTEpPUHBI.
HHTEpecHO, YTO COOTHOLIEHHE OCHOBHBIX MOJIEKYJISIPHBIX BUJOB CTEPUHOB Yy MXOB OTJIMYAETCS OT
TAaKOBOI'O0 BBICIIMX COCYIUCTBIX PACTCHUM, HAIpUMEp, JO0JI CTUIMAacTEpUHA y MXOB BbIie [1].
@DU3NOJOTUYECKUN CMBICI TAaKOTO OTJIMYMSI OCTAeTCSl HEACHBIM, OJHAKO B IIOCIEAHHE TOJbl
nosiBWJIach UH(OpPMAaLMSI O TOM, YTO CTUTMACTEpUH SIBIISIETCS «CTPECCOBBIMY» CTEPUHOM PACTEHHIA.
Bbbu10 mokazaHo, YTO KOJMYECTBO CTUIMACTEpUHA 3aMETHO BO3pPACTaeT B KIJIETKAX PAacTEHHH Ipu
JIEUCTBUM PA3JTUYHBIX CTPECCOBBIX (hakTopoB [2, 3]. MokHO mojarath, YTO TaKHE OTIWYUS
B COOTHOIIEHUH OCHOBHBIX MOJIEKYJISPHBIX BHMJOB CTEPUHOB OOYCIIOBIIEHBI CHEUU(DUIESCKUMU
GYHKIUSMU 3THX COEIMHEHUI BO MXax. B cBs3M ¢ 3TuM, HacTosas paboTa MOCBSIICHA U3YyYEHHUIO
M3MEHEHUS CTEPUHOBOTO Tpoduis necHoro mxa Hylocomium splendens (Hedw.) mpu peiicTBum
cTpeccoBbiX (akTopoB. Hamu Obu1 pazpaboran 3¢ (PeKTHBHBINA CITOCOO IKCTPAKIIMKA CTEPUHOB M3 MXa
H. splendens, obecnieunBaromuii X MaKCUMaJbHbIN BbIX0[. MI3MEeHEHUs B cOCTaBe CTEPUHOB OBbLITH
MpOaHAIM3UPOBaHbl MU JAecTBUM HU3KOM oTpuuarenbHoi (-20 °C) u mosbimienHoi (+30 °C)
TeMmIeparyp, a Takke o0e3BoxkuBaHUU/peruaparauu. Kpome Toro, Hamu ObuIa MPOBEACHA OIICHKA
AHTHOKCHJIAaHTHOW aKTUBHOCTHU IKCTPAKTOB MXxa H. splendens. M0XHO 1onaraTh, YT0 HEMaJIyIO POJIb
B AHTHOKCHUJAHTHBIA IOTEHLIUAJ BHOCST CTEPHUHBI, B YAaCTHOCTH, CTUTMAcCTepHUH. MOHHMTOpPUHT
W3MEHEHUH COCTaBa M COOTHOUIEHUS CTEPUHOB IIPU JIEWUCTBUM HHU3KOW OTPULIATEIBHON
U TIOBBILICHHOM Temreparyp, 00e3BOKHBaHUs/peruapaTallii MoKasaj, 4YTo CTEPUHBI, B YaCTHOCTH,
CTUTMacTepUH, YYacTBYIOT B (OPMHUPOBAHMM YCTOMYMBOCTH MXOB K HEOJIAronpusTHbIM
BO3JIEHCTBUAM OKpYXkarouiei cpeapl. OJHUM U3 MEXaHU3MOB U3MEHEHUS KOJIMYECTBA «CTPECCOBOTOY
CTEepHHA — CTUTMACTEpPUHA MPU CTPECCOBBIX BO3ACUCTBUSX sIBIseTCS akTuBauus reHa HsCYP710A4,
komupyromiero C22-cTepuH aecatypasy — KIH04eBol GepMeHT OMOCHHTEe3a cTUrMacTepruHa. Takum
o0pa3oM, HallM JaHHbIE CBHUJAETEILCTBYIOT O TOM, YTO CTE€PHUHBI MOTYT BHOCHUTH BKJIAJ
B (QopmupoBanue ycroiumBoctu Mxa H. splendens x neWcTBHIO aOMOTHYECKUX CTPECCOBBIX
(hakTOpoB.

Paboma evinonnena 6 pamrax evinonnenus 2ocyoapcmeennozo 3adanus OHUI] KazHI] PAH,
a makdce npu @GuHancosou nooodepoicke epawma Poccuiickoeo ¢honoa @ynoamenmanvvix
uccneoosanuii Ne 20-04-00988 u epanma Ilpeszuoenma PD MK-264.2020.4.
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STEROL PROFILE OF THE MOSS HYLOCOMIUM SPLENDENS:
IDENTIFICATION, CHANGES UNDER STRESS CONDITIONS
AND ANTIOXIDANT POTENTIAL
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Mosses are among the most ancient land plants and represent a branch of the evolution of higher
plants. The main interest in the studies of the mosses is caused by their high stress resistance. To
survive in harsh conditions, mosses have developed effective resistance mechanisms, among which
membrane sterols play special roles. In this regard, present work is devoted to the study of the changes
in sterol profile of the forest moss Hylocomium splendens (Hedw.) following stress treatments. We
have developed an efficient method of sterol extraction from H. splendens, ensuring their maximum
yield. Changes in the sterol composition of moss thalli treated with low negative (-20 °C) and elevated
(+30 °C) temperatures, as well as dehydration / rehydration were analyzed. In addition, the
antioxidant activity of extracts from the moss H. splendens was assessed. Results obtained indicate
that sterols, in particular stigmasterol, play significant role in the antioxidant potential. Changes in
the expression of HsCYP7104 encoding C22-sterol desaturase, a key enzyme of stigmasterol
biosynthesis, can contribute to the regulation of stigmasterol level under stresses. Thus, our data
demonstrate that the changes in sterols, in particular stigmasterol, can increase stress tolerance of the
moss H. splendens.
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MHorooOpa3ue peakuuii pacTUTEIbHBIX OPIaHU3MOB Ha JIEHCTBHE ayKCHHA OINPENeNAeTCs] TAKUMHU
(akTopamu, Kak YyBCTBUTEIBHOCTh K (PUTOTOPMOHY M €r0 aKTUBHAsI KOHIIEHTpauus. O0uienpuHsTas
TOUYKA 3PEHUs IMPEJIoaraeT, YTo pelenuus GUTOropMoHa MPOUCXOAUT C Yy4aCTUEM YOUKBUTHH-
JUra3Horo Komiulekca ¢ ydactueM peuenrtopa TIR1. VYposens mnpupogHoro aykcuHa
KOHTPOJIUPYETCS] PA3BETBICHHOM MHOTOKOMIIOHEHTHON CHCTEMOM, KOTOpas BKJIIOYAaeT B ceOs
HECKOJIBKO CHCTEM JIOKAJIbHOTO CHHTE3a, HECKOJIbKO CHCTEM KOHBIOTMPOBAHUSA, JOCTATOYHO
CJIO)KHYI0O MHOTOKOMITIOHEHTHYIO CUCTEMY TPaHCIIOPTa TOPMOHA U, HAKOHELl, CUCTEMY JCTPaJalllH.
Ponk nocnenneii B cnenn(uIHON MOAYISALUN YPOBHS TOPMOHA B PACTUTEIBHBIX TKAHSIX J0 CUX I1OP
M3Y4Y€Ha He MOJHOCTHI0. JIOCTaTOYHO JUIMTENbHOE BpeMs B KauecTBe ()EPMEHTOB, OTBEYAIONIMX 32
OKHuclIeHne uHAomwIykcycHon kucinorel (MYK) — mnpupogHoro aykcuHa, paccMaTpuBaiu
nepokcuaaszpl. OnHako ¢ 70X To0B HE yAAIOCh JIOKa3aTh MX CyOCTpaTHYIO CHEHU(UYHOCTH K
ropmoHy. C 2016 r. B kauecTBE OCHOBHOrO (pepMEHTa JAErpajaluyd ayKCHHA paccMaTpUBaeTCs
nuokcurenaza aykcuHa (Dioxygenase for Auxin Oxidation 1/2, DAO). menHo 3TOT (hepmMeHT
oTBevaeT 3a obpazoBanne OxIAA — Hambosee MMPOKO MPEJCTABICHHON B PACTUTENBHBIX TKaHIX
dbopMbl OKHCIEHHOTO aykcuHa. K coxalieHuio, B HacTosllee Bpemsl JaHHbIE, PacKpbIBAIOIIUE
yyacTHe O0eHMX CHUCTeM B MEXaHU3Me JEHCTBHSA (UTOrOpMOHa BecbMa (pparMeHTapHbl. [laHHOE
uccienaoBanue c(hOKyCHpPOBAHO Ha BBISICHEHHUE POJIM OKUCTUTENbHOM aerpaganuu UYK ¢ yaactuem
MEPOKCH/Ia3 M JUOKCUTEHA3 y MPOPOCTKOB apaOWAONCHCa MPU YCIOBHM HAapyUICHHUS pPEUEeHInd
ropmoHa. J[is 3Toro B KauecTBe MOJAEIBLHOT0 00bEeKTa ObLIM MCIOJIb30BaHbl MYTAHTHBIE PACTEHUS
apabuoricuca axrl-3 neeKkTHble M0 KOAUPOBAHUIO YOMKBUTHH-3-TUTa3bl.

DKCIEepUMEHTHI MPOBOAWIIM Ha MPOpPOCTKax apabunoncuca (Arabidopsis thaliana) nukoro
tuna, skotunt Columbia u MyTaHTOB axr /-3, BbIpAIlEHHBIX B CTEPUJIbHBIX YCIOBHUSX Ha Y2 cpelibl
Mypacure u Ckyra. Konnenrpanno MYK B TKaHSX JTUCTBEB ONpPENEsiM ¢ NOMOIIBIO UMMYHO-
(epMEeHTHOHN NETeKIMH TOCIE COOTBETCTBYIOIICH OYMCTKH TKAHEBBIX I'OMOI'€HATOB. AKTUBHOCTh
NYK-okcuaa3z ounenuBanu metogoMm ['amOypra. MTHTEHCUBHOCTD KCIIPECCUM I'€HOB, KOJIUPYIOLIUX
DAO1/2, onpenensinu ¢ npumeneanem OT-TTLIP-PB.

YyBCTBUTENBHOCTh PACTUTENLHEIX KIETOK K aykcuHy 3asucuT oT SCFTRly6Guxeurun
JIMTa3HOTO KOMIUIEKCA, OTHOCALIETOCs K MyJIbTUCYObeAMHUYHBIM KyauH-RING E3-nunazam. benok
TIR1, sBustronuiics 4acThbi0 KOMILIEKCA, BBITIOJHICT (PYHKIMU penentopa aykcuHa. CBs3bIBaHUE
TIR1 ¢ ropMOHOM MPHUBOJUT K YOMKBUTHHHpOBaHHIO Aux/[AA 06enKkoB — pemnpeccopoB
tpanckpunuoHHbIX pakTopoB (AUXIN RESPONSE FACTORSs, ARFs) u unaynupyeT akTHBAIHIO
JKCIIPECCUM TE€HOB paHHEr0 ayKCHMHOBOro oTBeTa. K umciay reHoB, BXOJAIIMX B ATy Ipymnmy,
OTHOCATCS (PePMEHTBl KOHBIOTallMK, 00ECIeUnBalOIINe CHIKEHHE KOHLEHTpAllU ayKCHHA U, TeEM
caMmbIM, BO3BpAIllCHUE BCEH CHUCTEMBI K UCXOAHOMY COCTOSIHMIO. BO3MOKHOCTBH y4yacTHsl B 3TOM
cuctem okucienus MYK neusBectna. Tem campIM, BO3HHUKAET BOIIPOC, KAKUM 00pa3oM M3MEHHUTCS
KOHIIGHTpALlMsl ayKCHMHAa B TKaHAX MPOPOCTKOB apabujorncuca Npu HapylmeHuu padorel E3-
aurazHoro komiuiekca? JlamHas 3agaua  Oblla pelieHa IIPU  UCHOJB30BAaHUM  IIPOPOCTKOB
c HapymeHueMm konupoBaHus Oenka AXRI. IlomydyeHHble AaHHBIE CBHIETEILCTBYIOT, YTO
koHneHtpanust UYK B nucThsix MyTanToB axr /-3 Obl1a MOYTH B 5 pa3 BbIIIE TAKOBOH Y PaCTCHHM
qukoro tuna. CieoBaTeNbHO, MOKHO OBLIO 0KH/IATh HAPYLICHUE CUCTEM HE TOJIBKO KOHBIOTAIUH,
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CBSI3aHHOE C HapylleHueM E3-1urazHoro KomIulekca, HO U CHCTEM OKucieHMs. TeM He MeHee,
B TKaHSAX axr [-3 MyTaHTOB aKTUBHOCTH amoOIIACTHBIX IMEpoKcuaas - Majocnernupuunbix MYK-
okcuaas Bo3pacraia B 1,5 paza. O BO3MOXHOM M3MEHEHUU aKTUBHOCTHU ayKCHHOBBIX JTUOKCUTEHA3
CyIUJIM TI0 W3MEHEHMIO JKcrpeccuu reHoB DAQOI/2. Tloka3zaHo, 4TO JKCIpeccuss 000OUX TEHOB
Bo3pactana Oonee yem B 50 pa3. Takum oOpa3zom, HapylIeHHE YyBCTBUTEIBHOCTH PACTUTEIBHBIX
KJIIETOK K ayKCHUHY IPUBOJUT K IIOBBIIIEHUIO YPOBHS TOPMOHA, HO 3TO HE COIPOBOXKIACTCS
MHTUOMPOBAHUEM OKUCIUTENbHOM nerpananuu UYK.
Paboma noooepoicana epanmom PODU (I[Ipoexm Ne 19-04-00655).

AUXIN OXIDATION AT ALTERED HORMIONE PERCEPTION
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3St. Petersburg State University, St. Petersburg, Russia
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The variety of reactions of plant organisms to auxin is determined by sensitivity to phytohormone
and its active concentration. The generally accepted point of view suggests that IAA reception occurs
with the participation of the ubiquitin ligase complex with the participation of the TIR1 receptor. But
hormone concentration regulated by different systems including oxidative degradation. This one is
still not fully investigated. This study is focused on elucidation of the role of oxidative IAA
degradation provided by peroxidases (IAA-oxidases) and deoxygenases in Arabidopsis seedlings.
Special interest was directed on mutants axr/-3 defected in coding of ubiquitin 3 ligase and thus in
hormone perception. The data obtained indicate that the IAA concentration in the leaves of axr 1-3
mutants was almost 5 times higher than that of wild-type plants. Consequently, one could expect
disruption of not only conjugation systems associated with disruption of the E3-ligase complex, but
also of oxidation systems. Nevertheless, in the tissues of axr /-3 mutants, the activity of apoplastic
low-specific peroxides — IAA-oxidases increased by 1.5 times. A possible change in the activity of
auxin dioxygenases was judged by a change in the expression of the DAO1/2 genes. It was shown
that the expression of both genes is increased by more than 50 times. Thus, a violation of the
sensitivity of plant cells to auxin leads to an increase in the level of the hormone, but this is not

accompanied by inhibition of the oxidative degradation of [AA.
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VY CTOWYNBOCTh PACTUTENBHBIX OPraHU3MOB K OKHCIHMTEIBHOMY CTpPECCy, HHIYLIMPOBAaHHOMY
BBICOKOW HMHTEHCHUBHOCTBIO COJHEUHOH pajauainuu, ornpenesisercs O0ajaHCOM Mexay reHepanueit
akTUBHBIX (GopM Kucnopona (ADK) u ux HelTpanuzauueil aHTHOKCUAaHTHON cuctemoit (AOC).
Baxxupim kommonenToM AOC siBisieTcst ackopOaT-rayTatnoHoBbIN 1K (AT'L]) — meTabonuyeckuii
nyTe aerokcupukamuu H>Os, NPUCYTCTBYIOMIMI B I[HMTO30JI€, MHUTOXOHAPHUAX, IUIACTUAAX
u mepokcucomax [1]. HecMoTpss Ha MHOTOYMCIIEHHBIE WCCIIEIOBaHUs, (DYHKIIMOHMPOBAHHE
u 3amuTHas poiab AI'Ll B aganTUBHBIX pEaKUUSAX PACTEHUM NPUPOIHON (IIOPHI HCCIIEeOBaHA
HEJ0CTaTOYHO.
enp paboOThl — BBISIBUTH U3MEHEHHSI aKTUBHOCTH (DEPMEHTOB U COACPkKAHUSI METa0OIUTOB

ATI'L] B muctesax Plantago media L. B 3aBUCUMOCTH OT YCJIOBUM MeCTOOOUTAaHMS U (a3bl pa3BUTHSA
pacteHuii. [l 3TOro M3ydanau CyTOYHYIO AMHAMHUKY cojepxkaHus ackopOaTa (Asc), IIyTaTuoHa
(GSH) u akTtuBHOCTH (PEpPMEHTOB, CBSI3BIBAIOIIMX 3TH MeTab0IUTHL. BrIOOp 00BEKTa 00YyCIIOBICH
TeM, 4TO BUIBl poaa Plantago XapaKTepu3yIOTCS BBICOKOW IIIACTUYHOCTBIO M CIIOCOOHOCTBIO
(dbopMupoBaTh (HEHOTHUIIBI, XOPOILIO AAANTUPOBAHHBIE K PA3IMYHbIM ycioBusM. Pacrenus P. media
(TIOJTOPOXKHUK CPETHHH ) IPOM3PACTAIN Ha TIOMMEHHOM JIYT'y: Ha CJ1Ia00 IMOKPBITON PaCTUTEIbHOCTHIO
necyaHoi OpoBke Omke K peke (yuacTok 1) u B TpaBocToe B IIeHTpe Jiyra (ydactok 2). Ha yuacTtke
1 pacteHus monydanu BjABOE OoJjblie cBeTa, yeM pacteHus Ha ydyactke 2. KommuectBo H2Oo,
aKTUBHOCTh (PepMEHTOB U cojaepkanue MeradosmtoB Al'l] ompexensiii 1o craHIapTHBIM
MeToAuKaM [2—7] B rpyOOM SKCTpaKTe U3 JIUCTHEB, 3a()UKCUPOBAHHBIX )KUKUM a30TOM Cpasy 1ocie
otbopa 0O6pasIoB.

BeisiBiiensl  3akoHOMepHOCTH  (pyHKIMOHUpoBanus ALl B JHCTBIX B 3aBUCHUMOCTHU
OT CBETOBBIX YCJIOBUH MPOU3pPACTAHUS U BHYTpeHHUX (akTopoB ((haza pazputus). JINCThs XOpOIIO
OCBEIICHHBIX pPAacTeHUH HakammuBaiu B 2-3 pasza Oonbiie obmero Asc u GSH, uem nuctbs
3aTeHeHHbIX pacTteHud. OcHoBHas nonsg MerabomutoB AI'Ll (70-90%) Obuia mpencrasiieHa
BOCCTAaHOBJICHHOH ¢opmoii. Haubombiiee comepxaHue OKHCICHHOH (GopMbl Asc oTMedalu
B JINCThsIX pacTeHuil ¢ yuactka 1. Coaeprkanue okuciaeHHor hopmbel GSH, HanpoTuB, OBLIO BhIIIE
B JIUCTBSIX C y4yacTka 2. B TeueHuwe cyTok HauOOJbIIME 3HAUCHHUS HCCIEAYyeMbIX IOKa3aTenen
Ha0JII0/1aINCh B TOJYJIEHHBIE U IOCJIENOJYICHHbIE Yachl, KOI/Ia OCBEIIEHHOCTh U TemIepaTypa
Cpebl MOBBIIIATUCH, @ OTHOCUTENbHAs BIAXKHOCTh BO3JyXa CHUXKalach. YPOBEHb AKTUBHOCTH
acKkopOaTnepoKcuaaspl, JAeruApoackopOaTpeaykTa3bl U [JIyTaTUOHPEAYKTa3bl  M3MEHSJICS
KOMILUIEMEHTApPHO COJIEPKaHUIO MeTaboIuTOB. B pe3ynbpTare XOpoIo OCBELICHHbIE U 3aTCHEHHbIC
pacTeHusi CYIIECTBEHHO HE pazauyaiuch o HakormieHuto H>O, B JaucThsX. AKTHUBHOCTH
komroHeHTOB AI'L] ObL1a BbIIIE B IEPHO MACCOBOTO LIBETEHUS, YeM B a3y OyTOHHM3AIUN PACTECHHH.
[lony4yeHHble MaHHBIE IOKAa3bIBAKOT, YTO NOBBIMIEHHAs akTUBHOCTH AI'l] B nmcThAX XOpomo
OCBEIICHHBIX PACTCHUN SBISAETCA XapaKTEPHOH OCOOCHHOCThIO MX MeTa0oNu3Ma U BaKHBIM
KOMIIOHEHTOM  aJanTUBHOro oTBera. Yuyactue Alll B mnoaaepkaHuM  OKHUCIUTEIBHO-
BOCCTAHOBUTEJILHOTO OaslaHca (DOTOCMHTETUYECKUX KIETOK COCOOCTBYET YCHEIIHOW peanu3alnun
KU3HEHHOM CTpaTeruy pacTeHUW B YCJIOBHUSIX BBICOKOM HMHCOJSIIMM W HAMNPSIKEHHOTO BOJHOIO
pexuMa.

138



[Txoa MoTOABIX YIEHBIX «PoJh aKTHBHBIX (DOPM KUCIOPOAA B )KU3HU PACTCHUN

Cnucok aureparypsl

Foyer C.H., Noctor G. // Plant Physiol. 2011. 155, 2—-18.

Bellincampi D., Dipierro N., Salvi G., et al. // Plant Physiol. 2000. 122, 1379-1386.
Foyer C., Halliwell B. // Planta. 1976. 13, 21-25.

Hossain M.A., Asada K. // Plant and Cell Physiol. 1984. 25, 85-92

Kampfenkel K., Vanmontagu M., Inze D. // Anal. Biochem. 1995. 225, 165-167.
Nakano Y., Asada K. // Plant Cell Physiol. 1981. 22, 867—-880.

Queval G., Noctor G. // Anal. Biochem. 2007. 363, 58—69.

Nk =

EFFECT OF ENVIRONMENTAL CONDITIONS ON THE ASCORBATE-GLUTATHIONE
CYCLE ENZYMES ACTIVITY AND METABOLITES CONTENT
IN PLANTAGO MEDIA LEAVES

Silina E.V., Golovko T.K.

Institute of Biology, Komi Scientific Centre of Ural Branch of RAS, Syktyvkar, Russia

Keywords: Plantago media, antioxidant enzymes, ascorbate-glutathione cycle, metabolites, light,
environmental conditions.

The ascorbate-glutathione cycle (AGC) is a metabolic pathway that detoxifies H>O», which is a
reactive oxygen species produced as a waste product in metabolism. The cycle involves the
antioxidant metabolites — ascorbate (Asc), glutathione (GSH) and NADPH, as well as enzymes
linking them. We studied the patterns of changes in the enzymes activity and the content of AGC
metabolites in the Plantago media leaves, depending on the light conditions and the development
phase of plant. The experimental plants grew on the floodplain meadow: on the sparsely vegetated
coastal edge (site 1) and in the grass stand in the central part of the meadow (site 2). Hoary plantain
plants growing in site 1 received twice more light than in site 2. Asc and GSH concentrations in
leaves of well lighting plants were 2—3 times higher than in shaded plants. The maximal levels of
these metabolites observed in midday, when light intensity and air temperature were increased, and
relative humidity of air was decreased. The activity of AGC enzymes was changing similarly to the
metabolite contents. The AGC activity during the mass flowering period was higher than during the
budding phase of plants. As a result, the leaves of plantain plants from areas with different levels of
illumination did not differ significantly in the concentration of hydrogen peroxide. Our data show
that the functioning of AGC, which is involved in maintaining the redox state of photosynthetic cells,
depends on environmental conditions and internal factors (developmental phase). AGC controls
H>O> accumulation in the leaves, participates in protection against photo-oxidative stress, and
contributes to the implementation of the life strategy of plants.

Different environmental Increase of ascotbate-glutathione cycle
conditions and activity (accumulation of low molecular Control of H202
developmental phase weight antioxidants and accumulation \
changes the cycle’s enzymes activation) Effective
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PEJOKC-U3MEHEHUS B KOPE PA3JIMYHBIX BUJIOB JIEPEBLEB
ITPY IOPA’KEHUU OMEJION BEJIOM (VISCUM ALBUM L.)

Ckpoinnuk JIL.H., Macaennuxos I1.B.", ®exypaes I1.B., [lynrun A.B., Beaos H.C.
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KiroueBbie ciuoBa: Acer platanoides, Populus nigra, Tilia cordata, aHTHOKCHIAHTHBIE (EPMEHTBHI,
OKUCJIMTENBHBIN CTpecc.

Owmena Oemast (Viscum album L.) sBisieTcsl MONMyMapasuTHIECKUM PACTEHHUEM, KOTOPOE Pa3BUBAET
YCTOMUMBBIE TayCTOPUU B JepeBe-xo3siMHe. PaHee aBTopamMu BHepBble OBLUIO MPOBEIEHO
WCCIIEIOBAaHHE PACIIPOCTPAHEHUS OMEITbI O0eoi Ha TeppuTopun ropoaa Kamnanarpana. OCHOBHBIMA
BUJIAMU JICPEBBEB, M0/IBEPKEHHBIMU 3apaXKEHUI0 OMEJIOH, sBIsuCh Tilia cordata, Acer platanoides
u Populus nigra [1]. Ha ¢u3nonornyeckoM ypoBHE BIIMSIHUE OMENbl Ha JCPEBbS CBSI3BIBAIOT
C BO3HMKHOBEHHEM BOJHOrO Je(pUIMTa, HAPYLUICHHEM MHHEPAIbHOIO MUTAHUS, HW3BJICUCHHEM
YTJIEBOJIOB M3 KCUJIEMHOT'O COKa JiepeBa-xo3seBa [2]. Takue u3aMeHeHus Hapsy ¢ IeUCTBUEM JIPYTHUX
HeOIaronpusATHBIX (HaKTOPOB TOPOJCKON CPEIbI MOTYT MPUBOAMTH K PA3BUTHIO B KIIETKAX JIEPEBHEB
OKHCIIUTEIBHOIO CTpecca.

B Hacrosimieit paboTe ncciie0Baoch HAKOTUICHHE aKTUBHBIX (POPM KHUCIOPO/1a, MaJOHOBOTO
JIUaNbAeTHIa U aKTMBHOCTH HEKOTOPBIX AHTUOKCHJIAHTHBIX (PEPMEHTOB B KOpE JEPEBHEB JIMIIBI
cepauesuanoi (7ilia cordata Mill.), knena octponuctHoro (Acer platanoides L.) u Tonosns 4epHOTO
(Populus nigra L.) Ha nopaxxenue ux omenoi 6enoit (Viscum album L. subsp. album). JIns xaxmoro
BUJa 0TOOpP MPoO MPOBOAMIICS C IEPEBHEB, CHIIBHO MOPAXKEHHBIX oMeloil (6onee 50 KycTOB OMEIbI
Ha JIEPEBO), C IEPEBbEB C HU3KOM cTeneHbto nopaxenus (MeHee 10 KycTOB Ha JIepeBO) U C IePEBbEB
0e3 mopaxkeHus: (KOHTpPOJb). Jlisi MccienoBaHUs HMCIOJIB30BAIM KOPY, BKIIFOYAONIYIO KamOWid,
BHYTPEHHHUH CIIOM KOpBI U KOpKY. OTOOpaHHBIE MPOOBI TOMOTEHU3UPOBAIN B KHMJIKOM a30T€ U JI0
aHanuza xpaHwin npu temreparype —80 °C. OmnpexaesneHue colaep:KaHusi NMEPOKCHUIA BOJIOPOJaA,
CYNEPOKCHIHOTO ~aHUOH-PAaJUKana, MAaJOHOBOTO JHANBJCTHAA W AKTUBHOCTH (EPMEHTOB
(cynepokcuaaucMyTasbl, KaTanasbl M TIBasgKOJ-NEPOKCUAA3bl) MPOBOAMWIM corjacHo [3].
CratucTuueckuii aHanmu3 JaHHbIX npoBogwin B mporpamme Excel m  OriginPro 2019b
C MPUMEHEHUEeM TecTa ThIOKH JIIsl OIICHKH JOCTOBEPHOCTH PAa3JINIHMA.

B obpasuax 7. cordata m P. nigra Oonee BBICOKMI ypOBEHb MEPOKCHAA BOAOPOAA OBLI
3a(hUKCUPOBaH TOJBKO NPU CHIILHOM MOPaKEHUH JICPEBBEB, TOTIA Kak B A. platanoides moBbIleHHE
H>0O» Habmo1anoch yxe npu HU3KOH CTeNeHn 3apakxeHHOCTH. JloCTOBEpHO OoJiee BBICOKUIT YpOBEHb
CYHNEPOKCHIHOTO AHUOH-PAaJUKala IO CPaBHEHHIO C KOHTPOJIEM YCTaHOBJIEH TOJIBKO B KOpe
A. platanoides. B nienom, u3MeHEeHUE COJEpKaHUS MAJIOHOBOTO JMAJbJIEIHJa B KOPE BETOK BCEX
UCCJIEIOBAaHHbBIX BUJIOB IIPU MOPAXKEHUHU UX OMEIION OBbLIIO CXOXKHUM C M3MeHeHueM cozepxkanus HoOo.
Jns nepeveB 1. cordata w P. nigra ¢ HU3KOW CTENEHBIO MOPaKEHUs OMENION HaOII0Janoch
IIOBBIIIEHUE aKTUBHOCTH KaTaJla3bl 10 CPABHEHUIO C KOHTPOJIEM; IIPU CUIIBHOM IIOPAKEHUHU JIEPEBbEB
aKTUBHOCTh 3TOro QepmeHta Obuta Huxke. s nepeBbeB A. platanoides mipy HU3KOH cTeneHU
MHGUIMPOBAHHOCTH AKTUBHOCTh KaTajla3bl CHUKAJIACh, @ IPU BBICOKOM CTENEHU MTOPAXKEHUS OMEIION
— JIOCTOBEPHO HE U3MEH:IaCh 10 CPaBHEHHUIO C KOHTPOJBHBIMU JEepeBbsMHU. Peakius
CYHNEpOKCUIUCMYTa3bl Oblla MeHee BbIpaKeHHOH. JlocToBepHO Oosee HM3Kas AaKTHBHOCTb
BbISIBIICHA B Kope A. platanoides, B oOpa31iax IByX IpYrux BUIOB JIEPEBbEB AKTUBHOCTH (PepMEHTA
HE OTIMYAJach OT KOHTPOJSA. AKTHBHOCTb IE€POKCHIA3bl 3HAYUTEIBHO YBEIMUYUBAJIACH TOJIBKO
B oOpasuax kopel A. platanoides (B 1,6—1,9 pa3 no cpaBHeHHIO ¢ KOHTpoJjieM). Takum oOpazom,
IIOJlydYeHHbIE B JIaHHOM HCCIICZIOBAHUM PE3YJIbTaThl CBUAETENBCTBYIOT 00 HMHTEHCH(PUKALUU
OKHUCIIUTEIBHBIX MPOIIECCOB B KOpe nepeBbeB 1. cordata, A. platanoides u P. nigra, 0cCOOCHHO Tpu
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CHJILHOM MOpa)KeHUH OMeloi Oenoil. Mi3MeHeHne akTHUBHOCTH aHTHMOKCHUAAHTHBIX (PEPMEHTOB Kak
OTBET Ha Pa3BUTHE OKHCIUTEJIBHOIO cTpecca Obu1o BupocneuubuynsiM. Y 7. cordata n P. nigra
Oosiee BhIpaKEHHOM ObliTa peakius karanassl, y 4. platanoides — nepokcuaassl.

Hccneoosanue evinonaneno npu  ¢unancosou noooepiicke PODPU u Ilpasumenvcmesa
Kanununepaocxkoii obnacmu 6 pamkax nayunozo npoexkma Ne 19-44-390004 p_a.
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REDOX CHANGES IN THE BARK OF VARIOUS TREE SPECIES CAUSED
BY WHITE MISTLETOE (VISCUM ALBUM L.) INFESTATION

Skrypnik L.N., Maslennikov P.V., Feduraev P.V., Pungin A.V., Belov N.S.

Immanuel Kant Baltic Federal University, Kaliningrad, Russia
Keywords: Acer platanoides, Populus nigra, Tilia cordata, antioxidative enzymes, oxidative stress.

The accumulation of reactive oxygen species, malondialdehyde and the activity of some antioxidant
enzymes in the bark of Tilia cordata, Acer platanoides and Populus nigra under varying degrees of
mistletoe white (Viscum album L. subsp. album) infestation were investigated. Sampling was carried
out from trees with high degree of mistletoe infestation (more than 50 bushes per tree), from trees
with a low degree of infestation (less than 10 bushes per tree) and from trees without mistletoe
(control). Significant higher levels of hydrogen peroxide and malondialdehyde were revealed in the
bark of 7. cordata and P. nigra by high degree of infestation in comparison with the control. In the
bark of A. platanoides H,O> and malondialdehyde accumulated already at the initial level of mistletoe
infestation. A significantly higher level of superoxide anion radical was determined only in the bark
of A. platanoides. In the bark of T. cordata and P. nigra an increase in catalase activity by low degree
of infestation and decrease in activity by high degree of infestation were observed. In the bark of
A. platanoides the activity of catalase decreased under low degree of infection. Under high degree of
infestation the activity of catalase did not change significantly in comparison with the control. The
response of superoxide dismutase to mistletoe infestation was not significant. The peroxidase activity
significantly increased with increasing the tree infestation by mistletoe only in the bark of
A. platanoides. Thus, the change in the activity of antioxidant enzymes depended on tree species.

Infestation Oxidative stress
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Peakuusi pacTeHMii Ha KOHTAakT C SHAOQUTHBIMM OakTEpUsMHM M MEXAaHU3MBbI, IO3BOJISAIOLINE
SHIO(PHUTaM TNPOHUKATH BO BHYTPEHHHE TKAaHU pACTEHUH, HE BbI3bIBas HMMYHHOI'O OTBETa,
U MHUKPOOHBIX JIETEPMHUHAHT, 00ECIEUNBAIOIIUX 3TOT MPOLECC, IPEACTABISAIOT OOJIBLION UHTEpEC.
Ponb akTHBHBIX (hOpPM KHCIOpPOJAa B 3ALUTHBIX PEAKLUMUAX PACTEHUH MpHU ACHCTBUHU MAaTOTCHHBIX
MHUKPOOPIaHU3MOB XOpOILIO M3Yy4€Ha, OJHAKO MH(pOpMauu 00 MX Y4aCTUH BO B3aUMOJIECHCTBUU
C PHIO(PHUTAMHU MPAKTHYECKU OTCYTCTBYET. BBUIO MPOJEMOHCTPUPOBAHO, UTO T€HEPALIUS AKTUBHBIX
dbopm xkucnopona, HAJID-H oxcunazoit sunoduta Epichloé festucae, HeoOxonuma Jijisi HHAKTUBAIINHA
3alMTHBIX pEeaKLUi pacTeHui-xo34es [1].

Jlnst wiccienoBaHusl POJIM JIMTIONENTHIA cypdakThHAa BO B3aUMOJCHCTBUU C PAacTEHHEM-
XO3SIMHOM ~ MCIIONIb30BaNIM  IITaMMbl  Bacillus  subtilis  26]1 (cuHTe3upyroumii  cyphakTun),
MOJIyYEHHbIE HAa €ro OCHOBE JMHMMU B. subtilis Sn u B. subtilis SFP ¢ HapylIeHHbIM CHHTE30M
cypdaxktuna. CycneH3ur HAHOCWIIM Ha JMCThS CTEPHIIBHBIX MPOOMPOUYHBIX pAacTEHHH KapTodes
copra Pannss Po3sa, Beipaiennsix Ha cpenie Mypocure-Ckyra. Uepes 15 u 60 MUHYT 1ociie KOHTaKTa
c OakTepusiMu Oblla MCCIIEOBAaHA JIOKAIM3ALMUSA CYNEPOKCHA-pauKaia (IMIyTeM OKpaIlUBaHUs
JUCTbEB HUTPOCHHUM TETPA30JIMEeM) M TIEPEeKHCH Bojaopoaa (M0 OTIOXKEHUIO OKpAaIIeHHOTO
JMaMUHA0CH3U/IMHA B PUCYTCTBUH MEPOKCUAA3bI XpeHa). Mcnonb3oBamu Mukpockon Biozero BZ
8100E. KoHIEeHTpanui0 TMEepeKuCcH BOAOPOJA HU3MEPSJIM C  HCIOJIb30BAHHEM  KpacuTENs
KCUJICHOJIOBBIN OpamxeBblii [2], xonuuectBo KOE Oakrepuil BO BHYTPEHHHMX TKaHSAX DPaCTCHUH
uccienoBann yepe3 24 uyaca, kak omnucaHo [2]. Craructuyeckass oOpaOoTKa IPOBOIUIACH
KOMIIBIOTEPHBIMH NTporpammamu ¢pupmel StatSoft (Statistica 6.0) u Excel.

bbuto mokazaHo, yTo HanboJiee BHICOKOH CITOCOOHOCTBIO MPOHUKATh BO BHYTPEHHHE TKaHU
pacteHuit o0nagan npoayuupytomuii cypdakrun mramm B. subtilis 26]]. Knerok pekoMOMHaHTHOTO
mTamMMma, He mpoayuupyomiero cypaktun B. subtilis Sn comepkanoch B 4 paza MEHbIIE, YeM
B. subtilis 26]1, B. subtilis SFP — B1Boe MeHbIlIe, YeM UCXOAHOTO0 mTaMMa. B pactenusx kaprodens,
MHOKYJMPOBAHHBIX CyCIIEH3Uel KiIeToK B. subtilis Sn u B. subtilis SFP, npoucxoaunno noBbilIeHUE
KOHIICHTPALIMH MIEPEKHCH BOJOPO/a B TeueHre 60 MUHYT MOCIIe MHOKYJISAILUH, YeTro He HabI01aoch
nocyie KoHTakTa ¢ B. subtilis 26]]. B mocnennem ciydyae HaOionanoch cinaboe OKpalluBaHHE
HUTPOCHHUM TETPA30JIMEM IPEUMYIIECTBEHHO COCYAUCTBIX IMYyYKOB B MECTE€ KOHTAKTa JIUCTHEB
C HJI0(PUTOM, B TO BpeMsl Kak OaKTepuu C HapYyIIEHHbIM CHUHTE30M Cyp(aKTHHA CIIOCOOCTBOBAIU
OKpAIlIMBAaHUIO TaK ke KieTok Mezoduuia. [lox nefictBuem nunuit B. subtilis Sn u B. subtilis SFP
HaOJII0/1a7loCh  OKpallMBaHME, CBHJIETENbCTBYIOIEE O TEHepalud MEepeKUcH  BOAOpPOAa,
B 3aMBIKAIOLINX KJIETKAaX YCTHUI] U OJHM3JIekKaIUX KIeTKax 3MHIEepPMHUca, Yepe3 KOTopble OakTepun
MOTYT IIPOHHUKATh B TKAHH PACTECHHI.

Takum obOpazom, mpoAaykuus cyphakTuHa oOyciaoBIMBAaET 3(P(PEKTUBHYIO KOJOHU3ALUIO
pactenuii kaprodens Oakrepusmu B. subtilis 26]], vHTUOUPYsT pa3BUTHE OKUCITUTEIHHOTO B3pPhIBA
B PACTEHMAX, KOTOPBIN pa3BUBAETCS B OTBET HA KOHTAKT C MATOr€HHBIMU MUKPOOPTraHU3MaMHU.

Paboma evinonnena 6 pamxax npoexma PH® « Duzuonocuueckue ocHosvl hopmuposaris
CUMOUOMUYECKUX 83AUMOOMHOWEHUL PACMeHUll Kapmogens ¢ SHOODUMHbIMU Dakmepusimu pooa
Bacillus», No. 20-76-00003.
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REACTIVE OXYGEN SPECIES IN THE INTERACTION OF POTATO PLANTS
WITH ENDOPHYTIC BACTERIA OF THE GENUS BACILLUS

Sorokan A.V., Burkhanova G.F., Blagova D.K., Maksimov L.V.

Institute of Biochemistry and Genetics of the Ufa Federal Research Center
of the Russian Academy of Sciences, Ufa, Russia
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The response of plants to contact with endophytic bacteria and the mechanisms that allow endophytes
to penetrate into the internal tissues of plants without causing an immune response, and the microbial
determinants that provide this process, are of great interest. To study the role of lipopeptide surfactin
in interaction with the host plant (potato), we used strains of Bacillus subtilis 26D (synthesizing
surfactin) and obtained on its basis lines B. subtilis Sn and B. subtilis SFP with impaired surfactin
synthesis. The number of cells of the recombinant B. subtilis Sn strain was 4 times less than that of
B. subtilis 26D; B. subtilis SFP — half that of the original strain. In potato plants inoculated with a
suspension of B. subtilis Sn and B. subtilis SFP cells, there was a systemic increase of the
concentration of hydrogen peroxide, and local generation of hydrogen peroxide and superoxide
radical in leaves, on which a suspension of endophytic bacteria was sprayed, which was not observed
after contact with B. subtilis 26D. Thus, the production of surfactin determines the effective
colonization of potato plants by B. subtilis 26D bacteria, inhibiting the development of an oxidative
burst, that occurs in pathogenic microorganisms attacks in potato plants.

“+surfactin

B. subiilis 26D

Treatment of potato plants

B. subtilis Sn

Superoxide radical H,0,
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Apnantanus pacTeHUH K M30BITKY TSKENBIX METANIOB B Cpelle M WX BOCCTaHOBJIEHHE IOCIIE
AJIMMUHALIMN CTPECCopa MPEACTaBIsIET MHTEPEC B CBSA3U C MACHITAOHBIM 3arpsS3HEHUEM HKOCHUCTEM.
dusznonornyeckue 1 MOpPOoJOrHYeCcKUe peakliMi PacTeHUN MpH IEUCTBUU CTPECCOBBIX (PAaKTOPOB
XOpOIIO M3Y4YEeHBI, OJHAKO MH(POPMALMU O BOCCTAHOBJICHMM PACTEHUI MOCIE CHATUS JEHCTBUS
cTpeccopa 3HAYuTEeNbHO MeHblIe. CooOlanock O PEUUPKYJISLIUU HOHOB MEIU W3 CTAPEIOLINX
OpPraHoB B MOJIOJIbIE, YTO MOXKET CIIOCOOCTBOBATH PA3BUTHIO OKUCIUTEIBHBIX MPOLECCOB B Pa3HBIX
OpraHax Jaxke mocJje CHATHS iecTBus ctpeccopa [ 1]. Hame nccnenoBanme HanpaBieHO HA U3YYEHUE
nocnezaeiicteust nonoB Meau (100 u 300 pM) B pactenusix tabaka. OnieHUBAJICS YPOBEHb MapKEPOB
cTpecca pacTeHHi (colepikaHue TMEepOKCHAA BOAOPOJA, aKTHBHOCTh mepokcuma3 III kimacca —
OCH3UAMHOBOM U I'BasiKOJIOBOM, MX U30()OPMBI) B IEPUO]T KX BOCCTAHOBJICHHSI TIOCTIE yIalIeHHsI HOHOB
MEIU U3 CPebl.

Pacrenust Nicotiana tabacum L. KynbTUBHpPOBaIM Ha CyOCTpareé — CMECh IEpJIHT
BepmukynuT (1 : 1) Ha cpene Knomna ¢ no6asnenuem 0 (konTposb), 100 u 300 uM/n CuSO4 B Teuenue
nepBbIX 20 qHEN mociie NOSIBJICHUSI BCXO0B, € MOCIEAYIOINUM KyJIbTUBUPOBaHUEM Ha cpene Kuoma
110 noctuykeHus Bo3zpacta 40 qHeil. AKTUBHOCTb LIUTO30JIBHBIX M ACCOLMHMPOBAHHBIX C KIETOYHOU
crenkoi reasikosioBoit (I'TIO) u 6ensuannoBoii (BI1O) nepokcuaasel, konudectBo H2O» onpenensim
[0 CTaHJApPTHOM MeToauKe B rpyboM skctpakte [2, 3]. benkoBeiii anekTpodopes MpoBOAWIM B
HEeJCHATYpUPYIOIIUX YCioBUsAX B 10% monuakpuiaMuaHoM resie, u30(opMbl IEPOKCH/1a3 BBISBIISIIN
no Lee u 1p. [4]. Ananu3 nanusix nposoauiu B nporpamme Excel u STATISTICA 10 ans Windows
10 ¢ npumenennem U-kputepusi ManHa-Y UTHH.

BoisiBiieHO yBenMuYeHHME KOHLIEHTpAIMM MEPOKCHAA BOJAOPOJa B TKAaHSAX KOPHs, cTeONs U
mucTheB. Peakiyu KOpHs 1 mo0era B YCIOBUSX MOCIEIEHCTBUS CTpeccopa OTIMYAIUCh. AKTUBHOCTD
1uTo30sbHBIX ['TIO 1 nepokcuias, acCOIMUPOBAHHBIX C KJICTOYHOM CTEHKOM, MOBBIIIANACh HA (JOHE
yBennueHus: coaep:xkanus H>O2 B TKaHsSIX KOpHs. YBeauueHue akTUBHOCTH nepokcuaas Il kiacca,
acCOIIMMPOBAHHBIX C KJIETOYHOM CTeHKOW, B crebne, mzopopm BIIO B nmcThsix Habmomanu y
pacTeHui, npeaoOpaboTaHHBIX OoJiee HU3KOW KOHIeHTpanue meau. [IpenBapurenbaas o6paboTka
BBICOKOM KOHIIEHTpaluued Meau, Hao0OpoT, MPUBOIWIA K CHI)KEHHIO aKTMBHOCTHU NEPOKCHIA3 B
MepHOJ] BOCCTAHOBJICHHS] pacTeHUU. BbIsBIEHBl yHUBEpCalbHbIE U creuuUUHbIE H30(OPMBI
TepOKCHIa3 11 TKaHel KOpHs, CTeONs U TUcTheB. B ciyudae npenobpabotku pactenuit 300 uM Cu?*
MIOKa3aHO CHUKEHUE (ePMEHTATUBHOM aKTUBHOCTH OTIEJIbHBIX H30(OPM.

Takum o0pazom, opraHbl pacTeHHH oTiIM4yanuch no coxaepxkanuo H2O» um akTuBHOCTH
nepokcunas Il kmacca, ToKanM30BaHHBIX B Pa3HBIX KOMIIAPTMEHTAaX (aroIuiacT U IUTO30b) U IO
CIIOCOOHOCTH BOCCTaHaBIMBATBHCS IOCIE CHATHUS JAeicTBUs crpeccopa. IlocnenelicTBue M30bITKA
MOHOB MEJIM NMPHUBEJIO K YBEIMYCHHUIO COJIEPKaHUs MIEPOKCHIA BOJOPOIa B TKAHAX KOPHS M modera,
YTO CBUJETENBCTBYET O UYBCTBUTENBHOCTU N. fabacum X 53TOMY CTpPECCOpy M HEMOJIHOMY
BOCCTAHOBJICHUIO PACTEHUI B TOCIECTPECCOBBIN MEPUOI.

Paboma evinonnena npu nooodepowcke Munucmepcmea Hayku u 6vicuie2o 006paA308aHUsL
Poccuiickoii @edepayuu (npoexm Ne FEUZ-2021-0014).
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ACTIVITY OF CLASS III PEROXIDASES UNDER THE AFTEREFFECT
OF COPPER IONS IN NICOTIANA TABACUM PLANTS

Tugbaeva A.S.', Ermoshin A.A.!, Kiseleva L.S.!, Viruyangan H.?

Ural Federal University named after the first President of Russia B.N. Yeltsin,
Yekaterinburg, Russia
2University of Inner Mongolia, Hohhot, China

Keywords: Nicotiana tabacum, acclimation, oxidative stress, heavy metals.

The adaptation of plants to an excess of heavy metals in the environment and their recovery after
elimination of the stressor is of interest in connection with the large-scale pollution of ecosystems
and their remediation. The study is aimed at the aftereffect of copper ions (100 and 300 uM) in plants
of Nicotiana tabacum L. The level of plant stress markers (concentration of hydrogen peroxide,
activity of class III peroxidases — benzidine and guaiacol, their isoforms) during recovery period after
removal of copper ions from the environment was evaluated in pretreated by cooper ions of different
concentration and control plants. During the recovery period the concentration of hydrogen peroxide
in plant organs (root, stem, and leaves) was high compared to the control. The responses of the roots
and shoots under the aftereffect of the stressor was different. The activity of cytosolic guaiacol
peroxidase and cell wall-bound isoforms in root tissues increased accordingly to the rise of H,O»
amount. In plants pretreated with a lower copper concentration in leaves the activity of cell wall-
bound peroxidases in the stem, isoforms of benzidine peroxidases increased. Pretreatment with a high
copper concentration, on the contrary, led to a decrease in the activity of peroxidases during the period
of plant recovery. Thus, plant organs differed in the content of H>O, and the activity of class III
peroxidases localized in different compartments (apoplast and cytosol) and in their ability to recover
after the removal of the stressor.
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CYBCTPATHOE CTUMYJIMPOBAHUE PAL KAK IIOJXO/J K MHTEHCU®UKALIUU
HAKOIIJIEHUSI ®EHOJIbHBIX AHTUOKCHJAHTOB
B PACTEHUSAX TRITICUM AESTIVUM

®enypaes I1.B.", Ilynrun A.B., Ps6osa A.B., Tokynosa J.B., Ckpbinnuk JI.H., Macaennuxos I1.B.
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Karouessie cnoBa: Triticum aestivum L., PAL, Tupo3uH, QpeHnnananut, GEHOIBEHBIC COCTUHEHHUS.

OnHOM U3 NPUHUUIIUATIBHBIX CETbCKOXO3SIICTBEHHBIX KYJIbTYp, KaK B Hallleil CTpaHe, TaK U BO BCEM
mupe, sBisercs nuenuna (7Triticum aestivum L.). OqHako, Hauboaee THIMYHON arpoTeXHUYECKOM
MPAKTUKOM NP KyJIbTUBUPOBAHUY MIIEHUIIBI OCTAETCS MOHOKYJIbTYPHOE BbIpaliuBaHue. Takoil Tun
KYJIbTUBUPOBAHUS COTIPSDKEH C PSIOM HEraTUBHBIX 2(P(EKTOB, M B NMEPBYIO0 OYEPE/Ib CO CHIDKCHUEM
YCTOWYMBOCTH PACTEHUN IO OTHOIICHUIO K ¢akrtopaM cpeabl. Takum o00pazoMm, ocTaercs
aKTyaJIbHBIM TIOUCK CITOCOOOB, HANPABJICHHBIX HA YBEIMYCHHE YCTOMYMBOCTH PACTCHHI, KOTOPBIHA
MOKET OBITh pEau30BaH uepe3 HMHTEHCU(UKALUIO OMOCHHTE3a PEeryIsiITOPHBIX, B TOM YHUCIE,
HU3KOMOJIEKYJIIPHBIX PEAOKC-AKTUBHBIX MOJIEKYJ.

OenunanannH-aMmmuak-mua3el  (PAL) sBaseTcs TEpBbIM W KIIFOYEBBIM  PETYJISTOPHBIM
dbepmenToM MeTaboiaM3Ma (QeHUIponaHonaoB [1]. Apomarnueckue aMHHOKHCIIOTHI, TaKWe Kak
(dbeHunanaHuH U TUPO3UH, SBISAIOLIMECS KOHEUHBIMHM 3BEHBSMU HMIMKUMATHOIO MYTH, BBICTYHAIOT
B KadectBe cybOctpatroB mis PAL wu wurparor ans maHHOTO (epMeHTa polib CBOECOOPA3HBIX
3¢ PeKTOpOB, CTUMYIUPYSI CUHTE3 BTOPUUHBIX MeTaboauToB [2]. ®akTtuuecku, PAL ocymecTrisier
«IIEPEKITIOYCHHEY OT MEPBUYHOTO META00IM3MA PACTEHUS KO BTOPUYHOMY METa0O0IU3MY, TPUBO/IS K
00pa30BaHMIO MIUPOKOTO CIIEKTPa BTOPUUHBIX MeTaboauTOB (peHompHOo# npuposl [3]. PAL moxer
AKTUBUPOBATHCS MPU PA3TUYHBIX BO3JACHCTBUSAX OKPYKAIOIIECH Cpelibl, YTO JIEJIAET €ro OTIUYHBIM
MHIYKTOPOM, 3aIlyCKAIOUIUM pPEAaKLWW, HAIpaBJICHHbIE HA CUHTE3 BEIIECTB, B KOHEYHOM HTOIE
BIUSIONIUX HA YCTOMYHUBOCTE pacTeHuii. Takum 00pa3oM B HAIlIEM UCCIIEI0BAHUH OIEHUBAIACH POJIb
apoOMaTHYECKUX IPOTEUHOTCHHbIX AaMHHOKHUCIOT, TaKMX Kak (eHWIaJaHUH U THUPO3HH,
Ha HaKorieHue PEeHONMBHBIX coeanHeHuid, yepe3 PAL omocpenoBanHbIil MeTabOINYECKUN TYTh

Jlis npoBeaeHust 1a00paTOPHBIX IKCIIEPUMEHTOB ceMeHa T riticum aestivum L. mpopaiuBain
B JUCTWIIMpOoBaHHOW Bojae. IIpopoctkm B Bo3pacte 3—4 naHeWl mnepecakuBajld Ha IEpJIuT,
nponutanHeld  50% nurTarenbHbBIM - pacTBOpoM  XoryiaHaa. PacTeHus  BbIpalMBald  MOJ
JIOMHHECIICHTHBIMHM JIaMIIaMHd IIPH IJIOTHOCTH TOTOKOB KBaHTOB DAP 200 mxmoan/(M2 c),
16-gacoBom (oromnepuoie u Temreparype +25°C.

Jlis uccnenoBaHus pa3[eNbHOTO BIMSHHS THPO3WHA W (EHWIAJaHWHA HA PACTCHHS,
KCIMOJIb30BAIIMCh PACTBOPBI aMUHOKHCIIOT B KOHUEeHTpausax: 100, 200, 300, 400, 500, 600, 800 uM.
Pactenuss B Bo3pacte 30 ngHeit (coorBercTByeT 4, 5 cramuu mo mkaige DUKHM) MEePEeHOCUIH
Ha SKCIIEPUMEHTAJIbHBIE PACTBOPBL, C J0OABIEHUEM COOTBETCTBYIOIIMX aMUHOKHUCIOT. PacteHus
HKCIIOHUPOBAIKCH HA YKAa3aHHBIX CyOCTpaTax ¢ 100aBIEHUEM JACHCTBYIONINX BEIIECTB B TeUeHUE 1,
2, 4 n 8 yvacoB. B kauectBe KOHTpoisisa ucnoib3oBanu 50% pactBop Xornmanga. B pacteHusix
U3MEpSUICS DHAOTCHHBI YpOBEHb AMHUHOKHCIIOT, a TaKXe YpPOBEHb (DEHOJIBHBIX COCIMHECHHIA
pa3nuuHbIX KiaccoB. Jlanee, /Ui yMEHBbUIEHHs] KOJIMYECTBA BApHUAHTOB HKCIEPUMEHTA, ObUIH
BBIOpaHbI TaKWe KOHIICHTPAIMUM AMUHOKHUCIIOT U BPEMS DKCIIOHHUPOBAHUS, KOTOPHIC HAMITYUIINM
o0pa3oM BJIMSUIM HAa HakKoOIUIeHHWE (DEHONBbHBIX COEAMHEHHM, a TakXe OKa3bIBalOT BIIMSHUE Ha
CYMMapHBIH TyJ CBOOOHOTO THPO3WHA U (DeHUJIAIAaHUHA B SKCIIEPUMEHTAIBHBIX pacTeHusX. Tak,
akTUBHOCTh PAL M ypOBEHb SKCIpPECCHMM TE€HOB aCCOLUMHUPOBAHHBIX C CHHTE30M (DEHOJbHBIX
coequnenuii (PAL6, CHS, CHI, F3H, DFR) ouenuBaics npu 500 uM Ttrpo3uHa U GeHHUIaTaHNHA,
1 4 4acoBOM 3KCITO3UIIMH HA COOTBETCTBYIOLIUX MUTATENIbHBIX PACTBOPAX.
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KonudecTBeHHBI aHamu3 (QEHOIBHBIX COCIUHEHUN Yy DKCHEPUMEHTAIBHBIX pPaCTCHUI
MIIEHUIIBI TOATBEPAMI TOJOKUTEIbHOE BIMAHUE (QEHWIaJaHWHA W THUPO3MHA HA HAKOILJICHHE
OMOJIOTMYECKH aKTHBHBIX KOMIIOHEHTOB TKaHel pacteHui. HaOmromanocs gocroBepHoe (p < 0.05)
yBenuueHue aktuBHoctu PAL B o0Opasmax mMieHUIpl, 3KCIOHUPOBAHHBIX Ha (hEeHUJIalaHUuH-
Y TUPO3UH-O0OTAIICHHBIX Cpe/iax.

bbul Takxke OIEHEH YpOBEHb AKCIPECCHHM T'€HOB, OTBEYAIOIIMX 32 CHHTE3 (PEHOIbHBIX
coequnenust (PAL6, CHS, CHI, F3H, DFR). KonuuecTBO TPaHCKPUIITOB JAaHHOW TPYIIIbI T€HOB,
rmocyie 00padOTKM aMUHOKHCIOTAMHU YBEJIHMYMUBAIOCH B 1,5—7 pasa, 1Mo CpaBHEHHUIO C KOHTPOJIEM.
HaubGonpimmii ypoBeHb dKcIipeccun OblT oT™MeueH y reHoB CHS u CHI, 0TBEYarOmKX 32 PAaHHIOKO
cTaauio OnocuHTe3a (HJIAaBOHOMIOB.

Paboma  evinonnena npu  ¢unancoson  noodepiicke PODU u  Munucmepcmea
9KOHOMUYECKO20 pA38Umus, npomvluLienHocmu u mopeosiu Kanununepaockoti obnacmu (8 pamkax
coenauwenust Ne28-c¢/2020) no npoexmy Ne 19-44-393001.
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PAL SUBSTRATE STIMULATION AS AN APPROACH TO INTENSIFICATION
OF PHENOLIC ANTIOXIDANTS ACCUMULATION
IN TRITICUM AESTIVUM PLANTS

Feduraev P.V.*, Pungin A.V., Riabova A.V., Tokupova E.V., Skrypnik L.N., Maslennikov P.V.

Immanuel Kant Baltic Federal University, Kaliningrad, Russia
Keywords: Triticum aestivum L., PAL, tyrosine, phenylalanine, phenolic compounds.

The search for methods aimed at increasing the resistance of agricultural cereal plants, and in
particular Triticum aestivum L., remains relevant. This approach can be implemented through the
intensification of the biosynthesis of regulatory, including low-molecular-weight redox-active,
molecules. PAL is a key regulatory enzyme in the metabolism of phenylpropanoids. Aromatic amino
acids such as phenylalanine and tyrosine act as substrates for PAL and play the role of specific
effectors for this enzyme, stimulating the synthesis of phenolic secondary metabolites. So it was
shown that the introduction of aromatic amino acids into the nutrient medium led to a significant
increase in the content of phenolic compounds. In addition, it was shown that the concentration of
500 uM phenylalanine and tyrosine in the nutrient medium, after four hours of exposure, also led to
an increase in genes transcripts (PAL6, CHS, CHI, F3H, DFR), the enzymatic products of which are
involved in the synthesis of flavonoids.
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BJIUSHUE BBICOKUX KOHIIEHTPAIIMIA COEJJUHEHUM KOBAJIbTA
HA PEJOKC-METABOJIN3M NIIEHUIBI
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Ko6anbt (Co) B BHICOKMX KOHLEHTPAIMIX OKa3bIBACT MOBPEXIAIOIIEe CHCTBHE HA OOJBIINHCTBO
BugoB pactenuil. IlpucyrcrBue Co B mouBe MOXKET ObITh OOYCIOBIEHO KaK €CTECTBEHHBIMH
re€OXUMUYECKUMU OCOOCHHOCTSAMU reorpa)uyeckoro peruoHa, Tak ¥ aHTPOIIOreHHBIMU TPUYUHAMU:
BHECCHHEM YJIOOpEHM, SKCIUTyaTanmeld aBTo- W aBuarpancropra [1]. Toxcuueckoe BIusSHHE
BBICOKMX KOHIeHTpanuid Co Ha pacTeHUs CBSI3aHO C IIEIBIM PSIOM (PU3HOTOTUYECKHX MEXaHU3MOB,
TaKMX Kak HapylleHue GoToCUHTe3a, BOJHOr0 0OMEHa, MUHEPAJIbHOTO MUTAaHUs (U3-3a U3MEHEHUS
MOTJIONICHUSI MOHOB KanbIUs M jkene3a) u T.4. [2]. Kak mepexomHblil 37eMeHT, KOOAIbT MOXET
HaxoauThes B nouse B popmax Co?" u Co’". Hanmpumep, kommaekcHoe coequnerne Co(I)DATA
B [TIOYBE MOKET IpeBpamiathcs B 0osee cTabuinbHy0 1 noaBmkHyo dopmy — Co(IIN)DTA [3].

OpHuM U3 BeIyIIUX MOBpPEXAA0IMUX 3P(HEeKTOB, BOZHUKAIOIINUM Y PACTEHUN MO BIUSIHUEM
BBICOKMX KOHIIEHTPAIUN TSDKENBIX METaUIOB U, B YAaCTHOCTH, KOOAIbTa, SIBISETCS HM3MCHEHHE
OKHUCJIUTEIbHO-BOCCTAHOBUTENIBHBIX MPOLIECCOB MPOSBIISIONIETOCS KaK B IMOBBIILIEHUU COJEPKaHUS
aKTUBHBIX GopM kucinopoaa (ADPK), Tak 1 U3MEHEHUH aKTUBHOCTH COOTBETCTBYIOIINX ()EPMEHTOB
[4].

Lenpto naHHO# paboTHl OBUIO M3Y4YE€HHE HEKOTOPBIX MapaMeTpOB MPO-/aHTHOKCUIAAHTHOU
CUCTEMbI KOpHEH pacTeHU# MIICHUIbl B YCIOBUSIX MOBBIIIEHHOTO COJEPKaHUs Pa3Iu4HbIX (HOopM
KoOaJbTa.

O0bexktamMmu uccinenoBanust Obimu  10-cytounwsie pactenust Triticum aestivum L. copta
Kaszaxcranckasg 10. PacteHuss BelpamiMBaJi METOJOM THMAPONOHUKM Ha IIMTATENIBHOM cpexe
Xornanga-ApHoHa ©0e3 [00aBJieHHS HCTOYHMKA JKele3a ¢ MHUKpodaemMeHToB. KobanbT
B koHIeHTparuu 250 MxM BHOcuiu B Buge CoCly, Co(I)DATA wmu Co(IINDATA. Co(LIHDATA
cuHTe3upoBanu o meroay Taylor u Jardine [3]. OnpeneneHue napameTpoB MPo-/aHTHOKCUAAHTHON
CUCTEMBI IIPOBOJINJIM OIIMCAaHHBIMU paHee MeToaaMHu [5].

[TokazaHo 3HAYUTENHHOE CHI)KEHHE POCTOBBIX MapaMeTpoB pactenuii no BausaruemM CoCla.
B Toxe BpeMsi yMeHbIIIEHUE CyXOi MacChl M JUIMHBI T00eroB U kopHel B mpucyrctBur Co(IIN3ATA
u ocodenno Co(I)3/ITA 6110 MEHEE BBIPAXKEHO IO CPABHEHHIO C KOHTPOJIEM.

ITo pe3ynbraTam ompeseneHUs] TapaMeTpoB MPO-/aHTHOKCUAAHTHONW CHUCTEMbI ObUT clellaH
BBIBOJI O HaumOoJbplieM mnoBpexaatomeM BosaeictBuu CoCl Ha KOpHH pacTeHHi, uemy
COOTBETCTBOBAJIO CaMOE 3HAUUTEIILHOE YBETMUEHUE CO/IEPIKAHMS CYNIePOKCHI-aHUOHA U TIEPOKCHIA
BOJIOPOJIa U MUHHMaJIbHAsl AKTUBHOCTH CYIEPOKCHIIUCMYTa3bl, IBASKOPIIEPOKCHAA3bl U KaTajasbl,
10 CPABHEHUIO C PACTEHUSIMU OCTAJIbHBIX BAPUAHTOB.

CpaBuaenne BoznerictBus Ha kKopHU pacteruit Co(Il)- m Co(II)3TA mo3BosuIo BBISIBUTH
Gonpumii HeraTuBHbIH >pdext Co’'-coequuenns, npossispmmiicas B Goee HU3KOH AKTHBHOCTH
BBIIIICTIEPEUNCIICHHBIX (PEPMEHTOB U OTHOCUTENIBHO O0Jiee BEICOKOM ypoBHE cozepxanus ADK.

Takum 00pa3om, MOKa3aHO CHIYKEHUE TOKCUYHOCTH KoOasbTa B cocTaBe I/ TA-KOMILIEKCOB,
a TaKKe pa3Myhe peakluy PacTeHUH Ha BO3JeHCTBUE KOOAlIbTa ¢ pa3HOW CTEMEHbIO OKHUCICHUS
B COCTaBE TaKUX KOMILIEKCOB.
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EFFECT OF HIGH CONCENTRATIONS OF COBALT COMPOUNDS ON WHEAT
REDOX METABOLISM

Fedyaev V.V.2, Khamatdinova G.L.!, Sigova K.M.!, Garipova M.L.!, Farkhutdinov R.G.!

"Bashkir State University, Ufa, Russia
2Ufa Institute of Biology, Russian Academy of Sciences, Ufa, Russia

Keywords: Triticum aestivum, adaptation, antioxidant system, cobalt.

Cobalt (Co) in high concentrations is harmful to most plant species. The toxic effect of high
concentrations of Co on plants is associated with a number of physiological mechanisms, such as
impaired photosynthesis, water metabolism, mineral nutrition (due to changes in the absorption of
calcium and iron ions), etc. As a transition element, cobalt can be found in the soil in the forms Co**
and Co**. For example, the complex compound Co(II)EDTA in soil can be converted into a more
stable and mobile form — Co(III)EDTA. Based on the results of determining the parameters of the pro
/ antioxidant system, it was concluded that the greatest damaging effect of CoCl» on plant roots, which
corresponded to the most significant increase in the content of superoxide anion and hydrogen
peroxide and the minimum activity of superoxide dismutase, guaiacol peroxidase, and catalase, in
comparison with plants of other variants. Comparison of the effect on plant roots of Co(Il) - and
Co(III)EDTA revealed a greater negative effect of the Co’"-compound, which manifested itself in a
lower activity of the above enzymes and a relatively higher level of ROS. Thus, a decrease in the
toxicity of cobalt in the composition of EDTA-complexes was shown, as well as a difference in the

response of plants to the action of cobalt with different oxidation states in the composition of such
complexes.

Toxicity of cobalt compounds for wheat plants

Co(I)EDTA > Co(III)EDTAI —>  CoCl,

Less toxicity
A1101X0] 210N
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bprogutel npeacraBisaoT 0coOblii MHTEpPEC M UCCIEAOBAHUS, TaK KaK SBIJSIOTCS PacTEHUSIMU-
sKcTpeModuiaamMu. Bpicokas cTpeccoyCTOMYMBOCTh MXOB OINPENENISIECTCS HAJHMYUEM B UX COCTaBE
YHHUKAJIbHBIX BTOPUYHBIX METa0OJUTOB, CpeId KOTOPBIX IPUCYTCTBYIOT PpazHOOOpa3HbIE
[0 CTPYKTYpE TEpIEHbI, HEOOBIYHBIC >KUPHBIE KUCIOTHI, (peHonpHBIE coenuHeHus u np. [1-3].
B cBs3u ¢ 3TUM, aKkTyalbHBIM SIBJISIETCS HCCIEJOBaHUE META0OJOMHOrO cocTaBa OpHO(UTOB,
B YAaCTHOCTH, OIPENEICHUE COCAMHEHHUH, KOTOphle 00Jalal0T AHTHOKCHUAAHTHOW aKTUBHOCTBIO
u obecrnieunBaloT >(PQPEKTUBHYIO 3alllUTy MXOB OT TOCJIEICTBUH OKHUCIUTEIIBHOTO CTpecca,
BO3HHUKAIOIIETO TpPU  JIEHCTBMM  pPa3IUYHBIX HEOJAronpusATHBIX  (AKTOPOB  OMOTHUECKON
u abuotudeckoil mpupozabl. Llenbro wWccnemoBaHus SBISUIOCH BBIJICICHUE W HICHTH(DUKAIUS
BTOPUYHBIX METAOOJIMTOB MXOB, ITPOSIBIISIOIINX BEIPAKEHHBIE aHTHOKCHIAHTHBIE CBOMCTBA. JlecHbIe
MXH, Takue Kak Dicranum scoparium, Pleurozium schreberi u Hylocomium splendens, a taxxe
OonoTHBI MOX Sphagnum magellanicum, 4acto cOCTaBISIOT 65% PpacTUTEIBHOCTH JIECHOU
MOJICTUJIKH, YTO 00YCJIOBUJIO BEIOODP 3TUX MXOB JUIsl HCCIIEI0BAaHUSI METa00JIOMHOTO COCTaBa.

OOpa3ipl  MXOB H3MEJbYAIM W IMPOBOAWIM  TOCIEA0BATEIbHOE HCUEPIIBIBAIOIEE
AKCTPArupOBaHUE TEKCAHOM, XJIOPOPOPMOM, ITHIIAIIETATOM M ITAHOJIOM. BBIXOIl 3KCTPaKTHBHBIX
BEIIECTB OINpPENEIsIN TPAaBUMETPUUECKH. AHTUPAIUKAIBHYIO aKTHMBHOCTH 3KCTPAKTOB U3 MXOB
OTpEeAEISIN  CHEKTPO(YOTOMETPUUECKUM METOJOM [0 PEAKIMH BOCCTAHOBJIEHUSI CBOOOIHOTO
panukana 2,2-nudenmi-1-nukpuiaruapasuna (JPII). CoctaB MeTabOIMTOB B HKCTPAKTAX MXOB
HCCIIEIOBAJIM METO/I0M HMHCTPYMEHTAJIIbHON BbICOKOA((EKTUBHONW TOHKOCIOMHON XpomaTorpadun
(CAMAG, Switzerland). [l nepuBaTr3anuy NCHOIb30BAIHN 00K HecTienU(PUIECKUI TPOSBUTENH
— 5% pactBop cepHoii kucnotsl B 3taHoisie u 0,05% pactsop ADII B aTanone ayis oOHapy)eHUS
COeIMHEHUH, 001aJat0IINX aHTUPAAUKATIBHON aKTUBHOCTBIO.

YcTaHOBIIEHO, YTO HAMOOJbIIEE KOJMYECTBO SKCTPAKTHBHBIX BEIIECTB W3BIICKACTCS MpPU
HKCTPAarMpOBaHUU OPTaHUYECKMMHU pacTBOpUTENIMU Mxa D. scoparium. Bcero ObLIO MOJIyueHO
13,9% SKCTpaKTHBHBIX BEIIECTB, HAaWOOJBIIYIO JIOJIFO B HUX 3aHMMAIOT BEIIECTBA, M3BJICKAECMBIC
3TaHOJIOM M rexkcaHoM — 44 u 28%, coorBercTBEeHHO. OIllEHKA aHTUPAJUKAIbHBIX CBOWCTB
MOJYYEHHBIX AKCTpakToB B oTHomeHuu J{PIIT mokaszana, 4ToO BO BCEX MXaX CaMyl BBICOKYIO
aKTUBHOCTh TPOSIBIISIIOT TEKCAaHOBBIE SKCTpakThl. lcciaenoBaHue uX cocraBa C TOMOIIBIO
TOHKOCJIOWHON Xpomarorpaduy IO3BOJIMJIO yCTAaHOBUTh, YTO OHHM COJICPKAT PAa3JINYHbIC
JTUNOQUIBHBIE COCTUHEHUS, B T.4. XUPHBIC KHCIOTBI, TEPIIEHOUbI, CTEPHUHBI U YTJIEBOJOPO/IBI.
Haubonbiiee KOJIMYECTBO KMPHBIX KHUCIOT (0KoJ0 22%) COAEpM HUT I'eKCAaHOBBIM 3KCTPAKT MXa
D. scoparium. OTINYUTENBHON OCOOEHHOCTBIO T'€KCAHOBOTO JKCTpakta H. splendens sBISANOCH
caMO€ BBICOKOE COJIEp)KaHHE TEPHEeHOUJO0B W cTepuHOoB — 17,1% u 5,6% COOTBETCTBEHHO.
HepuBarnzanmss TCX mmactur  pactBopom  JI®PIIIT moxaszanma, YTO OCHOBHOM  BKJaj
B AHTHPAIUKAJIbHYI0 AaKTHBHOCTh T'€KCAHOBBIX OJKCTPAKTOB MXOB BHOCSAT KapOTHHOM/IBL
Wx wnHanbomblee KOJIMYECTBO OOHApPY>KEHO B TEKCAaHOBOM OJKCTpakre Mxa H. splendens,
MPOSIBJISIFOIIIETO CAMYIO BBICOKYIO aHTHPAIUKaIbHYIO aKTHBHOCTH CPEIH TOJYYEHHBIX 3KCTPAKTOB
MXOB.

Paboma evinonnena npu ¢punancosoii noooepoicke epanma PODU Ne 20-04-00988, epanma
IIpezuoenma P® MK-264.2020.4
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COMPARATIVE ASSESSMENT OF ANTIOXIDANT POTENTIAL OF SECONDARY
METABOLITES FROM MOSSES

Khabibrakhmanova V.R."2, Gurjanov O.P.!, Renkova A.G.!, Valitova J.N.!, Minibayeva F.V.!

'Kazan Institute of Biochemistry and Biophysics, FRC Kazan Scientific Center of the RAS, Kazan, Russia
’Kazan National Research Technological University, Kazan, Russia

Keywords: antiradical activity, mosses, secondary metabolites.

Bryophytes are of particular interest for research since they are extremophilic plants. Their high stress
resistance is facilitated by the presence of unique secondary metabolites. A study of the metabolomic
composition of bryophytes can help to discover the compounds that possess antioxidant activity and
provide protection of mosses from oxidative stress induced by adverse factors. The aim of current
study was to isolate and identify secondary metabolites from of the mosses Dicranum scoparium,
Pleurozium schreberi, Hylocomium splendens and Sphagnum magellanicum, and assess their
antioxidant properties. It was found that, regardless of the moss species, the lipophilic compounds
extracted by hexane display the highest antiradical activity against the free radical of DPPH. Using
thin-layer chromatography (TLC) it was found that the lipophilic compounds of hexane extracts from
all moss species are similar in composition but differ in their quantitative content. Hexane extract
from the moss D. scoparium contains the largest amount of fatty acids (about 22%). A distinctive
feature of the hexane extract from H. splendens was the highest content of terpenoids and sterols —
17.1% and 5.6%, respectively. The derivatization of TLC plates with DPPH solution showed that
among the lipophilic compounds extracted from mosses by hexane, carotenoids exhibit pronounced
antiradical activity. The highest level of carotenoids was found in the hexane extract from the moss
H. splendens, which displayed the highest anti-radical activity among the other moss extracts.

D.scoparium D
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Antiradical activity of hexane extracts

of mosses
Moss species 1C;, DPPH (pg/ml)
' DS 131,6+1,12 '
Ps 180,2+0,89
HS 116,1+1,41
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YYACTHUE ®OTOJABIXAHUS B ATATITAIIMA ITPOPOCTKOB IIIIEHUIIBI
K HU3KOU TEMIIEPATYPE
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WHucTutyT Onosoruu — obocobnenHoe noapasaeicane ®IBYH UL «Kapeabckuit HayuHbIH HEHTP
Poccuiickoii akagemuu Hayk», [lerpo3aBoack, Poccust
*E-mail: holoptseva@krc.karelia.ru

Kurouessle ciioBa: Triticum aestivum L., aHTUOKCUJIAHTHAsI CUCTEMA, HU3Kasl TEMIIEPATYPA, OKUCIUTEIbHBIN
cTpecc, POoTobIXaHHE.

B mocnenHue roapl HEKOTOPHIME aBTOPAaMU PAaCCMATPUBAETCS BOMPOC 00 ydacTuu (OTOABIXAHUS
B 3allIUTE KJIETOK PAaCTEHHI OT OKHCIUTEIILHOTO CTpecca, Pa3BUBAIOILIErocs B OTBET Ha JeHCTBHE
HeOIaronpusaTHBIX (aKTOPOB OKpyxkaromei cpeapl. B ycmoBusix CeBepa OJHUM U3 OCHOBHBIX
cTpecc-(pakToOpoB sABIsAETCS HU3Kas TeMiieparypa. OIHaKo, UCCiIeI0BaHus, IOCBSILIEHHbBIE YYaCTHIO
(bOTOBIXaHUS B 3aIUTE PACTCHUN OT OXJIAKICHHSI HEMHOTOYUCIICHHBI [ 1] M HEIOCTaTOYHO MOTHO
PAcKpBIBAIOT €r0 pojib B PEryJsilUUA YPOBHS OKHUCIMTEIBHOrO cTpecca. B cBsizu ¢ 3TUM, 1Ielbio
JTAaHHOW paboThl SIBUWIOCH M3Yy4YeHHE ydacTusi (POTONbIXaHUS B aJanTallid pPAacTEHUIl MIIEHUIIbI
K YCJIOBHSIM HU3KOM TEMIEPaTyphl.

OnpITl MPOBOJWIM € MPOPOCTKAMHU O3UMON mieHuusl (7riticum aestivum L.) copra
MockoBckasi 39, BeIpallleHHBIMH B pyJIOHaX (PUIBTPOBaIbHONW OyMaru Ha MUTATEIHHOM PAacTBOPE.
[To nocTrkeHUM HEAECIBHOTO BO3pAaCcTa MPOPOCTKHU B TEUEHHE 7 CYTOK MOJABEPraiv JEHCTBUIO HU3KOU
temnepatypsl (4 °C). O X071040yCTOMYMBOCTH CYIMIM IO TEMIIEpaType, BbI3bIBatolei rudens 50 %
namucagHbeix kietok (JITso) [2]. YpoBeHb MEpeKHUCHOrO OKHWCJICHUS JUIUIOB OICHUBAIU 10
cofiep:kanuio MasioHoBoro auanpaeruaa (MJIA) [3]. AKTUBHOCTH I'BasiKOJI-3aBUCHMON TIEPOKCUIA3BI
(I'TTO) ananm3upoBayik, UCIOJB3Yys B Ka4eCTBE cyOcTpaTa rBaskoi [4]. YCThUUYHYIO POBOJAMMOCTD
u cogepxanue CO> B MEKKICTHUKAX HM3y4alld C MOMOIIBI0 MOPTATUBHONW (POTOCHHTETUUYECKOM
cuctembl HCM-1000. THTEeHCUBHOCTH BUTMMOTO (DOTOBIXaHUS PACCUUTHIBAIH KaK PA3HOCTh MEKTY
MaKkcUMaibHbIM BbIX0A0M CO; B Te€ueHHE 3 MUH IOCJIE BBIKIIOYEHHUSI CBETA U TEMHOBBIM JIBIXaHUEM
(o ycranoBuBiiemycsi ypoBHiO CO2 yepe3 7—10 MUH 1OCiIe BBIKITIOYEHUS cBeTa) [S].

VY cTaHOBIEHO, YTO X0JIOAOYCTOMUHUBOCTh PACTEHUIN MIIIEHUIIBI TOBHIIIANIACH YK€ B HAYaJIbHbBIN
(1-24 9) nepuon aeiicTBus Temrnepatypsl 4 °C, B JaJIbHEHIIIEM OHA TaK)Ke MPOOJIKaia BO3pacTarh,
JIOCTUTAsi MAKCUMYMa Ha 7 CyT. B KJeTkax MIIeHUIIbI, TOJABEPTHYTOM OXJIAKICHUIO, HAOII0AaI0Ch
YBEJIMUEHUE YPOBHS OKHCIUTEIBHOIO CTpecca, 0 KOTOPOM CyAMIIU 1o HakorieHuto MJIA, ogHako
K KOHIly 3aKaJMBaHUs €ro COAEp’KaHWE CHIKAJIOCh. BbiABIEHO, yTO yke uepe3 1 4 oT Hauana
neictBus temnepatypbl 4 °C TpoOUCXOIWIIO YMEHBIIEHHE YCTBUYHON MPOBOJIUMOCTH, COJIEPHKAHUS
CO2 B MEXKJIETHUKAaX JIMCTb€B UM HMHTEHCHUBHOCTH (oTombixanus. C  yBelMyeHHEM
MPOJOJKUTENILHOCTY ~ HU3KOTEMIIEPAaTYpPHOI'O  3aKaJMBAHHWS ~ MHTEHCUBHOCTh  (OTOABIXAHMS
MOCTETIEHHO MOBBIIIANIACH M K KOHILY OmbITa (5—7 CyT) MpeBbIlIaia HCXOAHbIC 3HAYEHUS, TOT/Ia KaK
yCTbUYHAsl MPOBOAMMOCTh U conepkaHue CO; B MEXKJIETHHKaX OCTaBaJIUCh Ha MOHMKEHHOM
(OTHOCUTENBHO HCXOIHOT0) YPOBHE B TE€UEHHE BCero ombiTa. Kpome TOro, B ycnoBHsX OeHcTBUS
HU3KOH TEMIIEPATYpPhI, B JUCThIX 03UMOM MIICHUITHI HA0I0/1a10Ch oBbIeHue aktTuBHoCcTH ['TIO.

Ha ocHOBaHMM MOJTYYEHHBIX JaHHBIX, CIIETaH BBIBOJI O TOM, 4TO akTuBH3aus padbotsr AOC
U MO/JIep’KaHue MOBBIIIEHHOTO YPOBHS (DOTOABIXaHUS B JIMCTHSAX MIICHULBI TIOJ BIUSHUEM HU3KOM
TeMIeparypsl Ha (hOHE CHIKEHUS YCTBUYHON MPOBOAMMOCTH U coaepkanus CO2 B MEKKIECTHUKAX
MOKET COJEHWCTBOBaTh 3allUTE KJIETOK PAacCTEHUH OT pa3BUBAIOIIETOCS B OJTHUX YCIOBHSIX
OKHUCJIUTEIBHOIO CTPECCA, YTO B KOHEUHOM UTOT€ IPUBOJUT K YBEJIMUEHUIO X0J010yCTOMUMBOCTH.

Hccneoosanus  evinonanenvt Ha HayuHom obopyoosanuu L[IKII ®UI] KapHI] PAH.
Qunarcosoe obecneuerue UCCIEO08AHUL OCYWECMBIAIOCh U3 CpedCcms ¢hedepanvHo2o Ol0xicema
Ha 8vlnoaneHue 2ocyoapcmeenno2o 3aoanusi KapHIL] PAH (mema Ne 0218-2019-0074).
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INVOLMENT OF THE PHOTORESPIRATION IN ADAPTATION OF WHEAT
SEEDLINGS TO LOW TEMPERATURE

Kholoptseva E.S., Ignatenko A.A., Talanova V.V,

Institute of Biology, Karelian Research Centre, Russian Academy of Sciences,
Petrozavodsk, Russia

Keywords: Triticum aestivum L., antioxidant system, low temperature, oxidative stress, photorespiration.

We studied the effect of low temperature (4 °C) on the tolerance, antioxidant system (AOS) and
visible photorespiration intensity of leaves winter wheat seedlings (7riticum aestivum L.). It was
established that the cold tolerance of wheat plants increased in the initial (1-24 hours) period of
temperature action, further it also continued to increase, reaching a maximum on the 7 day. In wheat
cells subjected to cold exposure, an increase in the oxidative stress level was observed, which was
defined by the malondialdehyde (MDA) accumulation, but by the end of hardening its content
decreased. It was revealed that through 1 h from the onset of the temperature of 4 °C the stomatal
conductivity, content of CO: in the intercellular spaces of the leaves and photorespiration intensity
decreased. With an increase in the duration of low temperature hardening, the photorespiration rate
gradually increased and exceeded the initial values by the end of the experiment (5-7 days), while
the stomatal conductivity and CO; content in the intercellular spaces remained at a lower level
throughout the entire experiment. In addition, at low temperature conditions, an increase in the
activity of guaiacol-specific peroxidase was observed in the wheat leaves. It was concluded that the
AOS activation and the maintenance of an increased level of photorespiration in wheat leaves under
low temperature conditions against the background of a decrease in stomatal conductivity and CO»
content in intercellular spaces can promote the cells protect from oxidative stress developing at these
conditions and leads to an increase plant cold tolerance.
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B HacTosmiee Bpemsi akTUBHASL AESATENBHOCTD YEJIOBEKA IPUBOJANT K BOSHUKHOBEHUIO TEXHOTCHHBIX
naHAmagdTOB, OKA3bIBAIOIIMX HEOIAroNpUsTHOE BIUSHHUE HAa OuWOchepy U 370pOBbE UEIOBEKA.
Haubosee onacHbIMHU SIBIISIFOTCS 30J100TBaJIbI TEIIOBBIX JIEKTPOCTAHLIUMN, CYOCTpaT KOTOPBIX HE Oa-
TOIIPUATEH JUIsl IPOU3PACTaHUsl HA HEM PACTEHMM HU3-3a BBICOKOTO COAEPKAHUS TSKEIIBIX METAILIOB,
HenocTaTka OuoreHHbIX 3nemeHToB [1, 2]. CymiecTBoBaHME pPACTEHMM B JTaHHBIX TEXHOTCHHBIX
MECTOOOUTAHUAX HEM30€KHO MPUBOAUT UX K CTPECCOBOMY COCTOSIHUIO, U KaK CIIEACTBUE, B pac-
TUTEIBHBIX KJIETKAaX YCHJIMBAETCS Mpollecc 00pa3oBaHus akTUBHBIX (Gopm kuciopona (ADK) [3].
JUis mpemoTBpallleHusi HETaTHBHBIX CIIBUTOB peloKc-OanaHca KIETKH, PacTeHUs CIIOCOOHBI
CUHTE3UPOBATh AHTUOKCHAAHTBI, Pa3JIMYHOW MPUPOIbI, CIOCOOHBIE KaK HENOCPEICTBEHHO
nHakTuBHUpoBaTh ADK, Tak 1 yuacTBOBaTh B MPOLECCAX perapalyy MOBPEXKICHHBIX MAaKPOMOJIEKYJI
[4]. Llenp Hamero ucciaeaoBaHUs — U3yYEHUE MTPO- U AHTUOKCHUJIAHTHBIX PEaKLUMil pacTeHui Pinus
sylvestris L., mpou3pacTaroniX Ha 30J00TBale BepXHETaruiabCKOW TEIIOBOW SJIEKTPOCTAHIINH
(BTT'POC) u B ecTeCTBEHHOM MECTOOOUTAHHH.

Hccnenosanue nposoauioch Ha 3os00tBane BTI'POC (r. Bepxuuii Tarwi, CsepuioBckast
o0nacTh) B ABYX LeHomonyiasuusax. HepexkynbTHBUpPOBaHHBIA Y4acTOK (BO3PACT PAaCTUTEIHHOIO
cooOmiectBa Oosiee 35 7eT), MpeACTaBIE€H CMELIAHHBIM JIECOM, COMKHYTOCTh KPOH JIPEBECHBIX
cocrapisuia 0,5-0,6 (LIIT 1). PekynpTuBrpoBannbiii yaacTok 3000TBaja BTTPOC (Bo3pacT okomo
45 net), Ha KOTOPOM NPOBOJAMIACH YaCTUUHAsE OMOJIOTHYECKas PeKyJIbTHBALUS, ITyTeM HAaHECEHUs
TJIMHBI, TAKXKE MpeacTaBieH cMemanabiM jiecoM (LI 2). CoOMKHYTOCTh KpOH IPEBECHBIX COCTaBIIsIIA
0,6-0,7, mecramu a0 0,8. KontponpHas nenonomymsiuus (LI 3) mpouspacrana B eCTECTBEHHOM
CMENIaHHOM Jiecy, BOMu3u nepeBHU benopeuka (Bo3pacTt pacturenbHoro coobmiectsa 80-100 mer),
B 8 kM OT I. Bepxnuii Taruin, coMmkHyTOCTH KpOH coctasisiia 0,5-0,6 [2].

Y nOpuMepHO OJHOBO3PACTHBIX PACTEHUN COCHBI OOBIKHOBEHHOW W3 HCCIIEIOBAaHHBIX
LEHOMOMYJIISAIUI ONnpeaessuin ypoBeHb nepekucHoro okucinenue nunujaos (I1IOJI) kak mapkepa
cTpecca, coJiep>KaHue HU3KOMOJIEKYJISIPHBIX aHTHOKCHUIAHTOB: TPOJIMHA, PACTBOPUMBIX (DEHOJIbHBIX
coenHeHu u praBoHOMIOB. JlJIs1 aHAIN3a MCIIONIB30BANIN CBEXKYIO IBYXJICTHIOIO XBOIO P. sylvestris.
KonnuectBo mnponykros I1OJI, comepkanue cBOOOAHOrO MPOJIMHA, PACTBOPUMBIX (DEHOIBHBIX
COeMHEHUH ¥ (IAaBOHOMIOB ONPEICISIA COTJIACHO CTaHAapTHBIM MeronaM [4]. AHanu3
MOJTy4eHHBIX pe3yibTaToB npoBoawan B mporpamme Excel u STATISTICA 10.0 ¢ npumenernem
0JHO()aKTOPHOTO AUCIIEPCUOHHOTO aHanu3a (one-way ANOVA).

BrisiBIeHO, YTO B XBOE COCHBI, NMPOM3pACTAIOLIEH B YCIOBHUSX 30JI00TBajia, OCOOEHHO Ha
HepekynbTuBUpyeMoM yuacTtke (L[I11), Habmroganock nmoBeimeHHOE cofepkanue npoaykTos [1OJI,
YTO CBUJIETENILCTBYET O CABUTE peOKC-0allaHCca B CTOPOHY OKHUCIUTENbHBIX MTPOLIECCOB U PAa3BUTHH
XPOHUYECKOTO OKHUCIMTENBHOTO cTpecca. KonndyecTBo peHONBHBIX COeTUHEHN U (DIaBOHOU/IOB B
XBO€ pacTEeHUIl W3 HEPEKyJIbTHBUPOBAHHOI'O YYacTKa 30JI00TBajia Obl1o B 1,7 pa3a BbllIe IO
CPaBHEHHIO C PAaCTEHUSIMU M3 PEKYJIbTHUBHMPOBAHHOIO M KOHTPOJBHOrO ydacTKoB. ConepikaHue B
XBO€ MPOJIMHA Yy PACTEHUN M3 TPaHC(HOPMHPOBAHHBIX HKOCUCTEM ObUIO HUXKE IO CPABHEHUIO C
KOHTPOJIEM, YTO, BEPOATHO, CBSI3aHO C YCUJIEHMEM IIPOLIECCOB AETpajaliui 3TOr0 aHTHUOKCUAHTA,
100 ¢ HApYILIEHUEM €T0 CUHTE3a B YCIIOBUSX TEXHOTEHHOTO CTpecca.
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Cseponosckou obnacmu (npoexm Ne 20-44-660011) u Munucmepcmea Hayku u 6vicuieco
oopaszosanusi PO 6 pamkax I'3 Yp@Y (FEUZ-2020-0057).
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PROOXIDANT AND ANTIOXIDANT REACTIONS OF PINUS SYLVESTRIS L.
GROWING ON FLY ASH SUBSTRATES

Chukina N.V., EPkina A.V., Klimova V.N.

Ural Federal University named after the first President of Russia B.N. Yeltsin,
Yekaterinburg, Russia

Keywords: Pinus sylvestris L., antioxidant system, low-molecular-weight antioxidants, technogenic
substrates.

An unfavorable growing conditions that formed on the ash dumps can cause stress in plants colonizing
these man-made habitats. To prevent adverse effect of oxidative stress plants able to activate the
antioxidant system. The content of low-molecular-weight antioxidants and the level of lipid
peroxidation as stress marker were investigated in two-year-old needles of Pinus sylvestris L. growing
in the fly ash dumps of Verkhnetagil’skaya Thermal Power Station (VTTPS) and in natural forest as
a control habitat. It was shown that the level of lipid peroxidation in P. sylvestris growing on ash
substrates was higher in comparison with plants from the control habitat. This indicates the negative
impact of the conditions which formed in these technogenic habitats. In spite of that, plants from
nonrecultivated site of VTTPS are characterized by increased biosynthesis of phenolics and
flavonoids which may indicate there high adaptive potential that enables them to growth on such
adverse conditions.
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BJIUSTHUE Y®-B PAJIMAIIMA HA KOMIIOHEHTBI AHTUOKCUJIAHTHOMN
CUCTEMBI TUIMAHXHUKOB PELTIGERA APHTHOSA U PELTIGERA RUFESCENS

Ileasikun M.A.", Cununa E.B., Toosko T.K.

WuctutyT Ononornun Komu HayuHoro neHTpa Ypanbckoro otaenenus PAH,
CeixThIBKAp, Poccus
*E-mail: shelyakin@ib.komisc.ru

KiroueBbie caoBa: Peltigera aphthosa, Peltigera rufescens, anbTepHATHBHBIM MYTh JIbIXaHUS,
AHTUOKCHJAHTHBIE (PEPMEHTBI, IEPEKUCHOE OKUCIICHHE JIUITUI0B, yCTOWYHBOCTb.

YasTpaduonerosas (Y®) paguanus OTHOCUTCS K KOPOTKOBOJHOBOM YacTH COJTHEUHOTO CIIEKTpa.
Bricokosnepreruueckue Gpotonsl Y P-B nznyuenus (280—315 HM) mOTEHIIMATBHO OMACHBI IJIs1 BCEX
KUBBIX OpPraHu3MoB. M3BeCTHO, UYTO JIMIIAWHUKU YCTOWYMBBI K JCHCTBUIO HEOJIArOTPUSITHBIX
(dakTopoB cpeabl, HO X peakius Ha YP-B paguanuio ucciegoBaHa HEJIOCTaTOYHO, OCOOCHHO 3TO
KacaeTcsi poJid aHTHMOKCHJIAHTHOW cUCTeMbl. Mbl MpPOBEIM CpaBHUTENIbHOE H3ydeHHe 3 eKToB
HKOJIOTUYECKH 00OOCHOBaHHOU 1036l Y®-B paguanuu Ha NPOOKCHIAHTHBIM CTaTyc, aKTUBHOCTb
AHTHUOKCHJIAHTHBIX ~ (DEpMEHTOB ¥  BOBJICUYEHHE  DHEPreTUYecKd Majo  dPPEeKTUBHOTO
anpTepHaTUBHOTrO nyTu abixanust (All) B tamnomax Peltigera aphthosa w3 necHoro cooOriecTBa
u Peltigera rufescens, 0OMTAIONMEro Ha OTKPBITHIX YYaCTKaX MOMMEHHOTO JIyTa.

TannoMbl npeaBapuUTeNbHO aJanTHpPOBAIM B TeueHue Tpex cyrok npu 25°C u DAP
80 MkMoIb (M €)' O MIOMMHECIIEHTHBIMU TaMIaMH. 3aTeM YacTh TAIOMOB €KEHEBHO B TEUEHHE
10 cyrok skcroHupoBanu noz Y d-nmaMnamu ¢ MAaKCUMYMOM CIIeKTpa u3iaydeHus B Y D-B obnactu
1 MonHOCTHIO 2 BT M2, Ha npoTsKeHHH BCEro SKCHEepHMMEHTA TalloOMbl OMBITHOH U KOHTPOJIBHOM
Ipynn IOAJNEPKUBAIU B TUAPATUPOBAHHOM COCTOSHUU. YpoBeHb Jjunonepoxcuaauuu (I110JI),
conepxkanue H>O», aktuBHOCTH cymnepokcupaucmytasbl (COJMl) u kartamasel (KAT) usmepsum
CIEKTPO(POTOMETPUUECKH KaK OnmucaHo B padotax [1—4]. 3odopmbl hepMEHTOB U3ydanu METOI0M
HaTUBHOTO 3JeKTpodope3a. AktuBHOCTh All m3Mepsimu mo mornomieHruto O> ¢ UCMOIb30BaHUEM
METO/1a CIeIH(PUISCKIX HHTUOUTOPOB.

Conepxanne npoayktoB [1OJI n aktuBHOCT, Kar B KOHTPOJIBHBIX TayuioMax P. rufescens
Obutn BbILE B 2,5 U 5 pa3 COOTBETCTBEHHO, 4eM Yy P. aphthosa. JInmaiiHUKM HE OTIMYAINCH
nio coaepxanuto HoOz n aktuBnoctn CO/l. C yBennueHueM cymmapHou 10361 Y @-B HHTEHCUBHOCTD
[TOJI B Tanmnomax P. rufescens He U3MEHSIACh, TOT/Ia KaK B TauioMax P. aphthosa yBenn4yuBaiach
Ha 33%. Conepxxanne H,O, y o00oux BHIIOB JIMIIAWHUKOB 1oJ BiaussHuEM Y D-B yBennuuBanoch
B cpenqHeM Ha 20%. Yposenb aktuBHocTd COJl m KAT B onbITHBIX Tamnomax P. rufescens
yBenuuuBajics B 1,5 u 2 pa3za cooTBeTcTBeHHO. Y P. aphthosa aKTMBHOCTh aHTHOKCHIAHTHBIX
(epMeHTOB HE HM3MEHsUIaCh Ha MPOTSHKEHHWU BCEro JKCIEepUMEHTa. B Tamnomax o0oux BUIOB
JTUIARHUKOB uAeHTUGUIMpoBan 1o aABe uzodopmbel Fe- 1 Mn-COJl u oany m3odopmy KAT.
C yBenuueHnuem cymmapHoi 70361 Y @-B konnuectBo uzopopm Fe-COJ] yBenuunBanocs 10 Tpex y
P. rufescens n uetbipex y P. aphthosa. Y o0oux BHIOB OTMEYalld TMOBBINICHHE aKTUBHOCTH All
JObIXaHWUSA, YTO NPUBOAWIO K M3MEHEHHUIO COOTHOLICHHS OCHOBHOTO (LIUTOXPOMHOIO)
u oHepretudyecku wmano dddextuBHoro All. Bosineuenune AIl ObUIO cuUIbHEE BBIPAKEHO
y P. aphthosa. JkciepuMeHTaIbHO TOKa3aHo, 4To akTuBanus All TaimmomoB nmoj BosneicTBuem Y O-
B Opu1a oOyciioBiieHa B OCHOBHOM peakimeid MUKOOMoHTa. OO0 3TOM CBUIETEIBCTBYIOT JaHHBIC
[0 W3YYEHUIO KOMIIOHEHTOB JBIXaHUS Y M30JMPOBAHHBIX M3 TaVIOMOB KIETOK (POTOOHOHTA.
YcuneHre Toka 3JIeKTPOHOB Uepe3 ajJbTePHATUBHYIO OKCH/Ia3y CIIOCOOCTBYET CHUYKEHUIO TeHepaluu
aKTUBHBIX (DOPM KHCIIOPOJIA B IBIXaHUU U MOAJEPKAHUIO peslokc-0anaHnca [5].

Takum o0Opa3oM, HamMHu BHEpBBIC MOJydeHbl naHHble 00 3pdexrax UV-B wmzmydeHus
HAa AaHTHOKCHJAHTHYIO CHUCTEMY UM COOTHOLIEHME [JbIXaTEJIbHbIX IyT€H Yy JIUIIAWHUKOB,
MOABEPTAIOIINXCS B MPUPOJIE pazHOMY ypoBHIO Y® Harpysku. YcraHoBieHO, 4To y P. aphthosa
ObUIO CHJIbHEE BBIPAXKEHO BOBJIEYEHHE »JHeprerndyecku ManoddpdextuBHoro All npixanus,
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ay P. rufescens HaOnroaaIM MOBBIIICHHE AKTHBHOCTU ()EPMEHTOB aHTUOKCHJIAHTHON CUCTEMBI. DTO
YKa3bIBa€T Ha Pa3JINYMsl B QIalITABHON CTPATETHH UCCIICOBAHHBIX BUJIOB JIMIIAMHUKOB.

Paboma evinonnena npu ¢unancosoii noooepocke Munucmepcmea HaAyKu u 8bicuie2o
oopaszosanusi Poccutickou @edepayuu (mema HUOKTP Ne AAAA-A17-117033010038-7).
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THE EFFECT OF UV-B RADIATION ON THE ANTIOXIDANT SYSTEM COMPONENTS
IN PELTIGERA APHTHOSA AND PELTIGERA RUFESCENS LICHENS

Shelyakin M.A., Silina E.V., Golovko T.K.

Institute of Biology of Komi Science Centre of the Ural Branch of the Russian Academy of Sciences,
Syktyvkar, Russia

Keywords: Peltigera aphthosa, Peltigera rufescens, alternative respiratory pathway, antioxidant enzymes,
lipid peroxidation, resistance.

The high-energy photons of UV-B (280-315 nm) are potentially dangerous for all living organisms.
The effect of UV-B radiation on lichens has not been studied sufficiently. We conducted a
comparative study of the effects of a long-term (10 d) ecologically realistic dose of UV-B radiation
on the accumulation of lipid peroxidation products (TBARS), H>O> content, superoxide dismutase
(SOD), catalase and alternative respiration (AP) activity in Peltigera aphthosa from the forest
community and Peltigera rufescens from the open spaces of floodplain meadow. Increases in the
SOD and catalase activity in the UV-B illuminated thalli of P. rufescens were revealed. The TBARS
content in the UV-B treated thalli of P. rufescens did not differ from the control thalli and was 2.5
times higher than in P. aphthosa. In P. aphthosa thalli catalase and SOD activity did not change after
UV-B exposure, and TBARS content increased by 33%. The activity of antioxidant enzymes isoforms
was also higher in the impact thalli of P. rufescens as compared to P. aphthosa. In both lichens, an
increase in the AP activity was observed. The AP involvement was more pronounced in P. aphthosa.
The results of our study indicate the species-specific response in lichens, and differences in their
resistance to oxidative stress, which were due to adaptation to the light regime in the typical habitats
of these species.
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CPABHUTEJIBHASA OLNEHKA ITPO- U AHTUOKCUIAHTHOI'O CTATYCA
CEMEHHOTI'O IOTOMCTBA PLANTAGO MAJOR L.
N3 30H PAAMOAKTUBHOI'O U XUMHWYECKOI'O 3ATPA3ZHEHUSA

Iumaauna H.C.", Opexosa H.A., ITo3os1otuna B.H.

WuctutyT sxonorun pactennit u xuBoTHbIX YpO PAH, ExatepunOypr, Poccus
*E-mail: nadia_malina@mail.ru

KiroueBbie cioBa: Plantago major, 3arps3HEHHE TSDKEIBIMH METaJUIaMH, OKHCIHTENBHBIM CcTpecc,
pPaaAMoaKTUBHOE 3arpsA3HEHNE, CHCTEMa aHTHOKCUIAHTHOM 3aIlIHTHI.

BnusiHue MOHU3UPYIOIIETO U3IIYYECHHS U TSKENbIX METAJIJIOB Ha NMIPUPOAHBIE MOMYJISALUN PACTCHUN
M3Yy4€HO B MHOTOYHUCIICHHBIX MCCIIEJIOBAaHMIX, HO Pa0OT 1O CPaBHEHUIO OMOJIOTHYECKUX IPPEKTOB
B 30HaxX BIMSAHMSA 3TUX TEXHOIE€HHBIX (PAaKTOPOB M3BECTHO HEMHOro. VoHM3upyrolie U3i1y4eHus
U TSDKENble METaJUIbl PA3IMYaloTCsl MO0 (PU3MYECKOW NPHUPOJE U UMEIOT pa3Hble MEXaHH3Mbl
B3aUMOJICHCTBUS ¢ OMOTON Ha MOJIEKYJIIpHOM ypoBHe. Ilpu 3ToM paguanus u TsHKEIble METalbl
CIIOCOOHBI yCHUJIMBAaTh 00pa3oBaHHME AKTUBHBIX ()OPM KHUCIOPOJA W BbI3BIBATH OKUCIUTEIBHBIN
cTpecc, mModToMy 3(h(PEKTUBHOCTh PabOTHl AHTHOKCHIAHTHBIX CHCTEM HIPAET BAXKHYIO POJIb
B YCTOWYMBOCTH PACTEHUH K 3TUM TeXHOT'eHHbIM (hakTopam. Llenb Hamiel paboThl — cpaBHUTENbHAS
OLIGHKa MpO- M AaHTHOKCHUJAHTHOIO CTaTyca CEMEHHOI'0 MOTOMCTBA MOJOPOXKHHKA OOJBIIOrO
(Plantago major L.), nnuTenbHOE BpeMs MPOU3PACTAIOLIETO B 30HAX pajimoakTUBHOro (BocrouHo-
VYpansckuii paauoaktuBHbil cienq — BYPC) u xumuueckoro (3oHa BiusiHus Kapabatickoro
MeeTIaBUIbHOTO 3aBojia — KM3) 3arpsisHeHus, a Takke Ha (POHOBBIX TEPPUTOPHUSIX.

CobpaHHble Ha peNepHBIX y4acTKax CeMeHa MpopaliuBai METOAOM PYJIOHHOM KyJIbTYphI Ha
JUCTWIIMPOBAaHHOM BoJe B TeueHue 21 cyrok npu +24 °C. [TomydyeHHbIe IPOPOCTKU UCIIOIb30BAIH
JUTSL OLIEHKH NPO- aHTUOKCHJIAHTHOTO CTaTyca CEMEHHOI'0 MOTOMCTBAa. MIHTEHCHBHOCTBH MPOLIECCOB
MEPEKUCHOTO0 OKHCIICHMS JIMMHUJIOB OLEHUBAJIM IO COJEPKAHUI0 MaJIOHOBOro auanbaeruga [1],
paboTy aHTUOKCHIAHTHOM CHCTEMBI — I10 aKTUBHOCTHU TPpeX (PEPMEHTOB: CYNEPOKCHATUCMYTa3HI [2],
Karana3el [3] ¥ oOmel MepoKCUIa3HOM aKTUBHOCTH [4], a Takke MO0 CyMMapHOMY COJEpPKaHUIO
HHU3KOMOJICKYJISIPHBIX AHTUOKCHAAHTOB [5]. AHanv3 JaHHBIX MPOBOJUIM C HCIOJIb30BAHUEM
KputepueB HenapaMmerpuueckod cratuctuku (U-tect Manna-Yutau, H-kpurtepuit Kpackena-
Yonnuca, tect [lanHa), a taxke Meroja riaaBHeIX komnoHeHT B nporpamme STATISTICA 10.0
(StatSoft Inc., 2011).

BoisiBneHb! paznuuusi Ipo- U aHTUOKCHAAHTHOTO CTaTyca CEMEHHOro MoToMcTBa P. major
U3 30H C pa3HbIM THUIIOM TEXHOTE€HHOIO BO3AECUCTBUSA. Y HPOPOCTKOB U3 30HBI PATUOAKTUBHOIO
3arpsi3HeHUs] 3a(QUKCUPOBAH MPOOKCUIAHTHBIN CABHUI, OOHapyxeHO Ooijiee BBHICOKOE COJEpKaHHE
MaJIOHOBOTO JUAJIbJETUJIa, IIOBBIIIEHHAs AaKTUBHOCTb CYNEPOKCHIIUCMYTa3bl M  Karajasbl
[0 CpPaBHEHUIO C (DOHOBBIMU PACTEHUSMHU. Y MPOPOCTKOB M3 30HBI XMMHUYECKOIO 3arps3HEHHs
aKTUBHOCTH CYMEPOKCHAUCMYTa3bl M KaTanas3bl ObLIM CHIDKEHBI MO0 CPaBHEHHIO C (DOHOBBIMH,
a TepoKCHJa3Hasg AaKTHUBHOCTb T[IOBBIIIEHA. YCHWJIEHHWE aHTHOKCHAAHTHOM 3allUThl 3a CUeT
HU3KOMOJIEKYJISIPHBIX aHTHOKCH/IaHTOB IT0Ka3aHO TOJIbKO B BeIOOpKax BYPCa. [lonyueHHble 1aHHbIE
CBUJETEILCTBYIOT O TOM, YTO clielu(rKa aJanTUBHBIX OTBETOB pacTeHHIl (opMupyercs 3a cueT
pa3nuyMii B MHAYKIIUH aKTUBHBIX (OPM KHUCIOPOAa PU ASHCTBUM PaUAIMU U TSKEIIBIX METAJJIOB.

Paboma evinonnena 6 pamkax 2ocyoapcmeenio2o sadanus Hucmumyma sKono2uu pacmenui
u ocusommuwvix YpO PAH.
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COMPARATIVE EVALUATION OF PROOXIDANT/ANTIOXIDANT BALANCE
IN SEED PROGENY OF PLANTAGO MAJOR L. FROM RADIOACTIVELY
AND CHEMICALLY CONTAMINATED AREAS

Shimalina N.S., Orekhova N.A., Pozolotina V.N.
Institute of Plant and Animal Ecology, Ural Branch of the RAS, Ekaterinburg, Russia

Keywords: Plantago major, antioxidant protection system, heavy metal contamination, oxidative stress,
radioactive contamination.

There are many studies addressing plant responses to radioactive and chemical contamination of soils,
but few works have been devoted to comparison of biological effects in the areas affected by these
factors. The efficiency of antioxidant systems plays an important role in plant resistance to these
impacts. The aim of this study is a comparative evaluation of prooxidant/antioxidant balance in seed
progeny of Plantago major growing in the East Ural Radioactive Trace (EURT), in the zone affected
by operation of the Karabash Copper Smelter (KCS), and in the reference sites. Lipid peroxidation
was assessed by determining malondialdehyde; evaluation of the antioxidant system was based on
the activities of superoxide dismutase, catalase, and total peroxidase, and on the content of low-
molecular-weight antioxidants. The study showed that the prooxidant and antioxidant statuses of P.
major seed progeny from the contaminated sites were different from the reference samples and from
each other. The EURT samples exhibited a prooxidant shift relative to the reference samples; not only
malondialdehyde but also activities of superoxide dismutase and catalase and the content of low-
molecular-weight antioxidants were higher than in the reference samples. Malondialdehyde content
in seedlings from the KCS zone did not differ from the reference values; superoxide dismutase and
catalase activities were decreased whereas peroxidase activity was higher compared to the activities
of these enzymes in the reference samples. Thus, the differences in the plant adaptive responses to
ionizing radiation and heavy metals are caused by the dissimilarities in the induction of reactive
oxygen species.
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CTpECC, TSHKETBIC METaJLTh.

Apnantanusi BOAHBIX PacTEHUM K TEXHOTEHHOMY 3arps3HEHHUIO SIBIISIETCS AKTyaJIbHOW TEMOW st
UCCIIEIOBAaHUM B CBSI3U C ILIUPOKUM PACHPOCTPAHEHHUEM T'MAPOIKOCUCTEM, TOJBEPKEHHBIX
AHTPOIIOT€HHOMY BO3JEHCTBHUIO. /[IelicTBME HA pacTEeHHs TaKUX IIOJUIIOTAHTOB, KAaK TSKEIIbIC
Metauuibl (TM), MOXET TPUBOAUTH K TeHepaluu akTUBHBIX (opm kuciopoaa (ADK), koTopeie
BBI3BIBAIOT  OKHCIHUTENBbHBI cTpecc B  KieTkax. CHIOCOOHOCTb pacTeHH K  CHHTE3Y
HEIH3MMATUYECKUX aHTUOKCUAAHTOB, TAaKUX KaK MPOJIMH, (DEHOJIbHbIE COEIUHEHMSI, pAaCTBOPUMBIE
THOJBL U TIp. [1, 2], MO3BOJSET PACTEHUSAM BbIICPKUBATH 3HAUUTEIbHBIE TEXHOTCHHbIE HATPY3KHU.
HccnenoBanne HampaBieHO Ha M3y4YEHHE COJEP)KAaHUS HEKOTOpPBIX HedepMEeHTaTUBHBIX
AHTUOKCUJIAHTOB B JUCTbAX Hydrocharis morsus-ranae TpHu 3arps3HEHUN CPEIbl METAJJIAMH.
JlaHHBII BUI-TJICHCTO(PUT MMPOKO pacpoCcTpaHeH Ha TeppuTopuu EBpazun u ceBepHO AMEPHKH.
Hnsa H. morsus-ranae 1OKa3aHa BbICOKas YCTOWYMBOCTBH K JAeWcTBuI0 TM, Bciaeacrsue 4ero
aKTyaJIbHBIM SIBJIIETCSI U3YUYEHHE €r0 OTBETHBIX PEIOKC-PEaKIIUA.

OOpa3ipl MMOBEpXHOCTHBIX BOJ, CEJIMMEHTOB M PACTHUTEIBHOIO MarepHuajga OTOMpaliu
Ha Tepputopun YensiOunckoit obnactu (FOxubiit Ypan) B utone 20182019 rr. Ha AByX y4acTkax:
03. Uptsam (pon) u 3aBoawr p. Erosza (ummakrt). ComepikaHue METALIOB B BOJAC M CEIMMEHTaX
ONPEIESIIN METOJIOM aTOMHO-3MUCCUOHHOM CIIEKTPOMETPUM ¢ MHIYKTUBHO CBSI3AHHOM IUTA3MOM 110CIIE
Mokporo o3oieHust 70% HNOs (ocu). Conepxanue NpOIyKTOB HNEPEKUCHOIO OKHCICHUS JIMIIUIOB
(masionoBoro auanbaeruga, MJIA), cBob6ogHOTO TIpOJiMHA, (EHONBHBIX COCIMHEHHM, OEIKOBBIX
U HEOEIKOBBIX THOJOB, KapOTHHOUIOB OMNpeAensuin crekrpodoromerpuuecku Ha PD-303UV
(«APELy, flmonust), coraacHO CTaHAApTHBIM MeTo1aM [3—5].

Conepxanne Fe, Pb, Mn, Zn u Ni B NOBEepXHOCTHBIX BOJaX M CEAMMEHTAaX HMITAKTHOTO
y4acTKa B CpelHeM ObLIO BhINIE B 2,5 pa3za u B O0IbIIMHCTBE ciiydaeB npebimano [TJIK s Bogabix
00BEKTOB PbI00X035HCTBEHHOTO HA3HAUCHHUSL.

I'enepanust ADK, Be3biBacMas ACHCTBHEM HW30BITOYHBIX KoJMuecTB TM, mpuBOIUT
K OKHUCIICHUIO JIMMUOB U IPYTUX BakHeHmux 6rnomonekyn [ 1]. Ha uMnakTHOM ydacTke cojiepKaHme
MJA B nuctesx H. morsus-ranae yBenuuuBajioch B 1,2 pa3za, YTO CBHJAETEIbCTBYET
00 OKHCJIHMTEIBHOM MOBPEKICHUH KICTOYHBIX MEMOpPaH.

[Tonnepxanue KoHIEHTpauu oOpa3zoBaBmmxcs B kietke ADPK Ha J0CTaTOYHO HU3KOM
YPOBHE OCYUIECTBJIIET MHOTOKOMIIOHEHTHAsl CUCTEMA AHTUOKCHUJIAHTHOM 3allUThI, OT COCTOSHMS
KOTOpPOM BO MHOT'OM 3aBUCHUT YCTOMYMBOCTh PACTEHUI K CTpeccOBBbIM Bo3aehcTBUsAM [1-3]. Cunres
NPOJIMHA SBJISCTCS TMPOSIBJICHUEM HECTICHM(PUYECKOM peakiMy pPacTeHHd Ha CTpecc, B TOM 4HUCIe
Ha neiicteue TM. MccnepgoBaHue Mokas3ano, YTO B JIUCThSIX PACTEHUUA U3 HMMIIAKTHOTO Y4YacTKa
CoJiep’)KaHuEe CBOOOJHOTO TMPOJMHA YyBeMWYMBaIoch Ha 26%. CoenuHEHUs], COAEpIKAIMe THOIBI
(HeOeKOBbIE U OETKOBBIC) HTPAIOT BAYKHYIO POJIb B PEIOKC-PETYIISIMN Y PACTSHHH [2], @ TAKXKE YUaCTBYIOT
B xenatuposanuu TM u o6e3BpexkuBannu ADK. OTMedeHo CyIecTBEHHOE YBEIMUCHUE UX KOJIMUECTBA Y
H. morsus-ranae 3 3arpsiI3BHEHHOTO Y4acTKa.

W3BecTHO, YTO aHTHMOKCHJAHTHBIMU CBOMCTBaMH 00JIA/Ial0T MHOTHE (DEHOJIBHBIC COCIMHEHHSI.
3a cuer OH-rpynm dheHonbl MOryT yuacTBoBaTh B ieTokcukanun ADK. OHM MOTYT TakKe XelIaTHpOBaTh
TM u crabunu3upoBaTh MeMOpaHbl, YTO OrpaHUYMBaET JU(PQY3HI0 CBOOOIHBIX PATUKATIOB U CHHXKACT
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MHTEHCUBHOCTb TMEPOKCUIALMK JTUIUAOB [6]. MI3BeCTHO, YTO MpU M30BITOYHBIX HArpy3KaxX MPOUCXOIUT
OKHUCJIUTENbHAs JIErpafalys TUX COEAMHEHMH. B Hamem ciydae OTMEYEHO CHMKEHHE KOJIMYEeCTBa
(bEHOJBHBIX COSTMHEHUI Y PAaCTEHUH M3 MMIIAKTHOTO y4acTKa. AHAJIOTMYHAs TeHJCHIMs HaOIoanach
B COZIEPKAHUU KAPOTHHOM/IOB.

Takum 00pa3zom, U3ydeHHE OTBETHBIX PEIOKC-peakmil H. morsus-ranae Ha 3arps3HEHNUE CPeJibl
MeTa/lIaMH TI0Ka3alo, YTO Pa3BUTHE OKUCIMTEIBHOIO CTPECCa COMPOBOXKAATIOCH HAKOIIIEHUEM B KJIETKAX
NPOJIMHA M PACTBOPUMBIX THOJIOB, YTO IO3BOJSIET CHAENATh 3aKIIOUEHHE 00 HX aKTUBHOW POJH
B ()OPMUPOBAHUN YCTOMUMBOCTH TUIECHCTO(DHTA K TEXHOTEHHOMY BO3JICHCTBHIO.
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REDOX-REACTIONS OF HYDROCHARIS MORSUS-RANAE L.
UNDER TECHNOGENIC POLLUTION

Shiryaev G.I., Borisova G.G., Shchukina D.A.,
Chukina N.V., Sobenin A.V., Maleva M.G.

Ural Federal University, Ekaterinburg, Russia
Keywords: Hydrocharis morsus-ranae, non-enzymatic antioxidants, oxidative stress, heavy metals.

The adaptation of aquatic plants to technogenic pollution is an actual subject for research in
connection with the abundance of territories subject to anthropogenic impact. The influence of some
pollutants such as heavy metals (HMs) can lead to the generation of reactive oxygen species (ROS)
that disrupt the structure of biomolecules in plants. In response to their action, the plants synthesize
antioxidants. The synthesis of antioxidants allows plants to resist significant environmental pollution.
Hydrocharis morsus-ranae L. is a common floating macrophyte for which a high accumulation of
HM was shown. Samples were taken from two sites (clean and polluted). HMs contamination led to
the development of oxidative stress in plants (the MDA content increased by 1.2 times). In response
to oxidative stress, the content of proline, non-protein and protein thiols increased in plants. At the
same time, it was shown a decrease in the content of carotenoids and phenolic compounds. We assume
that this is a consequence of the oxidative degradation of these compounds.

Cu2+ Hg2+
O+
\&1 pbY
o 2 MDA |
Mn™ g+ — 41 /- Carotenoids
Proline Phenols
Soluble thiols

Hydrocharis morsus-ranae L.
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MOCTTPAHCJISIIAOHHBIE MOJU®UKAIIAU BEJIKOB IIJIASMATHYECKOM
MEMBPAHBI TPOAYKTAMMU NEPEKUCHOI'O OKUCJIEHUSA JIMIIN/10OB
KAK DO®EKT BJIAUAHUSA 3ACYXHU HA BRASSICA NAPUS
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KuaroueBsble cioBa: Brassica napus, 3acyxa, OKHCIUTEIBHBIA CTPECC, MPOTEOM IUIa3MaTHIECKOW MeMOpaHbI,
MPOIYKThI MIEPEKUCHOIO OKUCICHUS JIUIHIOB.

B ycnoBuAx wusMeHsoLerocs Kiumara 3acyxa — OJHAa W3 CaMbIX paclpoOCTpaHEHHBIX (opMm
abuotuyeckoro crpecca. OHa XapakTepu3yeTcs CHIKEHHEM BOJHOIO TMOTEHIMAjIa Cpesbl
U OKa3blBAE€T HEIOCPEJICTBEHHOE BIMSHUE Ha cocTosiHMEe pacTeHuid. CoObITus, 3amyckaemble
Ne(UIIMTOM BOJIbI, MPUBOAAT K Pa3BUTHUIO OKHCIUTENBHOTO cTpecca [1]. B cuimy BbICOKOTO
COJIEP’KAHUSI HEHACBIIEHHBIX JKUPHBIX KUCIOT JIMIUAOB, IUIa3MaTHuyeckas MeMOpaHa sBIseTcs
0c000 4yBCTBUTENBHOI K 3acyxe. OnHuUM U3 Haubosiee BhIpaKEHHBIX 3(PPEKTOB OKUCIUTEIHHOTO
cTpecca SIBJIETCSl OKHMCIUTENbHas (parMeHTauus ann(aTH4ecKuX ILened MOJMHEHACBIIEHHbBIX
JKUPHBIX KHUCIOT B COCTaBE JMIKJIOB MeMOpaH BCJIEICTBHE HX aTaKd AaKTUBHBIMU (hopMamu
kuciopona [2]. B pesynbrare 3TO0ro 00pa3zyroTcss HU3KOMOJICKYJSPHBIE MPOIYKTHI MEPEKUCHOTO
okucnenus nununoB (ITOJI) kapOOHMIBHOM NPUPOABI (BBICOKOPEAKTUBHBIE KapOOHWIbHBIC
COCIMHEHMS), KOTOpPhIE CIIOCOOHBI MOJUQPUIIMPOBATH AMHHOKHCIOTHBIE OCTaTKH OCJIKOB,
HEMOCPEJCTBEHHO BIHsIS HAa QYHKUHUIO OCIeTHUX [3].

Jlisg n3ydeHus U3MEHEHHs MpOTeoMa IIa3MaTUYecKo MeMOpaHbl O] BIMSHUEM 3aCyXH
pactenus Brassica napus L. ObU1M BbIpaIieHbl B THIPOIOHHON crcTeMe. 3acyXa co3/laBajlach IyTeM
nobasnenus 18% (w/v) nomudtuneHrnukons-8000 B mUTaTENbHYIO Cpely K pacTeHHUsIM B BO3pacTe
21 mHA ¢ MOMEHTa MpOpacTaHUs W JIWiach B TeueHue 7 nHei. Jlamee Obuia BbiAeneHa (pakius
1a3MaTH4ecKOd MeMOpaHbl, M3 KOTOpOl TMOJy4yeH €€ TOTalbHbIM OeJIoK, H3MEepeHa ero
KOHLEHTpalus W TPOBEACH IMPOTEOJIU3 TPUICUHOM. [loJHOTY TpUNTHYECKOrOo TI'MApOIM3a
MOATBEPKIaIM MPU MOMOIIM TUCK-3JIEKTpodope3a B JeHATYpUPYIOMIUX yciaoBusX. [lomyueHHbie
TPUNITHYECKUE THIPOJIN3ATHI ObUIM 00eccoIeHbl TBepA0(ha3HON IKCTPAKIKMEH U POAHAIU3UPOBAHBI
IpU TOMOIIM BbICOKOA((EKTUBHON KHUJIKOCTHOW XpomaTorpaduu, CONpsKEHHOW C TaHJIEMHOU
Macc-CreKTpoMeTpueil. Macc-crieKTpoMeTpuieckue JaHHble ObLIT 00paboTaHbl C UCIIOJIb30BAaHHEM
nouckoBor Mamuabl SEQUEST B 6a3e nocnenoBarensHocTel 0enkoB Brassica napus plantGDB.

Bcero 6bu10 naentudumponano 74 6enka MoAU(GUIMPOBAHHBIX MPOIYKTAMH MEPEKUCHOTO
okucieHus aunuaoB. M3 Hux 14 OenkoB OOHApYKHUBAJIUCh TOJIBKO Y PACTEHUH, BBIPAILIEHHBIX
B ycioBusX 3acyxu. [IpeoGnamaromeit mogudukanuein Obu1 akponen. Cpeau 6enkos ¢ [10JI-
MonupukanusamMu npeoOianany OeiKd, BOBJIEYEHHbIE B TMPOLECCHl TPAHCISIMM U TEepeladyu
BHYTPUKJIETOUHOT'O CUTHAJIA.
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2. Garg N., Manchanda G. // Plant Biosys. 2009. 143(5), 8-96.
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PLASMA MEMBRANE PROTEINS MODIFICATIONS BY ADVANCED LIPOXIDATION
END-PRODUCTS AS THE DROUGHT EFFECT ON BRASSICA NAPUS

Shumilina J.S."", Didio A.V.!, Bilova T.E.!, Kirpichnikova A.A.!,
Wessjohann L.A.% Shishova MLF.!, Frolov A.A.!?2

ISt. Petersburg State University, Saint-Petersburg, Russia
’Leibniz Institute of Plant Biochemistry, Halle (Saale), Germany

Keywords: Brassica napus, drought stress, lipid peroxidation products, oxidative stress, plasma membrane
proteins.

Drought dramatically affects plant productivity and survival. It is characterized by a decrease of leaf
water potential and has a direct impact on plant performance. A drop of tissue water potential leads
to development of oxidative stress. Due to the high contents of lipids rich in unsaturated fatty acids,
plasma membrane is particularly sensitive to drought-related oxidative damage. One of the most
pronounced effects of oxidative stress is the oxidative fragmentation of the aliphatic chains of
polyunsaturated fatty acids. In the result this process the advanced lipoxidation end-products (ALEs)
are formed. ALEs can modify the amino acids residues of proteins, directly affecting its function. To
study changes in the plasma membrane proteome under drought stress Brassica napus L. plants were
grown in a hydroponic system. The drought was created by adding 18% (w/v) polyethylene glycol-
8000 (PEG-8000) to the nutrient medium. Total plasma membrane protein was isolated, its
concentration was measured and hydrolysis with trypsin was performed. The obtained tryptic
hydrolysates were desalted by solid-phase extraction and analyzed by HPLC-MS/MS. A total of 74
mebrane proteins modified by reactive carbonyl compounds (RCCs) were identified. Among these,
14 proteins were found only in plants grown under drought conditions. Thereby, the majority of the
lipoxidative modifications were acrolein-derived. Among the proteins with ALEmodifications
dominated the polypeptifes involved in translation and signal transduction.

Isolation of plasma Bottom-up Identification of the
Drought stress membrane proteomics ALE-modified
proteins proteins
7 days

18% PEG-8000
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