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IMPEANCJIOBHE

OpHMM U3 NapaJoKCOB KM3HU Ha HAIllEH IJIAHETE SIBJISETCS TO, YTO KMCIOPOJA — MOJIEKYJIA,
MO/JIEP’KUBAIOIasl a3pOOHYIO JKHU3Hb U CIIy)Kalllas OCHOBOM [UIsl SHEPreTH4ecKoro meradosu3ma,
BOBJICYEHA BO MHOI'HME JIET€HEpAaTUBHBIE Ipolecchl U 0Ooie3Hu. Bricokas okuciaurTenbHas
CIIOCOOHOCTBH KHCIIOpOJAa, HeoOXoAaumas AJid ero (QyHKUMOHHPOBAHUS B JAbIXaTE€IbHOW CHCTEME,
CHOCOOCTBYET 00pa30BaHUIO TOKCUYHBIX KUCIOPOIHBIX PAJUKAIIOB, MJIM aKTUBHBIX (POPM KUCIIOpOIa
(ADK). Bmecte ¢ Tem, ADK gBISIFOTCS KITIOYEBBIMU CUTHATBHBIME MOJICKYJIaMHU, BOBJICYEHHBIMU B
PEryJsMI0 MeTabOoJIMYEeCKUX IPOLIECCOB W 3alIUTHBIX PEaKIUil >KUBBIX KJIETOK. 3HAHUE O
MOJIEKYJISIPHBIX MEeXaHu3Max U (GU3MOIIOTUYECKUX  TOCIEICTBUAX OKHUCJIUTEIBHO-
BOCCTAHOBUTENIBHBIX IPEBPAILEHUN BBICOKOMOJIEKYJISIPHBIX COEIMHEHUN PACTUTEIbHOW KIIETKU
aBisieTcss (pyHAAaMEHTaJIbHOM OCHOBHOWM JJisi HaIlpaBJIEHHOTO H3MEHEHHs MPOIIECCOB pocTa H
UMMYHUTeTa pacTeHuil. B HacTosem cOopHuKke mpeacTaBieHsl Marepuansl I MexayHapogHoro
cumnosuyma «MoJekyisipHble acHeKThl peloKc-meTrabonu3ma pacteHui» u Llkomasl MomonbIX
yuéHbIX «PoJIb aKTUBHBIX (POPM KHCIOPOA B )KU3HU PACTCHUI», mpoxoasumx 2228 aprycra 2021
B YpaimbckoMm (enepanpbHoM yHuBepcutere, ExarepunOypr, Poccus. B cummnosuyme mnpussim
ydacTue B cMemanHoM (opmare online n offline yuensie u3 6onee yem 30 roponos Poccuiickoii
®enepanuu, a Takxke u3 benapycu, [lonbmu, FOxuoit Adpuku, Unaun. COopHUK OyneT nHTEpeceH
CrelManucTaM-0MoaoraM, XHUMHKaM, OMOTEXHOJOraM, CTYIACHTaM BY30B OHOJOTHYECKHUX,
XUMHYECKHX, CEJIbCKOXO03SIIICTBEHHBIX HAIlPaBJICHUH.

Ot umenu [IporpaMMHOro KOMHUTETA,

Compeacenareny CUMITIO3MyMa
H. C. Kucenesa, k.0.H., JOIICHT
®. 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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Munu6aeBa ®@apuna BuiieBHa, 1.6.1.

3aseodyrowuii 1abopamopueti OKUCTUMETbHO-80CCNAHOBUMENHHO20
memabonusma Kazancrkoeo uncmuniyma ouoxumuu u Ouo@usuxu —
060cobeHH020 cmpykmypHozo noopazoenerus UL KazHI] PAH,
Kaszanw, Poccus

Hayunvie unmepecor: Gusnonorus 1 OUOXUMHUsSL CTpecca,
aKTUBHbIE (QOpPMBI KHUCIOpPOJAa M  a30Ta, pacTEHUS-
KCTPEMODUITBI

Has3zeanue 0oknada: MenaHuHbl — TEMHasi CTOPOHA PEIOKC-
MeTaboar3Ma

Kuceaésa Upuna CepreeBHa, x.6.H., 101€eHT

3asedyiowuii  kagedpoil  IKcnepumenmanvHol - OuorocUU U
ouomexnonocuti  Mncmumyma — eCmecmeeHHvlX — HAVK U
mamemamuxu  Ypanvckozeo ¢hedepaivHoeo YHUSEpCcUmema um.
nepeozo Ilpesudenma Poccuu b.H. Envyuna, Examepunbype,
Poccusa

Hayunvle unmepecol: ctpecc-QU3NOIOTUS PACTCHHH,
(OTOCHHTE3 U TIPOAYKIIMOHHBIN TIPOIIECC

Haszeéanue 0oknada: Ypan NHAYCTPUAIBHBIN: KaK BBDKUBAIOT
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 BiaagumupoBud, 1.6.1.,
npodeccop

3asedyrowuii 1abopamopueti GUOXUMUU UMMYHUMEMA PACTeHUlL
Hucmumyma — 6uoxumuu u  2ememuxu — 000COONEHHO20
cmpyxkmypHo2o noopazoenenust Y@L PAH, Y¢a, Poccus

Hayunvie unmepecor: (usnonoruss pacTeHHM, 3amuTa
pacTteHui, GUTOMMMYHUTET

Haszeanue ooxnada: AktrBHBIE (POPMBI KHCIOPO/IA B 3aIIUTE
pacTeHuil 0T GMOTHYECKOro cTpecca
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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 Wieslaw 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

Jdemugunk Bagum BukropoBuy, 1.6.1.

Jexan Ouon02UYeCcKo20 Ghaxyremema FBenopyccrozco
2ocydapcmeenoz2o  yhueepcumemad, —npogheccop  kagheopol
KIemoyHou oOuonocuu u OuouHd@CeHepuu pacmenutl, MuHCK,
Pecnybnuxa Berapyce

Hayunvie unmepecsi: K1€TOUHAsE CHTHAIU3ALMS U PEIOKC-
OuoJorusl pacTeHuil, MOHHBIM TpaHCIOPT, (HU3HOIOTHS
cTpecca y pacTeHHM

Hazeanue ooknaoa: L-ackopOWHOBas KHCJIOTa Kak
CUTHAQJIbHBIA U PETYISITOPHBIN areHT y BBICILIUX PACTEHUI
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Momxkos Urops EBrenbeBud, 1.6.4., B.H.C.

Pyrkosooumens  omodena  usuxko-xumuweckux - memooos
uccneooganuti, HMucmumym — usuonocuu  pacmenuil  um.
KA. Tumupsizesa PAH, Mockea, Poccus

Hayunvie unmepecwoi: MexaHn3Mbl A€HCTBUS (PUTOTOPMOHOB
U KJIETOYHAsi CUTHAJIN3

anuys, CTpeccoBas (1)I/ISI/IOJ'IOFI/I$I, HaHO4YaCTHIIBI 30JI0Ta, HUX
3¢)¢)CKTBI 1 MEXaHU3MBI JeUCTBUS B pacCTCHUAX

Ha3zeanue oOoxnada: DTuneH: MaJleHbKas MOJICKyJIa —
00JIbIIIKE BOIPOCHI

EmeabsinoB Biaaguciaas BaaguMmupoBud, x.6.4H.,
JOLCHT
Jloyenm kageopwl eenemuxu u 6uOMexHOI0UU ODUOLOSULECKO2O

gaxynemema  Canxkm-Ilemepbypeckoeo — 20CyoapcmeeHHo20
yuusepcumema, Canxkm-Ilemepoype, Poccus

Hayunvie unmepecwi: (GuU3no0IOTHUS CTpecca pacTeHH,
ajanTalnus pacTeHul K HeJocTaTtky kuciopoaa, ADK,
AHTHOKCHJIAHTHbIE CUCTEMBbI

Ha3zeanue ooknada: OKUCIUTENBHBIN CTPECC B PACTEHUSIX
Mpu  JIEUCTBUHU JeUIIMTa KUCIOpPOJa W TOCIEAYIOIICH
peaspanuu

®poJ1oB AHApeii AJTeKCAHAPOBHY, K.X.H., JOLEHT

Jloyenm kaghedpvr Ouoxumuu OuosOcUYECKO20 (haAKyILmMEma
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Canxm-Ilemepbype, Poccus
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VJIK 581.1

PHOTOPROTECTION AND SIGNALLING IN LICHENS

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

'University of KwaZulu-Natal, Pietermaritzburg, South Africa
’Kazan 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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VJIK 581.1

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

Bilova T."", Kim A.2, Popova V.!, Lukasheva E.!, Dorn M.2, Mamontova T."% Tsarev A.!?,
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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/Fm), 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.

References

Vareda J., Valente A.J.M., Duraes L. // J. Environ. Manag. 2019. 246, 101-118.

Wu Y., MaL., LiuQ., et al. // Sci. Tot. Environ. 2020. 726, 138554.

Rajkumar M., Bruno L.B., Banu R. // Crit. Rev. Environ. Sci. Technol. 2017. 47, 372—-407.
Manoj S.R., Karthik C., Kadirvelu K., et al. // J. Environ. Manage. 2020. 254, 109779.

b S

22



[Ikoma MoTOBIX YYEHBIX «PoJIb aKTHBHBIX (POPM KHCIIOPO/a B )KU3HHU PACTCHUI»

%
(@
o @

i

H o]
NH

Increased 2 mays

v —— health, stress tolerance
DecreasedROS DecreasedSOD  Decreased and growth
activity/reduced activity Proline

MDA

Ll T
Stress parameters v Increased gaseous v Increased
- parameters (carbon fluorescence
I / assimilation,electron parameters (quantum
Reduced Cr transport, efficiency of PSIl) and
accumulationin shoots - transpiration, stomatal photochemical
10.';"_, conductance) quenching

Reduced Crtranslocation

bt

PGPB (TCRO05 & TCR20
inoculationwith Z. mays under

MNe g
O,}};

Cr+drought stress

Increased phytostabilization

More toxic

1

1
1

Cr reducing MST-PGPB
==

h-

= 4

—

Cr(lll

Less toxic

Improved photosystem
performance

» DecreasedCr(VI)
toxicity

* Increased
phytostabilization
process

J

23




11T MesxmyHapoaHblii cMMIO3UYM «MOJIEeKyIIIpHbIE aclleKThl PeIOKC-MeTa00IM3Ma paCTCHUI

VJIK 577.121

INTEGRATED METABOLOMICS AND PROTEOMICS APPROACH FOR ANALYSIS
OF DESICCATION TOLERANCE IN MOSS (DICRANUM SCOPARIUM)

Bureiko K.'">%*, Bilova T.!2, Gorbach D.!, Tsarev A.!, Chasov A.*,
Lukasheva E.!, Dorn M.%, Balcke G.U.%, Frolov A.2, Minibayeva F.*

ISt. Petersburg State University, Saint-Petersburg, Russia
’Leibniz Institute of Plant Biochemistry, Halle, Germany
SUniversity of Eastern Finland, Kuopio, Finland
*Kazan Institute of Biochemistry and Biophysics of Kazan Science Centre,
Russian Academy of Science, Kazan, Russia
*E-mail: ksenya.bu@gmail.com

Keywords: Dicranum scoparium, dehydration, desiccation tolerance, metabolomics, mass spectrometry,
proteomics, rehydration.

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, (ii) thermally unstable primary metabolites, and (iii) 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.
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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 CuSO4. 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 No 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 (Arabidopsis thaliana), an exogenous L-ascorbic
acid triggered a transient increase of the cytosolic free calcium activity ([Ca**]ey.) that is central to
plant signalling [3]. Exogenous ‘Fenton’ catalysts, copper and iron, stimulated the ascorbate-induced
[Ca?']eyi. 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, H2O> 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’ 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 H2Oz and hydroxyl radical-generating
mixtures (CuCly, L-ascorbic acid, H>O»). 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 (11Z2)-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 efficiently 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

1.9
n
{ =
[=]
]
1]
w
n
(1]
=
[a]
m
o
=1
3
m
. 2
18—

1120 pmol m2s? 10pm = 2240 pmol m2s1 10pm 3500 pmol m?s!

44



[Ikoma MoTOBIX YYEHBIX «PoJIb aKTHBHBIX (POPM KHCIIOPO/a B )KU3HHU PACTCHUI»

VK 581.1:58.01/.07+579.64

PHYSIOLOGICAL RESPONSE AND THE ANTIOXIDANT STATUS OF PHASEOLUS
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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 108
colony forming units) and part was not. Three days after the transfer, Cu (50 pM CuSO4 x 5SH>0) 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. p/lymuthica 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).

v" photosynthetic pigments
v flavonoids & phenolics

v organic acids

v' antioxidant capacity

Phaseolus coccineus

— v' antioxidant enzymes

46



[Ikoma MoTOBIX YYEHBIX «PoJIb aKTHBHBIX (POPM KHCIIOPO/a B )KU3HHU PACTCHUI»

VYK 58.01/.07

PRODUCTION OF CAROTENOIDS IN ALGAE AND HIGHER PLANTS:
AN OXIDATIVE STRESS RESPONSE MECHANISM

Kanwugu O.N.", Glukhareva T.V.

Ural Federal University named after the first President of Russia B.N. Yeltsin, Ekaterinburg, Russia
*E-mail:-nabayire@gmail.com

Keywords: algae, antioxidants, carotenoids, plants, reactive oxygen species.

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
AGEs 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-
HT), on the rhizobium metabolome. The culture of Rhizobium leguminosarum bv viciae RCAM1026
was incubated with 25 pmol/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, 1sorhamnetin-bis-3,7-O-B-D-glucuronide, kaempferol-bis-3,7-O-B-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 a-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
AGEs [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-«B activation in human SH-SY5Y 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 H2O» 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 H2O2 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 (H20:). 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, DsPODG6 and DsPODS genes are induced and stably expressed when D. scoparium is
exposed to different stress treatments such as CdCly, paraquat, unfavorable temperatures, and
hydration-desiccation-rehydration stresses.

Our results revealed that CdClz upregulated the expression of DsPODI, DsPOD2, DsPOD6
and DsPODS genes, although only DsPOD2 was upregulated following long-term exposure to CdCl,.
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 DsPOD2 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. DsPODS 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 CdCl, 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 uM) 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 CdSO4 or ZnSOj4 in concentrations
of 90 uM or 300 pM. 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 (Mfn1,
Mfn2), 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

64



[Ikoma MoTOBIX YYEHBIX «PoJIb aKTHBHBIX (POPM KHCIIOPO/a B )KU3HHU PACTCHUI»

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.

Jagiellonian University, Malopolska Centre of Biotechnology and
Faculty of Biochemistry, Biophysics and Biotechnology, Krakow, Poland
E-mail: kazimierzstrzalka@gmail.com
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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

Tripti’”, Kumar A.!, Voropaeva 0., Maleva M.!, Panikovskaya K.!,
Borisova G.!, Bruno L.B.%, Rajkumar M.’

Ural Federal University, Ekaterinburg, Russia
*Bharathiar University, Coimbatore, India
*F-mail: tripti.academic@gmail.com

Keywords: Helianthus annuus, antioxidant, endophyte, heavy metal, plant growth promotion.

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
1.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

Veselova S.V.", Nuzhnaya T.V., Burkhanova G.F., Rumyantsev S.D., Maksimov L.V.

Institute of Biochemistry and Genetics of the UFRC of the RAS, Ufa, Russia
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metabolism.

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 Snn/-SnTox1, Snn3-SnTox3, and 7Tsn/-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 (zsni1/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 Snnl/-SnTox1, Snn3-
SnTox3, and Tsnl-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 (tsnil/snn3/Snnl - ToxA/Tox3/tox1). 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 H2O2 production. The
Snn3-SnTox3 interaction inhibited H>O» production in wheat at the early stage of infection by
affecting four enzymes of redox metabolism: NADPH-oxidases, peroxidases, superoxide dismutase
and catalase. The Tsn/-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 H>O> 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 7aPrx 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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KiroueBbie ciaoa: wmuroduemn ADPK, MOOMIBHOCTP MHUTOXOHAPHH, IyJbCAlMd HHTEHCHBHOCTH
¢dyopecueHuny.

MUTOXOHIPUH SIBISIFOTCS. MHOTO()YHKIIMOHAIBHBIMU OpTraHe/UIaMU, KOTOpBbIE HapsiAy C JHEpPro-
o0ecrieueHneM KJIETOK, WIPAlOT BAXKHYIO POJIb B PEryJSLUHM MHOTHX KIJIETOYHBIX IPOLECCOB,
BKIItOUasi (DYHKIIUU MOIYJISIIUU PEIOKC-CTaTyca M CUTHAIMHTA, B TOM YHCIIe 3a CUET TeHepaluu
akTuBHBIX popm kuciopoaa (ADK) [1]. braronapst BO3MOXKHOCTH AETEKTUPOBATh BHYTPUKIIETOUHbBIE
JUHAMUYECKHE COOBITUS B BBICOKOM IPOCTPAHCTBEHHO-BPEMEHHOM pa3pelieHUH, a HMEHHO
Ha YpPOBHE MHJMBHYyaJIbHBIX OPTaHEIUI B PEXKHME PEaIbHOTO BPEMEHH, TPEIMETOM UHTEHCUBHOTO
U3yYeHHUs] TMOCIEeIHUX JIeT CTald JMHaMU4eckue (EeHOMEHbl, HalIoJaeMble KaK BBICO-
KOAMIUIUTY/AHbIE (IIYKTyallud WHTEHCUBHOCTU (IyOpecUeHIMN Ccleun(puueckux Kpacuresnen
B CEKyHJHbIX nuana3zoHax. K TakoBeIM OTHOCAT mynbcamuu (‘pulsing’) TpaHcMemMOpaHHOTO
MOTEHITMaTa MUTOXOHIPUH (Aym) B 9acTO CBs3aHHBIE C HUMU «BCIBIIKW» (Piryopecuennnn ADK-
JNETEKTUPYIOUIMX CHUCTEM, KOTOpblIe NOJIY4YMiau Ha3zBanue wmuroduiemer (‘mitoflashes’) [2].
Ha nganHbIli MOMEHT MpHUpoAa TUHAMUYECKHX (DEHOMEHOB, B TOM YHCJIE€ TPUTTEPHBIE MEXaHU3MBI,
OCTAIOTCSI HEMOHSATBIMU, OCOOCHHO B CIy4ae MUTOXOH/APHH KJIETOK PACTEHHA.

B nannoit pabore mcciemoBaiy 3aBUCHMOCTH JTWHAMHYECKHUX COOBITUH OT MOOMIBHOCTH
MUTOXOHJPHH B KJIeTKaX. B kauecTBe 00BbEKTOB HCCIEIOBAHUN ObUIM UCIIONB30BAaHBI KOJIEONTUIN
ATHUOJIMPOBAHHBIX MTPOPOCTKOB 03UMOM TIeHuIsI (Triticum aestivum L., copt Muponosckas 808),
BBIPAIICHHBIX THAPOMOHHBIM criocobom (23-25 °C, 3 cyt) B TemHoTe. O6pasiibl okpamuaiu 0.5 pM
TMRM wumn cosmectHo ¢ 10 uM DCF-DA, npocmarpuBamu B Zeiss LSM META 510
C MOCJIEAYIOIUM MYIbTUTPEKOBbIM aHanu3oM B Imagel (Fiji) ¢ momombto mporpammer TrackMate
v6.0.1 [3]. [l KOJMYECTBEHHOTO aHAIM3a MOOMIBHOCTH MHUTOXOHAPHUIA MCIOIB30Balu time-lapse
cepun ¢peiimoB (3 Mun) obmactu urTepecos (ROI) miomanpio 2000-3000 MKM? ¢ BpeMEHHBIM
pazpemenueM 0,8 mc/mukcens (500 mc/ppeiim).

Hcxons u3 maHHBIX TPIKUHT-aHAIM3a WHAWBHUIYATBHBIX MUTOXOHJIPHH, OpraHelsIbl ObLIN
YCIIOBHO OTHECEHBl K 3 CyOmomyssilusM IO CKOPOCTH U XapakTepy IBUKEHHS - «Oerymuey,
«Oponsune» u «eugguney. [lepemernienrne opranesut 3a 3SMUH MOHUTOPHHTA cocTaBuiIo Oosee 10 MKkM
y «oerymmx», 1-10 MKkM 1 MeHee 1 MKM — y «OpOJISTUnXx» U «CUASTINX», COOTBETCTBEHHO. «berymuey
MUTOXOHJIPUU XapaKTEPU30BATUCH IMOYTH MNPSIMOJMHEUHBIM U OJHOHANPABICHHBIM JIBUKEHHEM
u gocratoyHo ObicTpo nokuganu ROIL. «bponsuuey nMenu mMuUpoKUil AMana3oH CpeAHUX CKOPOCTEN
BCieACTBUE Stop-and-go TUMa JBMXKEHUH; 11 HUX OTMEYEeHbl HanOoiee 4YacTble H3MEHEHHUs
HanpaBJe€HUs JABM)KEHUS U KOHTAKThl C JPYTMMU MUTOXOHApUAMHU. OpraHemisl ¢ MUHUMAaJIbHOU
MOJBMXXKHOCTBIO — «CHUISIIME» — KOHTAKTHUPOBAIU C IUIA3MAJIEMMOW, M XOTS COCTaBJISUIN
55% ot obmiero uncna mutoxouapuii B ROI, mynscupoBaim vaiie, uem 6ojiee MOOUIIBLHBIE, 8 HMEHHO
80% ot obmero uucina coObITUl. MHTEpECHO OTMETUTh, YTO B MOMEHT MYJIbCALUU CKOPOCTh
JBUKEHHUS] MOOWJIBHBIX OPTaHe/l pPe3KO CHIKAlach M CTAHOBHJIACh CONOCTABHUMOW C TaKOBOM
«euasgueity cyononymsiun. Takum 00pa3oM yCTaHOBJIEHO, YTO MAJICHHT-aKTUBHOCTh MUTOXOHIPUN
3aBHCHUT OT X IOBEICHHUS, a COOTHOIIEHHE CYOIOMYIISINI CKOpee BCEro OMpeesieTcs 3apocaMu
KJIETKH B COOTBETCTBMM C TEKYILIEH CUTyaluedl W/WiaM U3MEHEHUsIMH OKpyxkKatomel cpensl. dakr
TPAH3UTOPHONW OCTAHOBKU OpPraHeslI B MOMEHT MaJICUHI-aKTUBHOCTH CBHJIETEJILCTBYET O TOM, UTO
B CYOKOpTEKCE KIETOK MOTYT CYILECTBOBaTh CaWThl MOAM(DUKALMK W/ MIM peopraHu3aluu
KOMIIOHEHTOB MeMOpaH MMTOXOHJpPUH, KOTOphIE BEAYT K OOpa30BaHUIO BPEMEHHBIX IOPOBBIX
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KaHaJIOB, IETEKTUPYEMBIX M10-ObICTPOMY U 00OpaTUMOMY xapaktepy kak Boiopoca TMRM BcnenctBue
nageHust Aym, TaK W BHYTPUMHUTOXOHJpHaibHOro okuciaeHus DCF. Beicokas ammumryza,
KpaTKOBPEMEHHOCTh M CTpOras JIOKajdu3auus BblsBIEHHbIX Mutodmmeir ADK mno3Bomser
MPENOIOKUTH 00 UX CUTHAJILHOM 3HAYEHHH, TOI/Ia KaK caMa MHIYKIUS MYJbCAIlil MPH OCTaHOBKE
MHUTOXOHJIPUA — O MPOSABICHUM CHUCTEMHOH, @ HE TOJIbKO CTOXAaCTHYECKOM, KAK MOCTYIUPYETCA
B JINTEpATypeE, NPUPOJEC TUHAMUUYECKUX (DEHOMEHOB.

Cnucok JuTeparypsbl

1. Dietz K.-J., Mittler R., Noctor G. // Plant Physiol. 2016. 171, 1535-1539.
2. Wang W., Fang H., Groom L., et al. // Cell. 2008. 134, 279-290.
3. Tinevez J.-Y., Perry N., Schindelin J., et al. // Methods. 2017. 115, 80-90.

THE PULSING-ACTIVITIES OF MITOCHONDRIA DEPEND ON THEIR MOBILITY

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

"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 pm) and ‘sitting’(less than 1 pm) 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.
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3AIUTHOE JENCTBUE OKCUJA A30TA HA ®U3MOJ0TO-BUOXUMHNYECKHUE
MMAPAMETPBI ¥ HEJIOCTHOCTh MEMBPAHHBIX CTPYKTYP PACTEHUI
MIIEHUIBI K TOBPEXIAIOIEMY JEVCTBHIO 3ACYXH

ABaanbaeB A.M.", Ajiaryiaosa U.P., Jlyosinosa A.P., Bespykoa M.B., Macaennukosa JI.P.,
HOapames P.A., IlnoTHukoB A.A., @egoposa K.A., llakuposa ®.M.

UBI' YOULL PAH, Yda, Poccus
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KiioueBble cjioBa: BBIXO/J SJICKTPOJIUTOB, 3aCyXa, OKCHUA a30Ta, IEPEKUCHOC OKNUCIICHUC JIUITUI0B.

K uucny nambonee pacnpoCTpaHEHHBIX CTPECCOBBIX (DaKTOPOB, MPUBOISAIIMX K CYIIECTBEHHOMY
TOPMOKEHHIO POCTa U CHUKEHUIO NPOAYKTUBHOCTH PACTEHUM, OTHOCUTCS 3acyXa. B oTBer Ha nelic-
TBUE NedulMTa BJIArM B PACTEHUSX Pa3BUBACTCA OKHUCIUTENBbHBIM CTpecc, XapaKTepU3yIOIIUncs
n30bITOYHOM TeHeparueil akTuBHBIX Gopm kuciopoaa (ADK). K ocaoBHbM mutiensm ataku ADOK
MpUHAJIEKAT JIMIHUIBI MEMOpaH, MOJBEpramliuecs Nerpajauud ¢ oOpa3oBaHUEM pa3IUYHbBIX
IPOAYKTOB TEPEKUCHOTO OKUCIIEHUS JHUMHUIOB. BakHyio posnb B peryiasuuu (HopMUPOBaHUS
YCTOWYMBOCTHU PACTEHHM K 00€3BOKMBAHHIO UTPAIOT MPUPOHBIE PETYISITOPBI pOCTa, CPEAU KOTOPBIX
Bce Oosbliee BHUMaHue npusiekaer okcup azora (NO). JlanHas paboTa MOCBAIIEHA BBISBICHUIO
npotekTopHoro ¢ dexra gonopa NO Hurponpyccuaa Hatpust (SNP — sodium nitroprusside) B ontu-
MaJIbHOM CTUMYIISLUU pocTa KoHIeHTpauuu 200 MkM Ha pa3nuyHble (U3M0I0r0-0MOXMMUYECKHE
MOKa3aTea U LEJOCTHOCTh MEMOpaHHBIX CTPYKTYp IPOPOCTKOB MILIEHUIbI, IOJABEPTHYTHIX
JEUCTBUIO 3acyXu, Mojenupyemoi ¢ momouibio 12%-ro mommstuienrnukons (I19). B xoxe
MIPOBEJICHHBIX AKCIIEPUMEHTOB ObLIO BBISIBIEHO, 4TOo [IDOT-MHAyMpOBaHHOE HapyllIEeHHE BOAHOIO
peKHMMa IMPOPOCTKOB IIIEHUIB! BBI3BAJIO 3HAUYUTEIBHOE CHUKEHHME B HUX OTHOCHTEIBHOTO
collepKaHUsl BOJBI, & TAaKKE€ YMEHBUIEHWE OCMOTHMYECKOrO IOTEHIHajda W TPAHCIHUPALUU, YTO
OTpa3wJioCh B HMHTMOMpOBaHMU pocTa pacteHuil. B ycnoBusx II3I-unaynmpoBaHHOM 3acyxu
BBISIBJICH SIPKO BBIPAXKEHHBIN AUcOaIaHC B TOPMOHAIBHOM CHCTEME MPOPOCTKOB MIIEHUIIBI, KOTOPBIN
0oOyCJIOBIIEH KaK CYIIECTBEHHBbIM HakorieHneM ABK, Tak u cHW)KeHHWEeM ypOBHS IUTOKHHHHOB
u UYK. OOnapyxeHo, YTO 3acyxXxa HNPUBOAMIIA K HAKOIUICHHIO TPAHCKPUIITOB I'€HOB 3aIlUTHBIX
6enkoB — TADHN peruapuHa B nmoOerax M arrjitfoTUHHHA 3apoabiia mueHusl (A3Il) B kopHsX.
B To e Bpems, Habmonanoch HakoruieHne A3l B KOpHSIX MPOPOCTKOB, MOCIE YEro COJEpKaHHUe
JIEKTHHA B HUX IOCTEIIEHHO CHMKAJIOCh 3a CUET €r0 SKCKPELMU B HApYXKHYIO cpeny. Bmecre ¢ Tewm,
BbI3BAaHHBIH 3aCyXOW OKMCIUTENbHBIN CTPECcC OKa3asl CUILHO BBIPAKEHHBIHN MoBpexaatomuii 3pdexr
Ha LEJIOCTHOCTb MEMOpaHHBIX CTPYKTYp, KOTOpBIM COMpOBOXKIajics Oojee 4YeM JBYKpaTHBIM
MOBBIIIEHUEM YPOBHS MalloHOBOro nuanbiaeruaa (MJIA), KOHEYHOro MNpoayKTa HEPEKHUCHOIO
OKHCJIEHUS JIUIHUAOB, U BBIXOJIOM JIEKTPOJIUTOB U3 PACTUTENIBHBIX TKAHEH.

[Ipenobpabotka mpopoctkoB SNP  cHmwkama wuHaynupoBanHbii [IOI0  gucbananc
¢buTOropMoHOB ¥ ypoBeHb HakoIuieHUs A3Il B KOpHAX U B HAPYKHOU Cpesie, YTO OTPA3UIIOCh B HOP-
MaJIM3aldy  POCTOBBIX IapaMeTPOB U YIYYIIEHMM [OKa3aTeaed BoaHoro obmeHna. SNP-
npeoOopaboTaHHbIE PACTEHUS XapaKTEPU30BAIKCH JOMOJHUTENbHBIM YBEIMUEHUEM COJEPKAHUS
TpanckpuntoB 7ADHN reHa B OTBET Ha 3aCyXy, OJJHAKO OHO OBIJIO HECYIIECTBEHHBIM, 4TO TpeOyeT
JAIbHENIIETO JeTaNbHOrO n3ydeHus ponu TADHN rena eruapuHa B MPOSBICHUN IPOTEKTOPHOTO
nevictBuss NO Ha pacTeHHMsl NIICHUIBI NPU BO3JEHCTBUM 00€3BOXKHMBaHUA. MHTEpecHO, uTO
npenoOpaborka SNP mnpuBogmna K yMEHBIIEHHIO CTPECC-UHIYIIMPOBAHHOTO HAKOTUICHHS
TpaHckpunToB reHa A3ll, 4To cBHAETENbCTBYET B IOJIb3Y MEHBIIEH CTENEHU IMOBPEKIAIOIIETO
NeHCTBUSL 3acyXM Ha MpeaoOpaboTaHHblE OKCHUIOM a30Ta pacTeHus. Bwmecte ¢ Tem,
npenobpadoranubie SNP mpopocTku XapakTepU30BaIUCh CYIIECTBEHHO MEHBILIUM YPOBHEM CTpECC-
WHIYLIMPOBAHHOTO HaKOIIeHUsI MJIA 1 3k300CMOCa 3JIEKTPOIUTOB.
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TakuMm 00pa3oM, COBOKYITHOCTb MOJyYEHHBIX PE3YJIbTAaTOB MO3BOJISIET 3aKIIOYUTh, 4TO SNP
B ONTUMAJbHOM B CTHUMYJISUMU pocTa KoHueHTpammu (200 MkM) XapakTepusyroTcs SpKO
BBIP)KEHHBIM 3aITUTHBIM 2P PEKTOM Ha PACTEHHS MIIICHUIIBI, TOIBEPTHYTHIX 3acyxe. [[poTekTopHbIN
3¢ deKT OKCHIa a30Ta Ha paCTEHUS MIIEHUIBI MOXKET ObITh O0YCIIOBJIEH €T0 BIUSHUEM Ha COCTOSIHHUE
TOPMOHAJIbHOM CHCTEMbl M YpPOBEHb 3alllUTHBIX COEAMHEHUH. JlaHHBIE O CHW)XEHHM CTpecc-
MHAYLMPOBAHHOTO HaKomiIeHus M/IA 1 BbIX0/a 3JIEKTPOIMTOB MMOJ1 BIUsSHUEM IIpenoopadboTku SNP
MOTYT CBUJIETEJILCTBOBATH O CIOCOOHOCTH OKCH/IA a30Ta CHUYKATh YPOBEHb HHAYIIUPYEMBIX 3aCyXOM
OKHCIUTEIbHBIX MOBPEXICHUH MEMOPAHHBIX CTPYKTYP.

Paboma evinonnena 6 pamxax eocszaoanus (mema Ne AAAA-A21-121011990120-7) npu
yacmuyHnou noooepoicke epanma PODU Ne 20-04-00904_a, ¢ npuerevenuem npubopHo2o napka

LIKII «buomuxa» (Omoenenue OUOXUMUYECKUX MEMOO08 UCCIEO08AHUL U HAHOOUOMEXHONO2UU
PIIKII «Aeuoenvy) u VHY « KOJHHK».

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 exidative Injury
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AKTHBHOCTD KATAJIA3BI U CYIIEPOKCUJAUCMYTA3bI B TAJNIOMAX
HUAHOJINIAUHUKA PELTIGERA PRAETEXTATA
HA PA3HBIX CTAAUAX OHTOI'EHE3A

Anzpocosa B.I.", Tepe6osa E.H., Conopsinkun ILA.

ITerpo3aBoackuii rocy1apCTBEHHBIN yHUBEpCUTET, [leTpo3aBoack, Poccus
*E-mail: vera.androsova28@gmail.com

KuroueBsle ciioBa: Peltigera praetextata, xatanasza, IAIIAaRHUKHA, OHTOT'CHE3, CYIIEPOKCHIINCMYTa3a.

JIMmaiHUKY — 3TO YYBCTBHUTENbHBI KOMIIOHEHT COOOIIECTB; OHM MOTYT OBITh IOKa3aTeieM
OTIpe/ICNICHHBIX YCIOBUI 00UTAaHUS U UX U3MEHEHU, B TOM YHCJIE — CTENICHN HApYIICHUS YKOCUCTEM.
AKTHBHOCTb M3y4€HUS AHTUOKCHUJAHTHBIX CHUCTEM JIMILIAHHUKOB B HACTOSILEE BpeMs BO3POCIA,
IJIaBHBIM 00pa3oM, B CBSI3M C TOWCKOM MPHUPOJHBIX AHTUOKCUIAHTOB JUIsl MCIOJIb30BAaHUS HUX
B OMOTEXHOJOTMYECKUX Ipoleccax. Bmecrte ¢ TeM H3ydyeHHE AHTMOKCHJIAHTHOM AaKTMBHOCTHU
JUIIAWHUKOB, KaK KOMIUIEKCHOIO IIOKa3aTelsl peakluy OpraHu3Ma Ha HM3MEHEHHUS YCIOBHM
OOUTaHUs, MO3BOJUT MPUOJIM3ZUTCS K IMOHMMAHUIO NMPUYUH U MEXAHU3MOB UYYBCTBUTEIBHOCTHU
JUIIARHUKOB K U3MEHSIOMIMMCS YCIIOBUSM CPEIBL.

Lenpro Hamero ucciaefoBaHUs SBIJIOCh HM3yUYEHUE AKTUBHOCTH KaTalla3bl U CyIep-
OKCHUJMCMYTa3bl B TaJUIOMax TMeEJIbTUTephl OKamiieHHOU (Peltigera praetextata (Florke ex
Sommerf.) Zopf.) Ha pa3HBIX CTagUAX OHTOTEHE3A.

B xone uccnenoBanus ObuUIM MpOAaHAIU3UPOBAHBI aKTUBHOCTH (pepmeHTOB Kartanassl (KAT)
u cynepokcugaucmyraszpl (COJl) B BUPTrHHWIBHBIX, TE€HEPAaTHBHBIX M CEHWJIBHBIX TajlIoOMax
AMU(PUTHOTO MMAHOOMOHTHOTO JIMIIAWHUKA P. praetextata CpeIHETACKHBIX JIECHBIX COOOIIECTB
(Pecnyonmuka  Kapenusi). AKTHUBHOCTH  (PEPMEHTOB  ONpEAETSUIM  CHIEKTPO(YOTOMETPUUECKU
no obmenpunsaTeiM MeToaaMm: KAT — mo peakuuu pasnokenus nepekucu Bogopona [1], COI —
[0 WHTMOMPOBAHMUIO BOCCTAHOBIICHHSI HUTpOCHHEro Terpazonus [2]. Copepikanue Oenka ObLIO
ompeneneHo crekTpodoromerpudecku mo metoay bpendopaa.

CornacHo MOJly4YeHHBIM JaHHBIM, HaumOoJblIee cojep)kaHue Oenka ObUIO OOHAPYKEHO
B CEHWIbHBIX TajuiomMax nenbTturepsl (1,22 mr/r cyx. maccel). s BupruauiabHbIX (0,72 M/t cyx.
maccbl) M reHepatuBHbIX (0,56 MI/T cyX. Macchl) TaJJIOMOB 3apErMCTPUPOBAHO MEHBIIIEE
conepkanueM Oenka. CpaBHEHHE MOTYYEHHBIX HAMH JIaHHBIX C JaHHBIMH JIPYTHX HCCIIEI0BaTENEH,
MoKa3aJio, YTO COAEp)kaHue Oenka B TauloMax MeNbTUrephl B 3 paza HUXKE, 1O CPaBHEHUIO
¢ 1nedanoaueBsIM XJIOPONHIIAMHUKOM Lobaria pulmonaria [3]. BeposTHee BCero 3TO CBS3aHO
C MeTabOoIMYEeCKUMH OCOOCHHOCTSAMHU JO0apuM Kak JMIIAHHMKA, KOTOPHIM MMEET HMOCTOSHHBIN
MCTOYHUK a30Ta B BUJE a30TPUKCUPYIOUINX [IMaHOOaKTpuu B 1edanoausx. CpaBHEHUE C TaHHBIMU
ucclieioBaTeNel o coaep kanuio Oenka B Ipyrux Buaax HeredaloIneBbIX JIUIIaHUKOB, HalIpuMep
B nummaitHukax poaa Cladonia, BEISIBUIIO COMTOCTAaBUMEBIE TAHHBIC TIO COZIEpKaHUIo Oenka [4].

B npenenax nuzyueHHO#H BEIOOPKH, COTTIACHO pe3yIbTaTaM 0JHO()AKTOPHOTO TUCIIEPCHOHHOTO
aHanu3a, Hanoompinas akTuBHOCTE KAT Oblnia BeISIBIICHA JUTsI CCHIIIBHBIX TALIOMOB (3651,1 MKMOITB
H>Oo/Mr Genka) neabTUrepsl, Mo cpaBHEHUIO ¢ BUPTHHUIBHBIME (3178,1 Mxmons H2O2/Mr Oenka)
u renepatuBHbIMU (2883,7 mxmonb H2O2/Mr Genka) TanmomMamu.

[IpoTuBOMONOXKHBIE pe3yabTaThl ObLIM mody4deHsl 1o aktuBHocTH COJl B Tamuiomax
nenbTUrepbl: HauMeHbas aktTuBHocTh COJl 3apeructpupoBaHa A CeHWIbHBIX TauioMoB (0,59
yca. en./mr Genka). AktuBHOcTh CO/l B BUPTMHWIBHBIX U T€HEPATUBHBIX TAJUIOMax IMEIbTUTEPBI
ObLa BeIIIE U cocTaBuia 2,19 u 2,74 yci. en./mr 0enka, COOTBETCTBEHHO.

CpaBHeHUE NOTYYEHHBIX JAHHBIX C pE3yJIbTaTaMu APYTUX UCCIEN0BATENEH, UCIIOIB3YOLINX
cxoxyro mMetonuky ompenenenus aktuBHOCTH KAT u COJl y medanoaneBoro xjaoposidiiaiiHuKa
Lobaria pulmonaria [3] nokasaio, 4To BBISBIEHBI CXOXKHE 3aKOHOMEPHOCTHU: BBICOKAsi aKTUBHOCTh
KAT wu nuzkas aktuBHocth COJ] y ceHMbHBIX TauioMOB. Ha OCHOBaHMM MOJYy4YEHHBIX JaHHBIX,
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MO>KHO TTPEJIITOJIOKHTh, YTO B CCHIJIbHBIX TAJUTOMAX JTUIIAWHUKOB 00pa30BaHUe TEPEKUCH BOIOPO/IA,
HE CBSI3aHO C U3BECTHOM peakiueit nucmytanuu, korga COJl mepeBoauT cynepoKCHIHBINA paguKai B
MEPEKUCHh BOJAOPOJa U MOJICKYJSIPHBIM KHUCIOPO. Beck Iyl mepeknucu BoJOpojia HEHTpaTu3yeTcs
KAT, Tak kak Bcerja uMeeTcst THHEHAs 3aBUCUMOCTh MKy akTUBHOCTHIO KAT 1 KOHIIeHTpaIuei
TepeKucH Bogoposa [5].

Paboma ewvinonnena npu noooepoicke Munucmepcmea HayKu u 8vicuie20 00paA308aHUSA
Poccuiickoti @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.1, 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,0> 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: : E Activity of catalase:
virginile ¢ = the highest catalase activity in senile
generative & E thalli
senile h=)

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

/ 1\

Measurements of protein content,
activity of catalase and superoxide
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BO3JIEMCTBHUE NaCl-3ACOJIEHUSA U EJIOYHOCTH HA COJIEPKAHUE
ACKOPBMHOBOM KUCJIOTBI B KPECC-CAJIATE

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

ITepmckuil rocynapcTBEHHBIN HallMOHAIBHBIN HCCIEN0BaTENbCKUN YHUBEpCHTET, [lepmb, Poccus
*E-mail: nast483@bk.ru

KuroueBnble ciioBa: Lepidium sativum L., ackopOUHOBasi KMCJIOTA, IITyTaTHOH, COJEBOH U ILEJIOYHON CTpecC.

OKUCIUTENBHBIM CTpPECC pPACTEHUN B YCIOBUSAX KOMOWHUPOBAHHOTO BO3JCHUCTBUS 3aCOJICHUS
Y TIETIOYHOCTH M3YYEeH HEIOCTaTOYHO. BOCCTaHOBHUTEIHHYIO aKTHUBHOCTh ACKOPOMHOBOW KHCIIOTHI
U IJIyTaTHOHA B Kpecc-canare UccieoBain B 1ByX(akropHom omeite: 3acoienue NaCl (30, 70, 110,
150 MM) u menounocts (7, 8, 9, 10 pH). Ha HawansHO# cTaguu cTpecca akTUBHOCTh ackopOaTa B
OoubLIIel CTENeHH CBsi3aHa C IEeNOYHOCThIO (29%), 6onee cnaboe BiusHue okazano NaCl-3aconenue
(21%); B3anmoperictBuem NaCl-3aconeHust v meI09HOCTH 00ycioBiIeHO 8% (akTOpHON HArpy3Ku
o011el 1ucnepcuy moka3aTeds.

3aconeHre KOPHEBOM Cpebl 4acTO COMPOBOXKJAETCS IIEJIOYHBIM CTPECCOM, KOTOPBIN
BBI3BIBACT OECIIOPSAA0YHOE MOTJIONICHIE HOHOB U HAPYIIaeT BHYTPUKICTOUHBIM HOHHBIN OanmaHc [1].
HccnenoBartenssMu OTMEUaeTcsl, 4YTO IIEJOYHOM CTpecc pacTeHUH, COBMECTHOE BIIUSHUE
3aCOJICHHOCTH U IEJTOYHOCTH U3yYEeHBI HEJOCTATOUHO [2].

N3BecTHO, 4TO CTpecc-BO3ACHCTBUE HA PACTEHUS BBI3BIBAET CBEPXIPOIYKIHIO aKTHBHBIX
dbopM kucnopoaa [3]. B neTokcukanuu akTUBHBIX (hOpM KUCIOpOAa MPUHUMAET ydacThe ackopoar-
TJTyTaTHOHOBBIHN UK (OJTUH U3 UCTOYHUKOB MOOMIIBHBIX JOHOPOB AJIEKTPOHOB B PEIOKC-TIPOIIeccax
[4].

[ens HAIIMX KICCIIETIOBAHUN — OTIPEICTUTH KOMOMHUpOBaHHOE Bo3zeiicTBrue NaCl-3aconenus
U TIETIOYHOCTH KOPHEBOWM Cpelbl Ha BOCCTAHOBUTEIBHYIO aKTUBHOCTH ACKOPOMHOBON KHCIIOTHI
U TUIyTaTHOHA B Kpecc-canare (Lipidium sativum L.).

HccnenoBanus mpoBeACHHI B ABYX(DAKTOPHBIX OMBITAX C BApUAHTAMU OTACIBHOTO 3aCOJICHUS
—NacCl 30, 70, 110, 150 MM, otaenbHOTO BiausHUSA mienouyHocTd —pH 7, 8, 9, 10 u komOuHMpOBaHHOM
nercTBum ATHX GakTopoB. PacTeHwus BhIpalBaiu Ha BEPMUKYIUTE B TeueHue 9 aueit, Ha 10-e cyTku
BHOCHWJIM PaCTBOPHI C ONPEACIEHHON KOHIIEHTPAMEW COJIM U Pa3HOW peakuuen cpeabl. s oueHku
BIIUSIHUSL CTpPEecca Ha BBICOTY U MacCy pPacTeHUU CHUMalu MOpdoMeTpUyYecKue MoKazaTeau depes
48 yacoB mociie BHECEHUs PacTBOPOB. BoccTaHOBUTENBHYIO aKTUBHOCTh aCKOPOMHOBOM KHCIIOTHI
U TJIyTaTHOHA OMpPENeNsUId B CHIPO Macce pacTeHHi crycTs 12 4acoB mocie BO3JIEHCTBUS CTpecc-
¢daktopoB metogoMm I[lerra B Mmogudukauuu [Ipokomiesa.

B dakropHoii Harpy3ke o01eil [ucnepcuy BOCCTAHOBUTEIBLHONW aKTHBHOCTH aCKOPOMHOBOM
KHUCJIOTBI OTMEYEHO BIUSHHE MIETOYHOCTH (29%), Gosee ciiabbIM OKa3ajloCh BIIHMSHUE 3aCOJCHUS
(21%). Ot B3aumonetictBusa ¢akropoB NaCl-3aconeHust ¥ METOYHOCTH 3aBUCENO 8% W3MEHEHUN
nmokaszatens. OTH pe3ylbTaThl MOATBEPKAAIOT POJh ACKOPOWHOBOW KHCJIOTHI Kak OJHOTO
13 OCHOBHBIX OMOJIOTHYECKUX BOCCTaHOBHTEINEH [3,4].

CopepxaHrie BOCCTAHOBJIEHHON (POPMBI INTyTaTHOHA B Kpecc-caiaTe U3MEHSJIOCh B IIIUPOKOM
unTepBaie — oT 0 10 26 Mr% chIpoil Macchl paCTEHHI, PU ITOM HE BBISIBJICHO 3HAYUMOTO BIIHUSTHUS
(dakTopoB. Uepes 48 4 mociie CTpecc-BO3ACUCTBUS 3aCOJICHHE W OIEIAYMBAHNE KOPHEBOM CPEIIbI
onpexaensin 6% (hakTOpHON Harpy3Ku oOIIel TUCTIEPCHUU BBICOTHI M MacChl Kpecc-canara.

TakuM o00pa3oM, B Ha4yalbHOW CTaJAMU CTpPECCa, BBI3BAHHOTO KOMOWHUPOBAHHBIM
BozaeiictBueM NaCl-3aconeHust U meno4yHOCTH, BiIusiHUE (pakTopoB ompenenser 58% QaxTopHoit
Harpy3Ku oOIIel AUCTIEpCHU TTOKA3aTeNsl BOCCTAHOBUTEIbHON aKTUBHOCTH aCKOPOUHOBOU KUCITOTHI
B Kpecc-cajiaTe. JTH pe3yJIbTaThl MOATBEPKIAIOT POJIb ACKOPOMHOBOM KUCIIOTHI B OKUCIUTENIBHO-
BOCCTAHOBUTENBHBIX PEAKIMSIX PACTEHUH B OTBET Ha KoMOWHUpoBaHHOe BozxaeiicTBue NaCl-
3aCOJICHUS U IIEJIOYHUCTH.
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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.

/}_?.l‘f.”rs Effect of alkalinity
\1/29%
Higher reduced activity o, Interaction of
9 days of ascorbic asid 8% factors
salt and alkaline . ; 5 TZl%
HoOdist solutions =

Effect of salinization

80



[Ikoma MoTOBIX YYEHBIX «PoJIb aKTHBHBIX (POPM KHCIIOPO/a B )KU3HHU PACTCHUI»

VJIK 581.14

BJIMAHUE HEJOCTATKA U U3BBITKA IMHKA HA SKCIIPECCHUIO 'EHA HVCAT?2,
AKTUBHOCTbB KATAJIA3bI U OKUCJIUTEJIBHBIE ITPOLHECCHI Y AYMEHSA

Barosa 10.B.", Kazuuna H.M., Penkuna H.C., Turos A.®.

WnctutyT Ononorun — 000co0iIeHHOE MoIpa3esieHIe
OI'bYH OUILL «Kapensckuit Hayunslil nentp PAH», Iletpo3aBonck, Poccus
*E-mail: batova@krc.karelia.ru

Kuarouessle cinoBa: Hordeum vulgare L., HvCAT?2, karana3a, IepeKUCHOE OKUCICHUE JINTUOB, IIUHK.

Karanaza (KAT) sBasercs OIHMM U3 KIIOYEBBIX KOMIIOHEHTOB AHTHOKCHUIAHTHON CHCTEMBI,
KOHTPOJIMPYIOIIUX YPOBEHb aKTUBHBIX popM Kucinopoaa (APK) B kierkax. [TokazaHo yuactue 3Toro
(dbepMeHTa B 3allUTHO-IIPUCIIOCOOUTENBHBIX PEAKLUAX PACTEHHUH, CBSI3aHHBIX C JIEHCTBUEM Ha HHUX
cTpecc-pakTopoB pasHoi mpupoasl [1, 2]. OgHako B OTHOIIEHWM W3MEHEHUs akTuBHOCTH KAT
U DKCIOPECCHU KOAMPYIOIIMX €€ TIEHOB B YCIOBUSAX CTpecca, BBI3BAHHOIO HapylIEHHUEM
MHUKPO3JIEMEHTHOIO COCTaBa CpElbl, MMEITCS JUIIb €IUHWYHBbIE cBeleHus [3]. YuuTbiBas
BBIIIIECKAa3aHHOE, 1IE€JIbIO IAaHHOTO UCCIIEIOBAaHUS IBUJIOCh U3YUYEHUE BIMSHUS HEOCTAaTKa U N30BITKA
IIUHKa Ha sKcnpeccuto reHa HvCAT2, oburyto aktuBHOCTh KAT M oKkuciuTenbHbIE MPOLECCHI
B JIUCTBSIX TUMEHS.

HccnenoBanus NpOBOJWINCH B YCIOBUSAX KOHTPOJIMPYEMOH Cpelbl Ha PACTEHUAX SUMEHS
(Hordeum vulgare L.) c. Hyp., KOTOpbI€ BRIpaIIiBaIu Ha MUTATEIIHHOM pacTBope XOrmHIa—ApHOHA
C pa3HbIM cojiepxkaHueM nuHka: 0 MkM (nedunmr), 2 MKM (ONTUMAaIbHBIA YPOBEHb, KOHTPOJIb)
u 1000 MxM (u130bITOK, CyOneTanbHas KoHUeHTpauus). s ananuza ucnoab3zoBanu 1-it muct. Otdop
mpo6 mpoBoaunu uepe3 7, 10 u 14 cyrok skcnosunmu. CoaepkaHne MajJOHOBOTO IUAbACTHAA
(MJA) u aktuBHocth KAT omnpenensnu crnekTpopOTOMETPUUYECKH MO METOJUKaM, OMHCAHHBIM
panee [4]. Hakomnenue TpaHCKpUNTOB TeHOB aHanuszupoBaiu meronoM [II[P-PB, Beramcnsnm
no ¢opmyne 24T y BplpakamM B OTHOCUTENBHBIX €IMHMIAX. BHOJOrMYeckas MOBTOPHOCTH
B IIpeZieslax KaXJA0ro BapuaHTa onbITa 3-5 kpaTHas. Jl0CTOBEpHOCTH pa3iInyuil MEXy BapMaHTaMU
OTIBITOB OIIEHUBAJHU ¢ TTOMOIILI0 KpuTepust CteronenTta mpu P < 0.05.

BeisiBiieHO, 4TO NeUIUT IIMHKA HE BBI3BIBACT YBEIMUYEHMs cozepkaHuss MJIA B JIHCThSX
STIMEHSI, TOT/1a KaK P U30BITKE METAJIJIa OHO YXKe uepe3 7 CyT. ObUIO B 2 pa3a BHIIIIE, YeM B KOHTPOJIE,
U TMPOJIOJDKANIO YBEJIMYMBATHCS O KOHLA omnbiTa. OOHapy)XeHO, TakkKe, YTO CHyCTs 7 CyT M IpHU
HeJoCTaTKe, W TNpU H30bITKE LMHKA B cyOcTpare B JUCTBbSIX SUMEHS HaOJIOJaeTcs YCUJICHHE
skcnpeccun reHa HvCAT2 (B 4,7 n 6,5 pa3a 10 OTHOIIEHHIO K KOHTPOJIIO, COOTBETCTBEHHO).
B nanpHeiimem B BapuaHTe ¢ HW30BITKOM NHMHKA 4duciao Matpull reHa HvCAT2 cymecTBeHHO
HE M3MEHAJIOCH, a IpU Ae(UIIUTEe METala OHO YMEHBIIAIOCh U yepe3 14 cyT ObUIo B 5 pa3z HUXe
KOHTpPOJIbHBIX 3HaueHui. O0mas aktuBHocTh KAT npu geduumre nuHKa B cpeie B TEUEHUE BCETO
OIbITAa COXpaHsIach HAa 0OJHOM ypoBHe. [Ipu u30bITKEe MeTaa yepe3 7 cyT akTUBHOCTh (pepMeHTa
3HAYMUTENILHO TMPEBbIIIaNa KOHTPOJb (B 4,5 paza), a cimycts 10 cyT Obl10 3aUKCHPOBAHO pPE3KOE
(moutwH B 2 pa3a) ee CHUKEHUE M0 OTHOLICHUIO K UCXOIHBIM 3HAUYEHUSIM.

Takum 00pa3zoMm, HEIOCTATOK LIMHKA HE BBI3BIBAET YCUJICHHS] OKHCIUTEIbHBIX MPOILIECCOB
B JIUCTHSAX STYMEHS, TOT/Ia KaK U30BITOK 3TOT0 MUKPORJIEMEHTA IPUBOAUT K YBEITMUEHHIO COJICPIKAHUS
MJIA, 4T0 yKa3bIBaeT Ha pa3BUTHE OKUCIUTEIHLHOTO cTpecca. Habmomaemoe mepBoHavYaIbHO TIPU
HE/IOCTAaTKE U M30BITKE IIMHKA YBEIIMYEHHUE OTHOCUTEIILHOTO COJEepKaHHs TpaHCKpUNToB HVCAT?2
B JIUCTHSIX, OYEBUIHO, HEOOXOIMMO JUIsl aKTMBH3AlMM CHHTE3a MoJIeKyn depmeHTa. B ycrmoBusix
naeuuMTa UHKA 3TO, HAPSLY C JPYTUMH 3alIUTHBIMH MEXaHHU3MaMHM, TO3BOJIAET MOAIEPKHUBAThH
OKHUCJIUTEIbHO-BOCCTAHOBUTENIbHBIN OanaHc KiIeToK B HOpMe. CHM)KEHUE aKTUBHOCTU (hepMEHTa,
HabOmogaeMoe Ha (oHe coxpaHeHHs BbICOKOU akcnpeccunt HvCAT2 B ycnoBusiX M30bITKA IMHKA,
MO3KET OBITh CBSI3aHO ¢ UcTOlIeHHeM Iyna Mojekyl KAT B kieTke BcieACcTBHE HapylIeHHs OanaHca
MEXy UX CHHTE30M U paclajJoM HJIU SIBJISETCS OJHOM U3 PEryssaTOPHBIX PEaKIMi, HEOOXOJMMbIX
JUIS 3alycKa JIOMOJHUTENbHBIX MEXaHHU3MOB 3alUThl W/WIW penapanuu. B mernom, noaydeHHbIe
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pe3yabTaThl CBUAECTENLCTBYIOT 00 yuactuu rena HvCAT2 u kogupyemoit uM nzodopmsl hepmeHTa
B aJlaliTalliy PaCTeHUH STUMEHS KaK K HEJOCTaTKy, TaK U K U30BITKY IIUHKA 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

Batova Y.V., Kaznina N.M., Repkina N.S., Titov A.F.
Institute of Biology of the Karelian Research Centre of the Russian Academy of Sciences

Keywords: Hordeum vulgare L., HvCAT?2, catalase, lipid peroxidation, zink.

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 HvCAT2 9 HvVCAT2 HvCAT2 J
B Zn deficiency CAT = CAT = CATJ
e (O uM) MDA J MDA J MDA J
a
t
o Zn excess HvCAT2 1 HvCAT2 T HvCAT2 T
= (1000 pM) CAT 1 CAT 1 CAT =
T

MDA P MDA

MDA T

1 - increased compare to control; | - decreased compare to control; = - did not differ from control
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POJIb PEI'YJIAAIIUU PEJOKC-METABOJIN3MA B ®OPMUPOBAHUU
3ACYXOYCTOMYUBOCTHU COPTOB NIIIEHUIIBI
C PA3JIMYHOM YYBCTBUTEJBHOCTBIO K OBE3BOKUBAHUIO

Bespykosa M.B.", JIyésinoBa A.P.

HNHCcTUTYT OMOXMMUU U TEHETHKH — 000co0IeHHoe cTpyKTypHOe noapasaeneane ®IBHY YOUIL PAH,
Ya, Poccus
*E-mail: mbezrukova@mail.ru

Kurouessle cioBa: Triticum aestivum, 3acyxa, Mmetiwinkacmonar, I19T7 6000.

Peakuusi TeHOTUTIOB MIIEHUIIBI HA 00€3BOKMBAHUE IIHUPOKO UCCIEAYETCs, MOCKOIbKY MOYBEHHAS
3acyxa SIBJISICTCSI OCHOBHBIM MIPETSTCTBUEM IS YCIICIITHOTO MPOU3BOJICTBA CEIbCKOXO03SHCTBEHHBIX
KynbTyp. M3ydeHa perymisiusi OKUCIUTEIbHO-BOCCTAHOBUTEIBHOTO 00MEHa B KOPHSIX MPOPOCTKOB
MIIEHUIIBI C Pa3IUYHBIMU CTPATETHSIMU aJalTallMH: 3acyXOycToWumBoro copra OJkama 70
Y 4yBCTBUTEIBHOTO K paHHeil 3acyxe copTta CanaBar KOnaeB npu nedunurte Bobl, BeI3BaHHOM 12%
121" 6000. ¥V copra CamaBar lOmaeB nabmiomamoch Oosiee paHHEe, JIMTEIBHOE 3HAYUTEIHLHOE
MOJAJIepKaHUE aKTUBHOCTU CYNEPOKCUIIUCMYTa3bl M INepokcuiaasbl. B kopHsx copra Dxana 70
AHTUOKCUJIAHTHBIE (PEPMEHTHI TTOCIIC PE3KOT0 TPAH3UTHOTO OTCPOYCHHOTO HAKOTUICHHSI padoTaiy Ha
00J1ee HU3KOM YPOBHE U CYIIIECTBEHHO HE U3MEHSUIUCH. ITO TIO3BOJISIET MPEATOI0KUTH, YTO TEHOTHUIT
3aCyXOYCTOMYHMBOTO cOpTa ObUT OoJiee YCMEUIHBIM B SJUMHHAIMM AaKTUBHBIX (OPM KHCIIOPOA,
BBI3BaHHBIX 00e3BOKMBaHUEM. C IIENbIO TOBBIIIEHUS YCTOWYMBOCTU PACTEHUH K CTPECCOBBIM
(dakTOopaM OOIIETPUHATHIM TMOAXOJOM SBIISICTCS MPUMEHEHHE (DUTOTOPMOHOB Pa3HOM MPHUPOIBI.
Hamu mnokazaHo, uro MerwmkacMoHar (MeXX) a¢dekTuBHO HOpPMaln30Bal OKUCIUTEIbHO-
BOCCTAHOBUTEJBHBIN CTaTyC y 000UX MCCIIENOBaHHBIX COPTOB. [IpenBapurenpHas 00paboTKa 3TUM
(UTOTOPMOHOM CHHXalla YpPOBEHb CTPECC-MHAYIIMPOBAHHBIX HapylieHuii romeoctaza ADK
Y YPOBEHB MPOAYKTA MEPEKUCHOTO OKUCICHUS TUTTHU0B MAJIOHOBOTO AHANIbJIETHAA OBICTPEE y copTa
Okaga 70. IlpoBeneHHbI THUCTOXMMHYECKUN aHAIA3 JIOKAJIbHOM aKTHBAllMM MEPOKCHAA3BI
B CErMEHTaX KOHYMKa CeMEeHHbIX KopHeil copra CanaBar lOmaeB mon Bmusiauem 12% IIOT,
BKJIIOYAIOLIMX 30HBl MEPUCTEMbl M  PACTSKEHUs, MOKa3al  YCUJIEHHUE  OKpALIMBAHMS
3,3-nuamuHoOeH3uIuHOM ([IAB) OTHOCUTENHHO KOHTPOJIS B 30HE PACTSKEHHS] U HE3HAUUTEIbHOE
M3MEHEHUE B 00J1aCTH MEPUCTEMBI M TaK Ha3bIBaeMOil T-30HbI ITepexo/1a OT BEPXYIIKH KOPHEH K 30HE
pactsoxenus. [Ipenoopadotka MeXX mpuBoaniia mpu cTpecce K 3aMETHOMY CHIDKCHHIO JIOKAJTA3AITUN
MEPOKCUJA3HON AaKTUBHOCTM B 30HE alMKaJIbHOM MEpUCTEMbI, LEHTPAIbHOTO ILIMJIMHJpA
U cyOdmuaepManbHON 00JIaCTH 30HBI pacTsKEHUs. B oTnWyme OT CXOJHOTO C YyBCTBUTEIHHBIM
COPTOM pacIpe/esieHus] aKTUBHOCTH MEPOKCUIA3bl B KOHTpOJIE, XapakTep okpamuBanus [IADB
KOHYMKa KOpHs copTa Okaga 70 mpu oOpabotke 12% IIOI' pasurenbHO oTimyancs. BoisiBieHo
YCUJICHUE HAKOIUICHUS TIEPOKCHUIA3HOM aKTUBHOCTH, CBUICTENLCTBYIOIIEE 00 aKTHBAIMH
AQHTUOKCUJIAHTHOM 3aIllUTHl KJIETOK, B SMUJACPMAIBHOW M CyO’mUAepMabHOM 001acTu T-30HBI
M 30HBI MEPUCTEMBI, a TaK)Xe€ HE3HAuMWTeNbHOE yBenuueHue okpamuBanus [JAb B obnactu
LEHTPAIBHOTO HMIIHHAPA. THTEHCUBHOCTB JJOKAJIBHOTO PACIIPEEICHUS TEPOKCUAA3HON aKTUBHOCTH
B Mpeao0paboTaHHBIX (PUTOTOPMOHOM KOPHSX YCTOHYHMBOIO COpTa MPHU CTPECCe COOTBETCTBOBAJIA
YPOBHIO aKTUBHOCTH B HUX 3TOr0 ()epMEeHTa, KOTOPHIA K 3 4 OMbITa CHUXKAJICS O KOHTPOJIHHOTO
3HaueHus. BMecte ¢ Tem, B oTinune OT KOHTpoIs, d¢dekt MelXK Ha MakcuMaabHYI0 aKTUBHOCTD
MEPOKCHIa3bl HAOI01aJICs B KJIETKaX 30HbI MEPUCTEMBI, TIPUIICTAIOIIEH K MIOKOAIIEMYCS [ICHTPY, T/1e
MIPOUCXOAUT AaKTUBHOE JEJICHHUE KIIETOK; B 30HE PACTSKEHUS MHTEHCUBHOCTH OKpamuBaHus JAb
ObL1a HE3HAYUTEIIBHOM.

N3BecTHO, UTO yCHIIeHHWE CHMHTE3a JIMTHHHA U €r0 OTJIOXKEHHUS B 000J0YKaX KJIETOK BHOCHUT
BaXHBIH BKJIaJ B (OPMUPOBAHHE YCTOMYMBOCTU pacTeHUMl K cTpeccy. I[lonydyeHHble naHHBIE
CBUACTEIBCTBYIOT 00 YCKOPEHHWU OTIOKEHUS JHUTHUHA, OKpamieHHoro QuopormonuH-HCI,
B 3MHICPMATILHON U CyOsnuiepMaibHoi 00nacTi T-30HBI U IEHTPATLHOM IIWIHMHAPE KOHTPOJIBHBIX
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KOpHell yctoiuuBoro copra Jkana 70 otHocutenbHO copta Canasar FOiaeB, 4TO COOTBETCTBYET
JOKaJbHOM aKTHBAllMM B HUX Mepokcuaasbl. llpoBenennsiii ananmu3 >pdexra MeX Ha KopHH
WCCIIEZIOBAaHHBIX COPTOB TAKXKe AEMOHCTPHPYET KOJOKAIM3AIMIO B HUX JIMTHHHA W TIEPOKCHIA3HON
aKTUBHOCTH,  COOTBETCTBYIOIIEE  YPOBHIO  AKTUBHOCTH  AQHTUOKCHJAHTHOTO  (hepMeHTa.
AHaTOMHYECKHE OCOOCHHOCTH HAKOIUICHWS CBSI3aHHBIX (DEHOJNBHBIX COCIWHEHHWHA B KIETKaX,
BEPOSITHO, CIIOCOOCTBYIOT (DOPMHPOBAHMIO OTPaHUYMBAIONIETO Oapbepa, MperoTBpalnas MoTepu
BOJIbI (HEKOHTPOJIMPYEMBIi 0OpaTHBIH MOTOK) U3 KOPHS ¥ K3MEHSIS ITYTH ITEPEHOCA HOHOB B YCIIOBHSIX
OCMOTHYECKOI'O CTpecca, SIBJISACH OJHMM M3 BO3MOXKHBIX (DAKTOPOB, MO3BOJIIONIUX COXPAHHUTH
JIeTICHUE M POCT B YCIIOBHSX 00€3BOKMBAHHS Ha BBICOKOM ypoBHE. CTpaTerus 3acyX0oyCTOWIHBOTO
copra K 00€3BOKMBAHHIO BKJIIOYACT JIOKAIbHOE HAKOIJICHHE TMEePOKCUAA3bl U YCKOpPEHHE
JUTHUQUKAIMA B SIUACPMATIBHON W CyOdmuaepManbHOW o0macth T-30HBI M [EHTPAITBHOM
LUWIMHAPE, YTO CBUJIETEIBCTBYET 00 aKTHUBAIIMKM aHTHOKCUIAHTHOW 3alllUTHI KJIETOK, a TaKkxke Oojee
OBICTPYIO CTAOWJIM3AIIAIO PEOKC-MeTadoMM3Ma NP cTpecce. B MexaHW3M 3aluTHOTO JEHCTBUS
METHJKACMOHATa MpPHU OCMOTHYECKOM CTpecce 3aJelCTBOBaHA CIOCOOHOCTh CTAOMIIM3ALMM Ha
ypOBHE OJHM3KOM K KOHTPOJIIO KOJMYECTBEHHBIX M3MEHEHHWH W JIOKAIM3AIlUN aHTHOKCHIaHTHBIX
(bepMEHTOB U OTJIOXKEHUS JIUTHUHA.

Paboma evinonnena 6 pamxax eocyoapcmeennozo 3adanus (mema Ne AAAA-A2I-
121011990120-7) u wacmuuno noooepacana eparnmom 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.

Salavat Yulaev Ekada 70

Contral  Ja _ Ja+PEG

Control  Jg  Je+PFCG

0 Aty W

55§
LA by -
«. § 8§

piows @RS TS T i o [P TE N P Tre.r

: | , ’ -
2k M MY
. A ' ! i |

. /g - !
. H ]
&l A1 AL A
Ig' 101 Al 7

M

Fwabe AT
et e
o

Frweabem windy g
-
AR

glews Qia BRSSO eES Timar| |Bces i musmn g Tira, P

Ligala Lignia

84



[Ikoma MoTOBIX YYEHBIX «PoJIb aKTHBHBIX (POPM KHCIIOPO/a B )KU3HHU PACTCHUI»

YK 574/577+57.017.3

B3AUMOCBA3b PEJOKC-METABOJIU3MA
U CTPYKTYPbl PACTEHUM KAJIBIIE®UTOB

Boraanosa E.C."", Kaseaenosa JI.M.2, Hecrepos B.H.!, Kyzosenko O.A.%,
Capsaposa P.P.%, Ta6anenkosa I'.H.3, Pozennuser O.A.!

'Camapckuiil penepanbHblii nccnenoBarensckuii nearp PAH,
WucturyT sxonorun Bomkckoro 0acceitna PAH, Tonbsrtu, Poccus
)OI AOY BO «Camapckuii HallMOHAIBHBIA UCCIIEN0BATENbCKHN YHUBEPCUTET
uM. akanemuka C.I1. Koponesay, Camapa, Poccus
3®I'BYH Uncturyt 6nonornn Komu Hayuroro nentpa Ypansckoro otaenenus PAH,
CrixThIBKAp, Poccus
*E-mail: cornales@mail.ru
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Pactenus-kanbueuTsl MPEACTABISAIOT  YHUKAIbHYIO, MaJOUM3YYEHHYIO TpPYHIy pPAaCTEHHH,
MPOM3PACTAIONINX  MPEUMYUIECTBEHHO Ha IOYBaX, OOraThlX COCAMHEHUSMU  KaJbLIMS.
DKOoJIOTHYEeCKHEe OCOOCHHOCTH MECTOOOMTAHUHN Kaiblie(UTOB CBOCOOpPA3HbI; MOYBEHHBIN cyOcTpar
ci1abo Pa3BUT, MOJBHKEH, MOJABEPKEH MOCTOSHHOW 3pO3UH, IJIOXO MPOHHUIIAEM AJIs BOJbI, OeleH
MUHEpAJIaMU U OPTaHUYECKUMU COEIMHEHUSMHU; PACTEHUS MTOABEPratOTCs IOCTOSHHOMY JE€HCTBUIO
BETPOB, BBICOKOW TeMIEpaTypbl BO3ayXa, M30bITOYHON uHconsuuu [1]. Pacrenus, oOutatomiue
Ha MEJOBBIX OOHAXEHMAX, MPOSBISIIOT MPU3HAKU KaK KCEpPOMOP(HOH, Tak M reauoMopHON
OopraHm3zainuu. Ajantauus K YCJIOBUSM IPOU3pPACTaHMs MPOSIBISAETCS Ha pPa3sHbIX YPOBHSAX:
MOpP(OJIOTrHUECKOM, (PU3UOTOTMYECKOM U OMOXUMUYECKOM. B 0CHOBE (PM3MOJIOrHUECKUX aJanTaui
pacTeHuii JiexaT U3MEHEHUsl KJIETOUHBIX MPOILIECCOB — COAEPKAHUE M COCTaB COEJAMHEHUN, TECHO
CBSI3aHHBIX C OCHOBHBIMH META0OJIMYECKHMMHM IyTSMH, BKJIIOYas PEIOKC-META0OIU3M, KOTOPBIN
paccMarpuBaeTcsi Kak OJUH M3 (PyHAAMEHTaJIbHBIX MEXAaHU3MOB PEryisiUU (QYHKIHOHATIBHOM
AKTUBHOCTH KJIETOK [2].

Henp pa®oTsl — W3YYUTh B3aMMOCBSA3b AHTHOKCHJIAHTHOTO CTaryca U CTPYKTYPHBIX
0CcOOEHHOCTEH HEKOTOPBIX NpeAcTaBuTeNeil Kanble@UuTHON (HIopHI.

UccnenoBanu 13 BUIOB pacTeHUH KajbleUTOB, NPOU3PACTAIOIIUX HA TEPPUTOPUU
Camapckoil obmactu. Pegokc-meraboinn3M OLEHUBAIN MO OBOJHEHHOCTH JIMCTHEB, COAEPIKAHUIO
(OTOCUHTETUUECKUX IUTMEHTOB, YIJIEBOAOB, (DEHONBHBIX COEAMHEHUH, BOAO- M MeMOpaHo-
CBSI3aHHBIX OEJKOB, MHTEHCUBHOCTH HAKOIUIEHUS MPOAYKTOB NEPEKHUCHOIO OKHUCIICHHS JIUIUIO0B
(ITOJI). Ans BeISIBIEHUS B3aMMOCBS3H CTPYKTYPbI U (PU3HOIOr0-OMOXUMHUYECKUX MTapaMeTpOB ObLI
HCII0JIb30BaH METOJ KOPPEJIALIMOHHOTO aHAIH3a.

BoisiBneHo, 4ro kanbueduThl pealM3ylOT  pa3iiMuHble CTPYKTYpHbIE  aJalTaluu,
IIPOTUBOICHCTBYS U30BITKY CBeTa (ONyILIEHHUE), CHUXKasi TOTEpHU BIIaru (BockoBoi HaneT). CTpyKTypa
uX 1o0eroB omnpeneiser o0beM NepBUUHON Npoaykuuu pacteHuil. KonndyecTBeHHOE conepikaHue
KOMIIOHEHTOB, PETyJIHPYIOIUX PEJOKC-METa00IM3M, KOPPEIUPYIOT Kak MEXIy COo0OH, Tak
U CO CTPYKTYPHBIMH [TOKa3aTeIsIMU pacTeHuid. B yacTHOCTH, B MHOTOBHIOBBIX COO0IIECTBaX y Ooiee
BBICOKMX PpAacTeHUH cojepkaHue (OTOCHMHTETHMYECKMX MUTMEHTOB HHUXKE, YeM Yy HHM3KOPOCIBIX.
Copnepxanue (peHoNbHBIX coequHeHH U ypoBeHb [10J] B ucThAX Kanble(uTOB CBSI3aHO C YPOBHEM
pa3BUTHs BOCKOBOTO Hanmera. Pactenus, QopMupyromue KypTHMHBI W MOILIHBIE TOOErH,
XapaKTepU3yIOTCs MOBbIIIEHHOH akTUBHOCTHIO [1OJI.

Takum 00pa3oM, KOJUYECTBEHHOE COAEp)KaHUWE KOMIIOHEHTOB, DPErYIHUPYIOLUIMX peloKC-
MeTaboIM3M, KOPPETUPYIOT KaK MKy co00il, TaK U CO CTPYKTYPHBIMH MOKa3aTeNIIMUA PACTEHUH.

Cnmcox aureparypsl
1. Escudero A., Palacio S., Maestre F.T., Luzuriaga A.L. // Biol. Rev. 2014. 90, 1-20.
2. Maptunosuu I'.I'., Yepenkesuu C.H. // Ycenexu ¢usnonoruy. Hayk. 2008. 39, 29-44.
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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.%,
Sarvarova R.R.2, Tabalenkova G.N.%, Rozentsvet O.A.!

!Samara Federal Research Center RAS Institute of Ecology of the Volga Basin RAS Togliatti, Russia
*Samara National Research University named after academician S.P. Korolev, Samara, Russia
3Institute 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.

T
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W3BecTHO, YTO pacTeHusi, B OTJIMYME OT >KMBOTHBIX, OOJIAZIalOT CIIOKHBIM COCTaBOM CTEPUHOB,
MHOT000pa3ue KOTOPOTo ONpeaesieT MUPOKUI CIIEKTP (PYHKIMI CTEPUHOB B KU3ZHEACSITEIbHOCTH
pacrenuit [1]. IIpeobnamaroniMu MeMOpaHHBIMH CTEpHHAMU BBICIIUX PACTEHUN SBISIOTCS
[f-cuToCcTEpUH, KaMIlecTepuH, cTUrMacTepu. CTPyKTYpHO CTUIMAacTepUH MOXO0X Ha CHUTOCTEPHH,
HO OTJIMYAeTCs OT CUTOCTEpUHA JIBOMHOHN CBs3bl0 B monoxeHuu C-22, B 00pa3oBaHUU KOTOPOM
yaactByeT ¢depment C-22 crepuH-mecatypasza [2]. B mocneanue ronabl mosiBmiiach WHMOpMaIus
O TOM, YTO CTUTMAacCTEPUH SBISIETCS «CTPECCOBBIM» CTepUHOM. lloka3aHO, 4YTO HaKoOIUIEHHE
CTUTMacTepHHAa MPOUCXOAUT B PACTEHMSIX NMPU OTBETaX Ha pa3jM4YHbIE CTPECCOBBIE BO3JEUCTBUS,
B YaCTHOCTH, ITpH OaKkTepUanbHOM aTake ¥ pu rpaButponusme [3]. Jlo HacTosIIero BpeMeH! TOHKHE
MEXaHU3Mbl BOBJICUEHHUSI CTUTMACTEPUHA B CTPECCOBBIE OTBETHI OCTAIOTCS HE PACKPBHITHIMHU.

B nameii naGopaTopum ObUIM TPOBEIEHBI MCCIEJOBAHUS, IOCBSIIECHHBIE H3YYEHUIO
MEXaHU3MOB BOBJICUEHHUS CTUTMACTEPHHA B CTPECCOBBIE OTBETHI PACTUTENBHBIX KJIETOK. bBbIIo
IIOKA3aHO, YTO JEHCTBUE HU3KOM TeMIIepaTypbl Ha IPOPOCTKY MIIEHULbI IPUBOINIIO K YBEJIUUEHUIO
MIPOHUIIAEMOCTH I1JIa3MaJIeMMBbI JJIsl HOHOB, HU3MEHEHUIO PEJIOKC-CTaTyca KJIETOK (BO3pacTall ypOBEHb
H>02 n I1OJI, noBblmanach akTUBHOCTh MEPOKCUIA3 M YPOBEHb KCIPECCUU NE€HOB NEPOKCHIA3)
U YBEIMYEHUIO YPOBHsA cTurmacrepuHa [4]. beuto oOHapykeHO, YTO YpOBEHb TPAHCKPHUIITOB
C22-cTtepuH JecaTypaspl BbIIIE B KOPHAX IpU JEHCTBUM XOJIOJAa, YEM B JIMCTHSIX, 4YTO
CBUJETEILCTBYET 00 OpraHocrneuu(@UYHOCTH «CTEPUHOBOIO» OTBETa B MPOPOCTKAX IIIEHUIIbI
Ha JelicTBMe HM3KOM TemmepaTypsl [S5]. [leiicTBHME MNOBBIMIEHHON TeMIEpaTypbl INPUBOAUIIO
K CHIKEHHMIO PHEPreTUYECKUX IOKa3zaTeiei, M3MEHEHUIO PEelIOoKC-CTaTyca KJIETOK M CHHKEHHUIO
JKU3HECTIOCOOHOCTH, HO HE BBI3BIBAIO U3MEHEHUH B COIEP)KaHUU CTUrMacTepuHa. Takum oOpazom,
CTUTMAacCTEpUH OKa3aJiCsd HEUYyBCTBUTEJIbHBIM K BO3JCHCTBHIO MOBBILIEHHOW TEMIIEpaTyphbl, 4TO
MOJKET CBHJIETENILCTBOBATH 00 M30MPATENbHOCTH «CTEPHHOBOI0» OTBETA HA JIeWCTBUE AOMOTHUYECKUX
ctpeccopoB. MccrnenoBanue aeicTBusi GUTOrOPMOHOB Ha YPOBEHb CTUIMACTEpPHHA MOKa3ajio, YTO
npu neiictBun ABK n CK Ha mpopoCcTKH NIIeHUIIbI ObUIH BBISBICHBI Han0oJiee 3aMETHbIE U3MEHEHHUS
COJIEp’KaHUsl CTUrMacTepuHa. AHalu3 aKTUBHOCTH TreHoB (C22-cTepuH JecaTypa3bl BbISBUI
yBEIIMYEHUE aKTUBHOCTU TeHOB Ipu JeiictBuu ABK B KOpHSIX, HO He B JUCThIX. TakuM oOpazom,
M3MEHEHHE AaKTHUBHOCTU TeHOB, koaupyromux C-22 crepuH jecatrypasy, HpH ACHCTBUH
(UTOrOPMOHOB HOCHT OpraHOCHEIU(PUUECKUI XapakTep M eIle pa3 TMOATBEP)KIAeT ydacTue
CTUTMACTEpUHA B Pa3JIMYHBIX CTPECCOBBIX OTBeTax [6]. OOpaboTka MPOPOCTKOB TMIICHUIIBI
3aCOJICHUEM NPUBOAWIA K CHMKEHUIO DHEPreTUYECKUX IOKA3aTelel, YBEIUYEHHUIO COAEP KAHMSA
H>02 ¥ T1OBBIIEHUIO AaKTHUBHOCTU IEPOKCUAA3bl, CHIKEHHUIO JKU3HECIIOCOOHOCTU KIIETOK
U OJHOBPEMEHHOMY YBEIMYEHHMIO COACpXKaHUS CTUITMAacTepuHa B KJIETKaX, YTO MOXET
CBUJETEIHCTBOBATh O BOBJICUEHHMH CTUTMAcTepUHA B CTPECCOBBIH OTBET PACTUTEIBHBIX KJIETOK
HAa 3aCOJICHUE.

Ha ocHOBaHMM MONY4YEHHBIX JAHHBIX MOXKHO 3aKJIIOYHUTh, YTO YPOBEHb CTUIMacTepHHa
B PACTUTEIBbHBIX KJIETKaX 4YYBCTBUTEIEH K JEHCTBUIO pPa3jMYHBIX CTPECCOPOB, HO CTENEHb
YYBCTBUTEILHOCTH OTIIMYAETCS B 3aBUCUMOCTH OT XapakTepa BO3EHCTBUSI.

Paboma evinonnena 6 pamxax evinonnenus cocyoapcmeennozo sadanus UL KasHI] PAH,
a maxace npu unarcosou noooepacke epanma PODOU No 20-04-00988, epanma Ilpe3zuoenma PD
MK-264.2020.4
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AN

STIGMASTEROL - STRESSFUL PLANT STEROL

Valitova J.N., Renkova A.G., Khabibrakhmanova V.R., Mukhitova F.K., Rakhmatullina D.F.,
Viktorova L.V., Galeeva E.L., 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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JIumaliHUKY COCTOSIT U3 IBYX WU 0oJjiee TeHETUYECKH 000COOJIEHHBIX, HO B TO K€ BpEMS TECHO
CBSI3aHHBIX MEXIy co00i Mopdonorndecku, (U3NOIOTMUECKH W OMOXUMHMUYECKH OpPTaHU3MOB:
rerepoTpodHoro rpuda (00sIHO ackoMuIeTa) U POTOTPOPHON BOAOPOCIH U/WUIU IMAHOOAKTEPHUH.
B3auMOOTHOLIEHUS! KOMIIOHEHTOB JIMIIAWHUKA JIOCTaTOYHO CJIOXHBI M OINPEACIAIOTCA Kak
cumbuoTnueckue. Hamuure (OTOCMHTE3MPYIOLIEro MapTHEpa MO3BOJISET JIMIIAHHUKAM 3acelsiTh
cyOcTpaTbl, NPAaKTUYECKH TMOJHOCTbIO JIMIIEHHbIE OPraHWYECKOro BEIIeCTBA, a HaJU4ue
MOP(}OIOrHUecKUX U XUMUYECKUX MPUCIOCOOIEHUI — HE TOJIbKO BBDKMBATh B YCIOBHSIX CTpecca,
HO U OBICTPO BOCCTaHABIMBATh METa0OJMYECKYl0 aKTUBHOCTH [l]. OOHMM M3 KOMITIOHEHTOB
3¢ (HeKTUBHON 3alIUTHI JIMIIAHHUKOB OT JEWCTBUS HEOJAronpHsITHBIX (DAKTOPOB Cpenbl SIBISIETCA
HAJINYME YHUKAIbHBIX META0OJMUTOB, B YACTHOCTH, BHICOKOMOJIEKYJISPHBIX TEMHBIX MUTMEHTOB —
MEJIaHUHOB, KOJMYECTBO KOTOPBIX YBEIMUYUBAETCS B OTBET HAa YBEIMYEHHE KOJIUYECTBA COJTHEUHBIX
ayuyeil. IlurmMeHTanus BepXHEW CTOPOHBI CIOEBUIIA JIMIIANHUKOB ACMCTBYET KaK IEpBasl JMHMS
3alUThl  JUId  npenoTBpamieHus Y O-uHAYIUPOBAHHOTO BHYTPHUKJIETOYHOTO IMOBPEKICHHUS.
IToxazaHo, 4TO JIMIIAHUKOBBIE OKCHUA3bI JIJAKKA3HOTO U TUPO3MHA3HOIO TUIIOB MOT'YT y4acTBOBATh
B MeTabonusme L-puruapokcudennnananuna (L-DOPA), npenmectsennuka menanuna [2]. Lensio
HacTosIel paboThl ObUT aHAINU3 aKTUBHOCTH M U30(DEPMEHTHOT'O COCTABA JIAKKA3 U TUPO3UHA3 B psijie
HEMEJIaHU3UPOBAHHBIX Y MEJTAHU3UPOBAHHBIX JIHIAHHUKOB.

HccnenoBanuss NpOBOAMIM C  MCIOJIB30BAHUEM TAJUIOMOB JIMIIAMHUKOB PAa3JIMYHBIX
TakcoHOMHuueckux rpymi: Lobaria pulmonaria (L.) Hoffm., Cetraria islandica (L.) Ach., Evernia
prunastri (L.) Ach. u Pseudevernia furfuracea (L.) Zopf., B koTOpbsIX 00pa3oBaHHE MeJlaHUHA
MHIYLIUPOBAJIOCH 0] BIUSHUEM €CTECTBEHHOI'O COJIHEYHOI'O OCBEIICHMs. BBIABIEHO yBenn4YeHHE
aKTUBHOCTH JIAKKa3bl U THPO3MHA3Bl B AKCTPAKTaX MEJaHU3UPOBAHHBIX OOPA3I[0B JUIIAWHUKOB, 11O
CPAaBHEHHMIO C HEMEJIaHU3UPOBAaHHBIMH. YCTAHOBJIEHO, YTO JHUIIAHUK mopsaka Peltigerales
L. pulmonaria nposiisin 0Ooyiee 3HAUUTEIbHYIO AKTUBHOCTh OKCHUJOPEAYKTa3, IO CpPaBHEHHUIO
C TakoBOW B JMmIaiiHWKax mopsaaka Lecanorales. Yactuynas ouucTka OENKOB 3KCTPaKTa
L. pulmonaria ¢ noMoI1b10 aHHOHOOOMEHHOM XpoMaTorpaguu BbISIBUIA MUK aKTUBHOCTH JIAKKA3bI
u  Tupo3uHasbl.  OxapakTepu3oBaH  H30(DEPMEHTHBIH  CIEKTP  OKCUZa3,  ONPEIeNICHBI
M302JICKTPUYECKHE TOYKM M MOJIEKYJISIpHBIE Macchl OCHOBHBIX H30¢popMm. Crnenuduueckoe
OKpalmBaHue reyei nmocne 2D-amekTpodopesa ¢ moMoIpio CyOoCcTpaToB JTaKKa3bl o-TUaHU3UANHA
u Tpo3uHasbl L-DOPA BuzyanusupoBaiio 1Be MakopHble n30(popmsl pepmenton: 120 k/la ¢ pl 6,6
u 60 x/la c pl 5,9 1 mo3BoNIMIIO CcAENAaTh MPEAONOKEHUE, UTO B JIMIIaiHuke L. pulmonaria L-DOPA
HE TOJBKO SIBIISIETCS TPEALIECTBEHHUKOM B peakUud OOpa30BaHUs MeJNaHMHAa C Yyd4acTHEM
THUPO3UHA3BI, HO TAaKXK€ MOXKET ObITh META0OIN3UPOBAH JaKKa3aMH.

OxcumopeykTasbl  JIMXCHU3UPOBAHHBIX  TIpHOOB  007aJal0T  IMIMPOKUM  CIEKTPOM
(U3HOIOrMYecKOro ACMCTBUS, B TOM YHCJIE YYacCTBYIOT B PACILEIUIEHHM JIPEBECHHBI, MPOIEccax
ryMUQpUKaAIK TOoYBHI [3], OMOCHHTE3€ METAaHUHOB U APYTHX MUTMEHTOB, 3alIMIIAOMUX (POTOOUOHT
oT M30BITKA ynbTpaduosieTa U paauoaKTUBHBIX BemiecTB [4]. Hapsimy ¢ 3TuM, OKCHIOpEIyKTa3bl
JUIIAHUKOB BBIIOJIHSIIOT MPOTEKTOPHYIO (YHKIIHIO MOCPEACTBOM OO0Pa30BaHUS U JETOKCUKAIMH
aKTUBHBIX (OPM KHCIIOPOJIa, YYACTBYIOIIKX B 3aIIUTE JUIIAWHUKOB OT MATOT€HOB M a0MOTHYECKHUX
cTpeccopos [5].

89



11T MesxmyHapoaHblii cMMIO3UYM «MOJIEeKyIIIpHbIE aclleKThl PeIOKC-MeTa00IM3Ma paCTCHUI

Paboma ocywecmensanaco 6 pamxax evinoanenus eocyoapcmeennozo zadanus UL KazHI]
PAH, a maxowce noooepowcana epanmom PH® Ne 18-14-00198 (ouucmka 6enxos).

Cnucok JuTeparypsbl

Kranner I., Beckett R., Hochman A., et al. // The Bryologist. 2008. 111, 576-593.

2. Matee L.P., Beckett R.P., Solhaug K.A., ef al. // Lichenologist. 2016. 48 (4), 311-322.

3. MopozoBa O.B., IlymakoBuu [I'.Il., Illnees C.B., u 0dp. // llpuknamgnas Ouoxumwus
u mukpoouonorus. 2007. 43 (5), 583-597.

4. Beckett R., Zavarzina A.G., Liers C. // Fungal Biology. 2013. 117, 431-438.

5. Beckett R., Minibayeva F., Laufer Z. // Lichenologist. 2005. 37, 397-407.

—_—

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 1is 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 /

90



[Ikoma MoTOBIX YYEHBIX «PoJIb aKTHBHBIX (POPM KHCIIOPO/a B )KU3HHU PACTCHUI»

YK 577.355

NCCIEJOBAHUE OKUCJIEHUA ITYJIA INTACTOXWHOHA B YCJIOBUAX
OBPA3OBAHUA CYIIEPOKCUIHOI'O AHUOH-PA/IUKAJIA MEMBPAHHBIMU
KOMIIOHEHTAMHY ®OTOCUCTEMBI I BBICHINX PACTEHUI

Buabsinen JI.B.", Koszyaesa M.A., Haiinos H.A.,
Bopucosa-Myo6apakmuna M.M., UBanos b.H.

WuctutyT QyHIaMeHTanbHbIX podiieM ouosnoruu Poccuiickoii akanemun Hayk (MDIIb PAH),
Ob6ocobnennoe noapazaenenne PI'BYH OULT «llymuHcKuil Hay4dHbIH HEHTP OMOJIOTHYEeCKUX
uccienoBannii Poccuiickoil akagemun Hayk», [Tymuno, Poccus
*E-mail: vilyadar@gmail.com

KiroueBble cioBa: axkTuBHbIE (OPMBI  KHCIOpOJA, MyJ IUIACTOXMHOHA, PEIOKC-CUTHAIU3aLMs,
CYTIEpPOKCHIHBIH aHUOH-panKai, porocucrema l.

[Tyn mnacroxuHona (ITX mym) XJIOpomiaacToB — KIIFOYEBOE 3BEHO PEIOKC-CUTHAJIMHTA PACTCHHH,
OT OKHUCIIUTEIbHO-BOCCTAHOBUTEIBHOIO COCTOSIHMSI KOTOPOIO 3aBUCUT IPOTEKAaHUE MHOXKECTBA
PEryJISTOPHBIX U METa0OJIMUECKUX MyTeH B PACTUTEIbHOU KieTKe. McciaenoBanne B3auMoICHCTBUS
koMroHeHToB [IX myma ¢ akTuBHBIMH (popMamMyl KHUCIOpOAA, MPHUBOJSIIETO K HW3MEHEHHIO €Tro
OKHUCJIUTEIbHO-BOCCTAHOBUTEJILHOI'O CTATYCa, SABJISIETCSA BAXKHBIM ISl HIOHUMAHUS aHTHOKCHIAHTHON
u curHanbHOM QyHkuui [1X myna. Panee B uccnenoBanusix Haieil 1abopaTopuu ObUIO IMOKa3aHO,
YTO MPU NOBBIIIEHHONW OCBELIEHHOCTU M B YCJIOBUAX, KOTJa KHCIOPOJ SIBISETCS €IWHCTBEHHBIM
aKIenTopoMm 3JeKTpoHoB 0T (otocuctemsl [ (PC I), 1 B mpUCYTCTBUM €CTECTBEHHOT'O aKIENTOpa
snektpoHoB ot ®CI, (deppemokcuna, NpH NapauIeNbHOM BoccTaHOBIeHMH HAJ[D™,
CYNEpOKCHIHBIN aHHOH-panukail (02°) reHepupyercs NPEHUMYIIECTBEHHO MPOMEKYTOYHBIM
koakropom mnepeHoca ayektpoHa DPCI — GUUIOXMHOHOM B BOCCTAaHOBJICHHOW (opme
(punnocemuxuHoHOM). B Hammx paborax OBUIO MPEANOJOKEHO, UYTO TEHEPHPYEeMbIH
¢mwnocemuxuHoHOM O2°° MOXKeT OBITH BOCCTAHOBJICH JI0 TIEPOKCHIA BOJOpPOJA JIBYKPAaTHO-
BOCCTAaHOBJICHHBIM IJIACTOXMHOHOM, TIJIACTOXUHOJIOM.

B nanHoit paboTe MbI Hcclie0BaIN OKUCIICHUE ITyJla INIACTOXWHOHA B YCIIOBUSAX 00pa30BaHUs
02*" xomnonentamu @OC 1 BblcIHX pacTeHHH C TOMOLIBIO HW3MEpPEHHS (IIyOpECICHINN
xjopoduiia a ¢ BeiIcokuM paspenienueM (JIP-tect). UccnenoBanust mpoBOAMIN ¢ HCTIOIB30BAaHUEM
MHTAKTHBIX THUJIAKOMJOB 1mnuHarta. [loiiHOe BoccTaHOBIEHHE IMyJla MJIACTOXUHOHA MPU OCBEIICHUHU
o0ecrneurBaly ¢ MOMOIIBI0 HHTHOUTOPOB OKUCIIEHUS MJIACTOXUHOJIA B IUTOXPOMHOM bgf KOMITIIEKCE:
auHUTpodeHmIoBoro aupa ogouutporumona (DNP-INT) u nubpomtumoxunona (DBMIB). s
BocctaHoBieHuss ®C 1 u oOpa3oBaHMsl €€ KOMIIOHEHTAaMHU CYNEPOKCHIHOTO AaHHWOH-paJHKaia
MCIIOJIb30BAJIM JOHOPBI 3JIEKTPOHOB: ackopOat HaTpus u 2,6-auxnopdpenonunaopenon (DCPIP) unu
ackop6ar Hatpust u N,N,N'.N'-terpamermi-n-penmienuamud (TMPD). Ilpu uszmepenun JIP-
KMHETHK TUJIAKOMbI OCBELIAIM KPACHBIM CBETOM MHTEHCHBHOCTBIO 600 MKMOJb KBaHTOB M c'!
B TEUEHHUE 5 CeK B MPHUCYTCTBUU MOJIEKYJISPHOIO KHUCIOPOJA B KaueCTBE AKIENTOpa IJIEKTPOHOB
oT ®C 1. PerucTpupyIomnyio BCIBIIIKY MOITHOCTBI0 3000 MKMOJIb KBaHTOB M2 ¢™! II01aBaiu B UHTe-
pBaiie ot 0,1 110 2 cex B TEMHOTE MOCJE BBIKJIFOYEHHS CBETA.

C npuMeHeHHeM HHTUOUTOPOB OKUCIICHHS IIACTOXUHOJA B IOHOPOB 31eKTpoHOB aiisi OC I,
MBI [OKa3ajli, YTO OKHUCIIEHHWE IUIACTOXMHOJA IIOCJIE BBIKIIOYEHHS] CBETa HOCUT JBYX(a3HbIH
xapakrtep; npudem ObicTpas (10 0,5 cekyHabl) (aza oKuUCICHHS TIACTOXMHOJA 3HAYUTENHHO Oojee
BbIpaK€Ha B MPHUCYTCTBUU JOHOPOB IeKTpoHOB K ®C I, ueM B UX OTCYTCTBHUE, T.€. B YCIOBMSX
obpazoBanus O2°" memOpanHbiMu KomroHeHTamu PC 1. Beictpast a3a okucIeHUs TUIACTOXHHOJIA
MPAKTUYECKH Hcye3aia B MPUCYTCTBUN METHIIBHOJIOI€HA — HCKYCCTBEHHOI'O aKILIENITOPa JIEKTPOHOB
ot ©C I, kotopsiii, obecrieunBasi 3(Hh(HEKTUBHBINA OTTOK SJIEKTPOHOB OT TEPMUHAIBHBIX aKIIETITOPOB
@C I, mpemorBpariaer oopazoBanne MmemopanHoro O»°” B 310l dortocucteme. [lomyueHHbIe TaHHBIC
CBUJCTEIBCTBYIOT B IMOJIb3Y MPEATNOIOKEHUS O TOM, YTO TUIACTOXUHOIN OKHUCISIETCS MeMOpaHHBIM
0,*, obpazoBanHbiM B ®C I. ['eHepupyeMblii MPU ITOM TIEPOKCHI BOJOPOAA SBISCTCS BaXKHOU
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CHUTHAJIBHOW MOJIEKYJIOW B PAaCTHTEIBHOHN KJIETKE, MMOITOMY JaHHAsl PEakiusi MOXET OBITh YacCThIO
PEIOKC-PETYIATOPHBIX MEXaHHW3MOB, O0ECHEUMBAIOUIMX aJaNTallli0 PACTEHHH K CTPECCOBBIM
YCIIOBHSIM.

Paboma wacmuuno noooepacana epanmom PH® Nel7-14-0037In.

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 [.

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 1, 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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AJNbTepHATUBHBIA (LMAHUAYCTOMUYMBBIA) MyTh JAbixaHus (All), ocCyIIecTBISIOUIMI TpaHCHOPT
AJIEKTPOHOB Ye€pe3 TEPMUHAIbHYIO albTepHATHBHYIO okcuaazy (AQO), He CONpsDKeH ¢ JABYMS
IYHKTaMH 3aracaHusl >HEPTrUHu, MOITOMY CHIIKACT IHEPreTHUecKyl0 3(P(EKTUBHOCTh bIXAHUS
(O3M) [1]. Ha ocHoBe u3yueHus: IbIXaHUS U perynsauuu akTuBHOCTH AO oGocHoBaHa posb All
B MOJIICP>)KaHUU PHEPreTHUECKOT0 U PEJOKC-0ajaHca KISTKH M LEJI0ro pacTeHUs MpU W3MEHEHUU
YCIIOBUH Cpelbl. YCTaHOBJIEHbl 3aKOHOMEPHOCTHM HW3MEHEHHUS [bIXaHUsI M COOTHOLICHHUS
JIBIXaTEJIbHBIX MyTE€H B MPOLIECCE AEITUOISALNN IPOPOCTKOB MieHuLbl [2]. Jlpixanue u Bkiaag All
BO3pacTajiy, JIOCTHras MakCMMyma B T€UEHHE NEpBbIX 4—6 4 3eleHeHus, koraa (GopMupoBasiach
TUnaKkouaHas cucrema. AktuBHOcTh All KoppenupoBana ¢ ypoBHEM 3KCIPECCUH MHAYLUPYEMOTO
cBeroMm rena AOX1a, cnabo 3aBucena ot konudecta 0enka AO U He BIusIa CyIecTBeHHO Ha DD/,
[TokazaHo ckoopanHUpOBaHHOE (GyHKUHOHMpoBaHUE AQO, SHEProJUCCUNUpPYIOIIEH W aHTH-
OKCHUJIAHTHOM CHCTEM, KOHTPOJIMPYIOIIMX YpPOBEHb HakomuieHHs ADPK U perylupyronmx CHUHTE3
ackop0Oarta B 3elieHeollel KieTKe. BBIABICHBI OHTONCHETHYECKHE 3aKOHOMEPHOCTH W3MEHEHHs
JIBIXaHMS JINCTHEB JABYX BHJIOB 3JIAKOB C PAa3HOM >KM3HEHHOM cTpaTernei. B JpIXxaHMM MOJIOJBIX
JUCTHEB SIPOBOM IMIIEHUIBI U O3UMOW PKU JOMUHUPOBAI LIUTOXPOMHBIN IyTh. B 3penbIX TUCTBAX
nmeHunbl Bkiaan All moBeimmancs, a o3WMON Pk, HAa00OpPOT, CHIDKAJCSA, YTO OOECTeuMBacT
HEOOXOAUMBIA JUI TMOJArOTOBKM K TEPE3MMOBKE YPOBEHb SHEProIiacTU4ecKux BemiecTt [3].
[Ipoananm3upoBaHa 3aBUCUMOCTb AbIXaHUs U BoBieueHNs All B pacTeHHAX X0JI0AOCTOMKOro copTa
SAYMEHS OT CKOPOCTH POCTa, MOAYIUPYEMON YPOBHEM MHUHEPAIBHOTO NMUTAHUS U TEMIEPATypPHBIM
pexumom. B mpenenax TemmepaTypHoro ontumyma pocta BosiedeHue All perymmpyercs
CKOPOCTBIO POCTa U HANIPABJIEHO Ha MOAEP>KaHUE MaKCUMaJIbHON DD /[ Ha ypOBHE 1I€JI0OT0 PaCTEHHUS.
[Ipu orpaHnyeHUH poCTa HETOCTATKOM TEIUIa W/WIIM MUHEPAJIBHBIX JIEMEHTOB JbIXaHHE MPOTEKAET
B OCHOBHOM I10 IIUTOXPOMHOMY ITyTH. B 3KcniepuMeHTax 1o BIMSHUIO pa3HbIX 03 KaAMHs Ha pOCT,
JIBIXaHUE U COOTHOUICHHE AbIXaTEJbHBIX MYyTeH B PACTEHUSAX SYMEHS, BBIPALIMBAEMBIX MPHU JBYX
TeMIepaTypHBIX peKUMax, OKa3aHo, YTO PACTEHUS ObLIIM CIIOCOOHBI MOIEP>KUBATH HA TOCTOSTHHOM
ypoBHe BenuuuHy O3Jl, Kpome BapuaHTa C BBICOKUM ypoBHeM Kaamus (100 mMkmonb) mpu
IIOHM)KEHHOM TeMrieparype. B ycnoBusax cuibHOro crpecca 99/ cHMkanace 10 BEIMYMHBI BABOE
HUKE TeopeThuyecku BO3MOXHOU (15 monbp AT®/Moib), 4TO MOKHO pAacLEHHMBATh KakK MPH3HAK
CyOJIeTaIbHOTO COCTOSIHMSI pacTeHUi. BpIsgBIEeHO BiusHHE YpOBHS sKcnpeccuu reHa AOXIa Ha
dbopmupoBaHue yTel anantainuu pactrennit Arabidopsis thaliana x Bo3nevicteuio Y ®-B pannanun
B (husmonoruvecku npuemiieMoit nose [4]. Pacrenus A. thaliana antucencoBoit o AOXIa nuHUMA
aganTupoBanch K Y®-B nyreM ycuineHus akTUBHOCTH aHTUOKCUIAHTHOW CUCTEMbI M HAKOTUJIEHUS
aHTOLIMAHOB, TOTAA KaK y JIMHMM CcO cBepxakcipeccuen 40XIa KI04eBYyHO pOjib B ajanTaluu
Kk ¢akropy urpaet All. IlpoBeneno m3yueHue nbixaHusi 0OpaOOTAHHBIX AHTOIIMAHAMH PACTCHHM
BogHOoro Makpoduta Elodea densa mnpu peiictBun Cd u Mn [5]. OOpaboTka 3K30T€HHBIMH
aHTOLIMAaHAMU CHMKala (PUTOTOKCUYHOCTh METAJIJIOB, aKTUBUPOBAJIa JIbIXaHWE PACTEHUH, B OCHOB-
HoM 3a cueT BoBieueHus All ITpu yBennuennn AIl ot 20 10 40—-50% 0T 00111€T0 ABIXaHUS BETUYUHA
O9]1 BappupoBana B mpeaenax 18—21 monp AT®/Moib TITIOKO35I.

Cnenano 3akmoueHue o ToM, uyTo All sBnsercs HeoTheMIIeMON YacThio cOATaHCUPOBAHHOM
3aIUTHON CUCTEMBI KJIETKH, YYaCTBYET B CUTHAJIMHTE, MOAJIEP)KaHUN PelOKC-0amaHca U perysiiuu
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OMODPHEPTEeTHUKN B HOPME M TIPU CTPECCax, BBI3BIBAEMBIX Pa3IWYHBIME (akTopamu. [Ipemioxen
QITOPUTM Pa3BUTHS cOOBITUH mpu Moy sauu All ¥ conpsKeHHBIX U3MEHEHUSX BeTuIuHbl DD /1.
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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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3aconeHre TOYBBI OCTAETCs AaKTyalbHOH MpoOJIeMOil B CEIbCKOM XO3SIMCTBE, MOCKOJIBKY
OTPaHUYUBAET POCT U YPOKAWHOCTh PACTEHUU. AKTHUBHO H3Yy4aroTCsi OMOXMMHYECKHE U MOJie-
KYJISIpHO-TEHETUYECKHE MEXaHM3Mbl aJalTallMd pacTeHuil K 3ToMy (akropy. M3BecTHO, uTO
pacTeHUs UCIBITHIBAIOT OCMOTUYECKUIN U TOKCHUYECKUI cTpecc. PaHee ObLJI0 OKa3aHO MOBBILICHHE
akTUBHOCTH mepokcuaa3 Il kmacca, yBennueHue KOJIMUYECTBA IMEpPOKCUAA U (PEHOJIOB B OTBET
Ha BozaeiictBue NaCl y Glycine max L [1]. BeigBuHYTO TpeAnosiokeHWe, 4TO amnorUIacTHHIE
MEPOKCH/1a3bl HOCPEICTBOM JIUTHU(PHUKAIIMU KIIETOYHBIX CTEHOK PEryJIMPYIOT POCT KOPHS B YCIIOBHSIX
3aconenud. Haime wuccrnenoBanue HampaBieHo Ha usydeHue BoszaeiictBus NaCl (5-75 mMM)
Ha aKTMBHOCTb LIMTO30JIbHOM M amoriacTHOW rBaskoioBoil mepokcupnassl (I'TIO), conepxanue
NepoKcHIa, PEeHOJIOB B Pa3HbIX OpraHax MPOPOCTKOB IIUHUH.

Cemena nunu (Zinnia elegans Jacq). npopamuBanu B yamkax [lerpu ¢ no6asnenuem 5, 10,
25, 50 u 75 MM NaCl (xontpons — Boaa) B Teuenue 7 aneu npu 24 °C u doronepuone 16/8.
Bexoxects cemsH onpexaernsiii Ha 3 neHb. Ha 7 neHb olleHMBaiIM OMOXMMHUYECKHE MapaMeTphl.
AKTUBHOCTH 1IUTO30J1HOM U anorutactHor ['TIO, komuyectBo H2O2 ompenensim mo cranmapTHOM
MeToauKe B rpyoom skctpakre [2]. Comeprkanue (heHoI0B ONpeesiif ¢ UCIIOIb30BAHUEM PEaKTHBA
®donnHa-YexonbTey B cniupToBOM dKcTpakTe [3]. CrarucTrueckyro 00padOTKy JaHHBIX MPOBOIMIIN
B nporpamme Excel u STATISTICA 10 qns Windows 10 ¢ npumenenuem U-kputepuss MaHHa-
Yurhu.

[IpopocTKH IMHUN OTINYANINUCH HU3KOH YCTOMYMBOCTBIO K 3acosieHuto. Tak, mpu oOpaboTke
25 MM 3amenmsincst poct oceBbix opraHoB, mpu 50 m 75 MM NaCl cymiecTBeHHO CHUXKaIoCh
IIpOpacTaHue CEMSH M 3aTOPMAXKMBAJCs pocT. PacTeHMsI HCHBITBIBAIM CTpPECC, O YEM
CBUJETEILCTBYET yBenuueHue konuuectBa H2O m B KOpHe, U B TUNOKOTWUIIE Mpu 00paboTke
pacrenuit 5 u 10 MM NaCl. deHombl SBIAIOTCS aHTHOKCUIAHTAMH, CyOCTpaTaMu Uisl IEPOKCUIA3.
B xopHe Habm012)11 CHIKEHKE KOJIMYecTBa (DEHOJIOB 110 CPAaBHEHUIO C KOHTPOJIEM U IPU 00paboTKe
5u 10 MM (Ha 28% u 14% cooTBeTCTBEHHO). B rumokoruie MX KOIUYECTBO CHHKAIOCH MPHU
obOpabotke 5 MM (Ha 27%), HO Bo3pactaino npu 10 MM (B 2,8 pa3). Kopau npopoctkoB ObutH Oonee
YyBCTBHUTEIbHBI K JieicTBUIO cTpeccopa. ObpadoTka nuuuu 5 u 10 MM NaCl npuBesna Kk CHUKEHUIO
aktuBHOCTH amorutactHou ['TIO B xopue (Ha 34 u 84% COOTBETCTBEHHO), HO Pa3HOHAIPABICHHO
BJIMsIIa HA €€ aKTUBHOCTh B TMIIOKOTHJIE: MPH 00paboTke 5 MM OTMETHIIN yBEIMYEHHE aKTUBHOCTU
OTHOCHUTENbHO KOHTpoJisi Ha 94%. AxktuBHOCTh 1uTO30dbHONU [TIO cHMKanmach B KOpHAX IpU
neiicteun 10 MM NaCl. B runokoTuiie ee akTUBHOCTh Bo3pacTtaia B 1,2 u 3,2 pa3a npu obpaboTke 5
u 10 MM NaCl cooTBETCTBEHHO.

Taxkum 006pazom, opraisl pacTeHUI OTINYAIKCh 10 coaepxkanuto H2O2 u aktuHoctu I'TIO,
JIOKQJIM30BAHHON B pa3HbIX KOMIIAPTMEHTaxX (amorjiacT M IUTO30Jb) B YCIOBHUSX 3aCOJIECHUS.
VYBenn4yeHne KoJm4ecTBa (PeHOIO0B B TUIIOKOTUIIE MOKET OBITh CBSI3aHO C UX AKTUBHBIM YYacTHEM B
HEUTpaau3aluu akTUBHBIX (OpM KHUCIIOpoAa Ha JaHHOM OJTamne pocTta UWHHUU. CHUXEHHE
aKTMBHOCTH TIEPOKCH/Ia3 MOIJIO ObITh BBI3BAHO HeraTMBHBIMH d(dekramu u30biTka Na'
Ha KoH(popmanuio pepmenTa. Kak criencrsue, HabM01an1 yBETUUEHHUE COAEPKAHUS TEPOKCHIA, YTO
CBUJETEILCTBYET O UyBCTBUTEIBHOCTH IPOPOCTKOB LIMHHUH K 3aCOJIEHUIO.
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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 NaCl. 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 NacCl, 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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Cpenu  (OTOCHHTE3UPYIOIIMX OPraHU3MOB OCOOBI HMHTEpPEC MPEeJICTAaBISAIOT JIMIIAMHUKH,
OTJIMYUTEILHOW OCOOEHHOCTBHIO KOTOPBIX SBJSIETCS CUMOMOTHYECKas MpUPOAAa U BbICOKAs
YCTOMYMBOCTh K JEHCTBUIO HEONArompuATHBIX yciaoBHU cpeabl. Ocobast ponb B 3allUTHBIX
MEXaHM3Max CTPECCOBOM YCTOMYMBOCTH JIMUIAMHUKOB IIPUHAUICKNAT CUHTE3UPYEMBIM HMH
BTOpUYHBIM MeTabonutam [1]. Tak, 3amuTy TUIIAHHUKOB OT HETAaTHBHOTO AecTBus YD mydeit
00ecneurBaloT 3KPAHUPYIOIINE MUTMEHTHI — MEJIAHUH U aHTPaXUHOHBI, @ TAKKE aHTHOKCH/IAaHTHBIE
MUTMEHTBI — KApOTUHOU B! [2]. PaHee B COOCTBEHHBIX MCCIIEIOBAHUSAX YCTAHOBJICHO, UTO PA3IMYHbIC
JUIIAHHUKA COACPIKAT MENIaHWH, U €ro CHHTE3 aKTHUBUpYyeTcs B OTBeT Ha YD-B obmyuenue [3].
B cBsI3u ¢ 3TUM, aKTyaJIbHBIM U BaKHBIM SIBIISIETCSI UCCIIEI0BAHUE U3MEHEHUI B COCTABE IMIMEHTOB
JUIIAWHUKOB MpPH cTpeccoBoM oTBeTe Ha Y@-B obOmydyeHuwe. DTO MO3BOJIUT OLEHUTH BKJIAJ
Pa3IMYHBIX IUTMEHTOB B BBICOKYIO CTPECCOBYIO YCTOMUMBOCTD JIMIIAMHUKOB K Y @ BO3AEHCTBHIO.

Tannomsl numaiinuka Lobaria pulmonaria nonsepranu Y ®-B obnydenuto (280-315 uwm,
MomHocTh 3 Br/M?, 80 MUH exenHeBHO B TeueHue 14 jmeif). DKcTparupoBaHHE IUIMEHTOB
U3 TAJUIOMOB JUIIAWHUKA MPOBOAMUIN alETOHOM. B MOJIy4eHHBIX AKCTpaKTax METOAOM MpPSMOM
CIIEKTPO(OTOMETPUH OIPEIEIISIN COlEpKaHUE XJIOPOPHIUIOB a U b, KAPOTUHOMIOB, AaHTPAXUHOHOB
[4]. CocTaB MUTrMEHTOB B MOJYYEHHBIX 3KCTPAKTaX HCCIEIOBAIM METOJIOM WHCTPYMEHTAJIbHOMN
BbICOKOA((pekTrBHON  TOHKOCHOWHOW  xXxpomarorpaduu (CAMAG, Switzerland). Ilocne
OKCTParupoBaHUs AalleTOHOM W3 TaJUIOMOB L. pulmonaria BbIIEASNIA MEJNAaHUH IIEJTOYHOM
JKCTpakuuei. Beixo MenaHnHa oNnpeaessii rpaBUMETPUUECKH.

YcTaHoBNIEHO, YTO COCTaB MUTMEHTOB B L. pulmonaria nocne Y®-B obinydyeHus He u3Me-
HSIETCS, OJHAKO HAOJIIOAAIOTCS CYLIECTBEHHBIE M3MEHEHHUS B MX KOJIMYECTBEHHOM COJIEPKAHUU.
HaubGonbmme wn3MeHeHHs OOHAapy>KE€Hbl B COAEpX aHUM (POTOCMHTETUYECKUX IMHMTMEHTOB
XJIOpOpUIUIOB @ U b, UX cozepKaHUe B TAJIOMax JIMIIAMHUKA YBEIUYMBACTCS MPUMEPHO B 2 pasa.
Copep:xaHue KapOTUHOMIOB, 00J1a1AI0IIKX BbIPAKEHHBIMU aHTHOKCHIAHTHBIMU CBOWCTBAaMHU, B TaJl-
JOMax JIMIIaiHMKa TaKkKe Bo3pacTraeT moytu B 1,2 pasa. HecmoTps Ha TO, YTO aHTPaXMHOHBI
SIBJISIIOTCSL SKPAHUPYIOMMMHA TMTUTMEHTaAaMH W CIIOCOOHBI 3alMINATh JIMIIAWHUK OT BpeaHoro Y d-B
o0JIyueHHsl, UX KOJMUYECTBO B TAJUIOMAaX JIMIIaiHUKa nocie Y P-Bo3/eiicTBUS HAXOUTCS Ha yPOBHE
koHTpois. CopepkaHue MeJlaHWHA, TEMHOTO MUIMEHTa MOJMMEPHON MNpHpOAbI, B TajuloMax
mumaitiuka npu Y®-B obnyuenun yBenuuuBaetcs B 1,2 pasza. MI3BecTHO, UTO MENaHWMH, HapsLy
¢ OTONPOTEKTOPHBIMU CBOMCTBAMH, 00J1a7a€T BHIPAKEHHOM aHTHOKCUAAHTHON aKTUBHOCTBIO.

Takum 00pa3oM, MOJydyeHHbIE Pe3ybTaThl CBUAETEIBLCTBYIOT O BaXHOM POJIM MUTMEHTOB
B TOHKHX MEXaHM3MaX CTpPECCOBOTO OTBeTa JHIlaiHuka L. pulmonaria Ha Bo3neiictBue Y®D-B
O0Ty4YeHHUS.

Paboma evinonnena 6 pamxax evinonnenus cocyoapcmeennozo 3aoanus UL KazHI] PAH,
a maxoice npu unancosoli noooepaicke epanma PHD Ne 18-14-00198, PODH 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."?, Khajrullina A.F.%,
Rassabina A.E.!, Shelyakin M.A.%, Minibayeva F.V.!
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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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OnHuM U3 HEONarompusATHBIX (PAKTOPOB, BIHUSIOUIMX HA PACTCHHUS, SBISIETCS KHUCIOPOAHAs
HEJ0CTaTOYHOCTh, KOTOpasi pa3BUBAETCS BCIEJICTBUE M30BITOUHOTO YBIQXKHEHUS U 3aTOIJICHHS.
OT He€ HepeIKO CTPaJatoT Kak IPUPOAHbIE (PUTOLIEHO3bI, TAK U MOCAIKU KYJIbTYPHBIX PACTCHUM, YTO
MIPUBOJIUT K CYILIECTBEHHBIM NIOTEPSM ypoxkasi. B ectecTBeHHOM cpeie oOuTaHus BCIE 3a HEPUOAOM
neduuuTa KHcIOpoAa OOBIYHO CIlIEAyeT BOCCTAHOBJICHHME a3pOOHBIX YCJIOBUH, W PpacTeHHUs
OKa3bIBalOTCS B YCJOBHMSX IOCTAHOKCUYECKOTO OKHUCIUTENBLHOrO Bo3jaelcTBUA. M3yueHue
MEXaHU3MOB 3TOr0 CTpPEcca y PacTEHUM, pa3IMyYarolUXCs 0 YCTOMYMBOCTH K KHCIOPOJHOU
HEJ0CTAaTOYHOCTH, COCTABJISIIO 1IeIb JAHHOTO UCCIIEOBAHMUS.

DKcrepuMEeHThl TPOBOIWIN Ha MPOPOCTKax niieHuusl (7riticum aestivum L., HeycTolunBoe
K aeguiuTy Kucimopoaa pacrenue) u puca (Oryza sativa L., ycroiiunBoe pactenue). [Ipoayknunro
AO®K B npoToruiacTax 13 JIMCTHEB PACTEHUH OLEHUBAIM C MOMOILBIO (hiyopectieHTHOro 30H1a CM-
H>DCFDA. Dunorennoe coaepxxanune H>O» B Tkansx uccnepoBaiu ¢ FOx-peareHToM. YpoBeHb
nepekucHoro okuciaenus sunupos (IIOJI) ompenenanu 1o KOHIEHTpaUMU MaJOHOBOIO
UAJIBIETHIA. KapOonunuposanne 0€EIIKOB OLIEHUBAIIH o OKpaIIMBaHHUIO
IUHATPODEHUITUIPA3UHOM OEJIKOBBIX SKCTPAKTOB C IMOCIEAYIOMIEH CHEKTPO(POTOMETpHEH WM
UMMYHOOJIIOTTUHTOM. [IpoTeomM u3yudanu MeTofamMH JBYMEpPHOM TIelieBOMl MpPOTEOMUKH C IOC-
neayomum tpuncuHoiuzoM U MALDI-TOF-MS. OxucnutenbHble MOBPEXKACHUS, BbI3BAHHbBIC
BO3JICHICTBUEM aHOKCMM M TMOCIHEAYIOUIEH pea’paluy, CpaBHUBAIM C HUCKYCCTBEHHBIM
OKHUCIIUTEIBHBIM CTPECCOM, CIPOBOLMPOBAHHBIM XWMUYECKUMHU areHTamMu (METUJIBUOJAr€HOM
Y MEHAJIMOHOM - IPOAYLEHTAaMU CYIIEPOKCHIHOTO aHHMOH-PaJiuKaja, epeKUCchio BOAOPOIa, a TAKKE
CMECBIO MEe/IM M aCKOPOMHOBOM KHMCIO0THI AJist reHeparuu OHe paaukana).

Axxymymsius H2O», TIOJI u kapOoHunmpoBaHue O€NKOB y HEYCTOMYMBOIO OOBEKTa
(TMIIEHUIIBI) CTUMYJIUPOBAINCH B OOJIBIIEH CTETIEHHU, YEM Y YCTOHUMBOTO (pHca) KakK Mo IeHCTBHEM
MIOCTAHOKCUHU, TaK M MPOOKCHIaHTOB. IlocTaHOKCHS MpHBOIMIAa y MEHEE YCTOWYMBOrO OOBEKTa
K Pa3BUTHIO OOJBIIMX IMOBPEXKICHUH, YeM MCKYCCTBEHHBIH OKHMCIMTEIbHBIN CTpEcC, BBI3BAHHBIN
MPOOKCUIAaHTaMU. Puc, Hao0opoT, NEMOHCTPUPOBAT IMOBBIILIEHHYIO YCTOMYMBOCTh Kak K MOCTa-
HOKCHUYECKOMY, TaK U XMMHUYECKOMY OKHCIUTEIbHOMY BO3JEHCTBUIO. MccienoBanue mpogykuuu
A®K Ha KJIETOYHOM ypOBHE BBISBUIIO OOJIBLIYIO PEAKTUBHOCTH IMPOTOIIACTOB pUCa MO OTHOIICHUIO
K TUIOKCUH, pea’pallMd W MEepeKHUCH BOJOpOJa, TOTJa Kak B MPOTOIUIACTaxX IMIIEHUIBI Oosee
uHTeHcuBHas akkymynsauus ADK non neiictBueM MeTHIBHOJNIOI€Ha U MeHaauoHa. bombiias
akkyMmyssinua ADK B mpororuiactax ¥ IpopocTKax pyuca Ipu KpaTKOCPOUHbIX aHOKCUM U pea’palun
MOJKET OBITh OTPAKEHNWEM UX aKTUBHOI'O YYacCTHs B TPAHCAYKIIMH KHCIOPOJHOTO CUTHAIA.

B mporeome moOeroB puca ObuUlO BbIsIBIEHO 72 Oenka, u3 KoTopeix 31 Obul
uneHTudunrpoBad. B aHokcuueckoM mpoTeome MoOeroB OblIa XapakTepHa padoTa IIanepoHOB,
O0enkoB QorocuHTe3a U (HEpMEHTOB TINIMKOIM3a. B  IMOCTAaHOKCHIO MOBBIIIANACh  JIOJIS
¢dortocunTeTnueckux OenkoB U AT®-cunrassl. B mnporeome noOGeroB miieHUIBl YyAaloCh
UACHTU(PUIMPOBATE TOJBKO 4 TSATHA, KOTOpble OBUIM TpPEACTaBICHbl OOJBIION M Majol
cyowrenuuuniamu Pybucko. B mpoTeome kopHeit pruca 0b110 0OHApYKeHO 78 O0ETKOB, U3 KOTOPHIX 38
ObUIM OXapakTepu3oBaHbl. B yCIOBHMAX AaHOKCMM U TIOCTAHOKCMM B MpPOTEOME KOpHA puca
npeobnagaiu OCNIKU, OTBEYAIONIHME 33 YCTOMYMBOCTH K MATOreHAM M a0MOTHYECKUM (hakTopawm,
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(hbepMEeHTHI TJIMKOJIM3a W AHTUOKCUJIAHTHBIX CUCTeM. [IpuMeHeHHe MeToaa TJIABHBIX KOMIIOHEHT
MOKa3alio, YTO AHOKCHMYECKHH M IMOCTAHOKCUYECKHUH MPOTEOM W B Moberax, U B KOPHIX pHca
TPYIIUPYIOTCS BMECTE, OTACITBHO OT HOPMOKCHH. JTO TO3BOJSET 3aKIIOYUTH, YTO peadparius
HE SIBJISIETCS CAMOCTOSITEIbHBIM CTPECCOPOM, HO €€ MOYKHO CUUTATh MPOJAOHKEHUEM BO3JIECUCTBUS
(mocneneiicTBueM) aHOKCHH. TakuMm 00pa3oMm, pacTeHHE, YCTOMYMBOE K JEPUIUTY KHUCIOPOJa,
obOnamaer OonblIeld yCTOWYMBOCTEIO M K TMOCTAHOKCHYECKOMY, © K HCKYCCTBEHHOMY
OKHCITUTEIFHOMY CTPECCy, BBI3BAaHHOMY O0OpaOOTKOM mpooKcuaaHTaMu. [locTaHOKCHYECKHA
OKHUCIIUTETBbHBIA CTpecC MO CHUJIe BO3JCUCTBUS HA pPACTEHHUS, B OCOOCHHOCTH HEYCTOWYHBBIC,
MMPEBOCXOIUT UCKYCCTBEHHBIM 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 H202, 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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MEPEKUCHOE OKUCIICHHUE JTUMHUIOB.

Oxcup a3oTta npeacTaBiseT co00i CUTHANBHYIO MOJIEKYITY, YYaCTBYIOIIYIO B CAMBIX Pa3HOOOPA3HbIX
(U3HOIOrMYECKUX MPOoLeccax B paCTEHUX, BKIIOYasi MPOpacTaHUE, pa3BUTHE, LIBETEHUE U CTapEHHUE.
Pa3nuuyHbIMH  HMCCIENOBAaHUAMHU II0KAa3aHO HAJIM4YUE IIOJIOKUTEIBHOM KOPPENSALUU  MEXKIY
yBenuueHueM cozepxkanuss NO B opraHaXx M TKaHSX pAacTeHUN NpPU Pa3IMYHBIX CTPECCOBBIX
BO3JECHCTBUAX W aJanTalled pacTeHUH K M3MEHSIOIMMCS YCIOBMSM BHeWIHER cpenbl [1], urto
CBUJETEIBCTBYET O BO3MOXXHOCTH UCIOJb30BAaHUS 3K30I'€HHBIX JOHOPOB OKCHJAa a30Ta B KauecTBE
MIpenapaToB, MOBHIMIAIOIINX YCTOMYMBOCTh PACTEHUI K AEMCTBHUIO CTPECCOBBIX (PpakTopoB. OCOOBIi
MHTEPEC BBI3BIBAET HM3YYECHHE BIMSIHMSA JOHOPOB OKCHAA a30Ta HA YCTOMUMBOCTb PAaCTEHHU
K JAepuuUTy BOJBI, HETaTUBHO BIHUSIOLIEMY Ha pOCT M pa3BUTHE pPACTEHUH, TEM CaMbIM
OrPaHUUYMBAIOLLIETO IPOAYKTUBHOCTD CEJIbCKOXO3SIMCTBEHHBIX KYJIbTYD.

B mameit pabore B KauecTBe MOHOpa OKCHAA a30Ta MbI HCIOJIB30BATM HUTPO3UIHHBIN
KOMIUIEKC jkemne3a ¢ Tuocynbdarom (kpuctammudeckuii THKXK-tuo) [2]. [IpemapaT oTHOCHTETHHO
cTaOuJeH MpU XpaHEHUU Ha CBETY B OTCYTCTBHE BJIard, MpPH PAaCTBOPEHUU B BOJE MPOUCXOAUT
re"epanus NO.

enpto wuccnenoBanusi Obul0 uW3ydeHue BimsiHUSA aeduiura Boael u  THKIK-tHo
Ha (YHKIIMOHAIBHOE COCTOSIHUE MUTOXOHAPHUIA S-AHEBHBIX 3THOJUPOBAHHBIX IPOPOCTOB ropoxa.

PaGoty mpoBoauaum Ha MUTOXOHIPUSAX 5 JTHEBHBIX ITHOJMPOBAHHBIX IMPOPOCTKOB ropoxa
(Pisum sativum L), copt ®nopa 2, moaBeprHyThix 2-X AHeBHOMY aeduuuty Boxsl ([B)
1 o6padoTanubx 10° M TKHXK-THo.

B ycnoBusx neduuurta BOoAbl B MeMOpaHax MHUTOXOHJAPHHM NPOPOCTKOB HAOII0ANIach
akTuBauus nepekucHoro okucienus aununos (I1OJI). [Ipu s3ToM UHTEHCUBHOCTH (PITyopecleHInn
npoxayktoB ITOJI Bospacrana B 2 pasa. 3amauupanue cemsn B 10° M pactsope THKXK-THO
npeaotBpamano aktuBanuio [10OJI: naTeHCHBHOCTH (hyopectientinu nmpoayktoB [10JI camxanacek
IIOYTHU 70 KOHTPOJIBHOTO YPOBHSI.

N3menenne Gpu3nKo-XMMUYECKUX XapaKTEPUCTUK MEMOpPaH MUTOXOH/IPHii, COITPOBOKAATIOCH
u3MeHeHneM B cozaepkaHuu kupHbIX kucinoT (OKK), comepkammx 18 atomoB yrimepoma. Tak
coJiepKaHue JTUHOJICHOBOW KHCIIOTHI B MEMOpaHaX MUTOXOHIPHI MTPOPOCTKOB, CHU3UIOCH Ha 15%,
a muHoneHoBol — Ha 14%. [Tpu sTom XC;g HenacoimeHHbIX KK/Cig.0 ymenbmummucs ¢ 16,1 = 0,12 1o
10,04 £ 0,23, yTo oTpa3uIoch Ha OMOPHEPTETUUYECKUX XapaKTePUCTHKAaX MUTOXOHpHil: B 1,5 paza
CHIDKAJIUCh CKOPOCTH TPaHCIOPTa JIEKTPOHOB HAa IIUTOXPOMOKCHIA3HOM YYaCTKE JbIXaTelIbHON
ey MUTOXOHApHil. BBeneHue B cpely HMHKyOamuu MuToxoHapuii 5x10° M nuroxpoma C
IPUBOJMIO K BOCCTAHOBJIEHHIO J3THUX CKOPOCTEH JI0 KOHTPOJIBHBIX 3HaueHui. MOXHO
MPENIOJIOKUTh, YTO B YCJIOBHUAX JePUIMUTA BOJbI MPOMCXOAUIO YACTHUYHOE BBICBOOOXKIACHHE
uToxpoma C ¢ BHEHIHEH MOBEPXHOCTH BHYTPEHHEH MeMOpaHbl MUTOXOHIpuii B 1nTo3056. THKOK-
THO, penoTBpanias okucieHnne HeHachlmeHHbIX KK Cig, B OCHOBHOM JIMHOJIEBOH U JINHOJIEHOBOM
KHCJIOT, BOCCTAHABIMBAJ CKOPOCTU TPAaHCIOPTA 3JEKTPOHOB HAa LIUTOXPOMOKCHUIA3HOM Y4YaCTKe
JbIXaTeNbHOM 1lenu MUTOXOHJpuil. OJIHAaKO ASTH MOKazaTeiau ObUIM HECKOJbKO HHUXKE, 4YeM
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B KOHTPOJBHOM Tpyrie. BeposTHO, 3TO CBA3aHO ¢ KOHKYPEHTHBIMU OTHOIICHUSAMU MKy NO u O2
3a CAlThI CBA3BIBAHUS LIUTOXPOMOKCHIA3HI [3].

Coxpansis  (pyHKumoHanpHOoe coctosHue MmutoxoHapuii, THKIXK-tmo mnpemymnpexnan
TOPMOKEHHE POCTa MPOPOCTKOB B YCIIOBUSX Aeduinta Boabl. [Ipeanonaraercs, 4To aaanToreHHbIH
s dexT mpenapara, BEpOSTHO, ONPEALIISICTCS €T0 aHTHOKCHUIAHTHBIMHU CBOMCTBAMU.

Paboma evinonnena 6 pamkax 2ocyoapcmeennozo 3aoanus Munucmepcmea HayKu u 8bLCule2o
oopasosanus Poccutickou @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 I.V.!, Krikunova N.L.!, Generozova I.P.?

'N.M. Emanuel Institute of Biochemical Physics Russian Academy of Sciences, Moscow, Russia
’K.A. Timiryazev Institute of Plant Physiology Russian Academy of Sciences, Moscow, Russia

Keywords: Pisum sativum, fatty acids, lipid peroxidation, mitochondria, nitric oxide donors, water deficiency.

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 XCis unsaturated FA/Cigyo
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 5x10°® 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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BJIUAHUE BAKTEPU3ALIUU CEMSAH INIIIEHUIBI PSEUDOMONAS
EXTREMORIENTALIS PHS1 HA AKTUBHOCTb IEPOKCHUJIA3 B MOAEJIUPYEMbIX
YCJHIOBUAX HIOHNKXEHHBIX TEMIIEPATYP
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Karouessle cioBa: Pseudomonas extremorientalis, Triticum aestivum, abNOTUIECKAN cTpecc, OaKTepH3aIus,
MepoKcHasa.

K mnaubonee crpeccoBelM ansi pacTeHUil (usnmueckuMm (akTopaM MOKHO OTHECTH HU3KHE
TeMIepaTypbl M BBICOKYIO BJIaXHOCTh TMOYBBI B paHHUE CpPOKH Bererauuu [1]. AbuoTnueckue
CTpEecChl, BbI3bIBAOLINE PsiZl MOP(DOIOruueckux, HU3NOIOTHIECKUX U MOJEKYJISIPHBIX W3MEHEHUN
B PaCTEHUSX, BIUAIOT HA UX POCT U MPOTYKTUBHOCTb M CIIOCOOHBI TPUBOAMTH K UX rudemnu [2]. Koraa
pacTeHusl MOABEPraloTcs AEHCTBUIO CTPECCOB, a 3AIMTHBIE CUCTEMbI HE CIPABISIOTCA CO CBOMMHU
(GYHKLIMAMHU, MOKET HapyllaThCs OallaHC MeXIy oOpa30BaHHEM M TYIIEHHEM aKTUBHBIX (opMm
kuciopona (A®DK), B pesynabrare NPOMCXOTUT OKUCIUTENBHOE MOBpexaeHHe kieTok. [lox
BO3JICHICTBUEM CTpecca aKTUBUPYIOTCSA (DepMEHTATUBHbIE U HEPEPMEHTATUBHBIE CUCTEMBI 3alIUTHI
ot ADK [3]. [Tepokcuaasa (I1O) — ogun U3 0cCHOBHBIX pepMeHTOB AeTokcukauu H>O» B pacTeHusIX,
Metabommupyromuii ee 10 H,O [2]. B ¢ynkmuu 1O BxoauT 3ammra pacTUTEIHLHOTO OpraHu3Ma
oT BpenHoro Bo3zaeiicTBus ADK, oOpazyromuxcs npu GoTocuHTe3e U apixaHuu [3]. B cBs3u ¢ aTuM,
1elb paboThl — U3y4YEHHUE BIMSHHS OAaKTepU3allMK CEMSH MIIEHHUIbl Ha aKTHUBHOCTh CBOOOJHBIX
U C1a0O0CBSA3aHHBIX T'BAasKOJI-3aBUCHUMBIX IEPOKCHAA3 B TKaHAX PACTEHUH B YCIOBUSAX HM3KHX
TEMIIEPATyp U MOBBIIIEHHON BIAKHOCTH.

OOmbekThl uccnenoBanus: 12-Tu AHEBHBbIE pacTeHus nNiueHuns! (Iriticum aestivum L., copt
Wpensn) n xunkas 24-qacoBast Kynbtypa 0akrepuii (Pseudomonas extremorientalis PhS1). Pacrenns
KynpTuBUpoBain B kiaumartokamepe (Growth Chamber GLK-300, Kopes). WuTeHcuBHOCTBH
ocsemenus — 200 Mxmonb kBaHTOB/(M? cex) DAP ¢ 16-uacoBbiM (oToneprogom npu 18-20 °C
(menp) u 14—16 °C (HOub) U BIaxHOCTH 75% Ha NPOTHKEHUU 12 CYyTOK B ONTUMAIBHBIX YCIOBUSX U
temneparypoit 14—16 °C u 6—8 °C u Braxknoctd 90% B ryMHUIHBIX YCIOBHSIX SKCIIEPUMEHTA MOCIIE
6 nHEHN KyJIbTUBUPOBAHUS B ONTUMAJIBHBIX YCIOBUAX. AKTUBHOCTb IIEPOKCUIA3 B JIUCTBAX U KOPHSIX
pacTeHUM ONpeaessui CIEKTPOPOTOMETPpUIECKUM MeTOo0M (A =470 HM), paccunThiBaiu 1o Chance
and Maehly [4]. PacnpocTpaHeHHOCTh KOpPHEBBIX THHMJIEH YYUTHIBAIM B COOTBETCTBUHU
c pexomenaauusamu [5]. OLeHKa CTaTUCTHMYECKON 3HAYMMOCTH pa3jivuuil MpPOBEAEHA C YYETOM
kputepust CterofeHTa it 95% ypoBHS 3HAUUMOCTH.

DKCIepUMEHTAILHO YCTAHOBJIEHO, YTO MOHMKEHHBIE TEMIIEPATyphl BBI3bIBAIA Y MPOPOCTKOB
MIIEHUIIBI CTPECC, MPOSBUBILNINCSA B CHW)KEHUU UX JJIMHBI U YBEJIUYEHUN aKTUBHOCTH IEPOKCH]IA3
B KOPHSX M JIUCTHSIX, YTO MOXKET YKa3bIBaTh Ha OAWH M3 MexaHu3MoB TymeHus ADK. Tak, B oTBer
Ha BO3JEHCTBUE MOHMKEHHBIX TEMIIEPATyp M MOBBILIEHHON BIIAQ)KHOCTH OTMEYEHO CTATUCTHUYECKU
3Haunmoe (p < 0,05) yBenwueHwe aKTMBHOCTH ()EPMEHTOB B JUCThAX MimeHUNBl Ha 14-88%
U B KOpHSX B 2,7—4,9 pa3a. bakrepuszanus ceMsH B ONTUMAIbHBIX YCIOBHUIX CIIOCOOCTBOBAIA POCTY
MEPOKCUJIA3HON aKTUBHOCTH B JTUCThsIX Ha 3—91%, B KopHAX Ha 14—121%, B ryMUJIHBIX YCIOBUSAX HA
8—73% 1 39-97%, cooTBETCTBEHHO. PacripocTpaHEHHOCTh KOPHEBBIX THUJIEH MIIIEHUIIBI, CBSI3aHHBIX
C HaJIM4MeM BO30yIuTeNel Ha IOBEPXHOCTH CeMsIH, 0e3 OakTepu3aluy yBeINYUBaIach B T'yMUTHBIX
YCIOBUSX 110 3,9 pa3 10 CPaBHEHUIO C PACTEHUSIMH, BBIPAILIEHHBIMH B ONTUMAJIBHBIX yciaoBUsIX. [Ipu
o0paboTke cemsH Oaktepusimu P. extremorientalis pacpOCTPaHEHHOCTh OOJIE3HEW CHU3WIACH
Ha 40% u 13% OTHOCUTENBHO KOHTPOJISI B ONTUMAIBHBIX YCIIOBUSIX U CTPECCOBBIX COOTBETCTBEHHO.
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Takum oOpazom, OakTepu3anusi CIOCOOCTBOBAIA YBEIMYCHHIO IEPOKCHUIA3HOTO OTKIIMKA
B TKaHAX JIUCTbEB U KOPHSAX PACTEHUH INIIECHUIBI KaK B ONTHUMAJIBHBIX YCIOBMSX, TaK U IpHU
IIOHVKEHHBIX TEMIIepaTypax W BBICOKOM BIIAXXHOCTH. [Ipm 3TOM, yBenMuYeHHE NEPOKCUIA3HON
aKTUBHOCTH HauOoJiee OTYETIMBO NPOCICKUBAIOCH B KOPHSAX pPAaCTeHHUH. AKTHUBAIUS JaHHBIX
(hepMEHTHBIX CHUCTEM MOJI IeCTBUEM OaKTepHil MpeBbilIalia MoKa3aTen YBEIUUYECHNUs aKTUBHOCTH,
CBSI3aHHOW C  XOJIOZOBBIM CTPECCOM M CHOCOOCTBOBaja 3HAUYUTEIBHOMY  YBEJIWYECHUIO
PE3UCTEHTHOCTU IPOPOCTKOB K BO30YIUTENSIM KOPHEBBIX THUJIEH MIICHUIIBI.

Hccneoosanue evinonneno npu gpunarcogoi noodepicke PODH 6 pamkax Hayunoz2o npoekma
Ne 20-34-90065.
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EFFECT OF WHEAT SEED BACTERIZATION WITH PSEUDOMONAS
EXTREMORIENTALIS PHS1 ON PEROXIDASE ACTIVITY UNDER SIMULATED
REDUCED TEMPERATURES

Zyubanova T.L."", Minaeva O.M. ', Akimova E.E.'?, Tereshchenko N.N.!

'Tomsk State University, Tomsk, Russia
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Keywords: Pseudomonas extremorientalis, Triticum aestivum, abiotic stress, bacterization, peroxidase.

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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YPAJI UHIYCTPUAJIBHBIN: KAK BBIDKUBAIOT PACTEHUS

Kucenena U.C.

VYpansckuii GpenepanbHbiii yHUBEpcHTET M. TiepBoro lpesunenta Poccun b.H. Enbiiuna,
ExarepunOypr, Poccus
*E-mail: irina.kiseleva@urfu.ru

KiaroueBble ¢jioBa: TCHETHYCCKAS HN3MCHYUBOCTD, ypaJIBCKI/Iﬁ PEruoH, peaoKcC MeTa6OHI/I3M, TCXHOT'CHHOC
3arpsi3HCHUC, (l)eHOTI/IHI/I‘IeCKI/IC XapPaKTCPUCTHUKU.

VYpan — peruoH O6oratelii MOJE3HBIMU HCKONIAEMbIMH, pa3padbaThiBAEMbIMU U MepepadbaThIBAEMbIMU
¢ 18 Beka. K HacrosdmeMmy BpeMeHHM Ypan — KpPyNHEHIIMM MHAYCTpUAIbHBIM pernoH Poccuw,
TEPPUTOPUU  KOTOPOTO HCIBITHIBAIOT OTPOMHYIO TEXHOTCHHYI Harpy3ky. OcoOeHHOCTH
XMMHUYECKOIO COCTaBa TOPHBIX MOpoJA Ypala M MPOMBIIUIEHHbIE BBIOPOCH MPEIIPUITHIA
00yCIIOBMIJIM BEICOKUH YPOBEHb CO/IEpKaHMs B TOYBAX U BOAHBIX pecypcax TsKeIblX MeTtaios (TM),
(eHOJIOB, HUTPUTOB, a TAKKE a3POTEXHOTEHHBIX MOJUIIOTAHTOB, IPEXKAE BCETr0 KUCIbIX razoB 1 TM.
B Vpansckom yHuBepcurere ¢ Hawanga 2000-X roJoB MPOBOAATCS HCCIEAOBAHHS OCOOCHHOCTEH
pacTeHuii MHAYCTPUATIbHBIX 30H U MEXaHU3MOB UX MPHUCIOCOOJIEHHUS K TEXHOT'€HHBIM (hakTopam.
W3yuatoTcst pacTeHUsl JUKUX BUJOB U3 MPHPOIHON cpefbl (POHOBBIE M MMIIAKTHBIE TEPPUTOPUH),
a TaKKe UX CEMEHHOE MOTOMCTBO, BhIPAIIEHHOE B J1a00paTOPHBIX KOHTPOIMPYEMBIX HOPMAJIbHBIX
U CTPECCOBBIX YCJIOBUSX, MOZEIbHBIC I U3y4eHHs! (PU3MOJIOTUN pacTeHUH BUABI (Tabak, SYMEHb,
nuHus 1 apyrue). U3ydeno 6osmee 20 BUI0OB HA3eMHBIX M BBICIIUX BOJAHBIX PACTEHUM U3 TIPUPOTHBIX
MOy, OOUTAIONIMX B JIOKAIUTETaX C Pa3HBIM YPOBHEM TEXHOT'€HHOM Harpysku. IIpoBeneHo
KOMIUIEKCHOE  ONHMCAaHHWE aHaTOMO-MOP(OJIOTrHYECKHX, (U3NOIOTMYECKUX, OHOXUMHUYECKUX
0cOOEHHOCTEH pacTeHUH M3 UMIAKTHBIX 30H B CPABHEHUU C (JOHOBBIMH, B TOM YHCIIE, IOKA3ATENIN
HAKOIUICHHs TMOJUIIOTAaHTOB B OpraHax pacTeHUl M YCTOWYMBOCTH K CTpeccopaMm, TaKHe Kak
NEPEKUCHOE OKUCICHHE JIUMTUAO0B, aKTUBHOCTh (DEPMEHTOB aHTHOKCUIAHTHON 3alUThI, HAKOIIJICHUE
HU3KOMOJIEKYJISIPHBIX aHTHOKCUIAHTOB U Ap. Ocoboe BHUMaHue yaeneHo a¢pdexram TM, B epByro
ouepenp, MEAM, HUKENs, KaAMHs Ha 3TH Nokasatenu. s psna BHIOB IPOBENEHO HM3ydEHUE
TEeHETUYECKOT0 pa3HooOpa3usi JIOKAJbHBIX MONYISIUNA M3 MECTOOOMTaHUM, pa3IHyaroluXcs
YPOBHEM TEXHOI€HHOW Harpy3ku. B 1abopaTOpHOM »SKCHEpUMEHTE M3Yy4aloTCs IPOLECCH
BOCCTAHOBJICHHSI PACTEHUH IIOCNIE CHATUS JEHCTBHUS CTpeccopoB Ha (EHOTHIHMYECKOM (pOCT,
aKTUBHOCTh AHTUOKCHJAHTHBIX (pepMeHTOB, M30(opMbl pepmenToB, conepxkanne APK B TKaH:IX)
U TEHETUYECKOM YpPOBHAX (M3MEHEHHME OKCIIPECCUM TI'€HOB aHTUOKCUAAHTHBIX (HEPMEHTOB
U (EepMEHTOB CHHTE3a JIMTHHWHA). M3ydaloTcs MpHUpOJHBbIE OMOJIOTMYECKH AKTHBHBIE BEIECTBA
rpubOB U pacTeHUl Kak (UTONPOTEKTOPHI, CHUXKAIOIINE Y paCTeHUH ypoBeHb cTpecca. [lomyuenHbie
JTaHHBIE TAI0T BO3MOYKHOCTh MOJIETUPOBATh MEXaHU3MbI TPUCIIOCOOTICHUN PACTEHH K TEXHOTCHHbBIM
(dakTopaM M BBIABIATH, HCTUHHBIE aJalTallud WM aKKIMMaluu, a Takxke (OopMyIupoBaTh
PEKOMEHIALIMY 110 MCII0JIb30BAaHHIO BUJIOB PAaCTEHUH U1 1esielt puTopeMeInaim.

Paboma evinonnena npu uacmuynou ¢unancosou noooepoicke Munucmepemea HayKu
u gvicuteco oopasosanus PO (coenawenue Ne 02.403.21.0006) u epanmos PODPU (Ne 20-44-66001 1,
Ne 19-516-45006).
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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.

INDUSTRIAL URALS: HOW PLANTS SURVIVE [errestrial Water Complexstudy:
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I'EHEPAIIA CYIIEPOKCUIHOI'O PAIUKAJIA B XJIOPOIIJIACTAX:
®OTOCHUCTEMA I, ITY.JI INIACTOXAUHOHA, IMTOXPOMHBII KOMILIEKC?

Ko3synesa ML.A.

WuctutyT QyHnamenTanbHbIX npodaem ouonorun Poccuiickoit akagemun nayk (MUDIIb PAH),
Ob6ocobnennoe noapazaenenne PI'BYH OULT «llymuHCcKui HaydHbIH HEHTP OMOJIOTHYECKUX
uccnenoBannii Poccuiickoil akagemun Hayk», [lymuno, Poccus
E-mail: kozuleva@gmail.com

KiroueBble ciioBa: mysl TNIACTOXWHOHA, CYNEPOKCHUIAHBIN aHUOH-PAINKai, (OTOCHHTETHUYECKAS DIICKTPOH-
TpaHCHOPTHAs Lemb, poTtocucTeMa I, nntToxpoMHuslii b6f KoMILIeKe.

Cynepokcuaublii annoH-paaukai (O2") sBsieTcs OHOM U3 IePBUYHBIX AKTUBHBIX (POPM KHCIIOpOa
(ADK), koTopbie 00pa3yroTCs IpU HETTOCPECTBEHHOM B3aUMO/IEHCTBUU MOJIEKYJISIPHOTO KMCIIOPO/1a
C KOMIIOHEHTaMM (POTOCHMHTETHUYECKOro ammapata. Bo3moxHocTh reHepammuu O ¢ BBICOKMMHU
CKOPOCTSIMH MPHUBEJIA K Pa3BUTHUIO B XJIOPOIUIACTAX PACTEHUI MOLTHOW aHTUOKCHIAHTHON CHUCTEMBI.
Mexanusm reHepauuu Oz B XJIOpoIIacTax Ha CBETY M3BECTEH — 3TO OJHOZJIEKTPOHHOE
BoccTaHoBjIeHUE O2 KOMITOHEHTAMHU (POTOCHHTETHUECKOU 3JIEKTPOH-TpaHcnopTHOU 1ienu (DI TLI).
OTy peakuuil0 MOXHO paccMarpuBaTb MU C Jpyrod cropoHel: Oz BBICTYNAEeT B KaudecTBe
IbTEPHATUBHOIO AaKIEeNnTopa 3JeKTPOoHOB OT kKomroHeHToB MDOTILI, uyto ymeHsblmaer ux nepe-
BOCCTAHOBJICHHE B CTPECCOBBIX YCIIOBHSX (HalpUMep, IpU MOBBIIMIEHHON ocBemeHHocTH). K Tomy
xe, n3 02" oOpaszyercs MEPOKCU] BOJOPOJA, KOTOPBIM SBISICTCS BaXHBIM CHUTHAIBHBIM areHTOM
B PACTUTEIBHON KIIETKE, M €ro I'eHepalus B XJOPOIUIACTaX B CTPECCOBBIX YCJIOBUSAX BakKHA VI
3aIycKa aKKJIMMallMOHHbBIX MPOLIECCOB.

C TepMOIMHAMUYECKOW TOYKM 3peHus Lenblid psag  KomnoHeHToB DOTI[ moxer
BOCCTaHaBnuBaTh kuciaopoxg npo Op". C mnpumeHeHneMm IUHUTPOGEHUTIOBOTO 3dupa
HOJTOHUTPOTHMOJIA, WHTUOMTOPAa OKUCIIEHHUS IUIACTOXMHONA B LUTOXpPOMHOM b6f kommiekce,
IIOKA3aHO, YTO IyJI IJIACTOXMHOHA MOXKET reHepupoBath Oz ¢ HU3KuMHU ckopocTsami [1]. C npyroit
CTOPOHBI, BKJIJ] MyJa MJACTOXHMHOHA B oOpa3oBanue O JocTUraeT MakCUMyMa IpHU JOCTaTOYHO
HU3KUX MTHTEHCUBHOCTSIX CBETA, I0O3TOMY €T'0 CJI0KHO PACCMaTPUBaTh KaK CYIECTBEHHBII HCTOUHUK
stoii ADK B cTpeccoBbix ycnoBusax. O6pazoanue O2" B HUTOXpOMHOM b6f KomIiekce Takxke ObLI0
IIOKA3aHO B DKCIIEPUMEHTAX C U30JINPOBAHHBIMU KOMILJIEKCAMHU [2]; MPUYEM CKOPOCTH ATON peaKkLuu
ObUTH CYLIECTBEHHO BBILIE, YEM CKOPOCTH aHAJIOTUYHOM peaKIMK B IUTOXPOMHOM bcl komIiekce u3
mutoxoHipuil. [Ipeanonaraemseiii Mmexanusm BoccTaHoBieHHs Oz B 3ToM KoMmmoHeHTe DPOTL —
peakuuss Oz C IUIACTOCEMUXHMHOHOM, TPOMEXKYTOYHOM (QOPMON OKHUCIEHHS IUIACTOXMHOJIA,
IPOUCXOJAIIEM B XMHOJ-OKHUCISIOIIEM caiite 1uTroxpoMHoro b6f kommuiekca. OpjHako
SKCTPAMOJISIUS JaHHBIX, MOJYYEHHBIX C W30JUPOBAHHBIMU KOMIUIEKCAMM, Ha CHUTYallUIO B THJIA-
KoH1ax TpeOyeT OCTOPOKHOCTH, TOCKOJIBbKY BbIJIEICHHBIE KOMIUIEKCHI HE MTOIBEP’KEHBI MEXaHU3MaM
PEryJliud 3JEKTPOHHOIO TPAHCIOPTA, KOTOpBIE PEATU3YIOTCS B THJIAKOMJHBIX MeMOpaHax;
B YaCTHOCTH, B HUX OTCYTCTBYET «(POTOCHHTETHUYECKUN KOHTpOJbY». Halm HemaBHUE pe3ynbTaThl
CBUJETEIBCTBYIOT, YTO YCJIOBUS cpabaThIBaHUsI «(POTOCMHTETHUYECKOTO KOHTPOJS» B THIJIAKOUIAX
OTrPaHUUYMBAIOT ACNPOTOHUPOBAHUE IUIACTOCEMUXMHOHA B XMHOJI-OKUCIISIIOIIEM CaiiTe, yMEHbIIas
BEPOSTHOCTH €ro peakiuu ¢ O.

Psan  oskcrepuMEHTANbHBIX JAHHBIX IIO3BOJSIET INPUIIMCATh AKLENTOPHOM CTOpOHE
dotocucremsr | (OC 1) xmoueByro poinb B TeHepammu O . Jlonroe Bpems ¢eppenoKcuH
paccMaTpuBaIM Kak OCHOBHOW BoccTaHOBHUTENb Oz B XJloporutacte. DTOT BBIBOJ 0a3HMpOBAJICS Ha
HaOJIIOJIGHUU O TOM, YTO JK30reHHas ao0aBKa (eppeoKCHHAa K H30JIMPOBAHHBIM THIIAKOUIAM,
JUIIEHHBIM CTPOMAJIbHBIX KOMIIOHEHTOB XJIOPOIUIACTOB, MPHUBOJAMIA K YBEJIWYEHUIO CKOPOCTH
oOpazoBanust ;. OpHako [eTanbHas OLIEHKAa Yy4acTus (eppeloKCMHa B BOCCTAaHOBIIEHUU
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KHCJIOpO/ia MOKa3ajia, YTO €ro BKJIAJ HE3HAUMTEJEH B YCIOBHSIX NapajuIeIbHOTO BOCCTAHOBJICHUS
HAJI®" [3]; BaskHO, IpH 3TOM, 4T0 YacTh O2"~ 00pa3oBbIBAIACH BHYTPH MEMOpPaHSbI [4].

Kodakropsr mepenoca smektponoB @OC [ ob6magator 10CTaTOYHO HUBKHMU —PEIOKC-
MOTEHIMaIaMH, YTOOBI pacCMaTPUBATh UX B KauecTBE A(P(PEKTUBHBIX BOCCTAHOBUTENEH KUCIOPOAA
C TOYKH 3peHus TepmoanHamuku. [ericrBurensno, nmenHo OC I cpenu Bcex kommoneHTOB OOTL]
o0ecreynBaeT MaKCHMaJbHBIE CKOPOCTH BOCCTAHOBJIEHUS KHciaopona. OIHAKO BOMPOC O HEMO-
CPEICTBEHHBIX KOPAKTOpax, JOHUPYIOLIUX 3JIEKTPOHBI KUCIOPOY, OCTaBaJICS OTKPBITHIM 10 HE/laB-
Hero BpeMeHH. B Hamiell paGore ObUTO MOKAa3aHO, YTO BKIJIAJ TePMHHAIbHBIX KodakTopoB DC I
B oOpa3zoBanue O NOCTUraeT HACBILICHUS NMPU HU3KUX MHTEHCHUBHOCTSX CBETA, a yBEIMYCHHE
oOpa3zoBanus Oz ¢ pOCTOM OCBELICHHOCTH 00eCIIeYBaeTCsl yBEIMUECHHEM BKJIa/1a BOCCTAHOBJICHUS
02 ot npomexyTouHblx KodpakTopoB PC I, GUIIOXMHOHOB, MPUYEM MPEUMYIIECTBEHHO 3a CYET
¢umnoxunona B A-setBu OC 1 [5]. ImMeHHO 3Ta peakiiysi BHOCUT OCHOBHOM BKIIaj B reHeparuio O™
B XJIOPOIUIACTAX B YCJIOBUSAX MOBBIIIEHHON OCBEIIEHHOCTH.

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

Kozuleva ML.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 O by components of the photosynthetic electron-transfer chain
(PETC). Here, possible components of the PETC contributing to O™ generation are discussed.
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*E-mail: corolev.konstantin2016@yandex.ru

Kirouesbie ciioBa: Spad-502 Plus, neH-gonryHer, JJeH MacIU4HbIH, CTpecc.

Hcnonb3oBaHue COBPEMEHHBIX (DU3MOJIOT0-OMOXMMUYECKUX SKCIIPECC-METOIOB JUArHOCTUKU
YCTOMYMBOCTH PACTEHUN K HEOJAronpusTHbIM (haKTopaM Cpenbl SIBISETCS OJHHUM U3 MPUEMOB
[0 ONTHUMM3ALMU CEJIEKIIMOHHOIO IIPOLIECCa, COKPAIICHHUIO IOTEPh ypoKas U IOJIYYEHHUIO
YCTOMYMBBIX TEHOTHUIIOB pacTeHuit [1, 2]. 3aCyX0yCTONYMBOCTH SIBISIETCSI CIIOKHBIM TTOJIUTCHHBIM
MIPU3HAKOM, KOTOPBIH OIpEeNseTcsl aJanTUBHBIMU, TE€HETUYECKH OOYCIOBICHHBIMU CBONCTBaMU
pacrenust [3]. Ilpm »3TOM, cieayer OTMETHTb, YTO CKOpPOCTb IOTEPU BOJIBI 3aBUCHUT
OT aHaTOMHUYECKOT'0 CTPOEHUS, MHTEHCUBHOCTH MeTa0oIn4ecKux rmporeccoB [4, 5]. B TiomeHckoi
o0acTy B HOcJeIHNE oIkl HaOII0JaeTcs HECTAOMIIBHOCTD BbINA/IEHUs OCa/IKOB B IEPUO/] BETeTallun
pacTeHuil TbHa, YTO HETaTUBHO CKa3bIBACTCS HA YPOBEHb peaiu3alliil OMOJIOrMYECKOro MOTEHIMAaa
pactenuii apHa. Llenp MccnenoBaHus — YCTaHOBUTDH BIIMSIHUE 3aCyXH Ha COJEpKaHUE XJopoduiiia
B JIUCTHSIX PACTEHUI y COPTOB JIbHA — JOJTYHIA U JIbHA MAcIU4YHOTO.

UccnenoBanus BeimosiHeHbl B 2018-2019 rr. B nmabopaTopuu MHUKpPOOHOIOTMUECKUX
U OMOTEXHOJIOTHYECKUX HccienoBaHuii MHctutyta Ononoruu TIOMEHCKOrO TroCynapCTBEHHOTO
yauBepcurera. OOBEKT uccienoBaHus: copT JbHa-goaryHua (Tomuu, Masik, Alizee) u abpHa
maciuuHoro (Jleryp, CesepHsblii, bupro3a) PacteHus npHa BbIpaliMBaid Ha BErE€TAllMOHHBIX
cTeiutaxax B cocynax. O6wsem mouBsl B KakaoMm — 280 1., ocBenieHHOCTh — S0001K, Temneparypa —
25 °C, ¢oronepuox — 16/8 4. (meHb/HOYB). YpoBeHb BiaKHOCTH NouBHl (60%) B cocyne
MOAJICPKUBATIM  IIyTEM TIOJIMBA JHCTWIMPOBAHHOM BoaoW. [louBeHHyr0 3acyxy co3gaBaiu
Ha 14 cyTku onbITa (. «eJT0UYKH») MPEeKpaIleHueM MOJIUBA U YBAIaHUS paCTeHUN. 3aTeM, yepes MsTh
CYTOK, COCYZbl YBJIQKHSJIU W PACTEHUS BBIPAILMBAIN B OOBIYHBIX YCJIOBHSX JI0 Haydajga CTaJuu
obicTporo pocta (21 cyt). IloBropHOCTE ONMBITOB — YeThlpexkpaTHas. ConepkaHue XJopoduiuia
B JIUCTBSX PACTCHHI JIbHA ompeersum cueTankoM xsopodmmia Spad-502 Plus (Minolta Camera Co
Ltd., Japan). CraTuctudeckyro oOpabOTKy 3KCIEPHUMEHTAIbHBIX JAaHHBIX BBITOJHSIM 1O Jlakuny
[".®. [6]. JocTOBEPHOCTH pa3IMUMi ONPEACIISIIA HA OCHOBaHUH t-KpuTepusi CThIOICHTA.

YcranoBiensl JoctoBepHble pazmuuus (p > 0,01) mMexay copramMu 1O COAEPIKaHUIO
XJopoduIa B TUCTAX. B mepro mosiBiieHust MOJIHBIX BCXOA0B (4—8 CyT.) comepskanue xjaopoduiia
B CEMAIOJIBHBIX JIUCThSIX MAaCIWYHOIO JbHa ObL10 B 1,5-2,5 pasa AOATyHIIOBOTO, MpPU 3TOM,
MakCHUMyM BbIsIBJIEH y copToB buproza, CesepHblil. Moaenupyemsblii crpecc-hakTop BbI3bIBaI
CHIDKEHHE COJIepKaHusl XJI0poduia B JIMCThIX JbHA oT 2,0—6,8 en. spad (Mask, Tomuu) no 10-15
en. spad (buprosa, Jleryp). D¢ dekT nonmpa He MPUBOAII K 3HAYUTEIIBHBIM IOCTOBEPHBIM Pa3IAYUSIM
MEXIy copTaMH Ha 21 CyTKM OmIbITa, YPOBEHb HAKOIJICHUS (POTOCHHTETHUECKUX MUTMEHTOB ObLI
HUKE KOHTPOJIS,, YTO MOKET OBITh CBSI3aHO C OTHOCUTEJILHOM COPTOBOM 3aBUCUMOCTBIO OT YPOBHS
cTpecc — (hakTopa Ha HA4YaJIBHOM 3Tane (GOpMUPOBAHUS paCTEHUH JIbHA.

Takum 00pa3om, Ha OCHOBAaHHMM BBIITOJIHEHHBIX HCCIIEJOBAaHMM HAMM YCTaHOBJIEHO, YTO
U3yyaeMble cOpTa JbHa aKTUBHO PEarupyroT Ha MOJEIUpYeMbIH cTpecc-pakTop. BeisBieHo, uTo
0O0JIBIINM COJEp)KaHUEM XJIOpOPUIIIAa U YCTOMUYMBOCTBIO K 3aCyX€ XapaKTepU30BaJIUCh COpTa 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.

Chlorophyll counter e Significant differences were
established between fiber
Sp.d-mz Plus Max and oil Mlax varieties in

lumination (:
temperature (25.0°C), terms of chlorephyll
Photoperiod (16/3) muu:..’ v

U —> j T

Conditions:

5 reshitance of the
1 An inhibitery efTect of fetl
Control %'j\ drought during the growth of ::“.,.’. Birusa, by
Nax was revealed, while the slightly higher than
Qan;0) % aftereffect of restorative the varieties
irrigation did net affect the Tomich, Mayak,
Alizes /
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CIIOCOBHOCTb MPOAHTOIUMAHUJIUHOB MOBBIIIATH YCTOMYHUBOCTH
PACTEHUM COM K BUOTHYECKOMY CTPECCY

Kysnenosa B.A.", bannosa A.A.2, UBauenko JLE.?

IOUL] «BcepoccHicKuii MHCTHTYT TEHETHIECKUX pecypcoB pactenuii um. H.U. Basunosay,
JlanbHeBOCTOYHAS OTIBITHAS CTAHITHSI, OT/IEN TeHETUYECKUX PECYpPCOB 3€pPHOBBIX KYJIBTYP U COH,
Cankr-IletepOypr, Poccust
*OI'BHY ®HIJ «BcepoccHuiickuil HayuHO-UCCIIEN0BATENLCKUN HHCTUTYT COM», Briarosenienck, Poccus
*E-mail: kuzvika3385@yandex.ru

KuaroueBsle cioBa: Glycine max, aHTHOKCUIAHTBI, TPOAHTOITHAHUIMHBI, IICPKOCIIOPO3.

Cost B mepuoj OHTOreHe3a MOJBEpraercsl JAeUCTBUIO OMOTHYECKUX M aOMOTHYECKUX CTPECCOPOB.
K OunormueckuMm ¢akTopaMm, 3HAUUTEIBHO CHIKAIOIIUM YPOXKAWHOCTh, OTHOCATCS Ppa3IHuYHBIC
6one3nu. PacripocTpaneHHbIM 3a00JIeBaHUEM COH, BbI3bIBa€MbIM Bo30ynutenem Cercospora sojina
Hara, cumTaercs OIHUM M3 CaMbIX DPa3pyLIMTEIbHBIX, MOPAKAIOUIMX PACTEHHUS COMU, OCOOEHHO
BO BpeMsl HMX PENpOAyKTUBHOM cTanuu pocTa. llporecc MOBBIIIEHUS YCTOMYMBOCTH K 3TOMY
3200JI€BaHUI0 MPOUCXOJUT C YYacTUEM aHTHOKcHuAaHTHOW cucteMbl (AOC), BkiIIOuaromen
HU3KOMOJIEKYJISIPHBIE BEIIECTBA U BEICOKOMOJIEKYIsipHbIe (hepmeHTsl [1]. Ilpu HepocTaTouHOM cuie
AOC akTyanbHO BHOCUTh aHTHOKCHJAHTBI N3BHE. DYHKIMS TaKMX aHTUOKCHJIAHTOB, B TOM UHUCIIE
MPOAHTOLIMAHUUHOB  3aKJIIOYaeTcs, NpeXkIe BCero, B pa3HOOOpa3HOHl, yHHUBEpcaIbHOU
1 3(h(peKTUBHOM 3aIIUTEe pacTEHUH B CTPECCOBBIX CUTYalMsX [2]. [Ipu 3TOM NPOUCXOAUT yalle BCero
CTUMYJIMpPOBAaHUE CHHTE3a [POAHTOLMAINHOB, CBS3aHHOE C IMIOBBIIIEHUEM YCTOWYMBOCTHU
K OXJIQXKJIEHHUIO U 3aMOpPaXUBAHUIO, K 3arpA3HEHMIO TSDKEIBIMU METAJlJIaMM, K 3acyXe U ApYTUM
¢daktopam [2]. [IpoBeneHHOE Hccae10BaHUE HAPABIECHO HA BBISBICHUE POJIM MPOAHTOLUAHUINHOB
B NOBBILIEHUH YCTOMYMBOCTU PACTEHUH COM K LIEPKOCIOPO3Y C MCIOIb30BAaHUEM MHOXKECTBEHHBIX
¢dbopM mepokcuaa3z B KadyecTBE MOJIEKYISIPHBIX MapkepoB afantauuu. OnpeneneHo cojep:kaHue
MasioHoBoro muanpaeruna (MJIA) kak mokasartens cTpecca Cou, OMOMETPHUYECKHE IOKa3aTesln
MIPOPOCTKOB COM U aKTMBHOCTh Nepokcuaas npu BozneictBuu Cercospora sojina Hara u mocne
BHECEHUS IPOAHTOLIMAHUNHOB.

OOBeKTOM U1 OLIEHKHU BIUSHUS HAa ceMeHa rpuokoBoi mHpekmuii Cercospora sojina Hara
Obu1a ucnonb3oBana cos (Glycine max (L.) Merr). Pactenus cou mpoparinBaig BO BIAXKHBIX PYJIOHAX
mo ['OCT 12044-93 B Teuenue 10 pgHEW. AKTUBHOCTh TEPOKCHUIA3BI  OMPEIETISITN
kosnopumerpuueckuM meronoMm A.H. bospkuna B momudukamuu A.T. MoKpoHOCOBa, KOTOPBIH
OCHOBAaH Ha OMNpPEAEJICHUH CKOPOCTH PEAKIMHU OKHUCICHHUs O€H3MIMHAa J0 00pa3oBaHUs
OCH3UIMHOBOTO CHHETO B NMPHUCYTCTBUHU IEPOKCHUIA BOJOpoaa W mepokcuaasbl. [3,4]. Ilpu stom
BBISIBIICHME 30H €  ()epMEHTaTUBHOM  aKkTMBHOCTBbIO  (opM  (epMeHTOB) MHPOBOIWIU
COOTBETCTBYIOIIMMH THCTOXUMHUUYECKHMHU MeTonamu [3]. CopeprkaHue MajJOHOBOTO JHANIbJIECTHIA
ornpeaensiu POTOKOIOPUMETPHUECKUM METOIOM [4]

[Ipu Bnusaum Cercospora sojina Hara BbwIsIBICHO yBenudeHue cozepkanue MJIA
B MPOPOCTKAX COU, YTO XapaKTEPHU3yeT BO3ZHMKHOBEHHE OKHMCIUTEJIBHOIO CcTpecca. Y MEHbIINIAChH
BBICOTA M Macca IPOPOCTKOB, IMPOMU30LUIO CHI)KEHHE YIEIbHOW aKTUBHOCTH M H3MEHEHHE
MHOXECTBEHHBIX (opM mnepokcuzaas. Ilocne noOaBieHHs K MOpaXEHHBIM MATOT€HOM PACTEHUSM
MIPOAHTOLIMAHUIUHOB CHU3WIOCH coaepkanne MJIA B pacTeHusX, ylIydIIMINCh OMOMETPUYECKHE
II0KA3aTelH, IIOBBICHIIACH YJEJIbHAs aKTUBHOCTh NIEPOKCH/A3 U MOSIBUWINCH HOBBIE MHOKECTBEHHBIE
(G opMBbI 3H3MMa, CIIOCOOCTBYIOIIME MOBBIIIEHUIO YCTOMYUBOCTH COM K H3y4YEHHOMY 3a00JI€BaHUIO.

Takum 00pazom, BHECEHUE MPOAHTOLMAHUIAMHOB B Cpelly AJS MPOpPAIMBAHUSA CEMSH COH,
MOPaXEHHBIX I[EPKOCIIOPO30M, TMOBBIIIAIOT YCTOMYMBOCTh K BIUSHHUIO T[aTOT€HA, CHIXKAs
cogepxanue MJIA u ctumynupyst OnoxumMuueckue 1 MopQpoJIOorHuecKue MpoLecCHl.

111



11T MesxmyHapoaHblii cMMIO3UYM «MOJIEeKyIIIpHbIE aclleKThl PeIOKC-MeTa00IM3Ma paCTCHUI

Cnucok JauTepaTypsbl

Nascimento K., Debona D., Rezende D., et al. // J. Phytopathol. 2018. 166(11-12), 747-760.

2. Jleemanckuii B.A., KoponmpkoBa W.B., JleBmanckuii A.B., Kysnwenos Bb.H. // Xumus
pactutensHOro coipbs. 2020. 4, 227-233.

3. Konnues A.C., lsetkoB U.JI., u op. MonexynspHas 6uonorus. [Ipaktukym: yue6HOoe nmocodue
11st By30B, o1 pea. A.C. Konudena. 2-e uzn. M.: FOpaiit, 2020. 169 c.

4. Poroxun B.B., Poroxwuna T.B. 2016. [IpakTukym 1o OMOXUMHUU CETHCKOX03. MPOAYKIUU: yueol.

nocobue s By3oB. CI16.: TUOP/I, 2016. 480 c.

—

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
’FSBSI 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.

lMpPOpPOCTKM COU —? BHECEHME NPOAHTOLUAHWANHOB = U3MEeHeHWe MHOXKeCcTBEeHHBIX GdopMm
NnepoKcMaas—>rnosbilleHUe COU K BMoTUUEeCKOMY CTpeccy
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Y®-UHIYIIUMPOBAHHBIA CUHTE3 MEJJAHUHA B JINIIIAMHUKE
LOBARIA PULMONARIA: UIEHTUOUKALIUA KJIIOUYEBBIX TEHOB
U TPAHCKPUIITOMHBIN AHAJIU3

Jlekcun U.1O.M?, lllensikun M.A.}, Munubaesa ®.B.'?

'Kazanckuit uncturyt 6uoxumun u ouodusuku GUI] KasHL PAH, Kazans, Poccus
*Kazauckuii ([TpuBospkckuit) Gpenepanbublii ynusepcuret, Kazaus, Poccus
SUnctutyT 6nonorun Komu Hayanoro nenrpa Ypanbckoro otaenenns PAH, Coikteiskap, Poccust
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Kirouesble ciioBa: Lobaria pulmonaria, MenaHuHbl, TPAHCKPUIITOMHBIN aHaiu3, Y @ obmydeHue.

JInmaliHUKY SBISIFOTCS AKCTPEMO(MUIBLHBIMUA OPraHU3MaMU U CIIOCOOHBI BBIKUBATH MOJT JaBJICHUEM
pa3nuYHBIX a0MOTHYECKUX (aKTOpoB. BajkHOoe MecTo cpenn MeXaHHM3MOB BBICOKOM CTpeccoBOM
YCTOWYMBOCTH JINIIAITHUKOB 3aHUMAIOT BTOpHUHbIE MeTabonuThl. K Takum MeTaboinuTaM OTHOCUTCS
TEMHBI MUTMEHT MENaHUH, O0ECIEeUMBAIONIMN KOMIUIEKCHYIO 3allUTy OT TaKUX CTPECCOBBIX
Bo3aeicTBUll, kak Y®-o0myuenue, paguanus u AOK. MenaHuHbl acCKOMHIIETOB, B TOM 4YHCIIE
JUXEHU3UPOBAHHBIX, OTHOCAT K JBYM OCHOBHBIM TIpylmaM — aulOMEJaHMHaM C HU3KUM
conepkanueM azora (Harnpumep, DHN-MenaHuH) 1 symMenaHUHAM C BBICOKUM COJIEp’KaHUEM a30Ta
[1]. CuHTE3 MENaHWHOB B NUIIAWHHUKAX WM3Y4YeH JIUIIb (hparMeHTapHo, a MHPOpMaIus O TEHax,
KOHTPOJIMPYIOIIUX 3TOT IMPOILIECC B 3TUX CUMOMOTHYECKHUX OpraHu3Max, OTCYTCTBYeT. B cBsizu
C O9TUM, IeNbI0 HACTOSILEr0  HCCIENOBaHUS  ObUIO  M3yuyeHHE  HKCIPECCHMH  T'€HOB
Y®-unnynupoBaHHoro  OMOCHMHTE3a  MENAHMHOB B JuIIaiiHuke Lobaria  pulmonaria
C MCTIONb30BaHKeM reHOMHBIX qaHHBIX B 0aze JGI (https://jgi.doe.gov/).

JIJis MHAYKUIMY CUHTE3a MEIaHWHA YacTh TAJUIOMOB IMOJBEprajid €KeJHEBHOMY 00JIy4EHHUIO
YO®-B paguanueit B teueHue 14 nHeit, Bpems skcnozunuu 80 MuH. B kadecTBe KOHTpOIIA
HCIOJIb30BAJINCh HEMEJIaHW3UPOBAaHHbIE TaUIOMbl. AHAaJIM3 SKCIPECCMH TE€HOB IPOBOJIUIN
C IMIOMOILBIO TPAHCKPUIITOMHOTO aHasu3a U metoaa [IIP B peasibHOM BpeMeHU. AHAIIN3 HKCIIPECCUU
MIPOBOJIUJICS C TTIOMOIIBIO MporpaMMHOi cpebl Rstudio (maket edgeR).

C nmomomnkto nannubix PHK-cexkBeHupoBanus ObLTO TOKa3aHO, YTO B TAJIJIOMAX, TIOJJBEPTHYTHIX
Y®-uHaynupoBaHHONW MeNaHU3alluu, IPOUCXOJUT TMOBBIIIEHHE YPOBHS OSKCIPECCUU T'EHOB,
BOBJICUEHHBIX B CHHTE3 dYMEIaHWHA (TUPO3MHA3a, MyIbTUMeaHas okcunaaza) 1 DHN-memnanuna
(monmukeTuaACUHTA3bl, cuutamoHAeruapatazbl U THN-pemykrassr) [2]. [lpeacraBmsier wHTEpecC
3HAUYUTENIbHOE YBEJIIMUEHHUE AKTUBHOCTU T'€HOB MOJUKETHICUHTA3, IPEINOIOKUTEIBHO CBI3aHHBIX C
CHUHTE30M aclyJIbBUHOHA WJIM €r0 CTPYKTYPHOT'O aHaJIora, KOTOPBI, COrNIaCHO JAaHHBIM JIUTEPaTyphl,
SBIISICTCS MOHOMEPOM MeJIaHUuHa B rpube Aspergillus terrus [3].

buonndopmatuyeckuii ananu3 reHoma L. pulmonaria ¢ WMCHOIB30BaHUEM IPOrPaMMBI
AntiSMASH BbisiBui, uto TeHbl cuHTe3a DHN-MemanuHa opraHu3oBaHbl B  KiacTep
U KO3KcIpeccupyroTcs. JlaHHbIE TPAHCKPUIITOMHOIO aHajau3a ObUM BepU(ULIMPOBAHBI C ITOMOIIBIO
metona [IIIP B peanbHOM BpemeHnu. IlomyueHHble HaMHM JaHHBIE CBHUIETEIBCTBYIOT O CIOXKHOMU
TeHHOHN peryisiiyMy mpolecca MelaHu3aluy JuilaiHuka L. pulmonaria 1 BO3MOKHOM CHUHTE3€ Kak
9y-, Tak u DHN-memanuHoB. MOXHO mojaraTb, 4YTO CHHTE€3  KOHCTUTYTHBHOI'O
n YO-UHIyUUPYyEMOTO MeJaHWHAa MOKET oOecneuuBarh 3amiuty L. pulmonaria HE TOIBKO OT
CBETOBOTO CTpecca, HO U APYIMX a0MOTUYECKUX CTPECCOB.

Paboma evinonnena 6 pamxax evinonnenus cocyoapcmeennozo 3aoanus UL KazHI] PAH,
a maxoice npu unancosoli noooepaicke epanma PH®D Ne 18-14-00198.
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UV-INDUCED MELANIN SYNTHESIS IN LICHEN LOBARIA PULMONARIA:
IDENTIFICATION OF KEY GENES AND TRANSCRIPTOME ANALYSIS

Leksin L.Y."%, Shelyakin M.A.?, Minibayeva F.V.!?

'Kazan Institute of Biochemistry and Biophysics, FRC Kazan Scientific Center of the RAS, Kazan, Russia
’Kazan Federal University, Kazan, Russia
3Institute 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

‘ 5

w7 uvil

wl . -
' Eumelanin biosynthesis: Increased expression of tyrosinase and
multi-copper oxidase / laccase

DHN-melanin biosynthesis: Increased expression of gene cluster
(PKS, scyvtalone dehydrothase, THN-reductase) and others

e

114



[Ikoma MoTOBIX YYEHBIX «PoJIb aKTHBHBIX (POPM KHCIIOPO/a B )KU3HHU PACTCHUI»

YK 576.5

BbICOKHE TEMIIEPATYPbI BbI3bIBAIOT OBPA3OBAHUE A®K U HAPYIIEHHUE
JABIXAHUS B KVIETKAX CYCIIEH3UOHHOMU KYJIBTYPbI
SACCHARUM OFFICINARUM
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KiroueBble ciioBa: Saccharum officinarum, aktuBHbIe (POPMBI KHCIIOPOAA, BEICOKOTEMIIEPATypHBII CTpecc,
JIBIXaHHe, CyCIIEeH3NOHHAs KyJIbTypa.

Temnepatypa siBIsi€TCSl OJTHUM U3 HanOoJjiee BaXKHBIX (PAKTOPOB OKPYKAIOIIEH CPEIbl, BIUSIOLINX
Ha POCT, Pa3BUTHE U TMPOJYKTUBHOCTh pacTeHuil. B HOpManbHBIX YCIOBUSX akTHBHBIE (HPOPMBI
kucnopona (ADK) sBasoTcs BaXKHBIMU BTOPUYHBIMU MECCEHDKEPAMU U yHaCTHUKAMU CUTHAJIbHBIX
MyT€Hl PACTUTENBHBIX KJIETOK, UTPAIOLIMMHU BaXXHYIO POJIb B MHTETPALMHU U PETYIISLIUU KIETOYHOTO
Metabonmusma. Opnako A®PK — 53T0 He TOJIBKO MOJEKYJIbl CHUTHAJIbHOW TpPaHCAYKIIMH,
HO M TOKCHUYHBIE, BHICOKOAKTUBHBIC COCTUHEHUs. B HEOMaronpuaTHeIX yciaoBUsAX (OpPMHUpPOBaHHE
MEXaHU3MOB aKKJIMMATU3alUH PACTCHUN K CTPECCOBBIM (PaKTOpaM OYEHb YacTO CONPOBOXKIACTCS
M3MEHEHUSMU DHEPreTUYECKOro cTaTryca KIJIETOK M MpoIlecca JbIXaHUS, YTO MOXKET MPHUBECTH
K nHTeHcuukanuu reaepanun ADK 1 moBpexaeHUI0 BHYTPUKIETOYHBIX CTPYKTYP.

B pabote ncnonp3oBaiach CyCrieH3MOHHAS KYJIbTypa KIETOK Saccharum officinarum (copt
POJ2878, nunus, ycroitunBas Kk aHokcuu, nonydeHHas B UOP PAH u mo6e3Ho npepocTaBieHHas
k.0.H., c.H.c CUDOUBP CO PAH IlImakosim B.H). KynbTypa kieToxk BhIpanimBajach Ha cpeie
Mypacure-Ckyra ¢ momudukamusimu  [1]. MHUKpPOCKONMMYECKMH  aHAJIW3  MPOBOJIMIICS
C HCIOJb30BAaHUEM HHBEPTUPOBAHHOTO (iroopecieHTHOro Mukpockona (AxioObserver Z1, Carl
Zeiss) ¢ undpoBoii MOHOXpOMHOM Kamepoit (AxioCam MRm3). J[omro XKUBBIX ¥ TOTHOIINX KIETOK
B KYyJIbTyp€ OMNpENENsIA METOJAOM JBONHOTO OKpalIMBaHUS C (JIIOOPECHEHTHBIMH 30HAAMU:
dmroopeciienn auaneratom (FDA, 50 mxM) u mponuauii wommnmom (PL, 7 mxM) [2]. Hus
onpeneneHus coxepxkanuss A®DK B kieTkax uCMmonb3oBaiu (QUIFOOpECHeHTHBIN 30Hm 2',7'-
nuxnopoduroopecuens auanerat (HoDCF-DA, 1 MxM) cornacHo Metony, onmucanHomy panee [1].
CKOpOCTh TOTJIONMIEHUSI KHUCIOPOJa KJIETKAMH CYCTIEH3MOHHOW KYNbTYphl u3Mmepsu mpu 26 °C
¢ ucrnonb3oBanueM cucreMbl «Oxytherm» (Hansatech Instruments, Great Britain). AHanu3 naHHBIX
MIPOBOAMIIN C IPUMEHEHHEM TecTa Ha HopMainbHOCTh [lanupo-Yunkca. [lonapHoe MHOKECTBEHHOE
CpaBHEHHE IIPOBOAMIIN C UCIIOJIb30BaHUEM MeTo1a JlaHHa.

YcraHoBIEHO, YTO JEHCTBHE BCEX M3YUCHHBIX MOBBIIIICHHBIX TemmepaTyp (45, 50, 55 u 60 °C
B TeueHue 10 u 30 muH) mpuBoauio K yBenuueHuto ypoBHs ADK B knertkax S. officinarum, Ho
rubeny KJIeTok mocie AeictBust temreparypsl 45 °C He mpoucxonuino. Hambonee BbipakeHHOE
yBenuueHue ypoHs ADK nabmonanocs npu aeiicteuu temneparyp 45 u 50 °C. B cBs3u ¢ 3TuMm,
He00X0IMMO ObUIO BBISIBUTD, KAKME N3MEHEHUS B (DYHKIIMOHUPOBAHUN MUTOXOHIPHIA, CONTPSKEHHBIE
c yBenuueHueMm ypoBHsS ADK, npuBoamnu k rubenu kietok. [lokazaHo, 4To i KJIETOK S.
officinarum Ba)XHO TONJEPKUBATh WHTEHCUBHOCTH JIBIXaHHWS B TEUYEHHE IMEPBBIX CYTOK IOCIIE
cTpeccoBoro Bo3zaeHcTBHs. Tak, mocie 0o0paboTKM KyabTypbl Temmeparypoil 45 °C ckopocTb
KJICTOYHOTO JIBIXaHUs, XOTS M CHIXKaJIach, HO He omyckaiack HKe 1000 aMonb O2/MUH/T CHIpOI
Macchl, a BkJan muroxpomHoro nytu (LIT) mocturam 90%. [ekictBue temmeparypsl 50 °C
MPUBOAWIO K JJIUTEILHOMY TIpoliecCy THOENnu KIETOK B KyJIbType S. officinarum, KOTOpoMy
IIPELUIECTBOBAJIO 3HAYUTENBHOE CHMJKEHUE JIbIXaTeNbHOM AaKTUBHOCTH KieTok. Ilpu sTom
aKTUBHOCTH ajbTepHaTUBHOrO myTu (AIl) ApIxaHusi MoYTH HE M3MEHsIAch. BrionHe BeposATHO, YTO
Takas crabunbHOCTh All Oblla HeoOxonuMMa AJisi peanu3aliu MPOTrpamMMbl THOENIH B KYJIbTYpe
u koHTpoussa 3a ypoBHeM ADK. Temneparypsl 55 u 60 °C BbI3bIBAIM MaccOBYIO I'MOEIb KJIETOK
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B KYJIbTYypE, OJIHAKO PE3KO€ CHMKEHHE aKTHBHOCTH JIbIXaHUS B 3THUX CIydasX HaOJI0JajIoch cpasy
e TocIie TeMiepaTypHoit 00paboTku. Takum 06pazoM, MOXKHO 3aKJIFOYUTh, YTO MIOKA PACTUTEIIbHBIE
KJIETKU B YCJIOBUSIX BBICOKOTEMIIEPATYPHOI'O CTpecca CIIOCOOHBI 0OECIIeYnBaTh CBOU MOBBIIICHHBIE
SHEepreTU4ecKue MOTPEOHOCTH U OJHOBPEMEHHO caepxkuBaTth obOpazoBanune ADK, um Hugero
He yrpokaeT. OJHaKo, Kak TOJIBKO ATOT OaJaHC CMEILIAeTCs] B CTOPOHY HM30BITOUHOM MPOIAYKIIMH
A®K, npoucxoauT HapyLIeHHE ITpoLecca IbIXaHus, YTO BIIOCIEICTBUN IPUBOAUT K HEJOCTaTOUHOM
9HEProoOecneyeHHOCTH KIETOYHOT0 MeTab0IM3Ma 1 3aKaHYMBAETCs THOEIBIO KIIETOK.

Paboma evinonnena 6 pamxax eocyoapcmeennozo 3adanus CUDPUBP CO PAH (Ne zoc.
pecucmpayuu 121031300009-4).
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HIGH TEMPERATURES INDUCE ROS GENERATION AND DAMAGE
TO RESPIRATORY ACTIVITY IN SACCHARUM OFFICINARUM SUSPENSION CELLS

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

'Siberian Institute of Plant Physiology and Biochemistry, Irkutsk, Russia
’Irkutsk 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
. A . 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 > CEI IS ) ROS irreversible damage cellular structures.
' /| Extensive process of non-controlled cell death.
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CIHEPMUH-UHAYLUUPOBAHHASA AYTODPAI'UA B KOPHAX TRITICUM AESTIVUM
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Paxmaryuinna JI.®.2, Munubaesa @.B."?
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Kurouessble cioBa: Triticum aestivum, ayrodarusi, MoJIMaMUHbBI, CTICPMHH.

Aytodarusi — 3TO BBICOKOKOHCEPBATUBHBIM KaTaOONMMUYECKUH MPOLECC BHYTPUKIECTOUHOU
JeTpajjallud TOBPEXKACHHBIX, OKHMCICHHBIX WIM M30BITOYHBIX MAaKpOMOJIEKYJ M OpraHeil.
AyTtodarus npuHUMAET y4acTue B OHTO- U OPTaHOT€HE3€, CTApEHUU U MPOrpaMMHUpPYEeMOi Tubenu
KJIeToK. Ha 1aHHBIE MOMEHT aKTyaJbHbIM CTAQHOBHUTCS IMOHMCK (DU3MOJIOTUYECKUX HHAYKTOPOB
ayrodaruu Ajis NpeJOTBPALICHUS] U YJAIEHUsS TOKCHUYHBIX IOCIEACTBUM CTPECCOBOIO COCTOSHUS
KJIeTOK. TakuMuM  HMHIYKTOpaMH MOTYT  SIBJISTBCS — MOJMAaMUHBI — Oonblias — rpymnmna
HU3KOMOJIEKYJISIDHBIX ~ a30TCOAEP)KAIUX  COCNMHEHWH,  YHHUBEPCAIBHBIX  OpPraHUYECKUX
MOJIMKATHOHOB, 00JIaAAIONINX BBICOKOW OMOJIOTMYECKOM aKTUBHOCTHIO. [Ioka3aHo, 4TO HK30r€HHOE
IIPUMEHEHHE TIOJMaMUHOB MOJKET MPOJUIEBATh KU3Hb Pa3IMYHbIX MOJIEIbHBIX OPraHU3MOB 3a CUET
aKTUBallMM B KJIETKAaX ayTodaruu, a reHernyeckas MHakTupauus ayrodarmueckux (A7G) reHoB
cHUMaeT peKT «roaroxuresns» [1]. B cBs3u ¢ 3TUM, 1I€TIbI0 HACTOSIIEr0 UCCIEI0BAaHUS OBLIO
M3Y4YEHHE MHIYKIUU U PEryasuuu ayrodaruy B KIETKaX KOpPHEW MIIEHUIbl MpU JAeHCTBUU
[I0JINAMUHA CIIEPMUHA.

WHTaKkTHBIE KOPHU 4-THEBHBIX TPOPOCTKOB NIIEHULBI 17iticum aestivum L. copra Kazanckas
100MIIeiiHast BBIIEPKUBAJIM B pacTBOpax criepMuHa B KoHIeHTpauusx 1, 10, 100 MxM B Teyenue 3 4.
brio mokazano, yto cnepMuH B ¢Qusnogorndeckux koHmeHTpamusx (1 u 10 MxkM) ungynmpoBant
o0pazoBaHue ayTo(harocoM B KJIE€TKax KOPHEH U CIIOCOOCTBOBAJI YBEJIIMUCHUIO YPOBHS TPAHCKPUIITOB
ATG4/ATG6/ATGS renoB, HO HE IPUBOIWIT K CHIKCHHIO KU3HECTIOCOOHOCTH KJIETOK. Bo3nelicTue
CIIEPMHHOM ITPUBOIMJIIO K TMOBBIIICHUIO B KJIETKaX ypoBHA okcuaa azoTa (NO), 4To MoATBEpKAAI0Ch
XapakTepHbIM TpHUIUIeTHBIM OIIP CcHnekTpoM M MHTEHCUBHBIM CBEUEHHEM CHEU(pUYECKOrO
¢dnyopecuentHoro kpacurenss DAF-FM, a Taixke 3HauuTeIbHOMY MOBBIIIEHUIO YpoBHS H2On.
WuTepecHo, uTto ypoBeHb mnepekucHoro okucienus aununoB (I10JI) me usmensics. CnepmuH
B BBICOKOM KoHIeHTpauuu 100 MkM wungymupoBan obpazoBanue LysoTracker-monoxurenbHbBIX
KOHTJIOMEpATOB, MaJICHUE UHIEKCA MEMOPAaHHOW CTaOMILHOCTH, TTOBBIICHHE B 4 pa3a ypoBHs H,O»,
a Ttaxke mnosbimieHre ypoBHs I[IOJI moutm B 2 paza. Bcé€ 3To0 cmocoOCTBOBAO CHUKEHUIO
AKHU3HECTIOCOOHOCTHU KJIETOK.

BaxxHbIM MeXaHU3MOM DEryisiiiuy ayTodarud y pacTeHUil IpU CTPECCOBBIM BO3/EHCTBUU
sBisieTcst aktuBanuss AM®-3aBucumont mporennkuHazsl SNRK 1, koTopast pochopunupyer kuHazy
TOR wu HekoTopble ayTrodaruueckue OenkH, 3amyckas KackaJbl ayTo(armueckux peaxuui [2].
HNHTepecHO, 4TO B KOPHAX MIIEHMIBI CIIEPMUH B KOHHEeHTpauusax 1 m 10 MkM unaynmposan
ayroaruio 6e3 CHMKEHHsI 3HEpProoOeCrnedyeHHOCTH KJIETOK, O YeM CBHUJAETENbCTBYET BBICOKHUI
ypoBeHb AW, HaM4Ke SHEPru30BaHHBIX MUTOXOHIPUNA M HU3KUH YpOBEHb TPaHCKpUNTOB SnRK].
B 1o xe Bpems 100 MkM cnepMmuH BbI3bIBaI nNaaeHue ypoBHS AW¥m, 4TO CONpPOBOXIAIOCH
M3MEHEHUEM YIIbTPACTPYKTYphl MHUTOXOHIPUNA W CHUKEHHUEM YPOBHSI MOTJIOMICHHS] KUCIOPOJa.
MoxHO nonararb, 4To ayTodarus, UHIyLIHPOBaHHAsI CIEPMUHOM, OIIOCPETYETCs] METab0oJINYeCKUMU
COOBITUAMHU, KaK 3aBUCSIIUMU, TaK U HE 3aBUCSIIUMU OT YpoBHA AT®. [lomyuyeHHble HaMu JTaHHbBIE
CBHJIETEJILCTBYIOT O BO3MOYKHOW BOBJICYEHHOCTH CIIEPMUHA B Ipolecc ayToharuu y pacTeHHH,
a TakXe JBOMCTBEHHOCTH ero 3¢ (eKra, MpOSBIAIOIIErOCs, B 3aBUCUMOCTH OT KOHLEHTpaLUU
CIIEpPMHHA, KaK aJalTUBHBIA KJIETOYHBIH OTBET HAa CTPECCOBOE BO3JEHCTBUE MM MHAYKTOP rHbenn
KJIETOK.
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Paboma evinonnena 6 pamxax evinonnenus cocyoapcmeennozo 3adanus OUL] KasHL] PAH
u POOU Ne 20-04-00721.
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SPERMINE-INDUCED AUTOPHAGY IN ROOTS OF TRITICUM AESTIVUM

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

! Kazan Federal University, Kazan, Russia
’Kazan 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 pM induced the formation of
autophagosomes and increased the expression of autophagic genes (47G4/ATG6/ATGS8) but did not
lower cellular viability. Spermine-induced autophagy was accompanied by an increase in the level of
H>0O> and the level of NO but not lipid peroxidation (except 100 uM spermine). Autophagy is an
energy dependent process. Spermine at low concentrations increased the mitochondrial membrane
potential (A%¥m), while 100 uM spermine decreased AW, 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 KUCJIOPOJIA B 3AIIIUTE PACTEHUM
OT BUOTUYECKOI'O CTPECCA

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

KiroueBble ciioBa: aktuBHbIC GopMbl kKuciopona (ADK), puronmMmynurer.

Kucnopox u ero cBoOomHO-pagukanbHble (opmbl (akTHBHBIE (opMmbl Kucinopoaa, ADK) —
YHHUKaJIbHOE SIBICHHE NPUPOJbI, (opMHUpYIOLlee >KU3Hb Ha 3emie. OBOIIOIMOHHO PAaCTEHUS
MIPUCTIOCOOMIINCH UCIIOIB30BATH CBOOOIHO-PAIUKAIbHbIE (POPMBI KUCIOPOJIa AJISi CBOCH 3alUTHI OT
pPa3IMYHOTO pOJAA CTPECCOB, CBS3aHHBIX C MEXAaHWYECKHM IOBPEXKICHHEM, B TOM YHCIIE
Y TIOBPEXKCHUS TATOr€HAMH U BPEIUTEINSIMHU, /1€ BA)KHOE MECTO, 3aHUMAET OKHCIIeHNE (PEHOIbHBIX
COEeMHEHNI ¢ oOpa3oBaHMEM JIMTHHUHA M CcyOepuHa, 00JalalolluX YHUKaJIbHBIMH CBOWCTBaMU
BOJIOHETIPOHUIIAEMOCTH, YCTOMUYHUBOCTH K JIeTPaJalii, a TAKKe BHICOKOH OMOLIUAHOCTH.

Oco0Ob1ii uHTEpec npenctaBissioT ADK B CBsI3M WX aKTUBHBIM BOBJICYCHHEM COBMECTHO
¢ (¢epMeHTaMM NPO-/aHTHOKCUIAHTHOW CHUCTEMBbI BO B3aMMOJEHCTBHE DPACTEHHUH C pPa3IMUYHBIMU
¢dbopmamu GUTONATOICHOB U BpeauTesei. Paznuunbie cTpecchl, Hapymias 6allaHCOBOE COOTHOIICHUE
B ypoBHe A®K B pacTeHusix, NpUBOJAT JUOO K HEKpO3y TKaHEW B 30HE MOBPEKACHUM, MO0
K CBEpXUyBCTBUTEIbHOH peakiuu (CBY-peakiun), KoTopble HEOOXO0AUMO OTINYATH APYT OT ApYra.
[lepBbiii B pacTeHUSX BBI3bIBACTCS MATOTEHOM, CBSI3aH C HEOJArONpUATHBIMU YCIOBUSMHU CpPEIbI
U TPUBOAMUT K OOJIe3HH, a BTOpas peaklus TaKkKe HHUIUHPYETCS YYKEPOJHBIM MaTOr€HHBIM
OpraHu3MOM, HO €€ MPOTEKAHHE 3alpOrpaMMHpPOBAHO B TE€HOME XO3dMHA U HaIIPaBJICHO
Ha IIPEOJOJICHUE CTPECCOBOIO COCTOSHUSA MU WU3OJIALMI0 BPEIHOIO OPraHM3Ma OT JKUBBIX TKaHEHU
pactenus. Beicokas oxucnurenbHas cnocooHocts ADK co3gaer yrpo3y st KOMIIOHEHTOB JKHUBBIX
KJIIETOK, II09TOMYy B HHMX CYLIECTBYET €CTECTBCHHAasi CHUCTEMa pETysiUd WX YPOBHH,
MO/IIEP>KUBAIOIIAsi TOMEOCTa3 00beuHAEMAas 0] TEPMUHOM «I1pO-/aHTUOKCHUJAHTHAsI CUCTEMA, T/1e
npoueccel reHepaiun ADK tecHo cBsizaHbI ¢ ITpoLieccaMy UX YTUIU3aLUU.

OyukuroHanbHass posib ADPK B pacteHusx npu (HopMUpOBaHMM HMX B3aMMOOTHOIIEHHN
C PaCTeHUSMU UMEET JIBE IPOTUBOPEUNBBIE CTOPOHBI: 1) HHTEHCUBHOCTD UX MPOIYKIIMU (HEraTUBHOE
HAKOIUIEHHE) KOPPETUPYET C Pa3BUTUEM MTATOJIOTMYECKOTO Mpoliecca U 2) aKTUBHOCTh HHTHOUTOPOB
uX Jlerpajanuu (Mo3UTUBHOE HAKOIUIEHUE) WM, HAIIPOTUB, HAINYME aHTHOKCUAAHTOB (TO3UTUBHAS
yTHIHM3anus) cBs3aHa ¢ 3amuTHON peakmueil. [Ipomykmus ADK wmmeer nByxdaszHbli XapakTtep.
IlepBbIif Bcruieck uxX ypoBHs, HaOmromaemblii uepe3 15-20 MuH mocne JedcTBHS cCTpeccopa,
CONPSKEH C CHUTHAJIbHOM CHCTEMOM pacTeHHid. BTopoil mposBIsieTcss HE BCEraa, a TOJIBKO
B HECOBMECTHMOH C KIETKaMU IIaTOr€Ha CUCTEME B Ipenenax 3—6 4acoB IOCIIE IEPBOIO
U BBIPAXKAaeTCs B BUJE CUIBLHOW U JJIUTENIbHOM JIOKAJIbHON MX MPOAYKLUUHU B 30HE MH(DULIHMPOBAHUSA
U COIPOBOXKAACTCS 3aLIUTHON peaKIueH.

Bxmrouenne ADK B cucteMy 2IMCUTOPHON CUTHAIIBHOM TPAHCIYKLIMHA, HECOMHEHHO, CBSI3aHO
C MX CIIOCOOHOCTBbIO K MHIPAIMM WM C OBICTPHIM BKJIIOYEHHUEM B ONpEACICHHbIE CUTHAJIbHBIC
cucteMbl. TakMMH CBOMCTBaMU B, NEPBYIO O4Yepeb, 00 JaeT MOJIEKysa MePEeKUcH BOAOPOa, TakK
KaK SIBJIIETCSI HEMOHM3UPOBAHHOM M JTOBOJBHO cTaOmibHOM. Hanpumep, ycranosiaeno, uro H202
MO’KET aKTUBHPOBaTh KWHA3bl KuHa3bl MAP kuHa3bl. Bropoil curaaiabHONH MOJIEKYJIONH MOKET OBITh
THIPOKCUNIEPOKCUIbHBIN pamukan (HO2-). SIBnssicek BbICOKOAKTUBHBIMHU coeauHeHusMu, ADK
MOTYT BBIIEIUIATh OJIMTOCaXapubl C MOBEPXHOCTH KIIETOYHBIX CTEHOK IaTOr€Ha ITOCPENCTBOM
MEPEKUCHOTO TUIPOJIN3a XUTUHA U, TEM CaMbIM, CIIOCOOCTBOBATh BHIPAOOTKE M OJIUTOCAXapUIHBIX
ANUCUTOPOB. ITOT A3P(PEKT MOXKET YCUITUBATHCS B IPUCYTCTBUH MTEPOKCHIA3HI.

CootBercTBeHHO, MOXHO onpenenuts ADK kak «MHCTpYMEHT» IBOWHOIO Ha3HA4YECHMS,
MO3BOJISIIOIIMNA pacTeHuto, Mpu 3G EKTUBHON OpraHu3alUu 3alUTHOrO 3¢ deKTa, YHUUYTOXUTH
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MaTOTeH MOCPEICTBOM OKHCIUTEIHHOTO B3pHIBA, a Takxke, Bbi3biBas CBU-peaknunto, popmupoBath
BOKPYI HEro 30HY M3 MEPTBBIX PpACTHTEIbHBIX KIJIETOK, HACBHIILICHHBIX aHTUMHUKPOOHBIMU
COEIMHEHUSIMU U TakKuM 00pa3oM HM30JIMPOBATH €r0 OT KUBBIX TKaHeil. Pe3kue u MHOrokparHbie
u3MeHenust ypoBHs A®K B pacTeHusx, MoABEPrHYTHIX HH(PHUIMPOBAHUIO (PUTONMATOICHAMH,
BEPOSITHO, SIBISIFOTCS 3()()EKTUBHBIMUA TOJBKO TIPU HAMPABICHHOM WX BO3JEHCTBHM B TOYKH
MIPOHUKHOBEHUS! MH(EKIIMOHHOIO areHTa, Yero JOBOJbHO CI0KHO JOOUTHCS, €CIM YYUTHIBATH
WX MOBPEXJAIOUIYI0 aKTUBHOCTh U MOOMIJIBHOCTD.

Paboma ewinoanena npu noooepowcke Munucmepcmea HayKu u @vicuieco 00pa3o8amus
Poccuiickoti @edepayuu (coenawenue Ne AAAA-A21-121011990120-7).

REACTIVE OXYGEN SPECIES IN THE DEFENSE OF PLANS
TO BIOTIC STRESS

Maksimov I.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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COJIEP)KAHUE ®EHOJIbHBIX COEJJMUHEHUMA B JTUCThAX PLATANTHERA
BIFOLIA N3 ECTECTBEHHOM 1 TPAHC®OPMUPOBAHHBIX YKOCUCTEM
HA PA3HBIX CTAAUAX PASBBUTUA OPXUIEN
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Kmrouesnlie ciioBa: Orchidaceae, Bo3pacTHast CTpyKTypa MOMYJISIMH, 30JbHBIC CYOCTpaThl, peloKc-0anaHc,
(ITaBOHOUIBI.

ITpencraButenu cemeiictBa Orchidaceae Juss. Hepeako SBISAIOTCS HCTOYHUKOM HPUPOIHBIX
AHTHOKCHJIAHTOB, K YUCIIy KOTOPBIX OTHOCATCSA (P€HOJIbHBIE COEAMHEHHUS, UTPAIOIINE BAXKHYIO POJIb
B (OPMHUPOBAHUU YCTONYMBOCTH pacTeHU K cTpeccoBbiM (paktopam [1]. Platanthera bifolia (L.)
Rich. ¢ napeBHuUX BpeMEH HCIIOJIB3yeTCS B HAapOJHOM MEIUIMHE, MOCKOJIbKY 00JIaZjaeT sIpKo
BBIPQ)KEHHBIMU JIeYeOHBIMU cBoiicTBamMu [2]. DTta opxuaes SBISIETCS OXPaHSIEMBIM BHJIOM,
3aHeceHHbIM Kak «peakuit» (III xateropus) Bo mHorue pernonainbhbie Kpacubie kuuru Poccun,
B TO BpeMs Kak B CBep/UIOBCKOW 0OacTH el mpucBoeHa V KaTeropHs — «BOCCTaHABIMBAIOIIAs
YUCJICHHOCTH» [3]. B mocnennue ronpl 1OCTaTOYHO MHOTOUYMCIEHHBIC LieHononysiuun P. bifolia
Obutn OOHApy>KeHbl Ha TMPOMBIIUIEHHO HapyIIEHHBIX TeppuTopusx CBepanoBCKoil obnacTw,
BKJIIOYAsi 30J100TBaJIbI TEIJIOBBIX 3ekTpocTaniuil (['POC) [4].

Ienp uccnenoBanus — OLEHKA COAEP)KAHUS MPOIYKTOB IEPEKMCHOIO OKUCIIECHMSI JINITNUOB
(ITOJI) u pactBOpUMBIX (DEHOJIBHBIX COEIUHEHHH B JIMCTBSIX T€HEpAaTUBHBIX ocobeil P. bifolia,
MIPOU3PACTAIONINX B ECTECTBEHHOH (Jecomapk) M TpaHchopMUpoBaHHBIX (30700TBaibl ['POC)
skocuctemax Cpeanero Ypaina, a Takke coJiep:kaHus (pIaBOHOUIOB y OPXHUEH Ha Pa3HbBIX CTAUSIX
ee pa3BuTHUs. PacTuTenbHbId MaTepuas OTOMPAIN B CEpeMHE UIOJS B EPUOJ] LIBETCHUS OpXHJIeH B
€CTECTBEHHOM JiecHOM coobmectse (FOro-3anannslii neconapk r. EkarepunOypra), a Takxe B IByX
JIECHBIX dbuToIIeHO3aX, chopMUPOBABIINXCS Ha 30JI00TBAJIAX CpenneypanbcKo
u Bepxuerarmnsckoit 'POC. Conepxanne npoayktos [10JI, pacTBOpUMBIX (heHOTBHBIX COETMHEHUN
U (JIaBOHOUI0B U3MEPSUIH CHIEKTPOPOTOMETPUUYECKH, COTJIACHO CTAaHJApTHBIM MeToaM |35, 6].

OO6HapyxeHO, YTO B HapylIEeHHBIX MecTtoobutanusx P. bifolia cnocoOHa ¢(opMuUpoBaTh
LIEHOMONYJISIUU C BBICOKOM YHMCIEHHOCTBIO M 3HAUUTENIBHBIM BKJIAJOM B BO3PAaCTHOM CIEKTP
reHepaTuBHBIX ocobOeil. Ilpu sTom mBerymme opxuiueu conaepkainu B cpeaneMm Ha 20% Oombiie
npoayktoB ITOJI, uyTo CBUAETENBCTBYET O CIBUTE pPEIOKC-OallaHCca B CTOPOHY OKHUCIMTENbHBIX
nporeccoB. KpoMme Toro, y pacTteHuid, mpou3pacTaroniux B TpaHC(HOPMUPOBAHHBIX IKOCHUCTEMAX,
HaAOJI0AaTI0Ch YBEIUYEHUE COZepKaHus (DEHOJbHBIX COEIMHEHHH, B YacCTHOCTH, ()JIaBOHOUIOB
(B cpenneM B 2,4 pasa), Ha BCEX M3YYCHHBIX CcTaausx. HezaBUCHMO OT yCJIOBUN TpOW3paCTaHUS
BUPTUHUIBHBIE 0COOU XapaKTEePU30BATMCh MUHUMAIBHBIM COJIEpKaHUEM (DJIaBOHOMIOB, BEPOSITHO,
13-3a METa0O0JINYECKUX NIEPECTPOEK B IEPHOJ] 3aKJIaJKU T€HEPATUBHBIX OPraHoB. B nepuosn nBeteHus
KOJINYECTBO ()JIaBOHOUIOB B JIUCTHSAX OPXUAEU CHOBA YBEIIMYMBAJIOCH HAa BCeX yuacTkax. [Ipu sTom
nons  (p1aBOHOMIOB OT 0OIIEero coaepkanus (EHONBHBIX COCAMHEHHH Bo3pacTanma oT 42%
B €CTECTBEHHOM (uTolIeH03€e 10 66%, B cCpeaHeM, B TpaHCPOPMHUPOBAHHBIX 3KocucTeMax. CraenaHo
3aKJIIOYEHHE, YTO (DIIAaBOHOUIBI YYAaCTBYIOT B 3aLIUTHO-IPUCIIOCOOUTENBHBIX peakuusix P. bifolia,
obecrieunBasi HE TOJBKO BBDKMBaHME OTOH OpXUAEH, HO M CHOCOOCTBYS pealu3aluu
€€ OHTOI€HETUYECKON IIPOrPAMMBI.

Paboma evinonrnena npu uacmuunoti ¢punancogou noooepocke PODH u Ilpasumenvcmea
Ceeponosckoti obonacmu (npoekm Ne 20-44-660011) u Munucmepcmeéa Hayku u 8vlCuieco
obpaszoeanus P® 6 pamkax I3 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.
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Menanunsl (0T rpedeckoro Melano, 4To o3HavyaeT TEMHBIA WM YEpHBIN) MPEICTaBISAIOT COOOU
CEMBIO CTPYKTYPHO CJIOXHBIX, TEMHO-TMTMEHTHPOBAHHBIX ITOJIMMEPOB, KOTOPBIE IMPEICTABICHBI
BO BCeX OHMONOTMYECKMX HapcTBax. HecMoTpss Ha MNPHUPOIHYIO YHHBEpPCAJIBHOCTh, 3TO OJHU
3 HamboJiee 3araJlouHbBIX OuomomuMepoB Ouocdepbl. EcTecTBEHHbIE MENaHWUHBI SBISIOTCS
reTepPOreHHBIMU MOJIMMEPAaMH, 00Pa3YIOIIUMUCS B PE3Y/IbTAaTe OKUCICHUS (HEHOIbHBIX/UHIO0IBHBIX
MPE/IIIECTBEHHUKOB M TIOCJIEAYIONICH TOIMMEPH3aui MPOMEKYTOYHBIX (PEHOJOB W XWHOHOB.
B 3aBUCHUMOCTH OT CTPYKTYpBI, SJIEMEHTHOT'O COCTAaBA M UCTOYHHMKA, MEJIAHUHBI TIOJPA3ICNIAIOTCS Ha
pa3NWYHBIE THIBI, TaKHE€ KaK »JyMENaHWH, (EOMeNaHWH, HEeWpOMENaHWH, aUIOMelIaHNH
U MUOMEJAHWH. DTU NUTMEHTHI BBINOJHSIOT pa3HOOOpa3Hble (YHKIMH, B TOM YHUCIE TYLICHHE
CBOOO/IHBIX PpaJMKAJIOB, 3aIlIUTa OT CBETOBOTO CTpPEcca, MEPEHOC HHEPTHH, TePMOPETYISAIHS,
XeJIaTUPOBaHUE METAJIOB, KaMy(JsbK, MMMYHHBIH OTBET W BUpYJIeHTHOCTH [1]. B HekoTopbIx
CllydasixX 3TH IMUTMEHTHI, CIOBHO OOOIOJIOOCTPHI Me4Y, MOTYT IPOSBISATH KaK 3alllUTHBIC, TaK
U TOKCHYHBIC CBOWMCTBA, B CBSA3M C Y€M HHOI/IAa HEOOXOAMMO HMHTMOMPOBAaHUE MelaHOTEeHE3a.
HenaBHue nccie10BaHus MPOIEMOHCTPUPOBAIIN, YTO HEOOIBIINE BApHAIINN B CTPYKTYpE MOHOMEpa
MEJIaHMHa MOTYT BBI3BaTh 3HAYMTEIbHbIE M3MEHEHHUS B HX PEIOKC-XapaKTePHCTUKAX,
AHTHOKCUIAHTHBIX ~ CBOWCTBAX, METa/UI-XEIATUPYIOMIEH AaKTHBHOCTH, a TaKKe BIHUATH
Ha MOP(OJIOTHIO €CTECTBEHHBIX METAaHUHOBBIX I'paHyd [2]. MUKpOCTPYKTypa METaHUHOB JI0BOJILHO
MOJIPOOHO W3y4eHa JUIsi HEKOTOPHIX MATOTeHHBIX TPHOOB M MEITaHOCOM UYeJIOBEKa, OHAKO
uHbopMalUg O CTPYKType M (PU3HKO-XMMHUYECKHUX CBOMCTBAX MEJIAHMHOB (POTOCHHTETHUYECKUX
OpPraHM3MOB YpEe3BBIYAHHO OrpaHMuYeHAa. B HacTosmeMm cooOmeHnn o00CYXKIAlTcs CBONCTBA
U (QYHKIMU MEJTAaHWHOB W3 PACTCHMH U JUIIAHHUKOB. /s numaiiHMKoB (opMHUpOBaHHE
MEJIaHWHOBOTO CJIOS Ha IOBEPXHOCTH CIIOCBHINA B OTBET HA YIbTpa(HOIETOBOE BO3JCHCTBHE
ABIISICTCA OJHUM M3 KIIIOUEBBIX MEXaHM3MOB HX BBICOKOHM cTpeccoBoil ycrtoiumBocTH. B Xxoxme
MEJIaHU3aIMHA TAIOMa TPOUCXOANT AKTHBAIMS T€HOB, KOHTPOJIUPYIOIINX HE TOJBKO OMOCHHTE3
MeJIaHMHa, HO U pa3HooOpasHble cTpeccoBble OTBeThl. CBOMCTBA MeEJTaHWHA [ENAIOT 3TOT
€CTECTBEHHBII IOJIMMEDP TEPCHEKTHBHBIM OOBEKTOM Ui (YHIAMEHTAIBHBIX M TPHKIAIHBIX
UCCIIEIOBAaHUM C HIMPOKHM CIIEKTPOM NPUMEHEHHUs B OMOTEXHOJOTMH, MEIUIIMHE, peMeIualuu
Y HAHOTEXHOJIOTHH.

Paboma evinonnena 6 pamxax coczaoanus @PHUL] KasHL] PAH u noodepacana epanmom PH®
Ne 18-14-00198.

Cnmcox aureparypsl

1. Solano F.// New J. Sci. 2014. Article ID 498276.
2. Micillo R., Panzella L., Koike K., et al. // Int. J. Mol. Sci. // 2016. 17, 746.

123



11T MesxmyHapoaHblii cMMIO3UYM «MOJIEeKyIIIpHbIE aclleKThl PeIOKC-MeTa00IM3Ma paCTCHUI

MELANINS: THE DARK SIDE OF REDOX METABOLISM

Minibayeva F.V.!, Beckett R.P.2

Kazan Institute of Biochemistry and Biophysics,
FRC Kazan Scientific Center of the RAS, Kazan, Russia
2University of KwaZulu-Natal, Pietermaritzburg, South Africa

Keywords: architecture, melanins, polyphenolic polymers, functions.

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.
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VY numaHoOakTepuil B XOJ€ CHUCTEMHOIO aHalli3a BBISIBICHO OOJIBIIOE YMCIIO T€HOB, AKCIPECCUS
KOTOPBIX HMHAYLHUpYETCS NpU JAEHCTBUM aOMOTHMYECKHMX CTPECCOB: TEIUIOBOIO, COJIEBOTO,
OCMOTHYECKOI0, KHCIOTHOTO, IEHCTBUS CBETA BHICOKOM MHTEHCUBHOCTH WM yibTpaduosneTa. ['ensl
6enxoB TeroBoro moka (BTII) akTuBupyIOTCs IpU BO3ACHCTBUN BCEX MEPEUUCICHHBIX (PaKTOPOB
1 GOPMUPYIOT YHUBEPCAJIbHYIO TPYIIy F'€HOB OOLIEro crpeccoBoro orsera. Hamnune monoOHOM
IpyHnbl T€HOB IMOJpa3yMeBaeT TAaK)K€ BO3HUKHOBEHHME TIPYNINbl YHHMBEPCAIbHBIX TPUITEPOB
CTPECCOBOrO0 OTBETAa, K KOTOPHIM IO BCEH BUIUMOCTH MOTYT OTHOCUTBHCS aKTUBHbIE (DOPMBI
kuciopoaa (ADK) u, B uactHocTH, nnepokcu Bogopoaa HoOz, a Taxke U3MeHEHHs peloKc-cTaTyca
AJIEMEHTOB (POTOCUHTETUYECKOM 3JIEKTPOH-TPaHCIOPTHOM 1enu [1].

Hamu Obu1 ckoHCTpyupoBaH IBOWHOM MyTaHT Synechocystis sp. PCC 6803 mo renam
Karajna3za-nepokcuaassl (katG) u TeOpe10KCUH-TIEPOKCHUIA3bI (£pXx), KOTOPbII ObLIT HECIIOCOOEH pacTH
npu BHeceHuu B cpeny HoOo. JlaHHBINM MyTaHT BecbMa MOJIE3€H B OTHOIIEHUH MCCIIEA0BAaHUS POJIN
nanHon A®K B kierkax ImaHOOaKTepwil, Tak Kak B KieTkax amkoro tuma H»>O» OwicTpo
MHAKTUBUpYETCs Nepokcuaazamu. HaM ynanoch npoieMOHCTpUPOBATH € UCIOJIB30BAHUEM JaHHOTO
MyTaHTa, YTO SKCIPECCHs T€HOB XOJIOJIOBOTO CTpecca PEryiaHpyeTcss CO CTOPOHBI dHIOTEHHOTO
IIEPOKCHJIa BOJOpPOJIa Ha YpOBHE KaK BOCIpPUATHS, Tak W nepepaun curHaia [2]. Kpome Toro,
Bo3HUKHOBeHHe A®MK B Kkierkax muaHOOAaKTepWil TECHO CBS3aHO C  PEIOKC-CTaTyCOM
(OTOCHUHTETHUYECKUX MEMOpaH, Ha KOTOPYIO OKa3bIBA€T BIUSHHUE BA3KOCTH/TEKYYECTh KJIETOUYHBIX
MeMOpaH, CBSI3aHHOE CO CTENEHBIO HEHACHIIIIEHHOCTH KUPHBIX KUCIIOT JM00 ¢ Temmneparypoii [3].

Mpsl cuuTaem, 4TO «IIEPECEYEHHE» CUTHAJIOB O BSI3KOCTH M TEMIIEPATYpeE, OCBEILICHHOCTH
U PEIOKC-CTaTyce NPOUCXOAWT C ydacThueM THcTHuaAuHOBOW KuHa3el Hik33, ceHcopa HU3KHX
TeMmrepatryp y LuaHoOakTepuil. JTa NMpOTEMHKHHA3a Xapakrepusyercs HanuuueM PAS-nomena,
KOTOpBIM MOXET OBbITh CBSI3aH C BOCIHPHUSTHEM pEJOKC-CUTHANIa, 4TO JelaeT JaHHBbIA Oeslok
KaHMJIaTOM Ha POJIb YHUBEPCAIBHOTO OEIKOBOTO TPUITEPA, PErYIHUPYIOLIET0 3KCIPECCHUI0 T€HOB
pu a0MOTUYECKUX CTPECCaX B KIETKaX LIHaHOOAKTepHil.

Paboma evinonnena npu noodepowcke Poccuiickozo HayyHoz2o ¢onoa 6 pamkax npoexkmos
Ne 19-74-10100 u 21-74-30003.

Cnmcox aureparypsl

Mironov K.S. Sinetova M.A., Shumskaya M., Los D.A. // // Life. 2019. 9 (3), 67.

Fedurayev P.V. Mironov K.S., Gabrielyan D.A., et al. // Plant Cell Physiol. 2018. 59(6), 1255—
1264.

3. Maksimov E.G., Mironov K.S., Trofimova M.S., et al. // Photosynth. Res. 2017. 133(1), 215—
223.
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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 H>O2 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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['eomaruuTHOE TOJIE — BOXKHBIN (DaKTOP OKPYXKAIOMIEH CPEIbl, €T0 HEOTHEMIIEMOH YaCThIO SBIISIOTCS
HU3KOYACTOTHBIE BO3MYLICHUSI — 3JEKTPOMArHUTHBIE HW3JIyYEHHsS IIYMaHOBCKOIO JMamna3zoHa
(IID5MMU). JIro6oit peacTaBuTenb 0nochepsbl 3eMJIH TTOCTOSIHHO B TEUCHHUE KU3HH HAXOIUTCS O]
BO3JICUCTBUEM DJIEKTPOMAarHUTHBIX TMOJE€H JTaHHOrO YacTOTHOIO Juana3oHa, W HM3Yy4YeHHE
OCOOEHHOCTEH BOCHPUATHS TMOJOOHBIX HM3JIYyUYEHUW Pa3TUYHBIMH OpPTraHU3MaMHU  SIBIISACTCS
akTyalbHbIM. OJHUM W3 YHUBEPCAIbHBIX MEXAaHU3MOB OTBETAa PACTUTEIbHBIX OpPraHU3MOB
Ha BHEIIHEEe BO3JECHCTBHE SIBISETCS M3MEHEHUE B CHUCTEME KOMIIOHEHTOB pPEIOKC-METa0oIn3Ma.
B cB3m ¢ 93TUM, WHCCIENAOBaIM OTBET CO CTOPOHBI AHTHOKCUIAHTHBIX  (HDEPMEHTOB
(cynepokcuaaucMyTa3bl M KaTajla3bl) U CHCTEMBl JUIONEPOKCUAALUHU (CoAepkKaHHe MajJOHOBOTO
IUaNbJETu1a) PacTeHUH Ha TPOAOKUTEIHHOE BO3JCUCTBHE MArHUTHBIX IMOJIEH C YacTOTaMH,
COBITAJIAIOIIMMH C MIEPBBIMU TpeMs TapMOHHKaMu pe3oHanca [llymana — 7,8 ', 14,3 I'u, 20,8 I'm.

HccnenoBanus mpoBOIMIIM HAa PACTEHUAX MIIEHUIBI MATKOU sipoBoit (Triticum aestivum L.)
copra 3nara u ropoxa (Pisum sativum L.) copra Anb0ymeH. CeMeHa OBITHON TPYIMIIBI pacroiarain
B T€HEpaTope MarHUTHOTO Tojs. [t co3ganus mepeMeHHOro0 MarHUTHOTO 1oust (4actotel: 7,8 '
nmu 14,3 I'm wm 20,8 T'n, HanpspkeHHOCTh 18MKTIT) MCMOIB30BaId IBA COOCHO PACIIONIOKEHHBIX
konpla ['enbmronbiia. PacTeHus KOHTPOIBHOM TPYIIBI pacloiarajuch B UACHTUYHBIX YCIOBHUSIX
HAa aHAJIOTMYHOM NEpEeBSHHOW KOHCTPYKIMHU, HO HE HMeBIIer kosen ['enpmronsua. Pacrenus
KyJIbTUBUPOBAIIU B peskume 16/8 4 (nenb/Houb) pu Temmeparype okoio 23 °C no Bo3pacra 18 queit
C MOMEHTA 3aMa4yHlBaHMs.

[Tocne okoHYaHUS SKCIIO3ULIUN ONIPELISTA COIep KaHue MaJoHOBOro auanpaeruaa (M/IA)
U aKTUBHOCTh AHTHOKCHJAHTHBIX ()EPMEHTOB, a MMEHHO KaTajla3bl W CYMEPOKCUTUCMYTA3bI.
Copepxanrie MJIA perucTpupoBalid MO PeaKIUU ¢ THOOAPOUTYpPOBOU KUCIOTOMU [1], aKTUBHOCTH
KaTaJia3bl OMPEEIISUTH T10 [ 2], cymepoKkcuanucMyTasbl cortacHo [3]. O BIUSHUHM SJIEKTPOMArHUTHBIX
nonieil ¢ vacrotamu pesoHaHca lllymana Ha akTUBHOCTH OTAeNbHBIX u3odopm COJl cymunu
0 pe3ylibTaTaM HAaTUBHOTO ANIEKTpodopesa B MOIUAKPUITIAMUTHOM Telie.

B oOpa3smax, BBIFCICHHBIX KAaK W3 OMNBITHBIX, TaK M KOHTPOJBHBIX PACTEHUU Tropoxa,
oOHapykeHbl 4 XapakTepHbIE 30HBI, COOTBeTcTBywIue Mn-, Fe u nBym Cu/Zn-uzodopmam
cynepokcuaaucmyrasbl. JlononHurenbHo ObUIM BhIABIEHBI ABe OenkoBble (pakuuu ¢ COJl-
akTuBHOCTHIO ¢ Rf 0,42 1 0,50 B MUCTBAX ropoxa, BeIpalieHHoro npu yacrotax 14,3 I'mu 20,8 I'ny, a
npu yactore 7,8 I't mannbpie Ppakiuu He onpeaensuck. Jinekrpodoperpammbl CO/l, BeIIEICHHOM
W3 JIUCTHEB MIIEHUIIbl KaK OMBITHBIX, TAK U KOHTPOJIBHBIX TPYII, HE pa3inyaiuchk. B pacteHusix
oboux BUIOB cymMapHas akTuBHOCTh COJ] HM B OJHOM W3 BapHAHTOB OIBITA HE H3MEHSIIACH.
B pacreHusx TIIEHUIBI OBLJIO 3apETHCTPUPOBAHO TMOBBIIICHHE AKTHBHOCTH KaTalasbl IIpU
BO3JEHUCTBUU MEPEMEHHOIO MarHUTHOIO moJist ¢ yactoroit 20,8 ['1, y pacteHuid ropoxa OTMEYEHO
CHWXXEHUE JaHHOro napamerpa npu yactore 14,3 I'm. CopepkaHue MajJOHOBOTO AHANIbIETHAA
HE U3MEHSJIOCH TTPH BRIPAIIIMBAHUM PACTEHUH MIIICHUIIBI M TOPOXa B IEPEMEHHBIX MATHUTHBIX MOJISX
Tpex mepBbix yacToT LIIOMU. Takum o0Opa3oMm, y4UTHIBas, YTO HCCIEAOBAHHBIC TEPEMEHHBIC
MarHuTHBIE TIOJISI CXOXKU IO CBOMM XapaKTEPUCTUKaM (MMUTHPYIOT) €CTECTBEHHBIC BO3MYIICHHS
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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
) il
| Zadin PEAS WHEAT
' Isoforms of Appearance of minor h
sS0D isoforms of SOD LRSS
|:> Total no change no change
s SOD activity e 8
r Catélfse Decrease at 14.3 Hz Increase at 20.8 Hz
4 activity
Electromagnetic fields
Schumann resonance frequencies MDA content no change no change
7.8 Hz; 14.3 Hz; 20.8 Hz
18 u7; 18 days
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ITHUJIEH: MAJIEHBKASA MOJIEKYJIA — BOJIBIIIUE BOITPOCHI

Hosukosa I'.B., Momkos U.E."
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*E-mail: ie.moshkov@mail.ru

KiroueBble c10Ba: perenTopbl, CUTHAIbHAS TPAHCIYKIHsI, (PUTOrOPMOH.

Ku3Hb KJIETOK JIFOOBIX MHOTOKJIETOUYHBIX OPIaHU3MOB, B TOM YHCJIE€ PACTEHUI, 3aBUCHUT OT OBICTPOTHI
U a/IeKBaTHOCTH MX pEaKUMid Ha M3MEHEHMs] WHTEHCHUBHOCTU BO3IEHCTBHI ()aKTOpPOB BHEIIHEH
CpEIbl, a TAKXKE CIOKMUBIICHCSA BHYTPUKIIETOYHOM CUTyaluu. B KadecTBe INIABHBIX IIPOBOJHUKOB
TaKMX peakUuil IeHCTBYIOT GpuTOoropmMoHsl. MccienoBanusi mpoueccoB BOCHPUATHS TOPMOHAIbHbBIX
CUTHAJIOB, YCWJIGHUS STHX CHUTHAJOB, MyTed MX IepeJauyd U TNpeoOpa3oBaHMil B KOHEUHBIE
(U3HOIOrMYeCKUE OTBETHI OCTAIOTCS AKTyaJlbHBIMU M MHTEHCHBHO Pa3BUBAIOTCS B COBPEMEHHOM
HKCIEPUMEHTAIbHON OMojoruu pacreHuid. LleHTpanbHOE MECTO B 3THUX MCCIEIOBAHMIX 3aHUMAIOT
BOIIPOCHI CIIeU(PUUECKOTO y3HABaHUSI TOPMOHA €T0 pEeLEeNTOopaMu, B pe3yJIbTaTe Yero MHUIIMUPYETCS
1enb OMOXMMHUYECKUX peakuii HEOOXOIUMBIX JIJIsl OCYILECTBIECHHS KOHEYHOT 0 3¢ (eKTa ropMOHa Ha
KIIETKY.

[Ipocreiimmii M0 XUMHUYECKOH CTPYKTYpe ra3000pa3Hblii (PUTOrOPMOH STHIIEH SIBIISETCS
MOIIHBIM PETYJISITOPOM (DPU3HOJIOTHUYECKUX MPOLECCOB B PACTEHUSIX KaK B HOPMAJIbHBIX YCIIOBUSX,
TaK Y IIPH JIEHCTBUU CTPECCOPOB PA3IMYHON IPUPOABI. DTHIIEH KOHTPOJIUPYET IPOPACTAHUE CEMSH,
CO3pEBaHUE KIMMAKTEPUUECKUX IUIOOB, PACTSXKEHUE KJIETOK, OTBETHl Ha MAaTOreHbI, 00pa3oBaHue
KOPHEBBIX BOJIOCKOB, CTAPEHUE U ONIaICHUE JIUCTHEB, [IBETKOB, IJIO0B U APYTHE IPOLECCHI. ITUIIEH
Y UHTUOUTOPBI €0 JEHCTBUS NIMPOKO MIPUMEHSIOTCS B PACTEHUEBOICTBE U MUIIIEBOM WHYCTPUH, UTO
SBJISICTCS. OJTHOM U3 NPUYMH IOCTOSHHOIO MHTEpeca K UCCIEHOBAaHUIO MEXaHHU3Ma JCHCTBUSA 3TOTO
¢uTOoropmMoHa.

B mnocnennue Tpu aecaTwieTdss ObUTM JOCTUTHYTBI 3HAUMTENbHbBIE YCIIEXH B H3yYCHHUHU
peleniuy 3TUIEHa, NepeAaadyd U (YHKIHOHAIM3AIMK €ro curHaiga. VIMEeHHO 3TU acmeKkThl OyayT
PacCMOTPEHBI B JOKJIAJE.

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-COCTOAHME IIEPEHOCYHUKOB 2JIEKTPOHOB B XJIOPOIIVIACTAX
[IPU TEIIVIOBOM CTPECCE

Mumu6siTko HJLY, Kpyk 0.2, Crpxkanka K.%, lemuauuk B.B.!

'Benopycckuii rocynapcTBeHHbIN yHuBepeuteT, MuHck, benapychb
SIrenonckuii yausepcutet, Kpakos, [Tonbira
*E-mail: pshybytko@bsu.by

KmoueBsie cuoBa: Hordeum vulgare, minacTOXWHOHBI, TEIIOBOM CTPECC, TPAHCIIOPT SICKTPOHOB
B XJIOPOILIACTAX.

Temmeparypa sBIs€TCSI OAHUM M3 OCHOBHBIX (DaKTOPOB OKPY’KAIOMIEH CpPEeIbl, PEryIupyOIIUM
(bOTOCHHTETHUECKYIO0 aKTHUBHOCTh pacTeHHil. Ilpupona crpeccouyBCTBUTENBHOCTH (HOTOCHHTE3A
OTIpeIeNAeTCs] KaK CIIOKHBIM CTPOCHHEM MUTMEHT-OEIKOBBIX KOMIUIEKCOB THJIAKOMIHBIX MeMOpaH,
TaK ¥ TOHKMMHU MEXaHU3MaMU PETYJISUU 3JIEKTPOHHBIX IOTOKOB B XJIOPOIIACTaX, METa00INYECKOM
U penokc-peryisnuen. Peakuusi (OTOCHHTETHMUECKOro armapara Ha BBICOKHE TeMIepaTyphl
MHOro¢azHa W BbIpaXkaeTcsi B MOAU(PUKALNUU CTPYKTYpbl THJIAKOUAHBIX MEMOpaH W MPOTEKAHUS
¢doroxumuueckux peaxkuuii [1, 2]. B nanHoil paboTe ¢ HCMoOab30BaHUEM psjia OMOXUMHUYECKHUX,
O6nou3NUecKUX U MOJEKYJISPHBIX METOJOB HCCIEIOBAaHbl MEXaHU3Mbl TEPMOWHAKTUBALIUU
TUJIAKOUIHBIX MeMOpaH Hordeum vulgare. Ilpu TennaoBoil 0O6pabOTKe HMHTAKTHBIX MPOPOCTKOB
sumeHs yxe depe3 30 muH TeroBoro BoznercTBus (40 °C) HaOMIOgAIOCh U3MEHEHHUE PEOKC-
COCTOSIHUSI TOJBWXKHBIX IEPEHOCUYMKOB JJIEKTPOHOB, IUIACTOXMHOHOB, @ TakKK€ IIOBBIIICHHUE
TPaHCTUJIAKOMJHOTO MPOTOHHOro rpaaueHta. llocie 3 9 HarpeBaHHs MHPOPOCTKOB SUMEHS
nepepacnpeesieHue IIACTOXUHOHOBBIX MOJEKYI MEXAY (OTOAKTHUBHBIM M HE(POTOAKTUBHBIM
MyJlaMd COIPOBOXKJIAT0 CHU)KEHUE YPOBHS AKTHBHBIX PEaKIUOHHBIX IEHTpoB PC2 u SBISIIOCH
OTPaHUYMBAIOLINM (OTOCUHTETUYECKYI0 AaKTUBHOCTh (pakTopoMm. Pe3koe Bo3pacTaHue YypOBHS
OKHCJIEHHOCTH IIJJACTOXMHOHOBBIX MOJIEKYN B niepBble 15-30 MUH HarpeBaHus IPOPOCTKOB STUMEHS
KOppenupoBaio ¢ nosbiieHrueM ypoBHs renepanuu ADK. OOHapykeHHbIE TEPMOUHAYLIUPOBAHHBIE
W3MEHEHUsT (DYHKIMOHMPOBAHUS (POTOCHMHTETMYECKOrO ammapara COIMpPOBOXKAAIUCH aKTHBAIUEH
TaKUX MPOTEKTOPHBIX MEXaHH3MOB, Kak IepepacnpeieiieHHe CBETOCOOMPAIOLIET0 MUTIMEHT-
6enkoBoro kommiekca ot ¢porocuctemsl (PC) II k ®C 1 u noBeIlIEHNEM BKIJIaJa aJbTEPHATUBHBIX
IIOTOKOB JIEKTPOHOB, 4TO, IO-BUAMMOMY, NPEIOTBPALIAIIO I1€PEBOCCTAHOBICHUE 3JIEKTPOH-
TpaHcnopTHON 1enu. CieayeT OTMETHTb, YTO BBICOKOTEMIIEpAaTypHas 00paboTKa CYyIECTBEHHO
MOBBIIIAJNA MMOTOK 3JEKTPOHOB, KaTanusupyembiii HA JIH-nernaporenasa-nogo0HbIM KOMIUIEKCOM,
Y TIOAABJISUIA JTUHEHHBIN SJIEKTPOHHBIN TpaHcmopT 4epe3 deppenokcun: HAJID-okcunopenykrasy
U IMKJINYECKUN DJIEKTPOHHBIM MOTOK, KaTalu3UpyeMblid (eppeloKCHH:MIIIaCTOXUHOH-PEIYKTA30M.
C uUcronb30BaHMEM HCKYCCTBEHHBIX PEIOKC-MEIMAaTOPOB IOKa3aHa pEryisTOpHas pojib
IUTACTOXMHOHOBOTO Myja U (heppelloKCMHA B OTBETHOW pEaKIUH 3JIEKTPOH-TPAHCHOPTHOH Ienu
XJIOPOIUTACTOB Ha TeIIoBoe BozjaelcTBUe. OlLEeHKa COCTOSIHUS IyJla ackopbaTta M TIyTaTHOHA
II0Ka3aJia, 4YTO JTaHHBIE ar€HThl HE YYaCTBYIOT B TEPMOMHAYLIMPOBAHHOM N3MEHEHUHU PEJOKC-CTaTyca
xjoporutactoB. CrenaH BBIBOJ, YTO PEIOKC-PEryysilUsi OTBETHOM CTPECCOBOW peakluu
(OTOCHMHTETHUYECKOTO ammapara Mpud YMEPEHHOM TEIJIOBOM BO3ICHCTBUU OCYIIECTBIISETCS
MTO/IBMKHBIMH NTEPEHOCYMKAMU 3JIEKTPOHOB U PEIOKC-ar€HTaMHU.

Cnucok Jureparypsl
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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
2Jagiellonian 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 zox 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.

Plastid gene
ranscription
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®U3NKO-XUMUYECKHUE CBOMCTBA U BUOJIOTUYECKASA AKTUBHOCTD
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CBOICTBA.

Cpenn MHOT000Opa3us IKCTPEMOPUIHHBIX OPTAaHU3MOB 0C000€ BHUMAHHUE YEISAETCS JIMIIAaiHUKaM.
Nx BbIcOKas cTpeccoBas YCTOWYMBOCTh OOYCJOBIEHA HAIMYUEM B COCTaBe JHUIIAWHUKOB
YHHUKQJIbHBIX BTOPUYHBIX MeTabonuToB. Ilo pesynapTaTam COBpPEMEHHBIX HCCIIECIOBAHUN, HapsAIy
C IMIIAHHUKOBBIMH BEIIECTBAMU B aJIalTAI[MH JIUIIAHHIKOB K HEOIArOMPUSATHBIM YCIOBUSM CPEIbI
BaYKHYIO POJIb UTpaeT MenaHuH [ 1]. I3BecTHO, 4TO MEIaHUHBI CITOCOOBI 3aIMIATh OT UHTEHCUBHOTO
YO wusnyueHus, TMPOSBIATh AaHTUPAJUKAIBHYIO, AaHTHMYTareHHYIO, aHTHOAKTEpUATbHYIO
AKTHBHOCTH, CBSI3bIBATh MOHBI METAJIOB M PA3IMYHBIC OpraHUYeCKue coequHeHus. [1o xumuaeckoi
MPUPOAEC MENAHUHBI MPEACTABISAIOT COOOW  BBICOKOMOJEKYISPHBIE —IOJHUMEPBI, KOTOpBIE
B 3aBUCHMOCTH OT CTPYKTYphl MOHOMEPHOTO 3B€Ha KIACCUPUIUPYIOT KaK 3yMEJIaHUHBI,
aIJIOMENaHUHBI, (peoMeTaHuHBI U 1p. [2]. B *KUBBIX opraHnsmax, B 4aCTHOCTH, B BBICIIUX Ipudax,
MEJaHUH JIOKAJIM3YEeTCsl B KJIETOYHOM CTEHKE, CBS3bIBASICh CO CTPYKTYPHBIMH IOJIMCaXapuiaMH
u Oenkamu. DTO 00yCIIaBIMBaET CIOKHOCTh BBIACICHUS MEIAHUHOB JUIS U3y4eHHUS UX (PU3UKO-
XUMHUYECKUX CBOWCTB M OWOJOTHYECKON AKTUBHOCTU. YUUTHIBAs, YTO MEJAHWUHBI JIMIIAWHUKOB
MPAKTUYECKH HE HU3YYeHbl [3], BaXKHBIM SBISETCS NPOBEIACHHE WCCIENIOBAHUN TO MOAOOpY
3¢ (HEeKTUBHBIX YCIOBUM BBIIEICHHS MEJIIAHWHOB U3 TAIJIOMOB U MOCIEAYIOMINNA aHau3 UX (PU3HKO-
XUMHYECKHX CBOMCTB U OMOJIOTUYECKON aKTUBHOCTH.

B pabore nns wuccnenoBaHuii  ObLT  BbIOpaH JUWIIAHUK Leptogium  furfuraceum.
DKCTparupoBaHUE M3MEIbYEHHOTO TajlZIoMa OCYIIECTBISJIM PAacTBOPOM THAPOKCHAA HATpHS,
BbIJIEJIEHUE MEJIAHMHOB U3 MOJIYYEHHOI'O MIEIOUHOTO 3KCTPaKTa MpOoBOAWIN Ipu cMeHe pH cpensl
U TOpUpPOABl PACTBOPUTENA. BBIXOJ MENaHWHOB OMNpEACNsId TPAaBUMETPUUYECKUM METOJIOM.
UccnenoBanue (U3NKO-XMMHYECKUX CBONCTB MEIaHMHA BKJIIOYAJIO OINPEAEICHUE 3JIEMEHTHOTO
cocraBa, aHanu3 Y®- u HMK-cnektpoB. OnpeneneHue aHTHUPAJUKAIbHON AKTUBHOCTU MEJIaHMHA
MPOBOAWIIA  CIIEKTPO()OTOMETPHUUECKUM METOJAOM B OTHOIIEHWW paaukana 2,2-audeHun-1-
nukpuiaruapasuina (JPI1ID).

W3 Tanmoma L. furfuraceum moirydeHsl 1Ba 00pasiia MeTaHNHA: TIEPBbI 00pa3ell ¢ BBIX0I0M
3,2% mnonyyeH mOpU MOAKUCIECHUU IIEIIOYHOTO SKCTpakTa numaiiHuka no pH 1-2, Bropoilt —
¢ BBIXOJOM 3,9% mosiydyeH mpu A00aBIEHHWM 3TAHOJA K OCTATKY IIEIOYHOIO SKCTpaKTa IOCIe
nojkucieHus. MccnenoBanue 31eMEHTHOTO cocTaBa IepBOro oopasiia MeJlaHuHa M0Ka3ajo, YTO OH
coziepkuT B cpenHeM 49% C, 6,7% H u oxoino 10,8% N, 4To 103BOJISIET OTHECTH €0 K dyMEJTaHHHAM.
C moMoIbl0 PEeHTTeHO(IYOPECIEHTHOIO aHajlku3a YCTAaHOBJICHO HalM4uMe B MEpBOM o0Opasie
MeJaHMHA METAJJIOB C MapamMarHuTHeIMU cBoiicTBamu — Fe (4%) u Cu (1%). Y®- u UK-cnektpsl
MepBoro o0pasiia MeIaHUHA COMOCTABUMBI CO CIIEKTPaMH KOMMEPYECKOTO MpernapaTa MellaHuHa U3
Sepia officinalis. Ananu3 aHTUpaauKadbHOW akTUBHOCTH B oTHomeHuu J®III mokazam, dro
xkoadduument ICso cocrasun 310 mxrxm . MccneoBanue BToporo oopasiia MeTaHHHA TPOBOIUTCS
B HACTOSIIEE BPEMS.

Paboma svinonnena 6 pamxax eocsadanua U] KazHIL] PAH u noodepacana epanmamu PH®
(Ne 18-14-00198) u PODU «Acnupanmuvry (Ne 20-34-90044).
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PHYSICO-CHEMICAL PROPERTIES AND BIOLOGICAL ACTIVITY OF MELANIN
OF LICHEN LEPTOGIUM FURFURACEUM

Rassabina A.E.!, Khabibrakhmanova V.R.!2, Beckett R.P.%, Minibayeva F.V.!

'Kazan Institute of Biochemistry and Biophysics, FRC Kazan Scientific Center of the RAS, Kazan, Russia
2Kazan National Research Technological University, Kazan, Russia
3University KwaZulu-Natal, Pietermaritzburg, South Africa

Keywords: Leptogium furfuraceum, antiradical activity, melanin, physico-chemical properties.

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. furfuraceum 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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CTEPUHOBBII NPO®UJIb MXA HYLOCOMIUM SPLENDENS:
NIAEHTUOUKALUSA, UBMEHEHUS B CTPECCOBBIX YCJIOBUSAX
U AHTUOKCUJAHTHBIA MOTEHIIUAJI

Penkona A.I'."", Xaouopaxmanosa B.P."2, Myxurosa ®.K.!, Baaurosa I0.H.', Munu6aesa ®.B.!
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«Kazanckuit HayuHbIi neHTp Poccuiickoit akagemMnn Hayk», Kasans, Poccus
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Mxu SBISIOTCS OAHUMH M3 APEBHEWINTNX HA3eMHBIX OPTaHW3MOB W TIPEICTABISIOT cO0OW BETBb
HBOJIIOIIUM BBICIIUX pacTeHHi. OCHOBHOW MHTEPEC K UCCIIE0OBAHUIO MXOB 00YCIIOBIIEH X BBICOKON
CTPECCOBOM  YCTOMYMBOCTHIO. AOMOTHYECKHE CTPECCOphl, TaKWe Kak 3acyxa, 3acoJICHHE,
9KCTpEeMalIbHbIe TEMIEPATyphl, KCEHOOMOTUKU U MPOOKCUAAHTHI, SABISIOTCS CEPhE3HBIMU YTPO3aMU
JUTSE TPUPOJIHBIX SKOCHCTEM. UTOOBI BEDKUTH B CYPOBBIX YCIOBHSX, MXU BbIpaboTanu 3(h(heKTHBHBIC
MEXaHU3Mbl YCTOHYHMBOCTH, CpeId KOTOPBIX 0CO00€ MECTO 3aHHMMAlOT MEMOpAaHHBIE CTEPUHBI.
WHTepecHo, 94TO COOTHONICHHE OCHOBHBIX MOJICKYJISIPHBIX BHUJIOB CTEPHHOB Y MXOB OTIMYAETCS OT
TAaKOBOT'O BBICIIMX COCYIUCTBIX PAaCTEHUH, HAmpuMmep, A0Sl CTUrMAacTepHHa y MXOB Bbimie [1].
OU3MOTOTHYECKH CMBICTT TAaKOTO OTIHYUS OCTAeTCS HESICHBIM, OJHAKO B TIIOCIEIHUE TOJIbI
MOSIBUJIACh UH(OPMAIHS O TOM, YTO CTUTMACTEPUH SIBIISETCS «CTPECCOBBIM» CTEPUHOM PacTEHUM.
bbulo mokaszaHo, 4TO KOJMYECTBO CTUIMAacTepUMHA 3aMETHO BO3pacTaeT B KJIETKaxX pacTeHuM mpu
JNEHUCTBUM Pa3UYHBIX CTpPecCOBBIX (akTopoB [2, 3]. MokHO mojaraTh, 4TO TaKUE OTIUYUS
B COOTHOIICHWH OCHOBHBIX MOJIEKYJISPHBIX BHOB CTEPUHOB OOYCIIOBIICHBI CrHenu(pUIecKuMU
(YHKIMAMHU 3TUX COEAMHEHHUH BO MXax. B cBs3M ¢ 3THM, HacTosmas paboTa MOCBAIIEHA U3YYEHUIO
W3MEHEHHUS CTePUHOBOTO Tpoduits yecHoro mxa Hylocomium splendens (Hedw.) mpu neiictBumn
cTpeccoBbIX GakTopoB. Hamu Ob11 pazpadoTtaH 3¢ (eKTUBHBIN CI1OCOO IKCTPAKLIUU CTEPUHOB U3 MXa
H. splendens, obecriednBaronInil ©X MaKCUMaJIbHBIN BbIX0A. MI3MEHEeHHs B COCTaBe CTEPUHOB ObLIH
MpOaHATN3UPOBaHbl TIpH AeiicTBUM HU3KOW orpunarenbHoi (-20 °C) u mossimennoi (+30 °C)
TEeMIeparyp, a Takxke o0e3BoKuBaHuU/peruaparanuu. Kpome Toro, Hamu ObUla MPOBEIEHA OLEHKA
AHTUOKCHIaHTHOM aKTUBHOCTH YKCTPAKTOB MXa H. splendens. M0XHO monaraTh, 4T0 HEMaIyIO POIb
B AHTHOKCHIAHTHBIA TTOTCHIMAT BHOCST CTEPHHBI, B YaCTHOCTH, CTUTMAacTepuH. MOHHTOPWHT
W3MEHEHWH COCTaBa M COOTHOLICHMS CTEPUHOB TpU JEHCTBUM HU3KOH OTpHLATENbHON
Y TIOBBIIICHHON TeMIIeparyp, 00e3BOXHBAHUS/PETUAPATAIINN TTIOKA3aJl, YTO CTEPUHBI, B YaCTHOCTH,
CTUTMACTEPHUH, Yy4YacTBYIOT B (OPMHpPOBAHMHM YCTOWYMBOCTH MXOB K HEOJIAromnpusTHBIM
BO3JICHCTBUSAM OKpYXkKatouiei cpesipl. OJHUM U3 MEXaHU3MOB U3MEHEHHMSI KOJIMYECTBA «CTPECCOBOTO»
CTepUHAa — CTUTMACTEpUHA MPU CTPECCOBBIX BO3ACUCTBUAX sIBiseTCs akTuBalus reHa HsCYP710A4,
konupyrotmiero C22-ctepuH necatypasy — KIIO4eBO (hepMEeHT OMOCHHTE3a CTUTMAcTeprHa. Takum
o0pa3oM, HallM JaHHbIE CBUJCTEIBCTBYIOT O TOM, YTO CTEpUHBI MOTYT BHOCHUTH BKJIaJ
B (GOpMHpOBaHHE YCTOWYMBOCTH Mxa H. splendens K neHCTBUIO aOMOTHYECKUX CTPECCOBBIX
(akTOpoB.

Paboma sevinonnena 6 pamkax evinonunenus eocyoapcmeennozo saoanus OUIL] KazHI] PAH,
a makdce npu Quuancosol noooepicke epauma Poccuiickoco ¢onoa GyHoamenmanvrvix
uccneooganuii Ne 20-04-00988 u epanma Ilpezuoenma P® MK-264.2020.4.
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STEROL PROFILE OF THE MOSS HYLOCOMIUM SPLENDENS:
IDENTIFICATION, CHANGES UNDER STRESS CONDITIONS
AND ANTIOXIDANT POTENTIAL

Renkova A.G.!, Khabibrakhmanova V.R.!2, Mukhitova F.K.!, Valitova J.N.!, Minibayeva F.V.!

'Kazan Institute of Biochemistry and Biophysics, Federal Research Center Kazan Scientific Center,
Russian Academy of Sciences, Kazan, Russia
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Keywords: Hylocomium splendens, genes of sterol biosynthesis, stress, sterol.

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 HsCYP710A 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.

Abiotic Stress
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KaroueBble ci1oBa: aykcus, 6ananc GUTOropMoHa, OKHCICHUE, PEeLeTIns, YOUKBUTHHHPOBAHHE.

MHorooOpa3ue peakuuii pacTUTEIbHBIX OPraHU3MOB Ha JIEUCTBUE ayKCHHA ONpPENEeNsIeTCs] TAKUMHU
(hakTOpaMH, KaKk UyBCTBUTEILHOCTh K (PUTOTOPMOHY U €T0 aKTUBHAs KOHLIEHTpanus. O0menpunsaTas
TOYKa 3pEHUs MpEeaIojaraer, YTo pelentus (UTOropMoHa MPOUCXOAUT C y4acTHEM YOMKBUTHH-
JUTa3HOTro KomIuiekca ¢ ydactueM peuentopa TIRI. VYpoBeHp mnpupogHoro aykcuHa
KOHTPOJIUPYETCS PA3BETBICHHOM MHOTOKOMIIOHEHTHOM CHCTEMO#, KoTopas BKJIIOYaeT B cels
HECKOJIbKO CHCTEM JIOKQJIbHOTO CHHTE3a, HECKOJbKO CHCTEM KOHBIOTHPOBAHHUSA, JOCTATOYHO
CJI0KHYIO MHOTOKOMIIOHEHTHYIO CUCTEMY TPAaHCIIOpTa TOPMOHA M, HAKOHELl, CUCTEMY JerpafaliH.
Ponb nocnenneit B cnenuduyuHOM MOAYISILIMKM YPOBHS TOPMOHA B PACTUTEIBHBIX TKAHIX JIO CUX I1OP
M3yudeHa He MOJHOCTHIO. JIOCTaTOuHO AUTENbHOE BpeMs B KauecTBe (DEPMEHTOB, OTBEUAIOIIUX 32
okucienue uHpommnykcycHon kucnorsl (MUYK) — mnpupogHoro aykcumHa, paccMaTpuBaliv
nepokcuaaspl. OnHako ¢ 70X TO0B HE yNaloch JO0Ka3aTh UX CYOCTpaTHYIO CHEHM(PUUHOCTH K
ropmony. C 2016 r. B kauecTBe OCHOBHOIO (epMEHTa JAErpajaluu ayKCHHa paccMaTpHUBaeTcs
nuokcurenasza aykcuHa (Dioxygenase for Auxin Oxidation 1/2, DAO). IMeHHO 3TOT (epMeHT
oTBeuaeT 3a oOpa3zoBanue OXIAA — naubosiee MHUPOKO MPEICTABICHHON B PaCTUTENBHBIX TKaHIX
(dopmMbl OKHCIIEHHOro aykcuHa. K coxkaneHuio, B HacTosIiee BpeMs JaHHbIE, PAacCKpbIBAIOIINE
ydacTue 00eMX CHCTEM B MEXaHU3Me JIeHCTBUS (UTOrOpMOHA BechbMa (parMeHTapHbL. JlaHHOE
uccrenoBaHue c(hoKkycupoBaHO Ha BBISICHEHHE posid oKuciuTensHoi nerpaganmuu MYK ¢ yuactuem
MEPOKCHU/JIa3 U JIMOKCUTE€HA3 Yy MPOPOCTKOB apabuIIoNcHca MPHU YCIOBUHM HApYUICHHUS peLeHIiu
ropmoHa. Jljis 3Toro B KauecTBE MOJAEIBHOIO 00bEKTa ObUIM HCIIOJIb30BAaHbl MYTAaHTHBIE PACTCHUS
apabuporicuca axrl-3 1e(eKTHbIE 10 KOJUPOBAHNIO YOUKBUTUH-3-JIUTa3bl.

DKcIeprMEeHTHI NMPOBOAMIM Ha MpopocTkax apabuponcuca (Arabidopsis thaliana) nukoro
tuna, 3kotun Columbia u MyTaHTOB axr /-3, BBIpAIlICHHBIX B CTEPHJIbHBIX YCIOBHSIX Ha 2 CPEJIb
Mypacure u Ckyra. Konuentpanuro UYK B TKaHSAX JHMCTBEB ONPEAEISIM C IOMOILIBIO UMMYHO-
(hepMEHTHOHN AETEKIUH MOCIE COOTBETCTBYIOIIEH OYUCTKU TKAHEBBIX 'OMOI€HAaTOB. AKTHBHOCTH
NVYK-okcnaa3z ouenuBanu mMerogoM ['amOypra. MTHTEHCUBHOCTD 3KCIPECCUU T'€HOB, KOIUPYIOIIUX
DAOI1/2, onpenensnu ¢ npumenenrem OT-I1L{P-PB.

UyBCTBUTENBHOCTh PACTUTEIBHBIX KIETOK K ayKCHHY 3aBHCUT OT SC -yOUKBUTHH
JIUTa3HOI0 KOMILJIEKCA, OTHOCSILErocs: K MyIbTHCYObeTuHUYHBIM KyInH-RING E3-nmunazam. benok
TIR1, sBAsrOIIMICSA YacTbIO KOMILIEKCA, BBIMOJNHACT (PYHKIMM pelentopa aykcuHa. CBs3bIBaHHE
TIR1 ¢ ropmoHOM mpuUBOAUT K YOUKBUTHHHpoBaHUIO Aux/[AA 06enkoB — pempeccopoB
TpanckpunuuoHHbIX GakTopoB (AUXIN RESPONSE FACTORS, ARFs) 1 uHAyIHpyeT aKTUBALIUIO
9KCIIPECCUM TE€HOB paHHEro ayKCHMHOBOro oTBera. K uMciay reHoB, BXOIAUIMX B ATy TCPYIINY,
OTHOCATCS (PepMEHTHl KOHBIOTAIMH, 00ECIIeUYnBalOIINe CHIDKEHHE KOHIEHTPAIlud ayKCHHA U, TEM
cambIM, BO3BpAIllEHHE BCEH CHUCTEMBbl K HUCXOJHOMY COCTOSIHHIO. BO3MOXKHOCTH y4yacTHsl B 3TOM
cucreM okucienuss YK neusBectHa. Tem cambiM, BOZHUKAET BONPOC, KAKMUM 00pa3oM U3MEHHUTCS
KOHLIEHTpallUsg ayKCHHa B TKaHAX IPOPOCTKOB apabujoncuca NHpu HapyumieHuu pabotsl E3-
aurazHoro komriekca? JlanHas 3agaya  Oblla pelleHa NpPU  HMCIOJIB30BAaHUHM IPOPOCTKOB
¢ HapymeHueM komupoBaHus Oenmka AXRI. TlomydeHHble AaHHBIE CBHIIETEIBCTBYIOT, YTO
koH1eHTpauus MYK B nucThsX MyTaHTOB axr /-3 ObUIa MOYTH B 5 pa3 BbILIE TAKOBOH y pacTeHUN
nukoro tuna. CienoBaTesbHO, MOXKHO OBLIO OKHAATh HAPYLIEHHE CUCTEM HE TOJILKO KOHBIOTAINH,
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CBSI3aHHOE ¢ HapylieHueM E3-nurazHoro komiuiekca, HO U CHCTEM OKucieHHs. TeM He MeHee,
B TKaHSAX axr [-3 MyTaHTOB aKTHBHOCTH allOIJIACTHBIX Nepokcuaas - manocrnenupuunsix MYK-
okcuaa3 Bo3pactana B 1,5 paza. O BO3MOKHOM M3MEHEHUU aKTUBHOCTHU ayKCHMHOBBIX JHOKCUI€HA3
CYAMJIM TI0 M3MEHEHHUI0 3Kcrpeccuu reHoB DAQOI/2. Tloka3aHo, 4TO 3Kcrpeccusi 00OUX T'eHOB
Bo3pacrtana Oosnee yem B 50 pa3. Takum oOpa3zom, HapylleHHE YyBCTBUTEIBHOCTH PACTUTENbHBIX
KJIETOK K ayKCHHY INPUBOAMT K IIOBBIIIEHUIO YPOBHS TOPMOHAa, HO 3TO HE CONPOBOXKIACTCS
WHTUOMPOBAHUEM OKHCIHTENbHOU Aerpananuu MYK.
Paboma noooeporcana epanmom PODU ([Ipoexm Ne 19-04-00655).

AUXIN OXIDATION AT ALTERED HORMIONE PERCEPTION

Romanyuk D.!?3, Puzanskiy R.>*, Yemelyanov V.3, Shishova M.3

!'All-Russia Research Institute of Agricultural Microbiology, St. Petersburg, Russia
2Komarov Botanical Institute of the Russian Academy of Sciences, St. Petersburg, Russia
3St. Petersburg State University, St. Petersburg, Russia

Keywords: auxin, phytohormone balance, oxidation, perception, ubiquitination.

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 [AA 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 /-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 IAA.
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BJUAHUE YCJOBUMA OBUTAHUSI HA AKTUBHOCTh ®EPMEHTOB
N COAEP KAHUE METABOJINTOB ACKOPBAT-I'VIYTATUOHOBOI'O LIUKJIA
B JIMCTbAX PLANTAGO MEDIA

Cuiuna E.B.", Tosnoko T.K.

WuctutyT 6nonorun Komu nayunoro uentpa Ypansckoro otnenenust PAH, CeixteiBKap, Poccus
*E-mail: silina@ib.komisc.ru

KuroueBble cioBa: Plantago media, anTHOKCUIAHTHBIE (DEPMEHTHI, aCKOPOAT-TIIyTaTHOHOBBIM LIMKJI,
MeTaOO0JIUTHI, CBET, YCIOBHS CPEJIbI.

Y CTOWYNBOCTh PACTUTENBHBIX OPraHW3MOB K OKHUCIMTEIBHOMY CTpEcCy, HHAYLHUPOBAHHOMY
BBICOKOW HMHTEHCHBHOCTBIO COJIHEUHOW pajuaiiiy, ONpenessercs 0aJaHcoM MEXAy TeHepalueit
akTUBHBIX (opM kucinopoaa (ADPK) u ux HeiTpanuzanueil antnokcunantHo cucremoit (AOC).
Baxubim komnonenToM AOC sBisiercst ackopOaT-rinyTatnoHoBbId UK (AT'L]) — meTabonnueckuit
nyts aetokcupuxanuu H2Oz, npucyrcTByrOUMil B IMTO30J1€, MHUTOXOHAPHUAX, IUIACTUAAX
u nepokcucomax [1]. HecMoTps Ha MHOTOYMCIIEHHBIE HCCIEIOBaHUSA, (DYHKIIMOHUPOBAHHE
u 3ammTHas poiab AI'L] B amanTWBHBIX peakuusiX pacTeHUU MPUPOIHON (DIOPHI MCCIea0BaHA
HEJ0CTaTOYHO.
[{enb pa®oOThl — BBISIBUTH U3MEHEHUSI aKTUBHOCTH (DEPMEHTOB U COAEpKAHHSI METAOOIUTOB

AT'll B ntuctesix Plantago media L. B 3aBUCUMOCTH OT YCJIOBUH MeCcTOOOUTaHUS U (Da3bl pa3BUTHS
pactenmii. J{is 3TOro M3ydasiu CyTOUHYIO JTWHAMUKY cojepxaHus ackopbOara (Asc), r1yTaTHOHA
(GSH) u akTUBHOCTH (pepMEHTOB, CBSI3BIBAIOLINX TH MeTaboiuThl. BeiOop 00bekTa 00ycIoBiIeH
TE€M, 4TO BUJIbl pona Plantago XapaKTepU3yHOTCS BBICOKOW IJIACTUYHOCTBIO U CIHOCOOHOCTBIO
(opmMupoBaTh (PEHOTHIBI, XOPOIIO AAANTUPOBAHHbBIE K PAa3IMUHBIM YClIoBUsAM. Pactenus P. media
(MOOPOKHUK CPETHUI ) MPOU3pacTaIi Ha MOMMEHHOM JIYTY: Ha €1a00 MOKPHITONW paCTUTEIbHOCTHIO
necuaHoi OpoBke Onmke K peke (yuacTok 1) u B TpaBocToe B IIEeHTpe Jyra (yuactok 2). Ha yuactke
1 pacreHus moay4yaiud BABoe Ooubllie cBeTa, yeM pacTeHus Ha ydactke 2. KommuectBo H20o,
aKTUBHOCTh (EpPMEHTOB U cojaepkaHue wmerabonutoB AI'Ll ompepensuin 1o CTaHIapTHBIM
MeToauKaMm [2—7] B TpyOOM IKCTPaAKTE U3 JTUCTHEB, 3a()UKCUPOBAHHBIX JKUJIKMM a30TOM Cpa3y MoCIIe
oTOopa 00pasIoB.

BoisiBnensl  3akoHoMepHocTH (yHKUMOHMpoBaHUS ALl B nHMCTIX B 3aBUCHUMOCTH
OT CBETOBBIX YCIIOBHH NMPOU3PACTAHUS U BHYTPEHHUX (akTopoB ((haza pa3BuTusi). JINCThS XOPOIIO
OCBEILEHHBIX PACTEHUN HakarauBaiu B 2—3 pa3a Oombiie obmero Asc u GSH, ueM mucTbs
3aTeHeHHbIX pacTteHuid. OcHoBHas npomst MerabomutoB AI'Tl (70-90%) Obna mpencraBieHa
BoccTaHOBJIEHHON (opmoii. Haumbonbmiee comepkanue OKHUCIEHHONW (QopMbl AsSc oTMedan
B JIUCThAX pacTeHuii ¢ yyactka 1. Conepxkanue okuciaeHHoi ¢popmsl GSH, HanpoTuB, ObLIO BbIIIE
B JINCTHIX C yyacTKa 2. B TeueHue cyTok HauOoiblliMe 3HAUYEHUS HUCCIEAYEeMbIX IOKa3aTesen
HAOIIOJANCh B TOJIyIEHHBIC U TOCJIENOYJACHHbIE Yachl, KOIJla OCBEUICHHOCTh U TeMIleparypa
Cpelpl MOBBILIAINCH, @ OTHOCHTENbHAS BIAXKHOCTb BO3JlyXa CHIJKajlach. YPOBEHb aKTHMBHOCTH
acKkopOaTHepoOKCHIa3bl,  JETHIPOacKopOaTpeqyKTa3bl W [IIYTaTHOHPEAYKTa3bl — M3MEHSUICS
KOMIUJIEMEHTAPHO COJIEP:KaHNI0 METAa00IUTOB. B pe3ynbTare XOpouo OCBEIIEHHbIE U 3aTEHEHHbIE
pacTeHMsI CYLIECTBEHHO HE€ paszauyanuch 1o HakomineHuto H>Oz B nauCThAX. AKTUBHOCTH
kommoHeHTOB Al 'l] Obl1a BhIIIIE B TEPHO/T MACCOBOTO IIBETCHHMSI, YeM B (pa3y OyTOHU3AIUU PaCTCHUI.
[losnydyeHHbIE NaHHBIE NOKA3bIBAIOT, YTO MOBBIMIEHHAs akTUBHOCTH AI'Ll B nMCTBIX Xopomio
OCBEILIEHHBIX PACTEHUH SIBISIETCA XapaKTEpPHOH OCOOEHHOCThIO HMX METa0OoJM3Ma U Ba)KHBIM
KOMIIOHEHTOM  aJanTuBHOro otBera. Yyactue Alll B noagepkaHuM  OKUCIMTEIBHO-
BOCCTAaHOBUTEJIBHOIO OaslaHca (OTOCHHTETHUECKUX KJIETOK CIIOCOOCTBYET YCIENIHOW peau3aluu
KU3HEHHOM CTPAaTEerMu PacTeHUH B YCIOBMSX BBICOKOM HMHCOJSLMM U HANPSKEHHOTO BOIHOIO
pexuma.
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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>0; 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 ascorbate-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

implementation
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PEJOKC-UBMEHEHHWS B KOPE PA3JIMYHBIX BU1OB TIEPEBBEB
IMPU IMTIOPA’)KEHUU OMEJIOU BEJIOU (VISCUM ALBUM L.)

Cxpoinauk JLLH., Macaennuxos I1.B.", ®enypaes I1.B., [Tlynrun A.B., Besios H.C.

Banruiickuii henepanbHblil yauepcuteT uMeHn MmMmanyuna Kanra,
Kanununrpan, Poccus
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KimroueBble ciaoBa: Acer platanoides, Populus nigra, Tilia cordata, anTHOKCHUIAHTHBbIC (EPMEHTBI,
OKHCIIUTEIBHBINA CTpecc.

Owmena Genast (Viscum album L.) siBisieTcs moiaynapa3uTHYECKUM PAcTEHUEM, KOTOPOE pa3BUBAET
YCTOWUYMBBIE TayCTOPUH B JepeBe-xo3simHe. PaHee aBTopamMu BIIEpBBIE OBLIO TPOBENEHO
HCCIIeIOBaHNE PAaCIIPOCTPaHEHUs OMelTbl 6e10i Ha TeppuTopun ropoja Kanuuuurpana. OCHOBHBIMU
BHJIaMH JIEPEBHEB, MOJIBEPKEHHBIMU 3apaKEHUI0 OMEJION, ABISUUCH Tilia cordata, Acer platanoides
u Populus nigra [1]. Ha ¢usznonornueckoM ypoBHE BIMSHHE OMENbl Ha JEPEBbsI CBS3BIBAIOT
C BO3HHMKHOBEHHEM BOJHOTO JeQUIMTa, HAPYIICHHEM MHHEPAIBbHOTO IUTAHHSA, HW3BJICUCHHEM
YTJIEBOOB U3 KCUJIEMHOT'O COKa JiepeBa-xo3sieBa [2]. Takue usmeHeHus Haps Ly ¢ AeWCTBUEM APYTUX
HeOJIaronpusTHHIX (PaKTOPOB TOPOJCKOM Cpeibl MOTYT MPUBOIAUTH K PA3BUTHUIO B KJIIETKAX JCPEBHEB
OKHUCJIUTEIBHOTO CTpecca.

B nacroseit paboTe nccienoBaioch HaKOIJIEHHE aKTUBHBIX (POPM KHCIIOpO/1a, MaJTOHOBOTO
JMabICTHIa U aKTHUBHOCTH HEKOTOPHIX aHTHOKCHUIAHTHBIX (DEPMEHTOB B KOPE JIEPEBHEB JIUIIBI
cepaueBunHou (7ilia cordata Mill.), xnena octponuctHoro (Acer platanoides L.) u Tomnomnst 4epHOTO
(Populus nigra L.) na nopaxxerue ux omenoi 6emnoit (Viscum album L. subsp. album). JIjist kaxaoro
BUa OTOOp MpoO MPOBOJUIICS C JIEPEBbEB, CUIIBHO MOpakeHHBIX oMenoil (0onee 50 KycTOB OMEbl
Ha JIepeBo), C AEPEBbEB C HU3KOM CTENeHbIo mopaxeHus (MeHee 10 KycTOB Ha J€peBO) U C JePEBbEB
6e3 mopaxkeHust (KOHTpoib). g MccnenoBaHus MCHOIB30BAIM KOPY, BKIIIOYAIOIIYIO KaMOMWIA,
BHYTPEHHUHN CJIOM KOpBI U KOpKY. OTOoOpaHHbIE TPOOBI TOMOT€HU3UPOBAIN B JKUJIKOM a30T€ U JI0
aHaiin3a XxpaHwiu npu temmneparype —80 °C. OmpenesneHue coiepkaHus MEPOKCHAA BOJIOPOAA,
CYNMEPOKCUJIHOTO aHWOH-paJUKaia, MAaJIOHOBOTO IHANIBJCTUAA W aKTUBHOCTH (EPMEHTOB
(cymepokcuIAMCMyTa3bl, KaTaja3bl W TIBasKOJ-NEPOKCHAA3bI) MPOBOAMIM coriacHo [3].
Crartuctuueckuii aHanmu3 JaHHBIX mpoBomwin B nporpamme Excel u  OriginPro 2019b
C MpUMEHEHUEM TecTa ThIOKHU /ISl OLIEHKH JOCTOBEPHOCTH Pa3IUYHM.

B obpasnax 7. cordata v P. nigra 6onee BBICOKHI YypOBEHb MEPOKCHAA BOJOpOAA OBLI
3a)MKCHPOBAH TOJIBKO MPU CUIILHOM MOPAXEHUH JIEPEBBEB, TOTNIA KaK B A. platanoides moBbIIeHHE
H>0O» nabmroganock yxe npu HU3KOH CTETICHH 3apayKeHHOCTH. JJocTOBEpHO 60J1ee BRICOKHI YPOBEHB
CYNEPOKCUIHOTO AaHHWOH-PAJUKaNa IO CPaBHEHHUIO C KOHTPOJIEM YCTaHOBJEH TOJIBKO B KOpe
A. platanoides. B nienom, nu3mMeHeHne coaepKaHUs MaJOHOBOTO JUAIBACTHIA B KOPE BETOK BCEX
MCCIIeZIOBAaHHBIX BU/I0B IIPU MOPAXKEHUHU UX OMEIION ObLITIO CX0KUM ¢ U3MeHeHneM coaepxanus H2Oa.
Hns nepeBbeB 1. cordata w P. nigra ¢ HU3KOW CTENEHBIO TOPAXEHUS OMENIOW HabII01aIoch
MOBBIIIIEHUE AKTUBHOCTH KaTanas3bl 10 CPABHEHHUIO C KOHTPOJIEM; IIPH CUIIBHOM MTOPaKEHHUH JI€PEBHEB
aKTUBHOCTBH 3TOro (epmenta Obuia Hipke. s nepeBveB A. platanoides mpu HU3KOW CTENEHU
MH(UIMPOBAHHOCTH aKTUBHOCTH KaTaaa3bl CHIKAJIACh, @ IPHU BHICOKOH CTENICHH MOPAXKESHHSI OMENOM
— JOCTOBEPHO HE W3MEHsJIaCh TI0 CPaBHEHWIO C KOHTPOJIGHBIMH JICPEBBSIMH. Peakmms
CYNEPOKCUAIUCMYTa3bl Oblla MeHee BbIpakeHHOH. JlocToBepHO Oosee HH3Kas AaKTHBHOCTb
BBISIBIICHA B KOpe A. platanoides, B 00pa3iax IByX IpPYrux BHIIOB JIEPEBhEB aKTUBHOCTH (hepMEHTA
HE OTJIIMYallach OT KOHTPOJIA. AKTHBHOCTH IMEPOKCHa3bl 3HAYUTENBHO YBEIUYMBAIACH TOJBKO
B obOpasmnax kopel 4. platanoides (B 1,6-1,9 pa3 mo cpaBHeHUIO ¢ KOHTpojeMm). Takum oOpazom,
MOJIyYCHHbIE B JAHHOM WCCIEAOBAHUU PE3YIbTAaThl CBUICTENHCTBYIOT 00 HHTEHCU(DUKAIIH
OKHCTUTENBHBIX TPOIECCOB B Kope aepeBbeB 1. cordata, A. platanoides n P. nigra, o0cOOEHHO TIpH
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CHJIBHOM THOpaXeHUU oMesoi Oenoil. MI3MeHeHre aKTUBHOCTH aHTHOKCUAAHTHBIX (DEpMEHTOB Kak
OTBET Ha Pa3BUTUE OKUCIUTEIBHOIO cTpecca Oblio BupocneuupuunsiM. Y 7. cordata w P. nigra
OoJee BRIpKEHHOW ObLIa peaKIus KaTayassl, y A. platanoides — mepoKcuiasbl.

Hccneoosanue evinonneno npu uuancosoii noodepixicke PODPU u Ilpasumenvcmea
Kanununepaockou obnacmu 6 pamkax Hayunozo npoexma 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 4. 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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AKTHUBHBIE ®OPMbI KUCJIOPOJA BO B3AUMOJIENCTBUU PACTEHUM
KAPTO®EJISA C SOHAOPUTHBIMU BAKTEPUAMU POJAA BACILLUS

Copokanb A.B.", Bypxanosa I'.®., baarosa JI.K., Makcumos U.B.
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Peakuusi pacTeHMH Ha KOHTakT C SHAOQUTHBIMH OakTEpUsSMH M MEXAaHU3MBbI, IO3BOJISIOLINE
sHAO(UTaM NPOHUKATH BO BHYTPEHHHE TKAaHU pACTEHHUI, HE BBbI3bIBasl MMMYHHOTO OTBETAa,
U MUKPOOHBIX J€TEPMHMHAHT, 00E€CIEUMBAIOIIUX 3TOT MPOLECC, MPEICTABISIOT OONBIION HHTEpEC.
Ponb akTHBHBIX (OpM KHCIOpOJA B 3AIIUTHBIX PEAKIUAX PACTEHHUH MPHU NEHCTBUU MATOrCHHBIX
MHUKPOOPIaHU3MOB XOpOIIO H3Yy4eHa, OJHAKO MH(POpPMALUU 00 MX Y4acTUU BO B3aUMOJIECHCTBHU
¢ AHAO0(]UTAMU MPAKTUYECKU OTCYTCTBYET. BbUIO MPOIeMOHCTPUPOBAHO, UTO FeHEepalis aKTUBHBIX
¢dopm kucnopoaa, HAJI®-H okcunazoit sunobuta Epichloé festucae, HeoOxoauma st ”HAKTUBALIUN
3aIIUTHBIX PEAKIU pacTeHnii-xo3s¢eB [1].

Jlis wccnenoBaHus POJIM JIMIIONENTHAA CypdakTHHA BO B3aUMOJCHCTBUU C pacTeHHEM-
XO35MHOM MCMOJNB30BaIM IITaMMbl  Bacillus  subtilis 26]1 (cuHTE3upylOMWMA CyppaKTUH),
MOJTyYeHHbIE Ha €ro OcHOBe NUHUM B. subtilis Sn m B. subtilis SFP ¢ HapylIeHHBIM CHHTE30M
cypdaktuna. CycrneH3ul HAaHOCWJIM Ha JIMCThSl CTEPUIIbHBIX MPOOUMPOUYHBIX PACTEHUM KapTodens
copta Panns4 Po3a, BelpanieHHbIx Ha cpesie Mypocure-Ckyra. Uepes 15 1 60 MUHYT nocie KOHTaKTa
c OakTepusiMu OblJa HCCIEIOBaHA JIOKANU3aLUs CYNEpOKCUA-paaukaia (MyTeM OKpalluBaHUs
JUCTBEB HUTPOCHHUM TETPA30JIMEM) M IMEPEeKHCH BOaOpona (MO OTIOXKEHUIO OKpAIIEHHOTO
nuamMuHaOeH3MIMHA B IPUCYTCTBUU TMEepoKcHasbl XpeHa). Mcnonp3oBanu Mukpockon Biozero BZ
8100E. KoHUEHTpauui0 MEpEeKUCH BOAOPOAA HU3MEPSIM C HUCIOJb30BAHUEM KpacuTeNs
KCUJICHOJIOBBIA opaHxeBblil [2], xonnyectBo KOE Gakrepuili BO BHYTPEHHUX TKAHSX pPACTEHHM
uccienoBanu uepe3 24 daca, kak ommcaHo [2]. Craructuyeckas o00paboTka MPOBOIUIACH
KOMITbIOTEpHBIMU ITporpammamu ¢upmsl StatSoft (Statistica 6.0) u Excel.

bbu1o nmokazano, uTo HanboJiee BHICOKOH CITIOCOOHOCTBIO MPOHUKATh BO BHYTPEHHUE TKAaHU
pactenuii obmagan mpoaynupyomuii cypdaxtun mramm B. subtilis 26]1. Knetok pekoMOMHAHTHOTO
mraMma, He mpoayuupymomero cypdakrun B. subtilis Sn conepxkanoch B 4 pa3a MEHbIIE, 4eM
B. subtilis 26]1, B. subtilis SFP — BiBoe MeHbl1Ie, 4eM UCXOIHOTO TamMa. B pactenusix kaprodens,
WHOKYJIMPOBAaHHBIX CyCHeH3Uel kinetok B. subtilis Sn n B. subtilis SFP, nporcxoauio MOBbILICHUE
KOHLIEHTPALIUU TIEPEKUCH BOIOpOa B TedeHre 60 MUHYT MOCje HHOKYJISALNHU, Yero He Ha0II0AaI0Ch
nocae KoHTakTa ¢ B. subtilis 26]1. B mocnennem ciydae HaOmoAanock ciaboe OKpallMBaHHUE
HUTPOCHHUM TETPa30JIME€M MPEUMYILECTBEHHO COCYIUCTBIX IYYKOB B MECTE KOHTAKTa JIHCTHEB
¢ 3HI0(UTOM, B TO BpeMsl Kak OaKkTepuHu C HAPYIIEHHBIM CHHTE30M cyp(}akThHaA CIIOCOOCTBOBAIU
OKpAaIIMBaHUIO TaK ke KiIeTok Me3oduiia. [lox aeiictBuem nmuauit B. subtilis Sn u B. subtilis SFP
HAOJMIOJANOCh  OKpAlMBAaHME, CBHUJETENBCTBYIOLIEE O TEHEpalud MEepeKucHd  BOJOpOJa,
B 3aMBIKAIOIIUX KJIETKAX YCTHUI] U ONMU3NIEKAIIUX KIETKax 3MUIepMHUca, Yepe3 KOTopble OaKkTepuu
MOTYT IPOHHUKATh B TKAHU PacTEHUI.

Takum o0Opazom, TpoAyKius cyphakTuHa 00ycIOBIMBAET 3(PPEKTHBHYIO KOJOHU3AIUIO
pactenuii kaprodens Oakrepusmu B. subtilis 26]1, nHruOupyst pa3BUTHE OKUCIUTEIBHOTO B3pPbIBa
B PacTEHUSAX, KOTOPBIN pa3BUBAECTCS B OTBET HA KOHTAKT C NATON€HHBIMU MUKPOOpPTraHU3MaMHu.

Paboma evinonnena 6 pamxax npoexma PH® « Puzuonocuueckue ocHogvl ghopmuposanus
CUMOUOMUYECKUX 83AUMOOMHOULEHULL pACMeHUll Kapmogels ¢ F3HOOPUMHbBIMU DaKkmepusmu pood
Bacillusy, 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

Keywords: Bacillus, hydrogen peroxide, superoxide radical, surfactin, endophytes.

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.
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Ananranus pacTeHHM K M30BITKY TSDKENIBIX METaJUIOB B Cpele M HX BOCCTAHOBJICHHME IOCIHE
NMMMHALIMY CTPECCOpa MPEeCTaBIsIeT HHTEPEC B CBA3M C MACIUTAOHBIM 3arpsi3HEHUEM SKOCUCTEM.
dusmnonoruyeckre U MOpQpOJOrHUECKUE PEaKIMM PAaCTEHUH MpH IEHCTBUU CTPECCOBBIX (PAKTOPOB
XOpOILIO HU3YY€HbI, OJJHAKO MH(OpPMAIMK O BOCCTAHOBJIEHMM PACTEHUH MOCIE CHATHUS ACUCTBUA
cTpeccopa 3HAYMTEIbHO MeHble. CooOIIanock O PEHMPKYJISAIUM MOHOB MEAM W3 CTaperoLINX
OpPraHOB B MOJIOJIbIE, YTO MOYKET CIIOCOOCTBOBATH PA3BUTHIO OKUCIUTENBHBIX MPOLIECCOB B Pa3HBIX
OpraHax Jjake Iocie CHATHsA 1eicTBus ctpeccopa [ 1]. Hame uccnenosanne HaripaBieHO HAa U3YUYEHUE
nocneneiicreus noHoB Meau (100 u 300 uM) B pactenusix Tabaka. OLeHUBAJICS YPOBEHb MapKepOB
cTpecca pacTeHuid (comepkaHuE TEPOKCHAA BOJOPOJA, aKTUBHOCTH mepokcuaas Il kmacca —
OEH3UIMHOBOM 1 TBAasSKOJIOBOM, X M30()OPMBI) B IEPHO] UX BOCCTAHOBIICHUS TIOCIIE YIaJICHNUS HOHOB
MEH U3 CPEIbL.

Pactenust Nicotiana tabacum L. KynbTUBHpPOBaIM Ha CyOCTpaTe — CMECh MEpPIHT
BepMukyiuT (1 : 1) Ha cpene Knomna ¢ no6asnenuem 0 (konTposs), 100 u 300 uM/n CuSO4 B Teuenue
nepBbIX 20 qHEN Mocie NOsBICHMS BCXO0B, ¢ MOCIEAYIOIUM KyJIbTUBUpOBaHUEM Ha cpeae KHoma
o goctrxeHust Bo3pacta 40 nqHe. AKTUBHOCTh IIMTO30JbHBIX U ACCOLIMMPOBAHHBIX C KJIETOYHOU
crenkoi reaskonioBoit (I'TIO) u 6ensuannoBoii (BI10) nepokcunassl, konuuectso H2O2 onpenensinu
10 CTaHJAPTHOW METOJauKe B rpyOom skctpakte [2, 3]. BenkoBsiii anexTpodopes mpoBogmim B
HeIeHATYPUPYIOLINX yCIoBusAX B 10% monmakpuiaMuIHOM Tese, 130 opMbl IEPOKCHU1a3 BBISBIISLIH
no Lee u np. [4]. Ananu3 nansbix npooauau B nporpamme Excel u STATISTICA 10 ans Windows
10 ¢ npumenennem U-kputepuss MaHHa-YUTHHU.

BrIsiBiIeHO yBenMUeHHE KOHIIGHTpAlMM NEepoKcHia BOAOPOAa B TKaHSAX KOpHS, cTedyd U
naucTheB. Peakiinu KOpHs U modera B yCIOBHSX MOCIEACHCTBUS cTpeccopa OTINYaINCh. AKTUBHOCTD
uuTo30sbHBIX I'TIO 1 nepokcuaas, acCOUMUPOBAHHBIX C KJIETOYHOW CTEHKOM, MOBBIIIANACh Ha (GOHE
yBesnmueHus coaepxanus H2O2 B TkaHAX KOpHA. YBelndeHHe akTUBHOCTH nepokcuaas Il knacca,
ACCOLIMMPOBAHHBIX C KJIETOYHOW cTeHKoH, B crebie, uzopopm BIIO B nucTthsix Habmomamu y
pactenuii, npenodpaboTaHHbIX Oosiee HU3KOM KOHLeHTpanuei meau. [IpenBapurensaas o6paboTka
BBICOKOW KOHLIEHTpaluend Meau, Ha00OpOT, MPUBOANIIA K CHUKEHHMIO aKTUBHOCTH MEPOKCHUJA3 B
MEpPUOJT BOCCTAHOBIICHUSI pPAacCTeHUH. BbIsABIEHBI yHHBepcaslbHble U creHU(pUYHBIE H30()OPMBI
HepOKCHU/a3 [T TKaHeH KOpHs, cTeOs 1 TCTheB. B cmyuae npenobpadorku pactenuii 300 pM Cu?*
MOKa3aHO CHIKEHHE (PePMEHTATUBHOM aKTUBHOCTH OTAEIBHBIX H30(OPM.

Takum o00pa3oM, opraHbl pacTeHUil oTaMYanuch 1o coaepxkanutio H>O2 u akTUBHOCTH
nepokcuaas Il kiacca, TOKaIM30BaHHBIX B PAa3HBIX KOMIIAPTMEHTaX (armoriacT U IUTO30JIb) U IO
CIIOCOOHOCTH BOCCTaHABJIMBATbCA IOCTE CHATUS JeHcTBUs cTpeccopa. llocnenelicTBue n30bITKA
HMOHOB ME/IM MPHUBEJIO K YBEITMUEHUIO COJICpKaHU MEPOKCHIa BOJOPOa B TKaHAX KOPHs M mobera,
YTO CBHUJAETEIbCTBYET O YYBCTBUTEIbHOCTU N. tabacum K 3TOMY CTpeccOpy M HEIMOJIHOMY
BOCCTAHOBJICHHMIO PACTEHUI B MIOCIECTPECCOBBII MEPUOLI.

Paboma ewinonnena npu noooepoicke Munucmepcmea Hayku u evicuieco o00pazosanus
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 I.S.!, Viruyangan H.?

Ural Federal University named after the first President of Russia B.N. Yeltsin,
Yekaterinburg, Russia
*University 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 H2O»
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 CTUMYJHUPOBAHUE PAL KAK NOJAXO/J K THTEHCUO®UKALIUU
HAKOILIEHUSI ®EHOJIBHBIX AHTUOKCUJAHTOB
B PACTEHUSX TRITICUM AESTIVUM
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Kumroueswble cioBa: Triticum aestivum L., PAL, Tupo3uH, GpeHmanannH, GEHOIbHBIC COCTUHEHHUS.

OpnHOM U3 NPUHIMIHAIBHBIX CEIbCKOXO035HCTBEHHBIX KYJIbTYp, KaK B HaIllel CTpaHe, TaK U BO BCEM
Mupe, apusercs nmenuna (7riticum aestivum L.). OnHako, HanOosiee THIMYHON arpoTeXHUYECKON
MIPaKTUKOM NMPH KyJIbTUBUPOBAHUH MIIEHUIBI OCTAE€TCSI MOHOKYJIbTYPHOE BbIpaliuBanue. Takoi Tvm
KYJIbTUBUPOBAHMSI CONPSIKEH C PSIIOM HETaTUBHBIX 3P (EKTOB, U B MEPBYIO OUEPEb CO CHIKEHUEM
YCTOMYMBOCTU pACTEHUN 10 OTHOWIEHUIO K ¢akrtopaM cpeabl. Takum o0pazoM, ocTaercs
aKTyaJbHBIM IOMCK CIIOCOOOB, HANPABICHHBIX HA YBEJIMUYEHHE YCTOMUMBOCTU PACTEHUU, KOTOPBIN
MOXKET OBbITh pealu30BaH uepe3 HMHTEHCHU(UKALMIO OMOCHHTE3a PEryJsTOPHBIX, B TOM YHCIE,
HU3KOMOJIEKYJISIPHBIX PEAOKC-aKTUBHBIX MOJIEKYI.

@denunnananuH-aMMuak-massl (PAL) sBisercs mnepBbIM M KIIIOUEBBIM PETYISTOPHBIM
dbepmenTom metabonmsama denmnponaHonioB [1]. ApomaTHdecKkue aMHUHOKUCIOTHI, TaKHWe Kak
(eHuIaNaHuH U THPO3MH, SBJSIOIIMECS KOHEYHBIMU 3BEHBSMHU IIMKUMATHOTO ITYTH, BBICTYMAIOT
B KauecTBe cyOctpatoB s PAL wu wurparor ans AaHHOrO (QepMeHTa poJib CBOECOOpa3HbBIX
3¢ heKTOpOB, CTUMYJIHMPYS CUHTE3 BTOPUYHBIX MeTaboinuToB [2]. ®aktuuecku, PAL ocymiectiser
«TIEPEKITI0YEHHE) OT EPBUYHOIO META00IM3Ma PAaCTEHUS KO BTOPUUYHOMY METa00In3MYy, IPUBOJIS K
00pa30BaHUIO MIMPOKOI0 CHEKTPa BTOPUUHBIX METa00IUTOB (heHonpHOU mpupos [3]. PAL moxer
AKTUBHUPOBATHCS MPU PA3IUYHBIX BO3JEHUCTBUSAX OKPYKAIOIIEH CPE/bl, YTO ACNAET €ro OTINYHBIM
MHIYKTOPOM, 3aIlyCKalOUIMM pEaKLUU, HAIpPaBICHHbIE HA CUHTE3 BEIIECTB, B KOHEYHOM MTOIe
BIIUSIIOIIUX HA YCTOMYMBOCTH pacTeHui. Takum 00pa3om B HallleM HCCIIeI0BaHNHU OLEHUBAIACH POJIb
apOMAaTUYECKUX MPOTCHHOTEHHBIX AMUHOKHCIOT, TaKUX Kak (EeHWJIaJIaHUH U  THPO3MH,
Ha HaKoIuIeHue GeHONbHBIX coequHeHui, yepe3 PAL onocpenoBanHblil MeTabONMYECKUN MYTh

Jlnis mpoBenieHns 1abopaTOPHBIX SKCIIEPUMEHTOB ceMeHa Triticum aestivum L. mpopamuBanu
B JHUCTWIIMPOBaHHOW Bojae. IIpopoctkm B Bo3pacte 3—4 nHEWl nepecakWBaid Ha IEPJUT,
npornuTaHHelii  50% nuTaTenbHBIM - pacTBopoM  XoryaHga. PacreHus  BeIpaliuBanMd O]
JIOMHHECIICHTHBIMH JIaMIIaMHd TIPH TJIOTHOCTH TOTOKOB KBaHTOB DAP 200 mxmons/(M2 c),
16-uacoBom (hoTonepuose u remmneparype +25°C.

Jns uccnenoBaHUs pazlieNbHOrO BIMSHHUS THUPO3MHA W (EHWIaJaHMHA Ha pacTeHus,
HCIIOIb30BATIMCH PACTBOPBI aMUHOKHCIIOT B KoHUeHTpanusax: 100, 200, 300, 400, 500, 600, 800 uM.
Pacrenuss B Bospacte 30 nHeil (coorBercTByeT 4, 5 craauu mno mkaige Duku) nepeHoCHIH
Ha SKCIEPUMEHTAbHBIE PACTBOPHI, C JOOABIEHUEM COOTBETCTBYIOIIMX aMHHOKHUCIOT. PacTenus
9KCIIOHUPOBAIMCH Ha YKa3aHHBIX CyOCTpaTax C 100aBJieHHEM JEHCTBYIOIUX BEIIECTB B TeueHue 1,
2, 4 nu 8 yacoB. B kauectBe kKOHTposs ucnoib3oBaiu 50% pactBop Xornanga. B pactenusix
U3MepsJICs SHAOTCHHBIH YpOBEHb AMHUHOKUCIIOT, a TaKXe YpPOBEHb (DEHOJIbHBIX COEAMHEHMI
pa3nnYHbIX KiaccoB. Jlamee, Uil yMEHbBLICHHMsS KOJIMYECTBA BAapHAHTOB SKCIIEPUMEHTa, ObUIM
BBIOpaHbl TaKUE KOHIEHTPALMM aMUHOKHUCIOT U BpEMSI SKCIIOHHUPOBAHUS, KOTOpbIE HAMIYUYIIMM
o0pa3oM BIMJIM Ha HakoIJICHHE (DEHONBHBIX COEIMHEHHM, a Tak)Ke OKa3bIBAalOT BIHUSHHE Ha
CYMMapHBIH IyJ1 CBOOOHOTO THPO3WHA U (DEeHUJIaIaHMHA B OKCIIEPUMEHTANIbHBIX pacTeHusx. Tak,
akTUBHOCTh PAL W ypoOBeHb 5KCIpECCHHM T'€HOB AaCCOLMUPOBAHHBIX C CHHTE30M (EHOJBHBIX
coenunenuit (PAL6, CHS, CHI, F3H, DFR) ouenusaics npu 500 uM Tupo3uHa u ¢eHuIaIaHuHa,
1 4 4acOBOM 3KCIO3UIMH HAa COOTBETCTBYIOIINX MMUTATEIbHBIX PACTBOPAX.
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KonuuecTBeHHbI aHamu3 (QEHOJIbHBIX COECIUHEHUN Yy OSKCHEPHUMEHTANbHBIX PpPacTEHHUI
MIIEHUIBl TOATBEPIMI TOJOXKUTEIbHOE BIMAHUE (DEHWIATaHWHA W TUPO3WHA HA HAKOIUICHHE
OMOJIOTMYECKH aKTUBHBIX KOMITIOHEHTOB TKaHel pacteHui. Habmomamocs gocroBepuoe (p < 0.05)
yBenuueHue akTuBHOCTH PAL B oOpasmax mIIEHMIBI, SKCIIOHUPOBAHHBIX Ha (eHMIIATaHUH-
¥ THPO3HH-00OTAIIEHHBIX Cpeax.

Bbul Takke OIEHEH YpPOBEHb SKCIIPECCMU T'EHOB, OTBEYAIOIIMX 3a CHUHTE3 (DEHOJIBHBIX
coequnenus (PAL6, CHS, CHI, F3H, DFR). KonuuecTBO TpaHCKPUIITOB JaHHOW TPYIIIbI [€HOB,
nociae oO0pabOTKM aMHHOKHMCIOTaMHU YBEIWYHMBaIOCh B 1,5—7 pasa, MO CpaBHEHHUIO C KOHTPOJIEM.
Haubonbimmii ypoBeHs skcripeccun Obl1 oTMeueH y reHoB CHS u CHI, oTBeHaromux 3a paHHIOO
cTaguio OnocuHTe3a (pIaBOHOUIOB.

Paboma  evinonnena npu  gunancosou noooepyxcxke PODPU u  Munucmepcmesa
9KOHOMUYECKO20 PAa38uUmus, NPoMbluLienHocmu u mopeoénu Kanununepaockoul obnacmu (6 pamkax
coenauwenuss 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
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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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BJIMSTHUE BLICOKUX KOHIEHTPALIMI COEIUHEHUN KOBAJBTA
HA PEJIOKC-METABOJIV3M NIIEHUIBI
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KobGansT (Co) B BRICOKMX KOHIICHTPAIUSIX OKa3bIBACT IMOBPEKAAIOIIEE JACHCTBHE HA OOJBITUHCTBO
Bua0B pacteHuil. IlpucyrctBue Co B mo4yBe MOXKET OBITH OOYCIOBIEHO KaK €CTECTBEHHBIMU
FeOXUMHUYECKUMH OCOOCHHOCTSIMU reorpauueckoro peruoHa, Tak U aHTPOIIOT€HHBIMU IPUYMHAMU:
BHECEHHEM YAOOpeHMid, SKCITyatanueid aBTo- M aBuarpaHcnopra [1]. Tokcuueckoe BiHsHHE
BBICOKHMX KOHLeHTpauuid Co Ha pacTeHUs CBS3aHO C LEIBIM PsiIoM (PU3HOJIOTHUYECKUX MEXaHU3MOB,
TaKuX Kak HapylieHue pOTOCHHTE3a, BOJIHOTO 0OMEHa, MUHEPAJIbHOIO MUTaHUS (M3-3a U3MEHEHUS
TIOTJIOIICHUSI MOHOB KalblUs M jkene3a) u T.14. [2]. Kak mepexomHbIil ieMeHT, KOOaIbT MOXKET
HaxXoauThcs B nouse B popmax Co’" u Co’". Hanpumep, kommuekcuoe coemunenue Co(IDATA
B ITOYBE MOXKET MPEBpaiaThcs B 0osiee cTabmibHyto 1 noaBmkHY0 Gopmy — Co(IIN)DATA [3].

OnHuM U3 BeAyIIMX MOBPEXIAOIMINX (P PEKTOB, BOSHUKAIOIINUM y PACTEHUHN MOJ BIMSHUEM
BBICOKMX KOHLIEHTpAalMi TSKENbIX METaUIOB W, B YAaCTHOCTH, KOOasbTa, SIBISIETCS HW3MEHEHHE
OKHUCJIUTEIbHO-BOCCTAHOBUTENBHBIX IIPOLIECCOB MPOSBISAIOLIETOCS KaK B MOBBIIIEHUN COJEP/KaHUS
aKkTUBHBIX (opM kuciopoaa (ADPK), Tak u U3MEHEHUH aKTUBHOCTH COOTBETCTBYIOIIUX (DEPMEHTOB
[4].

[lenbto maHHOM pabOTHI OBUIO M3YyYE€HHE HEKOTOPBIX MapaMeTpOB IMPO-/aHTUOKCHIAHTHOM
CHCTEMBbl KOPHEW pacTeHUil MIIEHUIIBI B YCIOBHSX IMOBBIIIEHHOTO COAEPKAHUS PA3IUYHBIX (HopM
KoOaJbTa.

OObektamu uccnenoBanusi Obutn 10-cyrounsle pactenust Triticum aestivum L. copta
Kazaxcranckas 10. PacreHust BeIpamuBanyi METOAOM THIAPOIIOHMKM Ha NUTATENIBHOW cpene
Xormanga-ApHoHa 0e3 g00aBiIeHMS UCTOYHMKA JKele3a M MHUKpodjeMeHToB. KoOanbt
B KoHUeHTpanuu 250 MkM BHocuiu B Buge CoCla, Co(II)DATA wnu Co(IINSTA. Co(IH)DATA
cuHTe3upoBaiu o Metoxy Taylor u Jardine [3]. Onpenenenue napamMeTpoB Npo-/aHTHOKCUIAHTHON
CHUCTEMBI MPOBOIIIA ONMMCAHHBIMU paHee MeToiaMu [5].

[Toka3aHO 3HAUUTENIBHOE CHU)KEHUE POCTOBBIX NMapaMeTpoB pacTeHuit noj BiusaueM CoCla.
B To’xe BpeMsl yMeHbllIeHHE CyX0li Macchl U AuHbI To0eroB u kopHeil B mpucytereuu Co(III)DATA
u ocobenHo Co(I3ATA 6bu10 MeHee BBIPaXXEHO 0 CPABHEHHIO ¢ KOHTPOJIEM.

[To pe3ynpTaTam ompezesieHus: MapaMeTPOB MPO-/aHTUOKCUAAHTHON CUCTEMBI OBbLI CleNNaH
BBIBOJ O HamOoiblieM noBpexaaromeM BozaeiictBun CoCl, Ha KOpHM pacTeHMid, Yemy
COOTBETCTBOBAJIO CAMOE 3HAYUTENIbHOE YBEIMUEHUE COJIEPIKaHUs CYNIEPOKCU-aHHOHA U IEPOKCUA
BOZIOPOJia 1 MMHHMMAaJIbHAsl aKTUBHOCTh CYNEPOKCHUCMYTa3bl, I'BasSKOPIIEPOKCHIA3bl U KaTanassl,
10 CPAaBHEHUIO C PACTEHUSIMU OCTaJIbHBIX BApUAHTOB.

Cpasuenue Bo3zaeiictBust Ha kopHHU pacteHuil Co(Il)- u Co(II)2ITA mo3BoNUIO BBHISBUTH
Gombmii HeraTuBHbI >pdext Co’'-coenuuenus, npospsBIIMiics B Golee HU3KOW aKTHBHOCTH
BBILIETIEPEUUCIIEHHBIX (PEPMEHTOB U OTHOCUTENBHO 00Jiee BEICOKOM ypoBHe conepxkanus ADK.

Taxum 00pa3om, IOKa3aHO CHIDKEHUE TOKCUYHOCTH KoOanbTa B coctase D[ T A-KOMITIEKCOB,
a Tak)Ke pa3jMyuue peakluy pacTeHHH Ha Bo3zeicTBHE KOOajabTa C Pa3HOW CTENEHbIO OKHCIIEHUS
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.I.!, 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(II[)EDTA. Based on the results of determining the parameters of the pro
/ antioxidant system, it was concluded that the greatest damaging effect of CoClz 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(IIEDTA 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(IEDTA > Co(III)EDTAI >  CoCl,

Less toxicity
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Bpuodutel npeactaBisioT ocoOblii MHTEpPEC AJS UCCIEAOBAaHUS, TaK KakK SBISIOTCS PacTEHUSIMHU-
skcTpemModunamu. Bricokas cTpeccoycTOMUHMBOCTE MXOB OMNPEENISAETCS HAIUYUEM B MX COCTABE
YHUKAJIbHBIX BTOPHUYHBIX META0OMUTOB, CpPEOd KOTOPBIX MPUCYTCTBYIOT —pa3zHOOOpa3HbIe
[0 CTPYKTYpPE TEpIEHbI, HEOOBIYHBIE >KUPHBIE KUCIOTHI, (DeHONbHbIE coeAuHeHus u ap. [1-3].
B cBs3u ¢ 9TUM, aKTyalbHBIM SIBISIETCS MCCIIEIOBaHUWE METa0OJIOMHOTO cocTaBa OpuO(UTOB,
B YaCTHOCTH, ONpEJEICHHE COEAMHEHMH, KOTOpble 00Jalal0T aHTHOKCHJIAHTHOW aKTUBHOCTBHIO
u obecneunBalOT 3(Q(GEKTUBHYIO 3alUTy MXOB OT MOCIEICTBUI OKHMCIMTEIBHOIO CTpecca,
BO3HUKAIOMIETO TMpH JEUCTBUM  PA3NIMYHBIX HEOJAronmpusTHHIX (PAKTOPOB  OUMOTHYECKOM
u abuotmueckoil mpupossl. Llenbio uccienoBaHUs SBISUIOCH BBIIEIEHUWE U HMACHTH(UKALUs
BTOPUYHBIX META0OJIUTOB MXOB, IPOSBIISAIONINX BbIPaKEHHbIE aHTHOKCHIAHTHBIE CBOMCTBA. JIecHbIe
MXH, Takue Kak Dicranum scoparium, Pleurozium schreberi v Hylocomium splendens, a Taxxe
O0oNoTHBIM MOX Sphagnum magellanicum, dacto cocTaBistoT 65% pacTUTENBHOCTH JIECHOM
MOJICTHIIKU, YTO 00YCIOBUIIO BBIOOP 3TUX MXOB JUJIsl HCCIIEOBAHUS METAO0JIOMHOIO COCTAaBA.

OOpa3upl  MXOB H3MEJbYaAM U MPOBOJWIM TOCJIEI0BAaTEIbHOE HCYEPIbIBAIOIIEE
9KCTPAarupoBaHUE TE€KCaAHOM, XJIOPOPOPMOM, FTHIALETATOM M 3TAaHOJIOM. BBIXOI 3KCTpaKkTHUBHBIX
BELIECTB OMNpPEAEsIN T'PaBUMETPUUECKU. AHTUPAJUKAIbHYI0 AaKTHUBHOCTh JKCTPAKTOB M3 MXOB
OTIpENIeNISIIN  CIIEKTPO(POTOMETPUUECKUM METOZOM IO pEaKIMH BOCCTAHOBIIEHUS CBOOOJHOIO
pamukana 2,2-mudenmn-1-mukpuwiruapasuna (JPIIT). CoctaB MeTabOIUTOB B IKCTPAKTaX MXOB
HCCIIEIOBAIM METOJIOM MHCTPYMEHTAJIbHONW BBICOKOA((PEKTUBHON TOHKOCIOWHOW Xpomarorpaduu
(CAMAG, Switzerland). Jlyis nepuBaTu3anuu UCHOIb30BAIA OOITHH HeCTIEU(UIECKUN TTPOSBUTEIb
— 5% pactBOp cepHOil kucaoThl B 3TaHoie u 0,05% pactsop APIII B 3Tanone 11 oOHApYKEHUS
COeIMHEHUH, 001aa0UX aHTUPAIUKAIbHON aKTUBHOCTBIO.

VY CcTaHOBIIEHO, YTO HAMOOJbIEE KOJIMYECTBO SKCTPAKTUBHBIX BEIECTB H3BIEKACTCA IPU
9KCTpParupoBaHUM OPraHUYECKUMHU pacTBOpUTesiIMU Mxa D. scoparium. Bcero ObLI0 MOTy4Y€HO
13,9% 5KCTpakTHBHBIX BEIIECTB, HAUOOJIBLIYIO JOMI0O B HUX 3aHUMAIOT BEIIECTBA, W3BJIEKAECMbIC
sTaHOJIOM U TekcaHoM — 44 u 28%, coorBercTBeHHO. OIlleHKa AaHTHPATUKAIBHBIX CBOWCTB
IIOJIYYEHHBIX 3KCTpakToB B oTHomeHuu JDIII' mokazana, 4To BO BCEX MXaxX CaMmyl BBICOKYIO
AaKTUBHOCTb TMPOSIBISIOT T'€KCAHOBBIE HKCTpakThl. lccienoBaHue uX cocTaBa € MOMOUIBIO
TOHKOCJIOMHON Xpomartorpaduu MO3BOJMJIO YCTaHOBUTb, YTO OHHU COJEPXKAT pa3IUYHbIC
AUNO(UIBHBIE COEAMHEHHUS, B T.Y. KUPHbIE KHUCIOTBI, TEPIEHOU]IbI, CTEPUHBI U YTIJIEBOAOPOIBI.
Haubosnbiiee KOMUYECTBO >KUPHBIX KHUCIOT (0KOJIO 22%) COAEpPKUT TeKCAaHOBBIM HKCTPAKT MXa
D. scoparium. OTIMYUTETHHON OCOOCHHOCTBIO TEKCAHOBOTO JKCTpakTa H. splendens sBisiioch
caMO€ BBICOKOE COJAEpkKaHHE TEPIEeHOUAOB M crepuHoB — 17,1% u 5,6% coOTBETCTBEHHO.
HepuBatuzanuss TCX mmactur  pactBopom  JIDIIIT mokazama, 4YTO OCHOBHOM  BKJIaj
B AHTUPAIUKAIBHYIO aKTUBHOCTb TI'E€KCAHOBBIX JKCTPAKTOB MXOB BHOCST KapOTHHOMW[BI.
Nx Hambonbiiee KOJIWYECTBO OOHApY)KEHO B T€KCAHOBOM »JKCTpakre wmxa H. splendens,
MIPOSBIISAIOIIEIO CAMyH0 BBICOKYIO aHTHPAJUKAIbHYIO aKTUBHOCTH CPEIM IOJYyYEHHBIX YKCTPAKTOB
MXOB.

Paboma evinonnena npu ¢hunancosoti noooepacke epanma PODH Ne 20-04-00988, epanma
IIpesuoenma PO MK-264.2020.4
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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
‘;/;.

F.schreberi (PS) H.splendens (S)

S.magellanicum (SM)

Antiradical activity of hexane extracts

of mosses
Moss species I1C., DPPH (pg/ml)
DS 131,641,12
Ps 180,2+0,89
HS 116,1+1,41
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B nocneanue roasl HEKOTOPHIMH aBTOPAaMU paccMaTpPUBAETCS BOMPOC 00 ydacTUd (OTOABIXAHMS
B 3alllUTE KJIETOK PAaCTEHUH OT OKHUCIUTEIBLHOIO CTPECCa, Pa3BUBAIOILIEIOCsS B OTBET HA JEHCTBHE
HeOsaronpusaTHeIX (aKTOpoB OKpyxkarome cpeabl. B ycnoBusix CeBepa OJHUM U3 OCHOBHBIX
cTpecc-(hakTOpoB SBJISIETCS HU3Kasg TeMmeparypa. OHaKo, UCCIeJOBaHNUs, IOCBAICHHbBIE YYaCTHIO
(hoTOBIXaHUS B 3allUTE PACTEHUN OT OXJIaKICHHUSI HEMHOTOYMCIEHHBI [1] M HETOCTaTOYHO MOJIHO
PacKpbIBalOT €ro pojib B PETYJSLUU YPOBHS OKHCIUTEIBHOIO CTpecca. B CBsA3M ¢ 3TuM, LENbIo
JaHHOM paboThl SBUIIOCH HM3y4YeHHE y4yacThs (DOTOABIXAaHUS B AAANTAlMM PACTEHUM MIIEHUIIBI
K YCJIOBUSIM HU3KOM TeMIEepaTyphl.

OnbITHl MPOBOAMIN C TNPOPOCTKaMU o3uMoi mmeHuns! (7riticum aestivum L.) copta
MockoBckast 39, BeIpallleHHBIMU B PYJIOHaX (UIBTPOBAJIBHOW OymMaru Ha MUTATEIBLHOM PacTBOPE.
[lo nocTmKeHnH HENETBLHOTO BO3PACTa IPOPOCTKU B TE€UEHHE 7 CYTOK ITOJIBEpraliv JEHCTBUIO HU3KOU
temriepatypsl (4 °C). O X0J1010yCTOMYNBOCTH CYIHIIN TIO TEMIIEPAType, BbI3bIBaOIICH rudens 50 %
nanucagHbeix kietok (JITso) [2]. YpoBeHb NEPEeKUCHOTO OKUCIEHUS JIMIUIOB OLEHUBAIU IO
cozepxanuto MajgoHoBoro auansaeruna (MJIA) [3]. AKTUBHOCTB TBasiKOJI-3aBUCUMON TTEPOKCHIA3I
(I'TIO) ananu3upoBaiy, UCIOJIB3Ysl B KauecTBe cyOcTpara reaskoi [4]. YCTbUYHYIO TPOBOJAUMOCTh
u cogepxkanue CO2 B MEKKIETHUKAX HU3y4alld C MOMOIIBI0 MOPTATUBHONW (POTOCHHTETUYECKOU
cucrembl HCM-1000. MHTEHCUBHOCTD BUIUMOTO (DOTOABIXAHUS PACCUUTHIBATIHN KaK PA3HOCTh MEKIY
MakCUMaJbHBIM BbIX0JJ0M CO2 B TeueHUe 3 MUH IOCJIE BBIKIIOYEHHS CBETa U TEMHOBBIM JbIXaHHUEM
(o ycranoBuBiiemycsi ypoBHio COz yepe3 7—10 MUH mociie BBIKIIIOUEHUs cBeTa) [S].

Y CTaHOBIEHO, YTO XOJIOAOYCTOMYUBOCTh PACTEHUI MIIEHUIIbBI TIOBBINIAIACH YKE B HAYAJIbHBIN
(1-24 4) nepuon aevictBus Temmeparypsl 4 °C, B nanbHEHIIIEM OHA TaKXXe MPOAOJIKaIa BO3PacTaTh,
JIOCTUTasi MaKCUMyMa Ha 7 cyT. B KjeTkax MIIeHUIIb, TOJABEPrHYTOM OXJIaKIECHUI0, HAOII0AaI0Ch
YBEJIMUEHUE YPOBHS OKHCIUTENBHOIO CTpEcca, O KOTOPOM CyAMM 1o HakomieHuto MJIA, ogHako
K KOHILy 3aKaJMBaHMsI €r0 COJEp>KaHUE CHIDKAJIOCh. BbIABIEHO, uTO yxe depe3 1 4 oT Hayana
neiictBus temieparypsl 4 °C NpoUCcX0anI0 YMEHBIIEHUE YCTBUUHOM TPOBOAMMOCTH, CONEPIKAHUS
CO2 B MEXKJICTHHKAaX JIUCThEB MW HWHTEHCUBHOCTH (oTonbixanusi. C  yBelIMUECHHUEM
MPOAODKUTENIBHOCTH  HU3KOTEMIIEPATypHOTO  3aKaJUBaHWs ~ WHTEHCUBHOCTh  (DOTOJBIXaHMS
MIOCTETIEHHO MOBBIIIAIACH U K KOHILY OnbITa (5—7 CyT) MpeBbllIaa UCXOIHbIE 3HAYSHHUsI, TOT/1a KaK
YCTbUYHAsl IPOBOAUMOCTh U cojepkaHue COz B MEXKJIETHHKaX OCTaBaJUCh HA IOHMKEHHOM
(OTHOCHUTENBFHO MCXOJHOI0) YPOBHE B T€U€HHUE Bcero ombiTa. KpoMe TOro, B yciaoBHsX AEHCTBUA
HU3KOH TeMIepaTypbl, B JUCThAX 03UMOM MIIEHUIIBI HA0II01a10Ch noBbieHne akrusHoctu I'T10.

Ha ocHoBaHuM MOJTYy4YEHHBIX JAaHHBIX, C/I€JaH BBIBOJA O TOM, UTO akTuBH3anus padborsr AOC
U MOJIIepKaHue MOBBIIIEHHOTO YPOBHS (POTOJBIXaHUS B JIUCThSX MIIEHULBI 10/ BIUSHUEM HU3KOU
TeMIepaTypbl Ha (JOHE CHIDKEHUS YCThUYHON MPOBOAMMOCTH U cojaepkanus CO2 B MEKKIETHUKAX
MOXKET COJEHCTBOBaTh 3alUTE KJIETOK PAaCTEHUM OT pa3BHUBAIOIIErOCS B O3THUX YCIOBMSX
OKHUCJIUTEIBHOTO CTPECCa, YTO B KOHEYHOM UTOTE IPUBOJIUT K YBEITUUEHHUIO X0JI0I0yCTOMUNBOCTH.

Hccneoosanus evinonnenvt Ha nayunom ob6opyoosanuu LKl @PUL] KapHI] PAH.
Qunancosoe obecneuenue UCCIE008AHUL OCYWECMBIANOCh U3 CPeOCmE pedepanbHo2o 010xcema
Ha evinonneHue eocyoapemeennoco 3aoanus KapHIL] PAH (mema Ne 0218-2019-0074).
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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.

The oxidative Revitalization Increased
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B nacrosmiee BpeMsl akTUBHAs J€ATEIBHOCTh YEJIOBEKA TPUBOIUT K BOSHUKHOBEHUIO TEXHOT'€HHBIX
JaHAmapTOB, OKa3bIBAIOIIMX HEOJIAroNnpusTHOE BIMAHHE HAa Ouocdepy U 370pOBbE UEIOBEKA.
Haubosee onacHbIMU SBISIFOTCS 30JI00TBAJIbI TEIUIOBBIX 3JIEKTPOCTAHIMH, CyOCTpaT KOTOPHIX HE Oi1a-
TONPHUATEH JIJIsl IPOM3pacTaHusl HA HEM PAaCTEHHI U3-3a BBICOKOTO COJIEPKaHUs TSAKEIbIX METAJIJIOB,
HEeJoCTaTKa OMOreHHbIX 3yieMeHTOB [1, 2]. CyliecTBOBaHHE pacTEHHH B JaHHBIX TEXHOTECHHBIX
MECTOOOUTAHUSX HEU30€kKHO MPUBOIUT MX K CTPECCOBOMY COCTOSIHHIO, U KakK CIEACTBHE, B pac-
TUTENBHBIX KJIETKAaX YCHJIMBAETCs Mpoliecc o0pa3oBaHUs akTHUBHBIX GopM kuciopona (ADPK) [3].
Jis mpenoTBpallleHus HETaTUBHBIX CABHUIOB peloKc-OanaHca KIIETKH, PacTEeHUs CIIOCOOHBI
CHUHTE3MPOBATh AHTHOKCUIAHTHI, PA3IUYHOM TNPHUPOJBI, CHOCOOHBIE KaK HEMOCPEACTBEHHO
nHakTuBHpoBaTh ADK, Tak M y4acTBOBaTh B IPOLIECCAX PEMAPALUN ITOBPEXKICHHBIX MAaKPOMOJIEKYJI
[4]. Lenp Hamero uccineaoBaHus — U3yYEHHUE NPO- U aHTUOKCUJAHTHBIX peakUui pacteHuil Pinus
sylvestris L., mpouspacTaloniix Ha 30J00TBaje BepxXHeTaruiabCKoll TEmIOBOM 3JEKTPOCTAaHIUN
(BTT'POC) u B ecTeCTBEHHOM MECTOOOUTAHUH.

Uccnenosanne npoBoauiock Ha 3omoo0tBaie BTI'POC (r. Bepxuuii Tarun, CepiuioBckas
o0acTh) B JABYX IEHOMOMYJANUsIX. HepekynbTHBHPOBAaHHBIA Yy4acTOK (BO3pacT PacTUTEIBHOTO
coobmiecTBa 6osee 35 neT), MpeACTaBiIeH CMELIAHHBIM JIECOM, COMKHYTOCTb KPOH JApPEBECHBIX
coctasisina 0,5-0,6 (LT 1). PexynesTuBupoBaHHbIi yyacTok 3o0100TBasa BTIPOC (Bo3pacT okoso
45 ner), Ha KOTOPOM INPOBOJWIACH YACTHUYHAsl OMOJIOTHYecKasi peKyIbTHBAIMS, IIyTEM HAaHECEHUS
TJIMHBI, TaKXKe npezcTaBieH cMetanHbM ecoM (LII1 2). CoMKHYTOCTh KpOH APEBECHBIX COCTABIISIA
0,6-0,7, mecramu a0 0,8. KourponsHas nenonomnynsauus (LI 3) mpouspacrana B ecTeCTBEHHOM
CMEIIIaHHOM Jiecy, BONMU3M AepeBHU benopeuka (Bo3pact pactutenbHoro coodmiectsa 8§0-100 mer),
B 8 kM oT I. Bepxuuii Tarusn, coMkHyTOCTh KpOH cocTtasisiia 0,5-0,6 [2].

Y nOpuMepHO OJHOBO3PACTHBIX PACTEHUH COCHBI OOBIKHOBEHHOW W3 MCCIEIOBAHHBIX
LIEHOMONYJISIUN ONpeAessii ypoBeHb nepekucHoro okucinenue nununoB (I[1OJI) kak mapkepa
cTpecca, coJiepKaHue HU3KOMOJIEKYIISIPHBIX aHTHOKCHAAHTOB: MPOJIMHA, PACTBOPUMBIX (PEHOIBHBIX
coenHEHUH 1 (hI1aBOHOMIOB. J1JIs aHaIM3a UCITOIB30BAIM CBEXKYIO JBYXJIETHIOIO XBOIO P. sylvestris.
KomnuectBo mpoaykros I1OJI, comepikanue CBOOOIHOTO MPOJIMHA, PACTBOPUMBIX (HEHOIBHBIX
COCMMHCHUN W (IIABOHOWJOB OMNPEACISIN COTJIACHO CTaHJapTHBIM MeTonaMm [4]. AHamu3
MOJTyYeHHBIX pe3yibTaToB npooauau B nporpamme Excel u STATISTICA 10.0 ¢ npumeneHuem
0THO(DaKTOPHOTO AUCTIEPCHOHHOTO aHanm3a (one-way ANOVA).

BbIsiBIIeHO, UTO B XBOE COCHBI, NPOU3PACTAIONICH B YCIOBHIX 30JI00TBajia, 0COOEHHO Ha
HepekynpTuBUpyeMoM yudactke (LI11), Habmroganocs noBblieHHOE conep:kanue npoaykros [1OJI,
YTO CBHJIETEIILCTBYET O CABHUIE PEOKC-0ajgaHca B CTOPOHY OKUCIUTENIBHBIX MPOLIECCOB U Pa3BUTHU
XPOHUUYECKOTO OKHCIUTETBHOTO cTpecca. KomnuecTBo eHONBHBIX COCTUMHEHU U (DIIaBOHOMIIOB B
XBO€ pacTEeHUH M3 HEpeKyJIbTUBHUPOBAHHOTO YyYacTKa 30J100TBaja Obuio B 1,7 pasa Bblle MO
CPaBHEHUIO C PAaCTEHUSIMU M3 PEKYJIbTHMBHUPOBAHHOTO W KOHTPOJIbHOTO ydacTkoB. CozaepikaHue B
XBOE€ MpPOJIMHA y PAaCTeHUH M3 TPaHC(HOPMHUPOBAHHBIX SKOCHCTEM ObUIO HIJKE MO CPaBHEHHUIO C
KOHTpPOJIEM, YTO, BEPOSTHO, CBSI3aHO C YCHUJICHHEM IMPOIECCOB JErpajallui 3TOr0 aHTHOKCHUIAHTA,
100 ¢ HApYLIEHUEM €ro CHHTE3a B YCIOBUAX TEXHOT'€HHOTO CTpecca.
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Takum oOpazom, pacteHust P. sylvestris 00IagarOT TOCTATOYHO BBICOKUM aJalTHBHBIM
IIOTEHLIMAJIOM, O YEM CBMJETENbCTBYET IIOBBILICHHBI CHUHTE3 TAaKUX HU3KOMOJIEKYJISIPHBIX
AHTHOKCHJIAaHTOB, KaK ()€HOJIbHBIE COEIMHEHUS, B YACTHOCTHU (hJIaBOHOUIOB.

Paboma evinoanena npu uacmuunoti gpunarcogou noooepocke PODH u Ilpasumenvcmea
Ceeponosckoti obonacmu (npoekm Ne 20-44-660011) u Munucmepcmeéa Hayku u 8vlcuieco
obpaszoeanus P® 6 pavkax I3 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., EP’kina 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.

Anunfavorable 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 PAJJUAIIMA HA KOMIIOHEHTBI AHTUOKCHUJIAHTHOHA
CHUCTEMBI TUIAMHUKOB PELTIGERA APHTHOSA U PELTIGERA RUFESCENS

Ileasikun M.A.", Cuiuna E.B., I'otosko T.K.

WuctutyT 6nonorun Komu Hayunoro uentpa Ypanbckoro otaenenus PAH,
CrikTeiBKap, Poccus
*E-mail: shelyakin@ib.komisc.ru

KimroueBble caoBa: Peltigera aphthosa, Peltigera rufescens, albTepHATUBHBIA IyTh JBIXaHHUS,
AHTHUOKCHIAHTHBIC q)epMeHTbI, TMEPEKUCHOC OKUCICHUEC JIUITNA0B, YCTOIZLIHBOCTB.

VYaerpaduonerosas (Y®) paguanust OTHOCUTCS K KOPOTKOBOJIHOBOW YacTHU COJIHEYHOT'O CIIEKTpA.
Bricokoanepreruueckue potonsl Y @-B uznyuenus (280—-315 HM) noTeHIMANbHO OMACHBI JIsl BCEX
KHUBBIX OpPraHM3MOB. M3BECTHO, YTO JMIIAMHUKM YCTOWYHMBBI K JEHCTBHIO HEOJIAronmpusTHBIX
(hakTOpOB cpenbl, HO uX peakius Ha Y D-B paguanuio uccienoBaHa HEIOCTATOYHO, OCOOCHHO ITO
KacaeTcs pOJIM aHTUOKCHJAHTHOM cucTeMbl. MBI IPOBENU CpaBHUTENbHOE H3yueHHE 3PQEeKTOB
9KOJIOTHYECKH 00OCHOBaHHOHM 103bl Y®-B pammanum Ha NpoOKCHIAHTHBIA CTaTyc, aKTUBHOCTb
AQHTUOKCUJIAHTHBIX ~ ()EPMEHTOB M  BOBJICUEHHE  HHEPreTHYECKH Mano  APPEKTUBHOIO
anbTepHaTuBHOrO nyTu AbixaHus (All) B tamnomax Peltigera aphthosa w3 necHoro cooOuiecTsa
u Peltigera rufescens, 0OMTaIOIET0 HA OTKPBITHIX Y4aCTKaX MOWMEHHOTIO JIyra.

TannoMbl npeaBapuUTEIbHO aJanTHPOBAIM B TeueHue Tpex cyrok mnpu 25°C u DAP
80 MKMOIIb (M €)' 101 IFOMHHECIIEHTHBIMM JTAMIIAMHU. 3aTeM YacTh TAILIOMOB €XKeJHEBHO B TEUEHHE
10 cyTok skcrioHupoBaiu noj Y d-naMmnaMu ¢ MakKCUMyMOM criekTpa u3iaydeHus B Y ®-B obmactu
¥ MOIHOCTBIO 2 BT M2, Ha NpOoTSKEeHHH BCEro SKCHEPMMEHTA TAIOMbI OHBITHON M KOHTPOJILHOI
Ipynn TMOAJAEPKUBAIM B TUAPATUPOBAHHOM COCTOSHUU. YpoBeHb Junonepoxkcuaauuu (I10JI),
conepxkanue H>O», aktuBHOCTH cymnepokcuagucmytassl (COJMl) u kartamazel (KAT) umsmepsuiu
cHeKTpoOTOMETpHUECKH Kak omnucaHo B padoTax [1—4]. M3odopMbl pepMEeHTOB U3ydanu METOAOM
HAaTUBHOTO 3JekTpodope3a. AkTuBHOCTh All m3mepsnau mo noriomenuto O ¢ UCMOIB30BaHUEM
MeTo/1a CeU(PUIECKIX HUHTMOUTOPOB.

Conepxanne npoaykroB [1OJI u aktuBHOCTh KaT B KOHTpONBHBIX Tayuiomax P. rufescens
OblTM BBIIE B 2,5 W 5 pa3 COOTBETCTBEHHO, 4eM y P. aphthosa. JInmmaitHUKU HE OTIUYAINUCH
o conepskanuto HOz n aktuBHocT CO/l. C yBenuueHneM cymmapHo# 1036l Y @-B HHTEHCUBHOCTD
[TOJI B Tamnomax P. rufescens He N3MEHsUIach, TOTJa Kak B TaJuioMax P. aphthosa yBennduBaniach
Ha 33%. Cognepxxanue H>O2 y 0o6oux BHIOB JMIIAHUKOB 1oja BiusHueMm Y ®-B yBennuuBanoch
B cpeaneM Ha 20%. Yposenb aktuBHoctd COJ] m KAT B onbiTHBIX Taymiomax P. rufescens
yBenuuuBajics B 1,5 u 2 pa3a cooTBeTcTBeHHO. Y P. aphthosa akTMBHOCTb aHTHOKCHJIAHTHBIX
(epMEHTOB HE H3MEHsUIach Ha MPOTSKEHUU BCEro JSKcrepuMeHTa. B Tannmomax oOoux BHAOB
JIMIIAMHUKOB uaeHTuunuposanu no ase uzopopmel Fe- u Mn-COJl u onny uzopopmy KAT.
C yBenuuenueM cyMMmapHo# 10361 Y ®-B konudectBo nzodopm Fe-COJl yBennuuBanock 10 Tpex y
P. rufescens u uetsipex y P. aphthosa. Y 000MX BHIOB OTMEYaJM MOBBIIIEHUE aKTUBHOCTH All
NbIXaHUS, YTO TMPUBOAMUIO K M3MEHEHUIO COOTHOLIEHHS OCHOBHOTO  (IIUTOXPOMHOTO)
u osHepreruuecku wmano 3¢pdexkruBHoro AIl. Bosneuenue AIl OblI0 CcHIbHEE BBIPAKEHO
y P. aphthosa. DxcniepuMeHTaIbHO JOKa3aHo, uTo akTuBaius All Tammomos moxa Bo3nelicteuem Y O-
B 6bi1a 0OycroBiieHa B OCHOBHOM peakieil MUkoOonoHta. OO 3TOM CBHIETENBCTBYIOT JAaHHBIC
[0 M3YyYEHUI0 KOMIIOHEHTOB JbIXaHHS Yy H30JUPOBAHHBIX U3 TAJJIOMOB KJIETOK (OTOOMOHTA.
Ycunenue Toka 3JeKTPOHOB Yepe3 aJbTePHATUBHYIO OKCH/Ia3y CIIOCOOCTBYET CHI)KEHUIO FeHepaluu
aKTUBHBIX (DOPM KHCIIOPO/a B JAbIXaHUH U MOJJEPKAHUIO peloKc-0anaHca [5].

Takum 00pa3oMm, HaMu BIEpBble MONy4eHbl OaHHbIE 00 >dextax UV-B wuzmydenus
Ha AaHTHOKCHJQHTHYIO CHUCTEMY U COOTHOILUEHHUE [IbIXaTeNbHBIX MyTeH Yy JUIIaiHHUKOB,
MOJIBEPTalOIIMXCs B MPUPOJE pPasHOMY ypoBHIO Y@ Harpy3ku. YCTaHOBJIEHO, uTo y P. aphthosa
OBbLIO CHUJIbHEE BBIPAKEHO BOBJIEUEHHE »HHepreThuuecku manodpdextuBHoro All npixanus,
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a'y P. rufescens HaOnroanM NOBBIIIEHHE aKTUBHOCTU ()EPMEHTOB aHTHOKCHIAHTHOM CHUCTEMBL. DTO
yKa3bIBaeT Ha pa3jnyus B aAalITUBHON CTPATErUH UCCIIEJOBAHHBIX BHI0B JIMIIANHUKOB.

Paboma evinonnena npu gunancosou noooepoicke Munucmepcmea HaykKu U GblCuieco
obpaszoeanus Poccuiickoii @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 (280315 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), H2O> 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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CPABHMTEJIBHAA OLHEHKA ITPO- U AHTUOKCUIAHTHOI'O CTATYCA
CEMEHHOI'O ITIOTOMCTBA PLANTAGO MAJOR L.
N3 30H PAAIMOAKTUBHOI'O U XUMHNYECKOI'O 3AI'PA3ZHEHUSA

Ilumanauna H.C.", OpexoBa H.A., ITo3zon0Tna B.H.

WuctutyT 9konoruu pacrenuii 1 xuBoTHBEIX YpO PAH, ExatepunOypr, Poccus
*E-mail: nadia_malina@mail.ru

KnrwoueBnblie cioBa: Plantago major, 3arps3HeHHE TSDKENBIMH MeETajUlaMM, OKHCIHTENBHBIM CTpecc,
palMoaKTUBHOE 3arpsi3HEHUE, CUCTEMa aHTHOKCHIAHTHOMN 3aIlUTHI.

BnusiHue MOHM3HPYIOWIETO U3IYYEHHS U TSHKEIBIX METAJJIOB HA MPUPOHBIE MONYJISALIUN PACTCHUN
M3y4€HO B MHOTOUYMCIIEHHBIX MCCIIEIOBAHMAX, HO padOT MO CPaBHEHHIO OMOJIOTHYECKUX (P (HEKTOB
B 30HAaX BJIMSIHUA 3TUX TEXHOTEHHBIX (PAKTOPOB M3BECTHO HEeMHOro. MoHM3MpYyIole U3Iy4eHUs
U TSOKENble METaulbl pa3linyaroTcsl Mo (PU3MYECKONW NpHUpOJEe U UMEIOT pa3Hble MEXaHU3MBI
B3aUMOJICHCTBUA ¢ OMOTON Ha MOJIEKYJIApHOM ypoBHE. IIpu 3TOM paamanus u TsDKENble METaJLIbl
CIIOCOOHBI YCHJIMBAaTh O0pa30BaHHWE AKTHUBHBIX (DOPM KHCIOPOJA U BBI3BIBATH OKHUCIUTENbHBIN
cTpecc, MOo3TOMYy 3(PPEKTUBHOCTh PaOOThl AHTHOKCUAAHTHBIX CHCTEM WIPAeT BAaXHYIO pOJb
B YCTOMYMBOCTU PACTEHUHN K 3TUM TEXHOT€HHBIM (pakTopam. Llens Hamiel paboThl — cpaBHUTENIbHAS
OLIEHKAa MpO- M aHTHUOKCHUIAHTHOTO CTaTyca CEMEHHOIO IOTOMCTBA IOJOPOKHUKA OOJBIIOrO
(Plantago major L.), nnmutensHOE BpeMs MPOU3PACTAIONIECTO B 30HaX paaroakTuBHOTO (BocTouHo-
VYpansckuii paguoaktuBHbii cinen — BYPC) u xumumueckoro (3ona BrnusHus Kapabarickoro
MeZeriaBuiIbHOro 3aBojia — KM3) 3arpsizHenus, a Takke Ha OHOBBIX TEPPUTOPUSIX.

CoOpaHHbIe Ha PETIEPHBIX YYaCTKaX CeMEHa MPOpaIUBAIA METOJIOM PYJIOHHOHN KYJIbTYphI Ha
JTUCTUJIMPOBaHHON Bojie B TeueHue 21 cyrok npu +24 °C. [TomyueHHbIe TPOPOCTKH UCTOIb30BAIN
JUISL OLIEHKU IIPO- aHTMOKCHJIAHTHOT'O CTAaTyca CEMEHHOTO IOTOMCTBA. MIHTEHCHBHOCTBH IPOLIECCOB
MEPEKUCHOTO OKUCJICHUS JIMMUAOB OLEHUBAINU IO COAEPNKAHUI MaJOHOBOro auanbiaeruna [1],
paboTy aHTHOKCUJJAHTHOM CUCTEMBI — [10 AKTUBHOCTH TpeX (PePMEHTOB: CYNEPOKCUATUCMYTa3Hl [2],
karanasbl [3] u oOuel nepoKcuIa3HOM aKTUBHOCTH [4], a Takke IO CyMMapHOMY COJEpP>KaHHUIO
HU3KOMOJIEKYJISIDHBIX AHTUOKCUIAHTOB [5]. AHalM3 [aHHBIX IPOBOAMIM C MCIOJIb30BaHUEM
KputepueB Hemnapamerpuueckoi cratuctuku (U-tect Manna-Yutrau, H-kpurtepuit Kpackena-
Yonnuca, tect [lanna), a Taxke Merona rinaBHbIX KomMnoHeHT B mporpamme STATISTICA 10.0
(StatSoft Inc., 2011).

BrisBieHBI pazauuus NOpo- U aHTUOKCHIAHTHOIO CTaTyca CEMEHHOro nmoromcra P. major
W3 30H C pa3HbIM THUIIOM TEXHOTE€HHOTO BO3AECHCTBUSA. Y MPOPOCTKOB W3 30HBI PATUOAKTHUBHOTO
3arps3HeHusl 3a(UKCUpOBaH MPOOKCUAAHTHBIA CIBUT, OOHAPYKEHO OoJiee BBICOKOE COJEpKaHHE
MaJOHOBOTO JUAJIbJIETH/Ia, TIOBBIIIEHHAs AaKTUBHOCTb CYMEPOKCHATUCMYTa3bl M KaTaja3bl
[0 CPaBHEHUIO C (POHOBBIMH PACTEHUSMH. Y MPOPOCTKOB U3 30HBI XMMHUYECKOI'O 3arpsi3HEHHS
AKTUBHOCTH CYNEPOKCUAJNCMYTa3bl U KaTajla3bl ObUIM CHM)KEHBI 110 CPAaBHEHUIO C (POHOBBIMH,
a IEpOKCHJA3Has AaKTHUBHOCTb IIOBBIIICHA. YCWIEHHE AaHTUOKCUAAHTHOM 3alUTBHl 3a CYEeT
HU3KOMOJIEKYJISIPHBIX aHTHOKCH/IAHTOB ITOKa3aHo TOJIbKO B BbIOOpkax BYPCa. [TonyuenHbie nanHbIe
CBHUJIETEJILCTBYIOT O TOM, YTO Crelu(UKa aJalTUBHBIX OTBETOB pacTeHUil (opMupyercs 3a cyer
pa3nuuuii B MHAYKIMH aKTUBHBIX (POPM KUCIOPOAA MPH IEHCTBUU paUallK U TAKEIbIX METAJIJIOB.

Paboma evinonnena 6 pamxax cocyoapcmeennozo sadanus Mncmumyma skonoeuu pacmerutl
u aorcusomuwix 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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PEJOKC-PEAKIIUU HYDROCHARIS MORSUS-RANAE L. B YCJIOBUAX
TEXHOT'EHHOM HATPY3KH

Ilupsies I'.N.", Bopucosa I'.T'., Illykuna JI.A.,
Yykuna H.B., Cooennn A.B., Maaesa M.I'.

VYpanbsckuii GeiepalibHbIi yHUBEpCUTET UM. niepBoro [1pesunenta Poccuu b.H. Enbiiuna,
ExatepunOypr, Poccus
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KaroueBbie ciuoBa: Hydrocharis morsus-ranae, HEIH3UMATUYECKHE AHTHOKCHJIAHTBI, OKHCIHUTEIHHBIN
CTpecC, TSHKEIbIE METaJLIBL.

AnanTanys BOOHBIX PACTEHHUM K TEXHOTEHHOMY 3arpsi3HEHUIO SIBISETCS aKTyaJIbHOM TEMOW MJis
HCCIEAOBAaHUN B CBSI3W C UIIMPOKUM PaCHpOCTPAHEHUEM THUJIPOIKOCHCTEM, MOABEPKEHHBIX
AHTPOINIOTE€HHOMY BO3JIEUCTBUIO. JIeiCTBHE HAa pACTEHHS TaKMX IMOJUIFOTAHTOB, KaK TSDHKENbIC
Metasuibl (TM), MOKeT MpPUBOANTH K TeHepaluu akTUBHBIX ¢GopM kuciopona (ADK), koropeie
BBI3BIBAIOT ~ OKHUCIWTEIBHBIM cTpecc B  KieTkax. CmocoOHOCTh pacTeHH K  CHHTE3Y
HEIH3UMATUYECKNX aHTUOKCUIAHTOB, TAKUX KaK MPOJIMH, (DEHOJBHBIE COCUHEHHS, PACTBOPUMBIE
THONBL U TIp. [1, 2], TO3BOJISET PAaCTEHUSM BBIICPKUBATH 3HAUYUTEIbHBIC TEXHOTEHHBIEC HArPy3KH.
HccnenoBanme HampaBleHO HAa M3y4YEHHE COJCP)KAHUS HEKOTOPBIX He(epMEHTATHBHBIX
AHTUOKCHUJIAHTOB B JHUCTBAX Hydrocharis morsus-ranae TIpu 3arps3HEHUH CpPEIbl METaJUIaMH.
JlaHHbBIN BUA-TIIEHCTOPUT HIMPOKO PACIIPOCTPAHEH HA TeppuTopun EBpasuu u ceBepHOl AMEpUKH.
Hns H. morsus-ranae 1moka3aHa BbICOKAas YCTOMYMBOCTH K JeilcTBUIO TM, BcClienCcTBUE 4YEro
AKTYaJbHBIM SIBJISIETCS U3YYEHUE €r0 OTBETHBIX PEIOKC-PEAKIUN.

OOpa3ibl  TTOBEPXHOCTHBIX BOJ, CEAMMEHTOB W PACTUTEIBLHOTO MaTepuajia OTOWpaiu
Ha Tepputopun Yensounckoit obnactu (FOxubiii Ypan) B utone 2018-2019 rr. Ha ABYX ydacTKax:
03. Uptsam (don) u 3aBomp p. Eroza (ummakrt). ComepkaHue METAUIOB B BOJAEC M CEOMMEHTAX
ONPENESIN METOJIOM aTOMHO-3MUCCUOHHOM CIIEKTPOMETPUH C MHIYKTUBHO CBSI3aHHOMW TIA3MOM MOCIIe
Mokporo ozonerus 70% HNOs (ocu). ConepskaHue MpOayKTOB MEPEKUCHOTO OKUCICHUS JUTHI0B
(mamonoBoro auanpaeruga, MJIA), cBoOOAHOTO TponHHA, (EHONBHBIX COCAMHEHHH, OENKOBBIX
U HEOEIKOBBIX THOJOB, KapOTHHOMIOB ompeaesum cnekrpodoromerpudecku Ha PD-303UV
(«APELy, SInonus), cormacHo CTaHAapTHBIM MeToaaM [3-5].

Conepxxanne Fe, Pb, Mn, Zn u Ni B MOBEpXHOCTHBIX BOJAX U CEAMMEHTAX MMIIAKTHOTO
y4acTKa B CpeIHEM OBLJIO BHIIIE B 2,5 pa3a U B O0NbIIMHCTBE ciaydaeB npesbimano [1JIK mis Boaabix
00BEKTOB PHIOOXO3IMCTBEHHOTO HA3HAYCHHS.

I'eneparuss ADK, BbI3bIBacMasi JeCTBHEM HW30BITOYHBIX KomudecTB TM, TpPHUBOIUT
K OKHCIICHUIO JIMMTHUIOB U APYTUX BaXHEHTNX Oromoseky [ 1]. Ha mmnmakTHOM y4dacTke coqepkaHue
MJA B auctesix H. morsus-ranae yBenuuuBanoch B 1,2 pa3za, 4YTO CBUJETEIbCTBYET
00 OKHCIUTETLHOM TOBPEKIECHUHN KIETOYHBIX MEMOPaH.

[Tonnepkanue KoOHIEHTpauu oOpaszoBaBmuxcs B kieTke ADK Ha 10CTaTOYHO HHU3KOM
YPOBHE OCYIIECTBJISIET MHOTOKOMIIOHCHTHAs] CUCTEMa aHTHUOKCHJIAHTHOW 3aIUThI, OT COCTOSHUS
KOTOPOW BO MHOT'OM 3aBUCHUT YCTOMYMBOCTb PacTE€HUM K CTpeccOBBIM Bo3aeucTBusiM [1-3]. Cunres
TIPOJIMHA SIBJISIETCSI TIPOSIBIICHMEM HeCHeNM(UIECKOW pEeaKkIMd pPAacTeHHd Ha CTPecC, B TOM YHMCIIC
Ha geiicteue TM. HMccnepoBanue mokasajio, YTO B JIMCThSIX PACTEHUN W3 MMIAKTHOIO ydacTKa
coJiepKaHue CBOOOTHOTO TPOJIMHA YBEMUUMBAIOCH Ha 26%. CoenuHEHWs, COAEpIKaIlie THOJbI
(HeOenKoBbIe U OEITKOBBIE) UTPAIOT BAYKHYIO POJIb B PEIIOKC-PETYIISIIMH Y pacTeHui 2], a Takke y4acTBYIOT
B xenatupoBanru TM u o6e3BpesxuBannn ADK. OTMedeHo CyiecTBeHHOE YBETTMUSHNE X KOJIMYECTBA Y
H. morsus-ranae u3 3arps3HEHHOTO y4acTKa.

N3BecTHO, YTO aHTMOKCHUAAHTHBIMH CBOMCTBAMM OOJIaAIOT MHOTHE (PEHOJILHBIE COCTUHEHUSI.
3a cuer OH-rpynmn ¢eHonsr MoryT yyactBoBarh B feTokcukanu ADK. OHu MOTYT Takke XenaTupoBaTh
TM u cTabuIM3UpoBaTh MEMOPAHBI, YTO OIPaHUYMBACT TU(PQPY3HI0 CBOOOIHBIX PAIUKAJIOB U CHUKACT
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MHTEHCUBHOCTb MEPOKCUIALIMK JIUMUAOB [6]. MI3BecTHO, YTO Mpu M30BITOUHBIX HArpy3kax MPOUCXOIUT
OKHUCIIMTEINIbHAsL JIETpajlalivsl 3THX COEAMHEHWH. B Hamem ciydae OTMEUEHO CHMKEHHE KOJIMYECTBa
(DEHOJBHBIX COEIMHEHUI Y PAaCTEHUI M3 MMIIAKTHOTO y4acTKa. AHAJOTMYHAs TEHASHIMs HaOIoaanach
B COJIEP>)KaHUU KapOTUHOMIOB.

Takum 00pa3zoM, U3ydeHHE OTBETHBIX PEIOKC-pEeaKMil /. morsus-ranae Ha 3arpsi3HEHUE CPeJibl
METaJIaMH TI0Ka3aJ10, YTO PA3BUTUE OKUCIIUTEIBHOIO CTPECCA COMPOBOXKIAIOCH HAKOIUIEHUEM B KJIETKAX
NPOJIMHA M PACTBOPUMBIX THOJIOB, YTO IO3BOJSIET CAENATh 3aKIIOUEHHE 00 MX aKTUBHOW DOJH
B (hopMUpPOBAHUM YCTOMUMBOCTH IUIEHCTOPUTA K TEXHOTE€HHOMY BO3JICUCTBHIO.
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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.

4R Carotenoids

Proline Phenols
Soluble thiols

Hydrocharis morsus-ranae L.
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KAK DO®EKT BJIUAHUA 3ACYXH HA BRASSICA NAPUS
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KuroueBble ciioBa: Brassica napus, 3acyxa, OKUCIUTEIbHBIA CTPECC, MPOTEOM IIa3MaTHUECKOW MEeMOpaHHl,
MPOAYKTHI IEPEKUCHOTO OKUCIICHHS JTUTHIOB.

B ycnoBusX HM3MEHSIONIErocs KiIuMara 3acyxXxa — OJHAa W3 CaMbIX paclpOCTpPaHEHHBIX (Gopm
abuotuyeckoro crpecca. OHa XapakTepu3yeTcsl CHHXKEHHEM BOJHOTO TIOTEHIMAla Cpeibl
U OKa3blBae€T HEMOCPEJICTBEHHOE BIMSHUE Ha cOCTOsHME pacTeHuid. CoObIThs, 3amycKaeMble
ne(UIMTOM BOJBI, MPUBOAAT K Pa3BUTHIO OKHCIHMTEIbHOTO cTpecca [1]. B cumy BbeICOKOTO
COJIepKaHUsl HEHACBHIIIEHHBIX JKUPHBIX KHUCJIOT JIMIUAOB, IJIa3MaTHuYecKass MeMmOpaHa SsBIseTcs
0c000 YyBCTBUTENBHOH K 3acyxe. OnIHUM M3 Hanbosee BBIPAXKEHHBIX 3(PPEKTOB OKUCIUTEIHHOIO
cTpecca SIBJISETCSl OKHCIUTeNbHas (parMeHTanus anndaTHUecKuX Iernedl MOJUHEHACBIIICHHBIX
KUPHBIX KHCIIOT B COCTaBe JIMIUIOB MEMOpaH BCIEACTBHE HX aTakd AaKTUBHBIMHM (popmamu
kucaopoaa [2]. B pesynbrate 3TOro 00pa3yroTcs HHU3KOMOJIEKYJSPHbBIE MPOIYKTHI MEPEKUCHOTO
okucnenus sunuao (I1OJI) kapOGoHunpHOM mpUPOIBI (BBICOKOPEAKTUBHBIE KapOOHWIIbHBIE
COEIMHEHUs), KOTOpbIe CIOCOOHBI MOIUGPUIMPOBATH AMHUHOKHUCIOTHBIE OCTaTKH OEJKOB,
HEMOCPEACTBEHHO BIMsA Ha (PyHKLHMIO TocneaHux [3].

JUis u3yueHuss M3MEHEHHs MpoTeoMa IIa3MaTHYecKod MeMOpaHbl MOJI BIMSHUEM 3aCyXd
pactenust Brassica napus L. Obun BbIpalieHbl B THIPOIIOHHON CUCTEMeE. 3acyXa cO3/1aBajiach MyTeM
nob6asnenus 18% (w/v) monustuneHraukois-8000 B mUTaTeNnbHYIO Cpelly K paCTeHHSM B BO3pacTe
21 gHS ¢ MOMEHTa MPOPACTAHMS U JJIWJAch B TeueHue 7 mHer. Jlamee Oblna BeifeneHa (pakiius
IUIa3MaTUYEeCKOll MeMOpaHbl, W3 KOTOPOH TMOJY4YeH €€ TOTAIbHbIM OelloK, H3MepeHa €ero
KOHLEHTpALlUsg W TPOBEIAEH TMPOTEONHU3 TPUINCUHOM. I[lOMHOTY TpPUNITHYECKOTO THAPOIN3A
MOJTBEPKAAIM MPU MOMOILU JAUCK-3JIEKTpodope3a B JIEHATYpUPYIOMX ycioBusX. IlomydyeHHsie
TPUNTUYECKUE THIPOJIN3aThl OblIN 00eccoieHbl TBep0(a3HONM IKCTpaKLMEH U TPOAHATU3UPOBAHBI
IIpU MOMOIIM BBICOKOA((EKTUBHON >KUIKOCTHOW XpomaTorpaduu, CONPsDKEHHOW C TaHAEMHOU
Macc-CIeKTpoMeTpuei. Macc-CrieKTpoMeTpruiecKue JaHHbIe ObITH 00padoTaHbl ¢ UCTIOIB30BAHUEM
nouckoBoif MammHel SEQUEST B 6a3ze nocnenoBatensHocTeil OenkoB Brassica napus plantGDB.

Bcero Obuto naentuduuuponano 74 0enka MoaAU(PpUIIMPOBAHHBIX MPOAYKTAMHU MIEPEKUCHOTO
OKHCIeHUs JUnuAoB. M3 Hux 14 OenkoB 0OHApY>KUBAINCH TOJBKO Yy PACTEHUH, BBIPALICHHBIX
B ycnoBusx 3acyxu. [IpeoOnanaromedt moaudukanueir Obul akponeud. Cpeau Oenkos c¢ I10OJI-
MoauuKausAMH 1peoliagand OelKd, BOBJICYCHHBIE B IPOLECCHl TPAHCISALUM U Teperadyu
BHYTPHUKJIETOYHOTO CUTHAJIA.
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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.'

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 protcomics ALE-modified
proteins proteins
7 days

18% PEG-8000
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