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SESSION 9

Response to Radiation and Gravity

Effect of microgravity conditions on germination of Brassica парчs seeds

Bilova Т.Е.',', Didio А.2,З, Ihling С.а, Chantseva V.1, Smolikova G.N.', Grishina Т.V.', Sinz А.а,
Frоlоч А.2, Medvedev S.S.I
1 Department of Plant Physiology and Biochemistry, St. Petersbrirg State University, Universitetskaya
паЬ. 7 l 9, 199034,St. РеtеrsЬцrg, Russia
'Leibniz Institute of Plant Biochemistry Department of Bioorganic Chemistry, Weinberg 3, 06120,
Halle/Saale, Gеrmапу
3 Department of Biochemistry, St. Petersburg State University, Vasil'evsky ostrov, Sredniy pr. 41,
199178, St. Petersburg, Russia
а Martin-l,uther Universitlt Halle-Wittenberg, Institute of Рhаrmасу, Wolfgang-Langenbeck-Str.4,
06120, Halle/Saale, Germany
Ь il о v а. t ati ап а@ gm ail. с о m

The strength and direction of gravitational field is homogenous in terrestrial епчirопmепt. This feature
makes it the most important factor defining the polarity of plant growth and development, and
underlying the рhепоmепоп of gravitropism, i.e. polarized growth on gravity field. Indeed, plants аrе
able to distinguish the vectoT of gravity force and adjust the position of root and shoot in the way optimal
to access light, water and mineral salts, Ноwечеr, the mechanisms of growth polarity maintenance are
still not completely understood. Моrеочеr, the impact of individual proteins in establishment of growth
polarity Ьу seed germination is still to Ье characterized. То address these mechanisms, we characterize
here the changes iп В. парus seedling proteome in response to the loss of gravity vector Ьу application
of microgravity conditions Ьу rotation in а 2D clinostat. A1l experiments (n = 3) were performed twice,
and wеrе accompanied with comprehensive biochemical and physiological characterization of plant
state. Оur analPical strategy relied on LC-based bottom-up proteomic approach employing high-
resolution data-dependent acquisition experiments (Тhеrmо Fisher Scientific Orbitrap Fusion Trihid
mass spectrometer).
Although biochemical analyses revealed no essential oxidative stress, the application of microgravity
conditions triggered significant changes in abundances of individual proteins. The очеrа1l пumЬеrs of
up- and down-regulated proteins (approximately 1.5-3.3-fold changes, ANOVA test: р < 0.05) found in
at least опе experiment, wеrе 160 and 100, respectively. Ап essential part of affected proteins wеrе
involved in energy metabolism and ribosome biogenesis. The patterns of the proteins obtained after опе
day of clinostat rotation just partially overlapped with that observed one day later. Thus, glyceraldehyde-
3-phosphate dehydrogenase (cytoplasmic and chloroplast isoforms), phosphoenolpyruvate
carboxykinase, 6-phosphogluconate dehydrogenase and cytoplasmic ribosomal protein L3A wеrе up-
regulated during the both observation days. These results indicate higher degree of епеrgу metaboliЙ
activation and рrоtеiп biosynthesis level in the absence ofconstant vector ofgravity field.

Unexpected turns in gravitropic curvatures

Gorshkova Т.А., IЫagimova N.N., Ageeva М.V., Mokshina N.E., Gorshkov О,V.
Kazan Institute of Biochemistry and Biophysics Kazan Scientific Center of the Russian Academy of
Sciences, Lobachevsky str.,2/31, Kazan, Russia, 420|||
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Gravitropic reaction - the process of plant organ orientation in accordance with graviф vector direction
- belongs to the most important factors in plant organism development. Тhе widely spread чеrsiоп of
gravitropic response, which is accompanied Ьу the formation of stem счrчаturе, is the restoration of
stem vertical position after plant inclination. The major mechanism of gravitropism that is discцssed fоr
hеrЬаl plants is based on the non-uniform elongation of cells located оп thе opposite stem sides,
occurring in the growing zone of an organ. However, gravitropic response mау Ье well-pronounced iп
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Simulated microgravity induces Specific alterations iп the metabolite profitesof germinated Bras sica oleracea L.seeds
Smolikova G.N.,, Nyukalova М.''r, Chantseva V.1, Medvedev S.S.'l Department of Plant Physiology and Biochemistry, St. Petersburg State University, Russia2 Коmаrоv Botanical Institute #Russian Academyof Sciences, St. Petersburg, Russiag.smolikova@spbu.ru
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Genome stability in plants from Chernobyl zone is facilitated Ьу DNД-rераirpathways
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clinorotation leads to the disorientation of root growth with respect to the gravity vector and affect the
following development of seedlings, causing the larger пчmЬеr of аЬпоrmаllу developed seeds.

The coritent оГ low-molecular-weight substances in excised embryonic axes and cotyledons of
В, oleracea seeds germinated for 24 h and 48 h under the simulated microgravity has been evaluated

using the gas chromatography- mass spectrometry. Fоr every metabolomic profile,_we estimated 129

targe1 subJtances, and 34 of them were unambiguously identified. These compounds included amino
acids, organic and fatty acids, tocopherols, phytosterols.
То keep 1he data assay within the context of multivariate statistics, we used the principal component
analysis (рсА). The analysis revealed а significant difference between the metabolomic profiles of
excised embryonic axes in 24 h germination group, with the рrimаry rol
acids. Noticeably, the 1" and 2"d principal components showed 68 %

according the cross-validation test, 74 О/о ассurасу of identification. Th
coefficierit (Qz) was 61 %. The significant difference between the metabolomic profiles of the cotyledons

appeared only in 48 h germination grочр with ехр and Qz equal to 67 %.

ТЪЪs, the еmЫуопiс aies -еrе sensitive to the dis eady оп the seed germination
stage. Metabolomes of the софеdопs demonstrated _ 

tage of seedling development.
This work was carried out using the equipment of the Resource Сепtеr of St. Petersburg State University
"Development of Molecular and Cellular Technology" and supported Ъу the St.Petersburg State

University (grant 1.38.233.2014) and Russian Foundation for Basic Research (grant |4-04-0I-624).

Multiple cell wall-related mechanisms mediate the effect of brassinosteroids
on Arabidopsis hypocotyl gravitropism

Suslov D.1, Vandenbussche F.2, Ivakov А.3, Fчпkе N.a, Ruprecht С.4, Vissenberg К.5, Vап Der

Straeten D.2, Persson 5.6
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а Max-Planck Institute of Моlесulаr Plant Physiology, Am Muehlenberg 1, 14476 Potsdam, Gеrmапу
5 University of Antwerp, GrоепепЬоrgеrlаап 171,2020 Antwerpen, Belgium
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Gravitropism can Ье defined as the directed growth of plant organs with respect to the gravity vector.
Plant shoots normally demonstrate negative gravitropism growing upright, in the direction opposite to
the graviф vector.
In tbe present work we studied the role of cell walls in the сопtrоl of the negative gravitropism of
hypocotyls from etiolated Arabidopsis thаliапа seedlings using brassinosteroid-related treatments as

experimental tools. We found that hypocotyls of plants grоwп оп horizontal Petri plates in the presence
of)4-epiЫassinolide (EBL, 100 nM), one of the most active natural Ыassinosteroids, lay flat on the agar

surface, thus demonstrating compromised negative gravitropism. Оп the contrary, Ыassinazole (BRZ,
1 FrM), an inhibitor of brassinosteroid biosynthesis, increased the negative gravitropism of hурософs.
EBL had no effect оп the gravitropic bending of hурософs in gravistimulated plants grоwп оп vertical
Petri plates, while BRZ increased it, EBL and BRZ treatments had opposite effects on cell wall mechanics
estimated Ьу the сrеер method. EBL increased the wall creep at рН 6, which is consistent with the
weakening of cell walls and their disability to support the weight of hypocotyls against gravity, BRZ
decreased creep чпdеr these conditions, thus increasing the wall strength. EBL did not influence the wall
monosaccharide composition, cellulose and uronic acid content but led to disordered сеllчlоsе
microfiЫil orientation in the outer ерidеrmаl wall as rечеаlеd with the Pontamine S4B dye. This could
explain the effect of EBL оп gravitropism, because wild type plants treated with oryzalin (250 nM) and

роm2-4 mutants, both having disordered microfibrils, also demonstrated а decrease in the percentage
of standing hypocotyls, BRZ stimulated gravitropism independently of cellulose orientation, as it
increased the percentage of standing hypocotyls in oryzalin-treated wild type апd роm2-4 plants to
1007о. The BRZ effect оп gravitropism was accompanied Ьу а decrease in cellulose and mannose content,
and an increase in non-cellulosic glucose, which is consistent with changes in cell wall mannans and/or
cellulose crystallinity. The involvement of mannans in the control of gravitropism was confirmed using
а triple csla2csla3csla9 mutant deficient in this class of polysaccharides that demonstrated increased
gravitropic bending. BRZ also changed the pattern of epidermal cell expansion along the axis of
hypocotyls greatly diminishing the growth rate of three most basal epidermal cells. This effect mау result
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