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In this study the properties of pea (Pisum sativum L.) root plasma membrane (PM) were examined to
determine how the membrane properties are maintained in response to clinorotation (chronic
disorientation of biological object in relation to the gravity vector) conditions. The membrane
preparations enriched by PM vesicles were obtained from 6-day seedlings using aqueous two-phase
partitioning. The characteristics of PM ATP-hydrolysis activity, lipid and fatty acid composition and
the seedlings growth indices were analyzed. Compared with controls, clinorotated seedlings have
shown the change in an orientation of the primary roots and an increased growth of lateral roots.
Additionally, the intensity of lateral roots development varied in depending on the orientation of the
primary roots. ATP-hydrolysis activity was inhibited by vanadate and activated by potassium and
lysophosphatidilcholyne in preparations from both clinorotated and the control seedlings. The
phospholipids and neutral lipids were the two major components as well as sitosterol and stigmasterol
were predominant free sterol species in PM of both treatments. At the same time, PM preparations
from clinorotated seedlings contained a higher level of unsaturated fatty acids and were characterized

by a higher double bound index as compared with control ones.
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Although the plant cell metabolism is af-
fected by microgravity (Brown et al., 1995; Glaas-
sen, Spooner, 1994; Klymchuk et al., 1999; Kor-
duym, 1997), but it’s not clear yet whether the PM
is directly targeted to microgravity. At the same
time, it’s well known that plasma membrane (PM)
is involved in many important functions in plant
adaptation to environmental stimuli and develop-
mental signals (Navari-Izzo et al., 1993; Palladina,
Pedchenko, 1997; Serano, 1989). It suggests that
microgravity also can affect at the PM level
(Cogoli, 1990; Korduym, 1997; Schatz et al.,
1994). PM can be involved in the gravity percep-
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tion process and differential cell growth of upper
and lower tissues in responding region of plant
roots. In cooperation with cytoskeleton, it can be
also involved in the gravity sensitivity of unspe-
cialized to gravity cells of intact plants or plant
cells in vitro, whose metabolism has been shown to
be also sensitive to gravity environment (Kor-
duym, 1997; Rasmussen et al., 1994).

Unfortunately, little is known about the ef-
fects of altered gravity on membrane properties. It
might be caused by the difficulties to adapt the ex-
perimental techniques to the requirements of
spaceflight experiments. Nevertheless, it has been
reported that the PM from roots of clinorotated pea
seedlings has showed changes in fatty acid compo-
sition (Polulyakh, 1988; Polulyakh et al., 1989)
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and lipid peroxidation intensity (Zhadko et al.,
1992) as compared with stationary controls. In the
experiment with artificial planar lipid bilayers, the
activity of alamethicin pores in microgravity was
lower than 10% of their ground control activity
(Hanke, 1996). Ground-based studies have re-
vealed that PM lipid composition influences the
activity of protein kinase C that alters the functions
of membrane-associated molecules such as recep-
tors, enzymes, integrin molecules, etc (Nishizuka,
1992).

The plant plasma membrane H'-ATPase is
the primary transporter that pumps protons outside
the cell generating the H™ and electrical potential
gradients, which in turn activate the uptake and ef-
flux of ions and metabolites across the membrane
(Tanner, Caspari, 1996). The activity of the PM
H'-ATPase is modulated by many factors such as
plant hormones, stress conditions (Navari-Izzo et
al., 1993; Palladina, Pedchenko, 1997; Serano,
1989). Although the mechanisms by which AT-
Pase activity is regulated are still uncertain, PM
phospholipids and sterols have been reported to
define the fluidity and permeability of lipid bi-
layer (Cooke et al., 1993; Pedchenko et al., 1990;
Palmgren et al., 1988) and thus the activity of
membrane-bound enzymes (Cooke et al., 1993).

This research aims to analyze the physical-
chemical properties of the PM to elucidate a possi-
ble its role in the cell rearrangements occurring
under altered gravity conditions. The specific
properties and characteristics of the H'-ATPase,
lipid and fatty acid content and composition in
PM-enriched vesicles isolated by aqueous two-
phase partitioning from roots of pea seedlings
grown under clinorotation (2 rev/min) and station-
ary conditions were examined.

MATERIALS AND METHODS

Plant material. Pea (Pisum sativum L., cv
“Intensivniy”) seeds were surface-sterilized in
0.01% (v/v) potassium permanganate solute for 20
min and 5% sodium hypochlorite for 10 min,
rinsed in distilled water and imbibed for 36 h with
running tap water. Then the seeds were rolled in
filter paper and placed into clinostat (2 rev/min).
Seedlings were daily supplied with distillate water
and grown in darkness at 23+£1°C. 6-day-old seed-
lings were harvested for determination of the main
root length and root fresh and dry weight. 45 g of
roots harvested from approximately 350 seedlings
were used for membrane preparations.

PM isolation and assessment of membrane
purity and sidedness. PM preparations were iso-

48

lated using a two-phase aqueous polymer partition
system as described by Kjellbom and Larsson
(Kjellbom, Larsson, 1984) with some modifica-
tions. Roots were homogenized by a blender Mul-
tiquick/Minipimer MR 404 (Type 4185) for 90 sec.
The homogenate was filtered through nylon cloth
with pore size 150 and 100 nm. The filtrate was
centrifuged at 10 000 g for 20 min to yield a crude
pellet. The supernatant was further centrifuged at
105 000 g for 60 min to yield a microsomal pellet.

For the phase partitioning, 6 ml of the mi-
crosomal fraction was applied to 18 g of phase
mixture to give a phase system with further purifi-
cation using a tree-step batch procedure (Kjellbom,
Larsson, 1984). PM vesicles from Us and U'; frac-
tions were combined and pelleted at 105 000 g for
60 min. The pellets were resuspended in 5 mM
Mes-Tris buffer, pH 6,5 containing 0,33 M su-
crose, | mM DTT and used in assay of enzyme ac-
tivity or stored at -80°C until used. All steps of the
isolation procedure were carried out at 4°C.

For plasma membrane purity assessment, the
activity of the vanadate-sensitive ATPase as well
as dependence of ATP-hydrolysis activity on pH
(Briskin et al.,, 1987) was determined. Cyto-
chrome-c oxidase, NADPH-cytochrome-c¢ reduc-
tase, latent IDPase and NOj™-sensitive ATPase ac-
tivities were used as markers of mitochondria, en-
doplasmic reticulum, Golgi membranes and tono-
plast (Briskin et al., 1987). The membrane vesicles
orientation was determined by assaying ATP-
hydrolysis activity in absence and presence of Tri-
ton X-100 detergent (Larsson et al., 1994).

H'-ATPase activities were measured as in-
dicated by Pedchenko et al. (1990). The content of
protein was performed according to Bradford
(1976) with bovineserum albumin as a standard.

Electron microscopy assays. Isolated mem-
brane pellets were mixed with 1.6 % melted agar
(pH 7.2) (1:1, v/v) at 40°C. The agar drop was
cooled and cut with a stale razor. Agar pieces with
membrane vesicles and root apices were fixed in a
solution of 2,5 % (v/v) glutaraldehyde in 0,05 M
sodium cacodylate buffer, pH 7,2, for 1,5 hour, fol-
lowed by 1 hour incubation in 1 % (v/v) osmium
tetroxide in the same buffer. The specimens were
dehydrated in a graded ethanol series and embed-
ded in Epon 812-Araldite resins. Silver-gold sec-
tions (60£10 nm) were obtained with LKB 8800
ultramicrotome, collected on formvar-coated cop-
per and gold grids, stained with uranyl-lead citrate
(Reynolds, 1963) and silicotungstic acid (Roland,
1978), respectively. Specimens were then exam-
ined in a JEM-I200 EX transmission electron mi-
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croscope at 60 kV (JEOL, Japan). Morphometric
analysis was performed by the method of Wiebel et
al. (1966).

Lipid extraction and separation. Lipids were
extracted from the PM vesicles in the chloroform-
methanol solvent system according to Bligh and
Dyer (1959). The extracted lipids were separated
into neutral lipids, phospholipids and glycolipids
by thin-layer chromatography (TLC). Samples
were spotted on silica gel G plates (Silica Gel 60,
0,25 mm thickness; Merck, Germany). The chro-
matoplates were developed with the solution mix-
ture of 10% methanol in acetone. Lipids were iden-
tified by running the commercial standards simul-
taneously with samples.

Quantitative analysis of lipids separated by
TLC was performed as described by Novitskaya
and Ruzkaya (1976). All procedures were per-
formed in the presence of silica gel from TLC
plates. Phospholipids were determined by P; analy-
sis using KH,PO, as standard. Glycolipids were
quantified by measuring sugar content using glu-
cose and galactose as standards.

Sterol lipids were fractionated with solvent
system benzol:ethanol (90:10). Chromatographic
zones of sterols were detected by compare with
standard compounds (cholesterol, [3-sitosterol,
campesterol and stigmasterol) according to their
eluation speeds on chromatograms. Sterols were
extracted from silica gel, dissolved in chloroform,
steamed, weighed, dissolved in hexane and assayed
with gas-liquid chromatography technique (Berch,
Storrs, 1964) with capillary column.

Fatty acid analysis. For analysis of fatty
acid composition, the total lipids were extracted as
described above and methylated with 5% H,SO, in
methanol. Methyl esters were analysed (Berch,
Storrs, 1964) with a gas chromatograph Tsvet-100.
The fatty acids were identified by comparing Ris
with those of methyl esters standards. The content
of each fatty acid was calculated from the peak
area and expressed as a percentage of the total fatty
acids. Double bond index (DBI) was calculated ac-
cording to Lyons et al. (1964).

RESULTS

ATP-hydrolysis activity was inhibited by or-
thovanadate and was insensitive to nitrate in PM
preparations from clinorotated and the control
seedlings. The optimum of the ATP-hydrolysis ac-
tivity was at pH of 6,5 in the both clinorotated and
control specimens. Activities of specific markers
for tonoplast, mitochondria, endoplasmic reticulum
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Electron micrographs of plasma membrane
vesicles (A, B) and fragments of root apex cell
(C, D) from 6-day pea seedlings. Sections were
stained with lead citrate (A, C) or STA (B, D) spe-
cific for plasma membrane. PM — plasma mem-
brane, CW — cell wall, A — amyloplast, M — mito-
chondrion. Bars equal 1 um.

and Golgi apparatus membranes were low or not
detectable. The purity of PM preparations com-
posed not less than 90 and 92 % from clinorotated
and control seedlings respectively. Using Triton X-
100 detergent as a measure of structurally linked
latency, 97 and 93 % of the PM vesicles in prepa-
rations from clinorotated and the control seedlings
respectively were inside out orientation.

Results of electron microscope assays
showed that vesicles of microsomal and PM frac-
tions had a rounded form and were soldered. Fig-
ure presents the electron micrographs of the PM
vesicles (A, B) and fragment of root apex cell (C,
D) from 6-day control seedlings. Quantitative
morphometric analysis has shown that membrane
vesicles stained by silicotungstic acid composed
more than 95 % silicotungstic acid staining vesi-
cles (Figure, B). Silicotungstic acid staining of
cells from root apices stained only the PM and any
other cellular membranes were not seen (Figure,
D). These data support the results of biochemical
studies that U; and U's membrane fractions are
composed of PM-derived vesicles.
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Table 1

The effects of 6-day clinorotation on length of main roots as well as root fresh
and dry weight of pea seedlings

Growth parameters Control

The length of main root, cm 19,1 £0,2
Fresh weight of one root, mg 287+ 12
Dry weight of one roots, mg 18,0+ 0,6
Fresh / dry weight 16,1

Clinorotation Clilg);‘ﬁi:(t)ilon /
16,0 £ 0,3* 83,9 %
254 + 5% 88,3 %
17,0+ 0,7 96,8 %
14,7 91,3 %

Data are means + SE of twelve independent experiments.
* — significant difference from the control at P < 0,05.

Table 2

ATP hydrolysis activity and protein content in PM vesicles isolated from roots
of pea seedlings grown 6 days under clinorotation

Indices

Protein content, pg ml™

ATP hydrolysis activity, pmol P;mg™ protein h™

Control Clinorotation

1189 +11 999 + 36*

21+£2 25+£3

Data are means * SE of five independent experiments.

* — significant difference from the control at P < 0,05.

The analysis of pea seedlings growth
showed that approximately a half of clinorotated
seedlings had well developed primary roots with
usual orientation and developed lateral roots. The
primary roots of the other half clinorotated seed-
lings were oriented in direction of stem growth and
with noticeably developed lateral roots of first or-
der. The control seedlings were characterized by
well developed primary and faintly lateral roots.
The average length of main roots in clinorotated
seedlings was 83,9% of the control (Tab. 1). The
total fresh and dry weight of roots from clinoro-
tated seedlings consisted 88,3 and 96,8% of the
control correspondingly. Root fresh/dry ratios in
the clinorotated and control seedlings were 14,7
and 16,1 respectively.

The contents of protein in vesicles of PM
preparations from clinorotated seedlings were
lower then in the control ones (Tab. 2). By com-
parison, ATP-hydrolysis activity in the PM vesi-
cles from clinorotated seedlings showed a tendency
to higher activity than in the control ones. ATP-
hydrolysis activity in vesicles of microsomal
membranes from clinorotated seedlings was ap-
proximately 2,5 times lower than in the PM vesi-
cles.

The analysis of lipid composition showed
that the phospholipids (PL) and the neutral lipids
(NL) (primarily the free sterols) were two major
components in PM preparations (Tab. 3). The gly-
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colipids such as mono- and digalactosyldiacylglyc-
erols were also founded in PM preparations in very
low quantities (3,2-3,3%). PM preparations from
clinorotated and control seedlings contained the
similar quantities of the phospholipids and glycol-
ipids. The major PM phospholipids were phos-
phatidylcholine (PC) and phosphatidylethanola-
mine (PE) with lesser amounts of phosphatidy-
linositol, phosphatidylglycerol, phosphatidylinosi-
tol (PS) and phosphatidyc acid (PA). PC and PE
contained more than 80% of the total phospholip-
ids. The PA and PS were detected in low quantities
(~1-2 %).

Free sterols composed 0,187+0,016 and
0,204+0,018 mg per mg PM protein in clinorotated
and control seedlings respectively (Tab. 3). In
sterol fractions, B-sitosterol was the key sterol and
composed 55,1 %, stigmasterol and campesterol
occupied intermediate place (26,0 and 16,3 % ac-
cordingly), amount of cholesterol was 2,6 %.

Fatty acid analysis of total lipids showed
that the linoleic and palmitic acid were the pre-
dominant fatty acids in PM vesicles from clinoro-
tated and control seedlings (Tab. 4). Stearic, oleic
and linolenic linolenic fatty acids were detected in
the lesser amounts. Lauric and myristic fatty acids
were detected in trace amounts. The amount of un-
saturated fatty acids in PM of clinorotated seed-
lings was increased in comparison with controls.
Therefore, the double bound index was higher in
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Table 3

Lipid content and composition in PM vesicles isolated from roots of pea seedlings
grown 6 days under clinorotation. Lipid content is expressed
in mg lipid molecules per mg PM protein

Lipids content Control Clinorotation
Total phospholipids 0,614+ 0,031 0,600 = 0,029
Total galactolipids 0,033 £ 0,004 0,032 + 0,004
Total free sterols 0,204+ 0,018 0,187 +0,016
Total neutral lipids 0,374 +£ 0,028 0,346 + 0,024
Total lipids 1,021 +£0,006 0,978 £ 0,005

Data are means + SE of four independent experiments

Table 4

Fatty acid composition of the total lipids in PM isolated from roots of 6-day pea seedlings
grown under clinorotation. The content of each fatty acid was calculated from the peak area
and expressed as a percentage of the total fatty acids

Total content, %

Fatty acids

Lauric (C12:0)
Myristic (C14:0)
Myristoleic (C14:1)
Palmitic (C16:0)
Palmitoleic (C16:1)
Stearic (C18:0)

Oleic (C18:1)

Linoleic (C18:2)
Linolenic (C18:3)
Arachidic (C20:0)
Eicosenoic (C20:1)
Saturated fatty acids
Unsaturated fatty acids
Saturated fatty acids / unsaturated fatty acids

Double bound index

Control Clinorotation
3,3+0,2 trace**
trace** trace**
44+0,2 3,6+£0,2%
233+14 19,6 + 1,4
24+0,1 30£0,1*
4,8+0,2 3,5+£0,3*
10,9+0,9 7,6 £0,5%
255+1,8 32,9 +2,1%
8,7+0,8 17,4 = 1,0*
8,2+0,7 7,4+0,8
6,6 £0,5 4,6 +0,.2*
39,6 £2,2 30,5 +2,5%
584 +22 69,0 = 1,9%
0,45 0,65

1,18 1,49

Data are means + SE of three independent experiments.

* — significant difference from the control at P < 0,05.
** — total content less than 1 %.

the membrane preparations from clinorotated seed-
lings in comparison with controls (Tab. 4).

DISCUSSION

The present study shows that an effect of
clinorotation on pea seedling growth was associ-
ated with an inhibition of primary root growth and
the intensification of lateral roots growth. These
changes accompanied by reduction in length of
main roots and the reduction in root fresh and dry
weight as compared with stationary control. It is
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suggested that exposure of pea seedlings to clino-
rotation results in their disorientation with respect
to gravity vector and the primary roots of the half
seedlings grew in the direction of stem growth.
When the root tips run up to the edge of filter pa-
per tubes, their growth stopped and forming of lat-
eral roots was intensified. Nevertheless, an intensi-
fication of lateral roots growth occurred also in the
clinorotated seedlings with usual orientation of
primary roots. Therefore, it is suggested that expo-
sure of pea seedlings to clinorotation prevents the
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gravistimulation of primary root that stimulates the
development of lateral roots.

The changes in growth of roots were re-
vealed under different unfavourable conditions
such as altered gravity conditions (Klymchuk et
al., 1999), flood (Niki, Gladish, 2001) and hypoxia
(Drew et al., 1994). Acclimation of plants to flood-
ing was immediate with forming of vascular cavi-
ties in vascular cylinder (Niki, Gladish, 2001) in
the elongation region of primary roots. It has been
established that development of aerenchyma in
flooded tissues is associated with increased activity
of cellulases, which are mediated by ethylene (He
et al., 1994). It is interesting to note that decreased
root growth of soybean seedlings exposed during 6
days in spaceflight conditions was accompanied by
increased production of ethylene and characterized
by significant reduction in growth of lateral roots
in comparison with the controls (Klymchuk et al.,
1999).

The reduction in root growth under clinoro-
tation was accompanied by a decrease in the PM
total protein amount. At the same time, it is re-
vealed that the ATP-hydrolysis activity in PM
preparations from clinorotated seedlings has ten-
dency to an increase in comparison with controls.
These data suggest that the differences in the PM
ATP-hydrolysis activities are mediated by changes
in an activity of H'-ATPase rather than by changes
in the amount of their enzyme molecules. A lower
total protein content and higher ATP-hydrolysis
activity has been found in membranes of micro-
somal fractions isolated from roots of corn seed-
lings under clinorotation and hypergravity (2 g)
conditions (Tairbekov et al., 1980). At the same
time, hypergravity effects were more essential than
clinorotation (Tairbekov et al., 1980). Several stud-
ies have been also reported an enhanced plasma
membrane ATP-hydrolysis activity in response of
plants to environmental and developmental stimuli
including fusicoccin (Olivari et al., 2000), salinity
and phytohormones (Kabuzenko, 1997), high tem-
perature and prooxidant paraqut (Veselov et al.,
2002). Whereas, reduction in the ATP-hydrolysis
activity was noted in PM preparations isolated
from maize roots affected by growth regulators of
N-oxide pyridine family (Belyaeva et al., 1996).
Kerkeb at al. (2001) reported that tolerance of to-
mato calli to 50 mM NaCl resulted in the activa-
tion of H'-pumping without changes in ATP-
hydrolysis activity. The involvement of the PM
H'-ATPase activity in plant response to environ-
mental and developmental stimuli including clino-
rotation may be associated with an intensification
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of transport processes under unfavourable condi-
tions.

Clinorotation tended to the changes in the
sterol content, but there were no noticeable
changes in the phospholipid and glycolipid contents.
It is known, that structural-functional organization
of plant membranes are greatly influenced by its
lipid composition, in particular, by sterols that sta-
bilize membranes interacting with phospholipids
(Schroeder, 1984). However, high sterol amounts
in the lipid bilayer reduce membrane permeability
and fluidity (Schroeder, 1984). The tendency to de-
crease in free sterols content in PM preparations in
our studies may be one of the adaptive mechanisms
of pea seedlings to clinorotation conditions.

The PM preparations obtained from roots of
clinorotated seedlings are characterized by the
higher level of unsaturated fatty acids as compared
with control. The plant cells membrane functions
under different unfavourable conditions correlate
with maintenance of an increased levels of unsatu-
rated fatty acids (Szalai et al., 2001). Therefore,
noted enhancement of unsaturated fatty acid con-
tent may be also the adaptive mechanism of pea
seedlings to clinorotation. It has been reported that
phospholipids in PM from leaves of wheat seed-
lings grown in spaceflight were characterized by
the higher level of unsaturated fatty acids as com-
pared with the ground controls (Rumyantceva et
al., 1990). The lesser level of PM unsaturated fatty
acids in roots of clinorotated seedlings relatively to
controls reported by (Polulyakh, 1988; Polulyakh
et al., 1989) may be explained by the short experi-
ments duration for 24 and 48 hours.

The increase in unsaturated fatty acid con-
tent in pea seedling in our study may be attributed
to membrane permeability and fluidity, activation of
lipid peroxidation (Zhadko et al., 1992). Activated
oxygen species in elevated amounts can cause an
oxidation of membrane lipid unsaturated fatty ac-
ids and consequently membrane injury, protein
degradation, enzyme inactivity (Merzlyak, 1989).
Therefore, it would be interesting to appreciate
whether the alteration in fatty acids content under
clinorotation could interfere with membrane per-
meability and fluidity.

Thus, the data presented here suggest that
clinorotation inhibits the growth primary roots and
stimulates the growth of lateral roots of pea seed-
lings. In addition, evaluation of the effects of clino-
rotation on the physical-chemical properties of the
pea root PM suggests that H-ATPase activity and
fatty acids content may be an important part of the
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membrane rearrangements in an adaptation of pea
seedlings to altered gravity conditions.
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Science and Technology Center in Ukraine, (Project NN
03).
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BJACTHUBOCTI HIUTOIVIABMATUYHOI MEMBPAHMU KJITUH KOPEHIB
T'OPOXY 3A YMOB 3MIHEHOI CWJIH TSKIHHA

JI. O. Kimumuyk', B. B. Bapanenko', T. B. BopoGiiosa',
L. M. Kypunenko', O. A. Ymxukosa', B. JI. [ly6osoii’, T.O. [amnaziza'

"emumym 6omanixu im. M.I'. Xonoonozo Hayionansnoi akademii nayk Yxpainu
(Kuis, Yxpaina)

’Incmumym 6ioximii in. O.B. annadina Hayionanvnoi akademii nayk Yrpainu
(Kuis, Ykpaina)

JocmimkeHo BIUTUB KIIHOCTaTyBaHHS (IIOCTIMHOT Ae30pieHTamnii 6ioJorigHoro 06’ €KTa BiIHOCHO Be-
KTOpa CHJIM TsDKIHHS) Ha (Di3MKO-XIMIUHI BIaCTHBOCTI IMTOILIa3MaTn4Hoi MemOpanu (LIM), Buaisie-
HOT 3 KOpEHIB 6-7000BUX MPOPOCTKIB ropoxy (Pisum sativum L.) metomom aBoha3oBoi BOIHO-
nojriMepHoi cucremu. [TpoananizoBaHo pOCTOBI MOKa3HUKK MPOPOCTKiB, AT®-riAponiTHUHY aKTHB-
HiCTh Ta Jimigauit cknax npenaparis [IM. AT®-rigponiTiyHa akTHBHICTh IPUTHIYYBanacs OpToBa-
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HAJaTOM, ITiIBUIIyBaJIacs B MPUCYTHOCTI Kaliro, iizodocharuammxoniny B LIM mpemapartax mocii-
JHUX 1 KOHTPOJBHHUX BapiaHTiB. ®ocdomimiay i HeHTpanpHi Jimian OyTu OCHOBHHUMH JiITiTHUMH
KOMIIOHEHTaMH, SIK i CHTOCTEPHH Ta CTUTMACTEPHH — IEePeBaKAIOYMMH BUIbHUMH cTepuHamu B [[M
000x BapianTiB. [IOpiBHSIHO 3 KOHTPOJIBHUMH, JOCITITHI MPOPOCTKH MICTIIIN OiIBIIY KiTBKICTh HEHA-
CHYCHUX JKUPHHUX KUCIIOT, XapaKTEPU3yBaJIMCS BUILMM 1HIEKCOM IOJIBIIHUX 3B’SI3KIB.

Kawu4osi ciaoBa: Pisum sativum L., kninocmamyseauns, yumonnasmamuyna memopana, ATO-
2IOPONIMUYHA AKMUBHICIMb, TIENIOHUT MA HCUPHOKUCTIOMHUU CKILAO

CBOMCTBA IIUTOILIASMATHYECKOM MEMBPAHBI KJIETOK KOPHEN
T'OPOXA B YCJIOBUSIX UBMEHEHHOM CUJIbBI TS)KECTHU

JI. A. Knmumuyk', B. B. bapanenxo', T. B. Bopo6iiosa’,
1. H. Kypunenko', E. A. Umxukosa', B. JI. [ly6osoii’, T. A. Iamraguua’

"Hnemumym 6omanuxu un. H.I'. Xonoonozo Hayuonansnoii akademuu nayk Ypaunot
(Kues, Yxpauna)

2HHcmumym ouoxumuu um. A.B. Iannaduna Hayuonanvroil akademuu Hayk YkpauHul
(Kues, Ykpauna)

HccnenoBaHo BiAMSHUE KIMHOCTaTUPOBaHMUS (IIOCTOSIHHOM JI€30pUEHTALMN OMOJIOTMYECKOr0 00BhEK-
Ta M0 OTHOILEHHIO K BEKTOPY CHJIBI TSHKECTH) Ha (PU3UKO-XMMHUYECKUE CBOMCTBA LIMTOIIa3MaTHYe-
ckoil MemOpans! (IIM), BbAEIEHHOI M3 KOpHEH 6-CyTOUHBIX NMPOPOCTKOB ropoxa (Pisum sativum
L.) meronom aByx¢a3Hoil BomHO-TIOIMMEpHOH crucTeMbl. [IpoaHaln3npoBaHbl POCTOBBIE MOKa3aTe-
U npopocTkoB, AT®-ruaponuTuyeckas akTUBHOCTb, TUMMAHBIN cocTaB mpenaparoB LIM. AT®-
THIPOJIMTHYECKAs aKTHBHOCTh MHIMOWpOBalach OPTOBAHA/IATOM, YCHIMBAJIACh B MPUCYTCTBUH Ka-
s, T30¢hoCchaTUAMIKOINHA B TIPETIapaTax ONBITHBIX U KOHTPOJIBHBIX BapHaHTOB. Pochoaummiist
1 HEUTpaJIbHbBIE JIMMUABI OBLIH OCHOBHBIMH JIMITUAHBIMI KOMIIOHEHTaMH, KaK M CHTOCTEPUH H CTHT-
MacTepyH — MpeolIagaronMi CBOOOTHEIME cTepuHaMi B LIM o6onx BapmanToB. OTIBITHEIE ITPOPO-
CTKH IO CPAaBHEHMIO C KOHTPOJBHBIMH COJEPsKali OOJblIee KOTMIECTBO HEHACHIIIEHHBIX JKUPHBIX
KHCJIOT U XapaKTEepU30BaIICh 00JIee BHICOKMM MHAEKCOM JBOMHBIX CBSI3EH.

KnarwueBble cioBa: Pisum sativum L. kmunocmamuposanue, yumoniasmamuyeckas memopaua,
AT®-2udponumuyeckas akmueHOCMb, TUNUOHBLU U HCUPHOKUCTIOMHDLIL COCMAG
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