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WINTER WHEAT (TRITICUM AESTIVUML.) CELL CULTURES
AS A MODEL SYSTEM FOR STUDYING

Random changes, especially stress, cause plants to undergo significant metabolic and
structural modifications. Most of these are adaptive responses that make the organism
more suited to new conditions. Salinisation is the most harmful abiotic stress. In the case
of severe stress, the effectiveness of the genotype’s vital functions becomes apparent
over a long period of time. Cell culture allows us to avoid problems: physiological,
biochemical, and other changes that occurred due to the stressor. The aim of this study
was to analyse the content of free proline and protein in different cell cultures of wheat
varieties subjected to prolonged osmotic stress. However, the accumulation of this
osmolyte alone cannot serve as an indicator of successful adaptation. Under conditions
of severe stress, which significantly limits the availability of external trophic and energy
resources, proline can act as a reserve source of nitrogen and carbon. Therefore, the Pro
pool in cells subjected to prolonged stress can change significantly. When studying the
dynamics of changes in wheat plants, we found that the level of proline in callus cells in
the Volodarka variety decreased as stress pressure increased, and the synchronous
decrease in amino acid content during prolonged salt stress in the Zolotokolos and
Smuglyanka varieties was 18.3 + 3.4% and 21.4 + 4.6%, respectively. In wheat, reserve
proteins (gliadin and glutenin) belong to this category of proteins. In wheat grains, they
account for 75-85% of the total protein composition; the gliadin/glutenin ratio depends on
the specific variety or genotype of the plant. In addition, these proteins are rich in arginine
and glutamine. The remaining part of the endosperm proteins consists of albumins and
globulins, many of which have enzymatic activity. We observed a significant depletion of
the protein pool, independent of the type of salinity. Since glutenin is also enriched with
proline, the increase in the content of this amino acid in cells during salinisation could be
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the result of their hydrolysis. Indirect evidence of this may be the decrease in osmolyte
content on the 25th day. The progressive decline in glutenin reserves led to a decrease
in proline.

Key words: salinisation, proline, protein, winter wheat, cell selection.

Introduction. For successful life activity, plants, as attached organisms, must
continuously adapt to dynamic (often critical) environmental factors. Changes (deterioration)
in living conditions are no longer local problems; they have become global. They also affect
Ukraine [2, 15]. The forecasts are not encouraging. Natural abiotic stresses are significantly
modified/intensified by the introduction of by-products of industrial activity. Local changes in
the environment are becoming ecological disasters. There is a growing need for forms that
are characterised by a high level of complex resistance to abiotic stresses. In this regard,
there is a need to improve biological technologies aimed at obtaining resistant (adaptive)
genotypes [4, 5].

A special place in the development of this problem is occupied by It is and will remain
the main component of the diet of most of the world’s population. Significant human and
material resources are spent on obtaining wheat varieties with improved stress resistance,
yield and grain quality. It is obvious that macrostructural changes, as well as general integral
indicators (growth, productivity), depend on the activity of cellular physiological and
biochemical reactions [2, 15]. Wheat is also a valuable food product for humans, can be
used as animal feed, is processed in the production of starch and ethanol, and is of interest
as a potential source of technical biofuel. Areas of genetic improvement of wheat grain
quality cover all of the above-mentioned industries.

In addition to scientific development, other pressing issues are also included, namely:
resistance to biotic and abiotic stresses [3, 14].

In vitro culture provides unique opportunities for studying cellular-level reactions. The
approaches used in this process will allow for the selection of cells with altered metabolism.
Such cell variants can become the starting material for the search and isolation of genes
associated with specific sections of metabolic chains. They will be the subject of further
manipulations aimed at obtaining regenerants [15, 16]. It is extremely important to conduct
a comparative study of the cell line and the regenerant plant, which will reveal the expression
of the new characteristic in the whole plant. This will allow the polymorphism of new forms
to be identified, primarily by adaptive traits [17, 18].

Optimisation of the standard protocol is ensured by continuous dynamic monitoring
of cell metabolism. When studying the dynamics of changes in free proline and protein in
wheat varieties, we found that under stressful conditions, some of these substances are first
transferred to the tissues that are directly affected by the stressor. In our opinion, such a
redistribution of the protective compound may contribute to the prolongation of the viability
of genotypes. Cell culture excludes this physiological reaction. In this case, the level of
proline and protein is the result of the interaction of the synthesis, transport and catabolism
systems.

The aim of this study was to analyse the content of free proline and protein in
different cell cultures of wheat varieties subjected to prolonged osmotic stress. Methods and
materials. For the study, wheat varieties selected by the Institute of Plant Physiology and
Genetics of the National Academy of Sciences of Ukraine, Volodarka, Smuglyanka,
Zolotokolosa, which are included in the National Register of Variety Standards [19], were
selected. Callus was induced from sterile plant sprouts, which was grown over 4 passages
to obtain the required amount of biomass on Hamburg B5 medium [20]. In the experiment,
the callus was exposed to sulphate-chloride (sea water salt) and sulphate salting at a
concentration of 20.0 g/l. According to the literature [14-16], this concentration creates
severe salt stress. The resulting callus was divided vertically and transferred to a fresh
medium in equal parts. The variants were kept under salinity conditions during a standard
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passage (30 days). During this time, under normal conditions, cell cultures go through all
stages of development.

The proline content was determined using a standard method [7]. Protein was
determined using the Lowry method [8]. The data were obtained in three replicates, and
statistical processing was performed using standard methods of variational statistics with
the use of Microsoft Excel. The difference between the data was considered significant at
p<0.05.

Results and discussion. The in vitro system ensures standardisation of cultivation
conditions. Under severe stress, both physiological and genetic responses of the studied
organism are revealed. This makes it possible to distinguish between general and specific
characteristics of the organism. A convenient criterion is the amino acid proline (Pro) [1, 13].

Diagram 1 shows the levels of free Pro in cell cultures of wheat of different genotypes,
measured on the 15th day of the experiment. By this time, under normal conditions, the
culture is in a stage of stationary growth, when genotypic characteristics are maximally
revealed. Under unfavourable conditions, physiological adaptation reactions may occur
during this time, rather than primary stress-induced responses.
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Fig. 1. Free proline content in cell cultures of Volodarka, Zolotokolos and Smuglyanka
wheat varieties cultivated under normal conditions and under salt stress.

The diagram shows that the level of amino acids in cells decreased as stress
pressure increased. At the same time, the type of salinity did not affect the decrease. In both
cases, the decrease was ~ 20 %. A similar effect was observed in other genotypes. The
synchronous decrease in amino acid content during prolonged salt stress in the Zolotokolos
and Smuglyanka varieties was 18.3 £ 3.4 % and 21.4 £ 4.6 %, respectively. Salinisation is
one of the most aggressive stress factors, as its damaging effect is the result of the
combination of osmotic, ionic and oxidative stresses. The accumulation of free Pro in cells
is aimed at compensating for pathological changes [6, 10, 11]. However, the accumulation
of this osmolite alone cannot serve as an indicator of successful adaptation. Under
conditions of severe stress, which significantly limits the availability of external trophic and
energy resources, proline can act as a reserve source of nitrogen and carbon. Therefore,
the Pro pool in cells exposed to prolonged stress can change significantly.

Figure 2 shows the free Pro content in wheat culture cells (genotype Volodarka) at
the initial and final stages of testing on a salt background.
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Fig. 2. Free proline content in callus cells of Volodarka wheat variety cultivated under
salt stress

Other authors who have studied this parameter also point to the priority of dynamic
indicators [9, 12]. Thus, in callus cultures of barley of a number of salt-tolerant genotypes,
the amino acid content in cells increased, stabilised, or decreased with increasing cultivation
duration. The author believes that this is how the proline-forming ability of genotypes is
realised. In our opinion, a high level of cellular Pro does not guarantee the viability of the
organism, since its accumulation can occur not only as a result of increased synthesis, but
also as a result of the degradation of proline-enriched proteins [1, 16].

In wheat, reserve proteins (gliadin and glutenin) belong to this category of proteins.
In wheat grains, they account for 75-85% of the total protein composition; the gliadin/glutenin
ratio depends on the specific variety or genotype of the plant. In addition, these proteins are
rich in arginine and glutamine. The remaining part of the endosperm proteins consists of
albumins and globulins, many of which have enzymatic activity. However, viable cell culture
differs qualitatively from grain. Under normal conditions, callus biomass increases as a
result of active dynamic metabolism. Under severe stress (salinisation), metabolism
decreases, and prolonged exposure may result in cell death due to the destruction of cell
structures [13, 17, 18].

Since the experiment showed that callus cultivation on a salt medium was
accompanied by an increase in Pro content, electrophoresis of gliadin and glutenin fractions
was performed as possible sources of amino acids. The analysis revealed a number of
phenomena. First, the extract lacked the gliadin fraction, which, at first glance, could indicate
their hydrolysis.

Gliadin, especially w-gliadin, consists almost entirely of repeating glutamine and
proline residues [18]. However, from our point of view, this was a reflection of the properties
(reactions) of the cell culture as a research object, since it was observed regardless of
genotype and cultivation conditions. The influence of the in vitro system, which affects the
nature of intracellular metabolism, cannot be ruled out either. In any case, according to our
assumption, this event was not the cause of the increase in proline levels. Electrophoretic
analysis of glutenins was also performed. Figure 3 shows the culture indicators on the 25th day.

A significant depletion of the protein pool was observed, regardless of the type of
salinity. Since glutenins are also enriched with proline, the increase in the content of this
amino acid in cells during salinity could be a consequence of their hydrolysis. Indirect
evidence of this may be the decrease in osmolyte content on day 25.
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Fig. 3. Electrophoresis of wheat callus glutenin fractions; 25th day; 1,2 — Volodarka
genotype; 3,4 — Zolotokolos genotype; 5-10 — Smuglyanka genotype; 1 — 6 normal conditions;
7,8 — sea water salts; 9,10 — sodium sulphate

The progressive decline in glutenin reserves led to a decrease in proline. The
response of a cell culture to prolonged exposure to any stress can be manifested both in
the form of stress-induced pathologies and in reactions associated with maintaining the
viability of the system. In our case, in wheat culture, salinisation caused synchronous events
of proline content increase and a decrease in the total glutenin pool. This phenomenon is
also characteristic of intact plants; such targeted metabolism ensures the stress resistance
of young seedlings. In wheat cell culture subjected to prolonged exposure to salt, the
consumption of reserve proteins ensures the protection/preservation of physiologically
necessary cell compartments. Thus, in our opinion, the observed reactions were a
manifestation of the culture’s adaptation to stressful conditions. This was evidenced by the
resumption of callus growth when transferred to normal conditions in the next passage.
However, the relative increase in callus biomass (a classic indicator of cell culture growth
and development) in this case was significantly lower than that recorded for cells that did
not experience stress. This may support the assumption that further continuation of the
stress exposure could have led to a lethal outcome.

Conclusions. Testing of cell cultures of the wheat varieties we studied, obtained
from varieties under conditions of prolonged salinisation, showed dynamic development of
proline and protein in the adaptive responses of the cell population.
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KNITUHHI KYNbTYPU O3UMOI MWEHULI (TRITICUM AESTIVUM L.)
AK MOAENbHA CUCTEMA ANA BUBYEHHA
ONHAMIYHOIO METABONI3MY IHOUKATOPIB

Bunadkoei 3miHU, 0cobrueo cmpecu pociiuHU OeMOHCMPYMb icmomHi MemabortiyHi
ma cmpykmypHi moducpikauii. lNepeeaxkHa ix yacmuHa € adarnmueHUMU peaKuisiMu, sKi
pobname opzaHiam binbw rMpucmocogaHuM 00 HOBUX YMO8. 3acosieHHs1 € Halbinbuwi
WKOOOYUHHUMU abiomuyHumMu cmpecamu. Y sunadky Oii )KopcmKo20 cmpecy eghekmus-
Hicmb XXummeoisisibHOCMI 2eHOMUIY cmae 04Ye8UOHOK Yepe3 mpuganul NPOMIKOK
vacy. KnimunHa Kynbmypa 90380r15ie yHUKHymu ripobriem: ¢bizionoaiyHi, bioximidHi, ma
iHWi 3miHu, sKi 8i06Yynuck Ha dito cmpecopa. Memotro GaHoeo docridxeHHs1 bys aHarni3
amicmy 8irbHo20 rnponiHy ma 6ifky y pi3HUX KNIMUHHUX KyJlbmyp copmig nueHuUuj, sKi
niddasanu mpuganum ocMomu4HUM cmpecam. OOHaK, Hakornu4YeHHs1 OaHo20 ocMorima,
came o cobi, we He MOXe CIyUmu roKasHUKOM ycniwHoi aBanmauji. B ymoeax xop-
CMKO20 cmpecy, icmomHo obmexye 0ocmyriHiCMb 308HiWHIX MPOIYHUX | eHepaemuy-
HUX pecypcis, NPoriiH MOXe sucmynamu pe3epsHUM OXXepesioM azomy i gyaneyro. Tomy
nyn Pro e knimuHax, wo niddarombcs Oiif mpusaso2o cmpecy, MOXe iCmomHo
3MiHO8amMUuCH.
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lpu docnidxeHHi OuHaMIiKu 3MiH 8 poCiiuHax MWeEeHUUi MU ecmaHo8usu, WO pieeHb
nponiHy 8 KnimuHax Karmrocy y copmy Borodapka 3HU3UBCS 8 MPOUEeCi MOCUMEeHHS
CmMpecoso20 MUCKY, a CUHXPOHHe criadaHHs1 3Micmy aMiHOKUCIIomu rpu mpueanomy
CO/IbOBOMY Cmpeci y Kynbmypu copmig 3onomokonoca ma CmyerisHKa CKiario,
8i0roeidHo 18,3 + 3,4% i 21,4 + 4,6%.

Y nweruyj, 0o kameeopii makux npomeiHie siOHocsMbcs 3anacHi 6inku (2niaduH i
eM1IoMmeHiH). Y 3epHi rnuweHuyj oHU cmaxoensime 75-85% 3azanbHo20 nMpomeiHo8o2o
cknady; rpu UbOMY Criie8iOHOWEHHST arliaOuH/2rIriomeHiH 3anexumps 6i0 KOHKPemHo20
copmy qu eeHomury pocnuHu. Kpim moeo, ui b6inku 6azami apeiHiHoM i 2rymamiHOM.
Hacmuna, wo s3anuwurnacs 6irnkie eHdocriepmy 00800UMbCs Ha anbOyMiHU i 2r106yriiHU,
b6azamo 3 sKux Marome hepMeHMHOI aKmUHICMIO.

Hamu crniocmepizarnocs icmomHe eucHaxkeHHs1 6irIkogoeo riyry, He3anexHe e6i0 murly
3aconeHHs. Tak 5K aromeHiH makox 36azadyeHi nposiiHOM, Mo 3p0CmaHHs1 eMicmy ujer
amiHoKucriomu 8 KiimuHax rpu 3acofieHHi Moerio 6ymu Hacriiokom ix 2i0ponisy.
Henpsmum ceidyeHHsiM Moxke Bymu 3HUXEHHS 3micmy ocmonimy Ha 25-y 0oby. Npoepe-
cyroya criad pesepsy ertomeHiHie npueoduria o 3MEeHWeHHs MPOosuHa.

Knroyosi crioga: 3aconeHHs, nposiiH, NpomeiH, MnueHUYss 03uMa, KiimuHHa CerneKuis.
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