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Organelle Dynamics during Salinity-Induced Programmed Cell Death in Plants

Programmed cell death (PCD) is a complex mechanism induced by environmental stress (ePCD) or develop-
mental processes (dPCD). ePCD can be triggered by various types of unfavorable abiotic conditions, includ-
ing salinity stress. Exposure to high concentrations of salt not only alters plant morphological characteristics
but also severely affects biochemical and molecular processes. Furthermore, plants activate numerous defense
mechanisms that operate in different organelles within the plant cell. These mechanisms involve ionic, osmot-
ic, and oxidative damage affecting the plasma membrane, mitochondria, chloroplasts, vacuoles, and nucleus.
A major disturbance in the plasma membrane is characterized by impaired transport processes, ROS accumu-
lation, and Ca?* influx. Mitochondrial dysfunction is closely associated with excessive ROS accumulation,
activation of protective pathways such as AOX, UCPs, and the GABA shunt, and cytochrome c release.
Moreover, the photosynthetic rate is substantially reduced in association with a decline in chlorophyll con-
tent. Vacuoles integrate osmotic and ionic signals by sequestering Na* through NHX antiporters and
V-ATPase activity; however, when this system collapses, Ca?* signals converge on the nucleus. Further-
more, the overproduction of ROS acts as a signaling molecule in the activation of EXECUTER proteins in-
volved in chloroplast-nucleus communication. Salinization activates osmotic, ionic, and oxidative signaling
pathways that ultimately result in chromatin degradation. Altogether, these interconnected processes contrib-
ute to the induction of PCD.

Keywords: Programmed cell death, salinity stress, reactive oxygen species, nitic oxide, phytohormones,
enzyme.

Introduction

Programmed cell death (PCD) is a genetically regulated series of events resulting in cell death [1]. It
eliminates unnecessarily damaged cells across all developmental stages, starting from germination to the
plant’s death [2]. PCD is classified into two distinct groups based on the mode of induction, triggered by en-
vironmental stress (ePCD) and triggered by developmental processes (dPCD) [3]. dPCD is involved in the
latest stage of cell differentiation in various parts of the plant, controlling the formation of new cells; moreo-
ver, it may occur as a result of cell-to-cell signaling, and it is the final point of senescence in all plant tis-
sues [1]. On the other hand, ePCD is induced by abiotic (drought, salinity, temperature, heavy metals, etc.) or
biotic (pathogens, parasites, insects, etc.) stresses. In both types, PCD is a crucial step in plant growth and
development, helping to control and respond to the internal or external stimuli in plants.

Among other defense mechanisms in a plant, PCD plays a key role during stress conditions, but it acts
differently compared with other responses. In most cases, the defense systems have interplay with reactive
oxygen species (ROS), which, in the case of PCD, is a main regulatory factor. However, during pPCD, dam-
aged or highly affected cells by stress conditions are purposely killed in order not to affect the other living
cells. So the plant can maintain a stable and acquired number of healthy living cells [4].

Review

Firstly, the term PCD was used by Lockshin and Williams (1964) and since then, many studies on the
role in plant growth and development have been carried on. Several studies indicate that signaling pathways
regulating PCD in both animals and plants are similar. PCD in plants is not only a developmental process,
but also a significant response mechanism under salt stress. Salinity triggers ion imbalance, osmotic stress
and oxidative damage, which can activate PCD pathways in plant cells [5]. Under salt stress,
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overaccumulation of ROS becomes a “secondary stress” that impairs cellular function in organelles like
chloroplasts, mitochondria, peroxisomes and the apoplast are principal sources of ROS under such
conditions [6]. ROS accumulation under salinity not only damages molecular component, but also serves as a
signaling cascade to initiate PCD. In salt-stressed cells, NADPH oxidases and mitochondrial respiration are
activated, further enhancing ROS levels that lead to cell death [7]. NO acts as a redox-active signaling mole-
cule, promoting survival at low concentrations but contributing to PCD at high levels, particularly when ROS
are elevated. Crosstalk between NO and ROS regulates redox balance and forms peroxynitrite (ONOQ), a
potent oxidant that damages membranes, proteins, and nucleic acids, triggering PCD (a phenomenon called
nitrosative burst) [8, 9]. lonic imbalance, including high Na* influx and K" efflux, also contributes to PCD
activation under salinity [7]. Calcium signaling is another critical regulator of salt-induced PCD, as elevated
cytosolic Ca”" activates downstream cascades, including ROS-producing enzymes like vacuolar processing
enzymes (VPEs) and other cell death effectors [10]. Phytohormones coordinate stress responses and PCD:
salicylic acid (SA) enhances antioxidant activity and reduces ROS-mediated cell death [11], while ethylene
provides protection, as shown by higher salt-induced death in ethylene-insensitive Arabidopsis mutants
(ein2-5, ein3-1) [12]. Jasmonic (JA) and gibberellins (GA) interact with SA pathways, redox balance and
gene expression, influencing cell survival of PCD under salinity [13].

During PCD, various organelles play specific but interconnected roles. For example, the plasma mem-
brane (PM) acts as the primary sensor of environmental stress, detecting ionic, osmotic and oxidative chang-
es and initiating signaling cascades [21]. The mitochondria serve as one of the early stress sensors by releas-
ing signaling factors, including the release of cytochrome c, which initiates further downstream cell death
events [14]. Also, nuclear changes include chromatin condensation and nuclear degradation, triggered down-
stream of vacuole rupture during tracheary element differentiation and PCD in Zinnia plant [15]. Moreover,
the vacuole undergoes tonoplast premeabilisation or rupture to release hydrolyses into cytoplasmic con-
tents [16]. Finally, chloroplasts participate in ROS generation under stress and may experience thylakoid
disorganization [17]. Altogether, these events are intertwined, forming cross-talk circuits that push the cell
toward irreversible death.

Under salinity stress, PCD is a tightly regulated process in which stress signals like ROS, NO, Ca**, and
phytohormones activate proteolytic enzymes and trigger organelle responses. Excessive salinity alters ions as
well as redox balance, leading to structural and biochemical alterations in PM, mitochondria, chloroplasts,
vacuoles and nuclei. These organelles communicate through ROS as well as calcium signaling, ensuring co-
ordinated execution of cell death. Understanding their cross-talk during salinity stress gives valuable infor-
mation about plant adaptations and the regulation of PCD during stress. In many studies, researchers de-
scribed this mechanism mostly in animals; however, there are limited sources about plant PCD induced by
salinity. Moreover, numerous amount of discoveries were made on the separate organelles, whereas few re-
views summarise that knowledge about the relationship between plant organelles and PCD. Hence, in the
following review, we will focus on detailed biochemical changes occurring in these organelles and their in-
terconnections during salinity stress that lead to PCD.

1. Salinity stress

One of the most widespread stress factors affecting plants is salinization. It is estimated that by 2050,
50 % of cultivable land will be impacted by salinity stress [18]. It is described as a high concentration of so-
dium (Na"), chloride (CI'), potassium (K*), and sulfate (SO,) in a soil, which inhibits mineral uptake by
roots. Further, these ions can subsequently be dissolved in water and transported to plant cells [18]. Accord-
ing to the type of salinity-inducing elements and pH, salinization is classified into two distinct groups: neu-
tral and alkaline salinity. Neutral salinity is mainly induced by NaCl at pH = 6.998, and alkaline one is
caused by sodium carbonate (Na,CQO3) or potassium carbonate (K,COs3), where pH > 10.5 [19].

Salt stress conditions not only affect plant morphology but also exert profound effects on biochemical
and molecular processes. Therefore, it affects many organelles within a plant cell, including the PM, mito-
chondria, vacuole, chloroplast and nucleus. Moreover, the homeostatic disturbance during high salinity ex-
posure is classified into two stages known as primary (decline in plant growth and mineral absorption) and
secondary (damage of biomolecules by ROS) [20].

2. Plasma Membrane (PM) dynamics under salinity stress
Plasma membrane (PM) serves as a vital interface between the plant cell and its environment, exhibit-
ing high dynamism and changing structural and functional features in response to environmental
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stresses [21]. Under salinity, the PM becomes the primary sensor of ionic, osmotic and oxidative stresses,
which act together and directly affect the behavior of PM channels [22]. The ionic aspect of salinity arises
from toxic effects of specific ions, such as Na" and CI', and from nutrient disruptions, while high salt concen-
trations lower water potential, causing water deficit or osmotic stress [23]. In addition, salt stress promoted
the generation of ROS, including singlet oxygen, superoxide anion, hydrogen peroxide and hydroxyl radi-
cals, causing oxidative stress in many plants [24].

Figure 1 indicates that PM-associated stress sensors, such as receptor-like kinases (RLKSs) [25],
glycosyl inositol phosphoryl ceramides (GIPCs) [26], and other membrane proteins, first detect high external
salts. These sensors trigger downstream signaling pathways, notably the SOS (Salt Overly Sensitive) path-
way, which attempts to regulate Na extrusion and maintain ionic homeostasis [25-28].
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Figure 1. Plasma membrane function during salinity stress, which leads to PCD.
Created using Canva. Inspired by [43]

For ionic stress, Na* enters the cytoplasm through non-selective cation channels (NSCCs) like cyclic
nucleotide-gated channels (CNGCs) [29] and glutamate-activated channels (GLRs) [30], while K™ efflux oc-
curs via outward-rectifying K* channels (GORK) [31]. High cytoplasmic Na* leads to the formation of PM
microdomains (MOCAL), which in turn activate Ca®* channels, resulting in a significant influx of Ca®* into
the cytoplasm. If the PM transporter, like SOSL1, that plays a critical role in controlling the NHX antiporters
in the vacuole, becomes overwhelmed [32], then cytoplasmic Na* accumulation and K+ depletion destabilize
membrane potential and disrupt enzyme activity, generating strong intracellular death signals that contribute
to PCD initiation [33].

Osmotic stress caused by high salt reduces water potential [34], leading to cytoplasmic dehydration and
cell shrinkage. PM sensors, including RLKs and GIPCs, detect these changes, and the elevated Na* levels
further trigger Ca®* influx through PM channels [25, 26]. Under extreme stress, osmotic adjustment fails,
resulting in vacuolar contraction and structural destabilization that amplify the intracellular death signal, fur-
ther driving PCD [35].

Meanwhile, the PM acts as a major site for ROS production via NADPH oxidases (RBOH) [36]. ROS
such as superoxide anion and hydrogen peroxide accumulate in the cytoplasm and apoplast, overwhelming
detoxification mechanisms [37—-39]. ROS production at the PM, combined with ionic and osmotic imbalanc-
es, acts as a death signal, activating downstream transcription factors (e.g. CBF/DREB) [40-42] and orga-
nelle-mediated PCD pathways, including mitochondrial dysfunction, vacuolar collapse and caspase-like pro-
tease activation [33].

Thus, under severe salinity stress, the PM integrates ionic, osmotic and oxidative stress signals, but ra-
ther than protecting the cell, its dysregulated responses converge to trigger PCD.
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3. Mitochondrial Dynamics Under Salinity Stress

Mitochondria show a distinct and highly sensitive response to salinity stress because of their central
roles in energy production, signaling and carbon metabolism [43]. Salt stress disturbs the normal balance of
mitochondrial fission and fusion, leading to swelling, fragmentation and a decrease in membrane poten-
tial [44]. As ion homeostasis and osmotic balance shift under high salt, mitochondrial compartments sense
cytosolic Na™ accumulation and initiate early adaptive responses [45]. One of the earliest changes is a decline
in the inner membrane potential (A¥m) due to the opening of permeability transition pores (PTPs) [46], as
illustrated in Figure 2.
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Figure 2. Mitochondrial response during salinity stress exposure.
Created using BioRender.com. Inspired by [43]

Mitochondrial oxidative phosphorylation (OXPHOS) depends on the electron transport chain
(Complexes I-1V) and ATP synthase (Complex V) to generate ATP [47]. Complexes I, I1l and IV pump pro-
tons into the intermembrane space, creating an electrochemical gradient that drives ATP synthesis [48]. Un-
der normal conditions, proton pumping and ATP production remain balanced, ensuring stable AYm. Howev-
er, salinity disrupts this balance, causing excess proton buildup, over-reduction of the ETC, and impaired
ATP synthesis [49].

Salt stress affects the tricarboxylic acid (TCA) cycle, reducing the activity of key enzymes such as cit-
rate synthase and isocitrate dehydrogenase [50]. This limits the supply of NADH and FADH, to the ETC,
weakening OXPHOS and promoting electron leakage, which increases mitochondrial ROS production [6].

To restore homeostasis under salt stress, mitochondria activate Ca®" transporters and bypass systems
such as AOX and UCPs, which reduce redox pressure and help stabilize A¥Ym [49, 51]. AOX maintains
NADH oxidation by bypassing Complexes Il and 1V, while UCPs mildly dissipate the proton gradient to
limit ROS without fully stopping ATP production [52; 51]. Antioxidant defenses, including MnSOD and
enzymes of the ascorbate-glutathione cycle, further detoxify ROS and support redox balance [51].

Salt stress also induced the GABA shunt, where glutamate is converted to GABA and then to succinate,
supplying the TCA cycle and reducing ROS when photosynthesis and growth decline [53, 54].

Under severe salinity, excess ROS act as damage signals, activating DRP3A/DRP2B and promoting mi-
tochondrial fragmentation [55, 56]. ROS also trigger mPTP opening, causing A¥m collapse and releasing
cytochrome ¢, which activates caspase-like proteases and initiates irreversible PCD [57, 58]. When AOX,
UCPs, antioxidant systems and the GABA shunt can no longer rebalance energy and redox status, ATP de-
pletion worsens mitochondrial failure [43], driving the cell toward programmed death.
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4. Chloroplast During Salinity Stress

Chloroplast is highly affected during exposure to high saline conditions. Many vital processes, which
take place in chloroplasts, are declined, including photosynthesis. Those effects can be subdivided as osmotic
and ionic stresses [59]. Osmotic stress is triggered by high salt concentration in soil, which disturbs the water
absorption by roots, resulting in water deficit, and ionic stress is described as mechanical damage by an ex-
treme amount of salt in transpiring leaf cells [60]. Munns proposed the idea of the biphasic model of plant
response to salinity stress in 1993. Where he described the first phase as not salt-specific growth retardation
due to water deficiency, while the second salt-specific phase is related to leaf death associated with rapid
accumulation of salt in cytoplasm and cell walls [61]. Furthermore, it leads to stomatal closure, reduced chlo-
rophyll content, decreased CO, concentration, and a decline in photosynthesis [62].

Exposure of plants to salinity stress leads to a decline in CO, assimilation, causing an over-reduction of
photosystem 1l (PSIl). This imbalance results in the formation of ROS, particularly singlet oxygen
("O) [63]. In photosynthetically active leaves, chloroplasts serve as primary sites of ROS generation [64].
The major ROS species formed in chloroplasts include singlet oxygen ('O;), superoxide radicals (O;"), hy-
drogen peroxide (H,0O.) and hydroxyl radicals (*OH) [65] (Tab. 1). Because radical forms of ROS are diffi-
cult to detect directly, most studies focus on measuring non-radical H,O, accumulation as an indicator of
oxidative stress under saline conditions [63].

Table 1
The effect of different concentrations of salinity on different plant species
Salt .
Plant species | concentration | Chloroplast content Pho]:c?synthetlc PCD marker | References
(NaCl) efficiency
1. |A Korean wheat {150 mM for The levels of Chlaand |Photosynthetic rate  |Proline contents [66]
cultivar 1,2,0r3days |bdecreasedto 79 % of |decreased to 79 % at [rose to 102 % of
cv. Keumgang the control at 1 day, 1 day, 59 % at 2 days, |the untreated
(Triticum 59 % at 2 days, and and 53 % at 3 days |control at 1 day,
aestivum L.) 53 % at 3 days 104 % at 2 days,
and 109 % at 3
days
. |Barley 100 and El Arich, Giza2000, A significant decrease|An increase in [67]
(Hordeum 200 mM Gizal27 lose, respec-  |only in Gizal27 at MDA content in
vulgare L.)) tively 33 %, 36 % and  |200mM NaCl almost all barley
43 % of their total chlo- genotypes
rophyll content
.|(Viciafaba L.) |60, 120, 240 Chl a content decreased, |Due to the decline in |Decline in pro- [68]
mM reaching its lowest con- |photosynthetic pig- |tein content
tent, 0.270 and 0.426 ments, decrease in
mg/g fresh weight, at  |photosynthetic rate as
240 mM well
. |Barley 200 mM Chl a content from 14 % |The efficiency of Enhanced dissi- [69]
(Hordeum to 41 %, chl b contents |electron donation to |pation energy
vulgare L.) were reduced from PSI (Fv/Fo) and flux per reaction
12 %, to 46.8 % and maximum quantum  |center (DIO/RC)
similarly, total chloro- |yield of PSII (Fv/Fm) |in thylakoid
phyll contents were de- |was significantly re- |membrane.
creased from 10.3 % to |duced
50.3 %
. |Oat 48,72, 96,120, |At96 mmolL" NaCl, |Decline in photosyn- |The proline con- [70]
(Avena sativa L.) [144 mmolL™ the content of chloro-  |thetic rate due to the |tent in shoots
phyll a decreased to decrease in chloro-  |was increased by
0.86 times, while the plast content 3.26 times under
content of chlorophyll b NaCl stress, and
decreased to 0.7 times the proline con-
compared with the con- tent in roots by
trols 3.41 times
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5. Vacuole During Salinity Stress

Under saline conditions, plants rapidly experience osmotic, ionic and oxidative stress, while excess Na*
and CI" disrupt cytosolic ion homeostasis, enzyme activation, biomolecule synthesis and hormonal imbal-
ance [71]. Excess accumulation of these ions provokes the activation of vacuolar transport systems to se-
quester toxic ions into the vacuoles and maintain a favorable K*/Na" ratio [72]. Vacuolar transport systems
include Na'/H* antiporters, VV-ATPase, V-PPase, Ca**-ATPase, aquaporin, ABC transporters and etc. [73].
At the same time, some adjustments of the morphological and functional structure of the vacuole, such as
vacuole enlargement (swelling), tonoplast remodeling, changes in cytosolic pH as a response to osmotic im-
balance [74], and thereby protecting the cytoplasm from ion toxicity. These dynamic changes in vacuolar
volume, tonoplast structure and internal environment, altogether contribute to the maintenance of turgor
pressure [3] and support osmotic adjustment [67] during the early stages of salt stress, thus protecting the
cytoplasm from rapid ionic stress damage.

However, failure to sequester excess Na into the vacuole causes severe cytosolic stress [75]. High salt
levels induce ROS production, leading to oxidative damage of tonoplast lipids and proteins [76]. Under these
conditions, cells shift to an energy-saving metabolic state, degrading stored reserves and nonessential com-
ponents to supply metabolites for energy production and essential biosynthesis [77]. Elevated cytosolic Ca®*
further activated stress-signaling pathways that weaken vacuolar integrity. Early stress hormones such as
salicylic acid (SA), gibberellin (GA) and ethylene trigger Ca®* signaling and play critical roles in plant
PCD [3; 10]. Disruption of the vacuolar Ca pumps ACA4 and ACAL1 increases apoptosis-like cell death
through an SA-dependent pathway [10], highlighting their role in linking vacuolar Ca** signaling to PCD
onset [78]. Stress-induced autophagy often protects cells by restoring energy balance and suppressing PCD
[79-81]. However, unknown signals can redirect autophagy into a pathway that promotes vacuole-dependent
PCD [83, 82], characterized by tonoplast permeabilization and rupture, which releases hydrolases and drives
cytoplasmic degradation [84, 77]. Vacuolar processing enzymes (VPES) and other proteases can also initiate
hypersensitive-response (HR) PCD under abiotic and biotic stress, and peroxisomal catalase removal via
pexophagy may be required for HR activation [83, 86, 85]. Before tonoplast rupture, vacuoles show in-
creased lytic activity as autophagy-derived cargo and stress-induced proteases accumulate [77]. Activation of
VPE and related proteases triggers membrane collapse and release of acidic contents—a hallmark of vacu-
ole-mediated PCD [85]. Disrupted coordination between autophagy and osmotic adjustment may contribute
to tonoplast rupture [87]. Once the membrane collapses, hydrolases degrade the protoplast and later the cell
wall. Notably, under severe energy deficiency, autophagy itself can act as a direct inducer of PCD [88].

6. Nucleus Under Salinity Stress

A number of processes are affected by salt exposure, including cell division. Cell division is a primary
process determining the cell shape and its further development. High salinity conditions can alter symmetry
and asymmetry ratio, meaning the distribution of cytoplasmic components between daughter cells during
division [89]. Moreover, it severely disrupts the work of the cytoskeleton. Salt stress induced significant dis-
turbances in the interactions among cytoskeletal components. It affects both ion transport regulation and the
biosynthesis and regulation of various membrane and non-membrane proteins, including transporters and
enzymes [90]. These can happen in individual cells. In some cases, cytoskeletal damage becomes irreversi-
ble, as components may form aberrant structures, including crystalline-like aggregates, which cannot be
properly assembled and persist in daughter cells after division [91]. Additionally, earlier it was reported that
the chloroplast proteins EXECUTER1 and EXECUTER? transfer oxidative signals from the plastid to the
nucleus [92]. Overaccumulation of ROS species in the nucleus resulted in cell death.

Another type of PCD regulation involved iron homeostasis. Iron is a crucial element that plays a key
role in development, photosynthesis, chlorophyll biosynthesis and DNA synthesis through the formation of
Fe-S clusters and heme groups [93]. Both ROS and NO can influence ion homeostasis in plant cells. Iron
readily reacts with ROS to generate highly reactive and toxic species; for example, during the Fenton reac-
tion, Fe®* reacts with hydrogen peroxide (H,O,) to produce hydroxyl radicals (*OH), which can damage nu-
cleic acids, proteins and lipids. NO is also a key element in maintaining iron balance; it helps sequester iron
and reduce oxidative damage [94]. Furthermore, NO functions as a signaling molecule during ferritin synthe-
sis, contributing to iron storage and cellular protection [93].
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7. Interconnection of Cellular Organelles under Salinity Stress

Under salinity stress, plant organelles do not act independently; instead, they form an integrated signal-
ing network in which ionic, osmotic and oxidative cues propagate rapidly between the plasma mem-
brane (PM), mitochondria, chloroplasts, vacuole and nucleus. As shown in Figure 3, high Na* and CI" levels
first disturb PM transport systems, driving Ca?* influx and ROS accumulation that serve as early signals
transmitted to internal organelles [22, 25, 36]. Mitochondria respond by altering A¥m, increasing ROS pro-
duction and activating protective pathways such as AOX, UCPs and the GABA shunt, but excessive stress
leads to mPTP opening and cytochrome c release, linking mitochondrial dysfunction directly to PCD initia-
tion [46, 51, 57]. Chloroplasts similarly generate large amounts of ROS due to PSII over-reduction, and these
oxidative signals are relayed to the nucleus via chloroplast-nuclear communication pathways such as
EXECUTER proteins, reinforcing stress-induced transcriptional reprogramming and DNA degradation
[63, 92]. Vacuoles integrate osmotic and ionic signals by sequestering Na® through NHX antiporters
and V-ATPase activity, but when this system collapses and Ca®* converge on the nucleus, causing chromatin
condensation and fragmentation, ultimately sealing the commitment to PCD [89]. Together, these intercon-
nected organelles create a coordinated stress-response circuit in which membrane transport, ROS signaling,
Ca”* fluxes and protease activation collectively determine whether the cell adapts or undergoes PCD.
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Figure 3. Interconnection of cellular organelles during salinity stress leading to PCD.
Created using Biorender.com.

Future perspectives

Although significant progress has been made in understanding how individual organelles respond to sa-
linity, their coordinated behavior during PCD remains insufficiently explored. Future research should focus
on identifying the precise molecular signals, such as ROS, NO, Ca fluxes and phytohormone crosstalk that
mediate communication between mitochondria, chloroplasts, vacuoles, the plasma membrane and nucleus
under salt stress. Advancing imaging and omics technologies could help visualize real-time organelle inter-
actions and uncover early biomarkers predicting the shift from stress tolerance to PCD. Moreover, engineer-
ing key regulators such as SOS transporters, vacuolar pumps, antioxidant systems, mitochondrial metabolic
pathways (AOX, UCPs, GABA shunt), and chloroplast ROS-detoxifying components may provide new
strategies for developing salt-tolerant crops. Integrating these findings will be essential for constructing
comprehensive models of organelle-driven PCD and improving plant resilience in increasingly saline envi-
ronments.

Conclusion

This review discussed the effect of high salinity exposure on the five main organelles in a plant cell, re-
sulting in PCD. Over time, plants have developed a defensive system in order to protect themselves from
high salinity. Indeed, although plants do not possess an equivalent to the animal adaptive immune system,
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they deploy a number of defense mechanisms, and the severity of plant stress is tightly correlated with plant
species, salt concentration and exposure longevity. The ratio between these two (plant defense system and
severity of salinity) determines whether the plant will tolerate or activate PCD mechanisms. Hence, it is cru-
cial to investigate the defensive mechanism and their interconnection in order to develop new strategies for
producing plant species tolerant to salinity.
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K.J. Kymaprassl, A.C. Cary, T. Xycanos, A.)K. Temipxanos, XX.A. HypGekoBa

OcimaikTepaeri TY3AbLIBIKTAH TYBIHAAFAH OaFr1apjaaMajiaHFaH
sKacymia eJ1iMi Ke3iHaeri oprasesia JMHAMHKACHI

PCD (OarnmapnamananraH jkacyina eiimi) — KopmaraH opta crtpectepineH (ePCD) Hemece aamy
nporecrepinen (APCD) tybinmaran kypuaeni wmexaumsm. €PCD  oprTypni  KojalChl3s a0HOTHKAJIBIK
KaFmaiimapaaH, COHBIH  ilIiHAE  TY3JaHy CTpPECiHEH TYBIHAAybl ~ MYMKiH.  Ty37bIH  KOFapbl
KOHIICHTPALUSACBHIHBIH 9cepi OCIMAIKTEPIiH MOP(OIOTHSIIBIK SPEKINETIKTEPiH TOMEHICTIN KaHa KoWMaid, co-
HBIMEH KaTap OMOXMUMUSUIBIK JKOHE MOJIEKYIIAJBIK MPOLIECTEepre dcep eTeli. OciMaiK opTypIli opraHeiuianapaa
OoMaThIH KONTereH KOpFaHbIC MeXaHu3MuepiH OenceHmipeni. OraH Ta3MaiblK  MeMOpaHaIarbl,
MHUTOXOHIPHSIAFEI, XJIOPOIUIACTTAPAAFhl, BAKYOJb/Eri JKOHE SIPOJAaFbl HOHMIBIK, OCMOCTBIK JKOHE TOTBIFY
cTpecrepi katansl. [lmazmanslk MeMOpaHaHBIH HETi3ri OY3BUTYBI TachIManjay >KYHECiHIH TeMeH/ACyiMeH,
ROS xuHaKTaTybIMEH XOHE Ca?* aFblHbBIMEH CHTATTANAMIDL Murtoxouapusuielk  muchynknus ROS-ThiH
xorapbl ckuHakTtanybiMeH, AOX, UCP, GABA xoHe IMTOXpPOM C-HBIH OOJiHYyi CHSKTBI KOPFaHBIC
KOJNIAPBIHBIH OeceHaipinyiMer OaianbicThl. COHBIMEH KaTap (OTOCHHTE3 JKBUIIAMIBIFBI XJIOPOGHILT
MOJIIIEPiHIH TOMEH/IeyiHe OaiiaHbICThI aliTapibikTail ToMeHaeli. Bakyonsaep NHX antunoptepiepi xxoHe
V-ATPase 6encenpiniri apksutel Na© cexBecTpieiifi ’%oHe OCMOCTHIK, HOHABIK CHIHAIAApIBI OipikTipe,
Gipak Gyn1 kyite buisiparamma Ca2® supoma knHaktanagsl. ROS-THIH apTEIK MeJIIIepIe TeHepaluschl
xyoporutacT-aaponblK Oaitmanpictarbl EXECUTER akybI3pl YIIIH CHTHAIABIK MOJEKYJIA PETiHIE OpEeKeT
eremi. Ty3/[aHy XpOMAaTHHHIH BIABIPAYbIHA OKEJETIH OCMOCTBIK, HOH/IBIK JKOHE TOTBIFY CTPECC CHTHAIIAPIBI
oencenaipeni. KopbIThiHBLIAM Kene, OV ©3apa GaitnansicThl nporectep PCD-re okeneni.

Kinm ce30ep: OarnmapiaMallaHFaH jKacyllla eiMi, Ty3 CTpeci, peakTHBTI OTTeri Typiepi, a30T OKCHi,
¢uroropmoHap, pepMeHTTEp.

K.A. Kymaprassl, A.C. Caty, T. Xycanos, A.)K. Temupxanos, )K.A. HypbexoBa

J{MHaAMHUKa OpraHe/u1 NP 3alIPOrpaMMHPOBAHHON KJIETOYHOM
CMepPTH PACTeHM I, BLI3BAHHOI 3aC0JICHUEM

PCD (zamporpamMmmupoBaHHas THOENb KJIETOK) — 3TO CJIOKHBIH MEXaHU3M, BBI3BIBAEMBIH JKOJIOTHYECKAM
crpeccom (ePCD) wmm mponeccamu passurtust (APCD). ePCD moxeT ObITh BBI3BaH PA3INYHBIMU THIIAMH He-
OIaronpHUsATHBIX a0MOTHYECKUX YCJIOBHH, BKIIIOYAs CONEBOM cTpecc. BozzeiicTBHE BHICOKMX KOHLCHTpALUil
COJIM HE TOJIBKO YXYAIIaeT MOP(OIOrHIeckne 0COOEHHOCTH PAaCTeHH, HO U CEPbEe3HO BIUSAET Ha OMOXUMU-
YeCKHe M MOJIEKYJIAPHBIE Mpolecchl. Kpome Toro, pacTeHus: akTHBU3UPYIOT MHOTOYHCIICHHBIE 3aIIUTHBIC Me-
XaHM3MBI, KOTOPBIE PEATH3YIOTCSl B PA3IMYHBIX OpPraHe/laX pacTHUTENbHON KieTku. OHHM BKIIOYAIOT B CEOs
HMOHHOE, OCMOTHYECKOE ¥ OKHCIUTEIHHOE MOBPEXICHHE IIIa3MaTHIECKO MeMOPaHbl, MUTOXOHJIPHH, XJIOPO-
IUTIACTOB, Bakyousel u siaep. OCHOBHBIE HapyIICHUS B IUIa3MaTHIECKOH MeMOpaHe XapaKTepU3YIOTCsl CHIDKe-
HUEM TpaHCIOPTHOH cucremsl, HakomieHueM A®K u mpuroxom Ca®". MuroxoHapuansHast AuC(yHKIHS
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cBsi3aHa ¢ BbICOKMM HakoruieHnem A®DK, akruBaumeii 3amutHbiX myrteit, Takux kak AOX, UCP, GABA, u
BBICBOOOYK/ICHIEM IIUTOXPOMA C. BaKyosu MHTErpHpYIOT OCMOTHYECKHE M HOHHBIE CUTHANEL, n3oupys Na*
nocpeactoM antinoprepo NHX u akruBHOCTH V-AT®a3b, HO KOT[A 3Ta CHCTeMa paspymaercs, Ca’’
KOHIICHTpHpYeETCs B siape. KpoMe Toro, ckopocTh (hOTOCHHTE3a 3HAUYUTEIBHO CHIDKACTCS M3-32 CHIDKEHHS CO-
nepxanus xiopodmia. bonee Toro, n3osirounoe npousBoacTBo ADK nelicTByeT kak CHrHaIbHAS MOJIEKYJa
st 6enkoB EXECUTER, obecrieurBarommx B3aMOJICHCTBHE XJIOPOIUIACTOB C SAPaMH. 3aCOJICHUE aKTHBH-
pPYET OCMOTHYCCKHE, HOHHBIC M OKUCIHUTEIBHBIC CUTHAIIBI, KOTOPBIC MPUBOIAT K JCTpajiallid XpoMaTuHa. B
COBOKYITHOCTH 9TH B3aWMOCBSI3aHHBIE ITPOLIECCHI MIPUBOLIT K 0OpazoBanuio PCD.

Knrouesgvie crosa: 3amporpaMMHUpOBaHHAs THOENb KIETOK, COJIEBOW CTpecc, akTHBHbIC (OPMbI KHCIOPOAA,
OKCHJ a30Ta, UTOTOPMOHBI, ()ePMEHTHI.
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