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ABSTRACT

Elicitors of different origin (fumonisin B1, fungal toxin), camptothecin (alkaloid
from Camptotheca acuminata), mastoparan (wasp venom) and the heavy metal
(cadmium) were tested for their ability to induce programmed cell death (PCD) in
a model system of tomato cell culture, line MsK8. By employing a pharmacological
approach the involvement of proteolysis, oxidative stress and ethylene in the suicidal
cascade is shown. The caspase-specific peptide inhibitors: irreversible caspase-1
(ICE)-inhibitor acyl-Tyr-Vd-AlaAsp-chloromethylketone and the broad range caspase
inhibitor benzyoxycarbonyl-Asp-2,6-dichlorobenzoyloxymethylketone effectively reduced
cell lethality providing a sound indication that in tomato suspension cells the applied
inducers promote cell death that resembles features typical for PCD. A lack of
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inhibition occurred at mastoparan-induced cell death in response to the caspase
inhibitors, while the serine protease inhibitor aminoethylbenzenesulphonyl fluoride
caused substantial reduction of cell mortality. Significant inhibition was detected after
administration of ethylene inhibitor, aminoethoxyvinyl glicine and the antioxidants L-
galactonic acid-a-galactone and catalase. The results indicate that the cell death
response at the exposure to biotic and abiotic stressors may employ an activation of
similar cell death pathways and that caspaselike- and non-caspase-like-dependent
biochemical processes may be operative. In addition, the presented comparative study
suggests that the reaction of tomato suspension cells to diverse cell death stimulating
compounds at least partially coincides with the cell death machinery involved in the
plant hypersensitive response and during PCD in animal cells.

Key words: cadmium, camptothecin, calcium, caspase-like proteases, ethylene,
fumonisin B1, hypersensitive response, mastoparan, oxidative stress, tomato cell

culture, programmed cell death

INTRODUCTION

Programmed cell death (PCD) is
an active process of cell suicide that
is an important mechanism of
development and survival present in
all eukaryotes. The PCD machinery
is activated developmentally and in
response to diverse biotic and abictic
inaults. It involves a sequence of
biochemicd and molecular events
leading to controlled disassembly of
the cells. Specific morphological
features of PCD are cell shrinkage,
blebbing of the plasma membrane,
condensation and fragmentation of
the nucleus, internucleosomal cleavage
of DNA and formation of DNA-
containing (apoptotic-like) bodies.
Morphological similarities have
been detected between animal cells
undergoing apoptosis and dying
plant cells, including hallmarks such
as cell and cytoplasm shrinkage and
DNA laddering (Wang et a., 1996a,
1996b; de Jong et al., 2000). During
plant development, processes that
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conform to the general definition of
PCD are cell death during xylo-
genesis, aerenchyma formetion, plant
reproductive processes, lesf and petal
senescence and endosperm devel op-
ment (Lam, 2004). Furthermore, cell
death in response to pathogen attack
and to a variety of abiotic factors
such as ozone, UV radiation and
heavy metals also fals within the
definition of PCD. A form of
programmed cell death associated
with plant resistance to pathogens is
the hypersensitive response (HR),
an elaborate mechanism to counte-
ract the spread of pathogens which
is characterized by rapid, localized
death of cells (lesion formation) at
the site of infection (Gilchrist, 1998;
Heath, 2000; Greenberg and Yao,
2004). HR can be triggered by
pathogens, by their toxins or by
purified elicitors such as harpins
from Pseudomonas syringae and
Erwinia amylovora, the fungal
toxins victorin from Trichoderma
viridae (He, 1996), cryptogein from
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Phythophthora cryptogea (Hirasawa
et a. 2005), AAL toxin from
Alternaria alternata and mycotoxin
fumonizin B1 (FumB1) from Fusarium
moniliforme (Wang e d., 199%a,
1996b). Also, plant viruses such as
tobacco mosaic virus (TMV) have
been reported to dlicit HR (del Pozo
et d., 2004).

Generally, apoptotic cell death
engages a sequence of cyseinyl
agpartate-specific proteases (cagpases)
activation events in which initiator
caspases activate downstream  exe-
cutioner caspases that process
avariety of target proteins even-
tualy leading to the apoptotic
phenotype (Hengartner, 2000). No
structurad  homologues of animal
caspases have been identified in
plants, although other enzymes,
such as metacaspases, Vvacuolar
processing enzymes (VPES) and
saspases  (subtilisnlike  serine
proteases) have been reported to
functionally mimic the caspase-like
effects (Coffeen and Wolpert, 2004,
Woltering, 2004).

Caspases can sdectively  be
inhibited by small peptides, mimic-
king the substrate recognition Site,
carying €ectrophiles such as
aldehydes, nitriles or ketones at their
C termina that react with the active
site cystein. Evidence exists that
caspase-like proteases, as in animal
systems, participate in the program-
med cell death in plants (del Pozo and
Lam, 1998; de Jong et a., 2000;
Richadl et d., 2001; Woltering et d.,
2002; Chichkova et al., 2004). Apart
from the possble involvement of
caspase-like proteases in plant cell
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death, other key components of the
animal apoptotic pathway such as
increased production of resctive
oxygen species (ROS) (Neill et d.,
2002; Laloi et a., 2004), proteolysis
(de Jong et a. 2000) and ethylene
production (He et al., 1996; Wol-
tering et a., 2003) have aso been
found to actively participate in the
signal transduction, indicating that
PCD in plants may proceed through a
similar mechanism as in animal cells
(Hoeberichts and Woltering, 2003;
lakimovaet a., 2005).

The aim of present work was to
study the effect of chemicas and
toxins of different origin on the
induction of cel death in tomato
suspension cells and, by using a
pharmacologica approach, to ducidate
the involvement of cagpase-like and
serine proteases, ROS and ethylenein
the cell death signaling. For cdl
death induction, compounds known
to induce HR in animal and plant
systems (the fungal toxin fumonisin
B1 (Fum B1) and the wasp venom
mastoparan (MP) were introduced
and their potency to stimulate cell
death pathways was compared to the
effects of the alkaloid camptothecin
(CPT), and the heavy meta cadmium,
applied as CdSO,. Together with the
inducers, we have administrated
specific inhibitors that proved to be
effective in reducing cell mortality
thus indicating that the studied
biochemical events participate in
cell death in tomato suspension
cells. Possible caspase- and non-
caspase dependent cell deeth pathways
are discussed in connection with the
HR and animal apoptatic cell death.
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MATERIAL AND METHODS

Chemicals

Acyl-Tyr-Val-Ala-Asp-chloro-
methylketone (Ac-YVAD-CMK) and
benzyoxycarbonyl -Asp-2,6-dichloro-
benzoyloxymethylketone  (Z-Asp-
CH2-DCB) were purchased from
Bachem AG, Bubendorf, Switzerland;
Murashige-Skoog + vitamins from
Duchefa, Haarlem, The Netherlands
and dl other chemicas from Sigma-
Aldrich, Zwijndrecht, The Netherlands.
Camptothecin  (CPT), mastoparan
(MP), Ac-YVAD-CMK, Z-Asp-
CH2-DCB and AEBSF were dissolved
in dimethylsulfoxide (DMSO) a find
concentration 0.1% v/v.

Plant material

Tomato (Lycopersicon esculentum
Mill.) cdll suspension culture, line Msk8
(Koorneef et d., 1987) was grown on
aliquid medium supplemented with
5uM naphthylacetic acid, 1 pM N
benzyledenine and vitamins as des-
cribed by Adams and Townsend (1983)
and kept on a rotary shaker (80 rpm).
Cells were subcultured every 7 d by
making a 1:4 dilution in 20 ml of
fresh medium in 100-ml flasks with
aluminum screw caps.

Cell death induction and inhibition

The tomato suspension cells were
used for experiments 5 d after
subculture. Cell death inducers (Fum
B1, CPT, CdSO, or MP) were added
either done or simultaneously with
inhibitors to 5 ml of suspension
culture in 30-ml flasks with screw
caps. Cell death was calculated 24 h
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after the chemical treatments as
a percentage of dead cells to the total
number of cells after staining the
living cells with 0.002% fluorescein
diacetate (FDA) and counting the
cells in three non-overlapping micro-
scope fields at inverted fluore-scent
microscope (Axiovert, Carl Zeiss,
Darmstadt, Germany). The effect of
cell death inhibitors is shown as
percentage inhibition with a refe-
rence to the control, non-treated
cells. DM SO was tested alone and, in
the indicated fina concentration, had
no effect on cell mortality. The other
chemicals were dissolved in water.
All compounds (alone and in combi-
nations) were tested in at least three
concentrations and in at least three
independent sets of experiments. The
shown concentrations are the lowest
that either inducing or inhibiting cell
death.

Imaging

Bright fidd images of tomato
suspension cells were obtained using
the transmission channel and the 488
nm excitation line of the argon laser
of a TCS SP2 AOBS confocal laser
scanning microscopy system (Leica-
Microsystems GmbH, Mannheim,
Germany) mounted on inverted DM
IRE2 microscope.

Statistical analysis

Data were processed by dandard
Exced Office software and the satitical
sgnificance of presented vaues (average
of a least three independent experi-
ments) was compared by standard error
of themeans (SEM ,,,).
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RESULTS

Induction of cell death in suspension
cultured tomato cells

For cell death induction, tomato
suspension cells were exposed to
compounds, known as PCD inducers
in other plant and anima model
systems. Fumonisin B1 (FumB1l),
CPT, MP and CdS0O,. Reproducible
cell death induction (determined by
FDA staining of living cells)
occurred in the presence of 5 uM
MP, 100 uM CdSOg4, 5 pM CPT, and
20 uM FumB1l. After 24 h the
control cells did not show cell death
rate higher than 2.5% (Fig. 1). The
trend of cell death induction and
inhibition in al cases was sustained
until 48 h (data not included).

At dl reported treatments,
similar morphological pattern of
cytoplasm shrinkage and compaction
of the nucle that are typical for pro-
grammed cell death was observed
(Fig. 2).

Inhibition of cell death induced by
FumB1, CPT, CdSO4and MP

Activation of caspase-like prote-
ases is a key event in apoptotic cdll
death in animal systems. To
determine the involvement of cas-
pase-like proteases in cell death in
tomato suspension cells, we have
administrated the irreversible cas-
pase-1 (ICE)-inhibitor acyl-Tyr-Val-
Ala-Asp-chloromethylketone  (Ac-
YVAD-CMK) and the broad
spectrum caspase inhibitor benzy-
oxycarbonyl -Asp-2,6-dichloroben-
zoyloxymethylketone (Z-Asp-CH2-
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DCB). The caspase inhibitors were
tested in a range of concentrations
between 1 nM and 1 uM and most
pronounced cell death inhibition
occurred at concentrations of 100
nM. The application of Z-Asp-CH2-
DCB and Ac-YVAD-CMK to CPT,
FumB1 and CdSO.-treated cells, led
to a gignificant inhibition of cell
death ranging from 80 to 99% (Fig.
3). Although FumB1 showed lower
cell death inductive effect in
comparison to CPT, CdSO4 and MP,
the response was effectively quenched
by Ac-YVAD-CMK and Z-Asp-
CH2-DCB (Fig. 1, 3). Remarkable
inhibition (3.5 — 4 times) of cdl
death occurred when the peptide
inhibitors were introduced simul-
taneously with CdSO, (82-95%
inhibition) or CPT  (80-86%
inhibition). Interestingly, no effect
of the caspase inhibitors was
detected at their administration with
MP (Fig. 3). Together, the results
indicate that cell death induced by
FumB1, CdSO, and CPT is a type of
programmed cell death where
caspase-like proteases operate in the
signal transduction cascade. The
lack of inhibition of MP-induced
cell death by the caspase inhibitors
may point to a different mechanism,
involving caspase-independent pro-
teolytic cascade. To test whether
MP-induced cell death could be
suppressed by protease inhibitors,
we have administrated the serine
protease  inhibitor  aminoethyl-
benzenesulphonyl fluoride (AEBSF).
The effect of AEBSF on MP-
stimulated and on the cell lethality
in response to the other elicitors
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Figure 1. Effect of 20 uM Fumonisin B1 (FumB1), 5 pM camptothecin (CPT),
100 uM CdsSO, or 5 pM mastoparan (MP) on cell death induction in tomato
suspension cells. The cells were left untreated (control) or were treated with
chemicals for 24 h and cell death was calculated after FDA staining of the living cells.
Error barsindicate SEM (n-1).

Figure 2. Bright field images of tomato suspension cells representing typical cell
morphology at any of the treatments with CPT, FumB1, MP or CdSO,. The images
were obtained using the transmission channel and the 488 nm excitation line of the
argon laser of a TCS SP2 AOBS confocal laser scanning microscopy system (Leica-
Microsystems GmbH, Mannheim, Germany) mounted an inverted DM [RE2
microscope. The image on the left: living cell — diffused nuclei and no cytoplasm
shrinkage; the image on the right: dead cell showing the characteristic for PCD
compacted nuclei and shrunken cytoplasm separated from the cell wall. Cw — cell
wall; nu— nuclei; cyt — cytoplasm.
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Figure 3. Effect of 100 nM irreversible cagpase-1 (ICE)-inhibitor acyl-Tyr-Va-Ala-Asp-
chloromethylketone (Ac-YVAD-CMK), 100 nM broad range caspase inhibitor benzy-
oxycarbonyl-Asp-2,6-dichlorobenzoyloxymethylketone  (Z-Asp-CH2-DCB) and 1mM
serine protease inhibitor aminoethylbenzenesulphonyl fluoride (AEBSF) on cdl deeth in
tomato sugpension cdls induced by 20 M Fumonisin B1 (FumB1), 5 uM camptothecin
(CPT), 100 M CdSO4 or 5 uM mastoparan (MP). Cdll desth was cadculated after 24 h of
treatment followed by FDA staining of theliving cells and is expressed as % of inhibition.
Error barsindicate +SEM.
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Figure 4. Effect of antioxidants 10 uM L-galactonic acid-d-gdactone (L-Gal) and 10 U/ml
catalase (Cat) on cdl deeth in tomato suspension cells induced by 20 uM Fumonisin B1
(FumB1), 5 uM camptothecin (CPT), 20 uM 100 uM CdSO4 or 5 uM mastoparan (MP).
Cdll desth was calculated after 24 h of treatment followed by FDA staining of theliving cdlls
and isexpressed as % of inhibition. Error barsindicate +SEM.
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Figure 5. Effect of 10 uM ethylene synthesis inhibitor aminoethoxyvinyl glicine
(AVG) on cell death in tomato suspension cells induced by 20 uM Fumonisin B1
(FumB1), 5 uM camptothecin (CPT), 100 pM CdSO, or 5 pM mastoparan (MP).
Cell death was calculated after 24 h of treatment followed by FDA staining of the
living cells and is expressed as % of inhibition. Error barsindicate +SEM.

appeared to reduce strikingly cell
death, which demonstrates that
serine proteases are employed in the
activation of cell death machinery in
tomato suspension cells, irrespective
of the nature of the applied inducers.

To eucidate the involvement of
oxidative stress in cell death signdling
in tomato suspenson cels when
challenged with different inducers, the
cells were treated with antioxidants,
such as 10 pM L-galactonic acid-a-
gaactone (L-Gal) and 10 U/ml
catalase. Treatment with 10 éM L-
Gal (an immediate precursor of
ascorbic acid) remarkably blocked
the cell death that occurred in
response to all applied stressors
showing 85-96% inhibition (Fig. 4).
Hydrogen peroxide (H20,) scavenging
enzyme catdase dso Sgnificantly

12

decressed cdl lethality. These results
point to the participation of ROS
formation in cell death machinery
that is causally related to cadmium,
CPT, FumB1, and MP-induced cell
death.

The plant hormone ethylene is an
important molecule in plant PCD
signal transduction. We have tested
the effect of the ethylene inhibitor
AV G on chemical -induced cell desth
(Fig. 5). When applied aone, ethylene
and AVG did not exert any changes of
cell mortality in comparison to non-
treated control cells (results not
shown). The administration of AVG
remarkably reduced cell death
induced by all compounds used,
which is a sound evidence that
ethylene plays a role in the trans-
mission of cell death signals.

J. Fruit Ornam. Plant Res. vol. 15, 2007: 5-19
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DISCUSSION

The compounds tested for cdll
death inducing activity in tomato
suspension cells were chosen due to
their documented effect on cell death
in several other systems. Here we
confirm that CPT, FumB1, CdSO,,
and MP are potent inducers of cell
death also in tomato suspension cells
(Fig. 1). The observed cdl shrinkage
and compaction of the nucleus that
occurred in response to applied stress
stimuli is an additiona prove that cell
death in tomato culture is a kind of
PCD (Fig. 2).

CPT is an dkdoid isolated from
Camptotheca acuminata (inhibitor of
topisomerase 1, used as anticancer
drug) and has earlier been shown to
induce cdl deah in tomato
suspension cells (de Jong et d., 2000).
The cel deah induced by CPT
resembles several features of PCD
and is inhibited by caspase inhibitors
(see dso Fig. 3). This indicates that
CPT-induced cell death is apoptotic-
likein nature.

Fumonisin B1 is a sphinganine
anaogue, a hogst-sdective mycotoxin
isolated from necrotrophic  funga
pathogen Fusarium moniliforme and
is found to induce plant cell death
(Wang et a., 1996a; Stone et al.,
2000; Spesseva ¢ d., 2002).
Infiltration with FuUmB1 is shown to
trigger a characteristic HR in
Arabidopsis leaves and protoplast
culture (Stone et d., 2000; Watanabe
and Lam, 2006), implicating sgnaing
pathways that require salicylate,
jasmonate- and ethylene-mediation
(Asa et a., 2000). The observed
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inhibition of FumBl-induced cell
death in the tomato culture treated
with Ac-YVAD-CMK (Fig. 3)
suggests that caspase-1-like proteases
might be active in cdll death signaling
cascade. Such a suggestion is in
accordance with the findings of
Kuroyanagi et a. (2005) who have
shown that VPE, which exhibits
caspase-1 activity, is involved in
afunga toxin-induced cell death in
Arabidopsis leaves. In addition, other
cagpases may dso been activated,
since the broad range caspase
inhibitor  Z-Asp-CH-DCB  aso
showed a high cell death inhibiting
potency.

In anima cells, cadmium
toxicity is associated with PCD
exhibiting the characteristic features
of gpoptosis including cell shrinkage,
activation of endonucleases, nuclear
condensation and DNA fragmentation
(Hamada et al., 1997). It has been
reported that in tobacco suspension
cells CdSO, induces cdl death
associated with typical apoptosis-
like morphological changes (Fojtova
et a., 2002). These observations
suggest that, as in animal cells,
cadmium toxicity in plants may also
be associated with PCD. Our results
indicate cadmium ability to cause
apoptotic-like cell death in tomato
cells and show that caspase-like
proteases (evidenced by cell death
inhibition in the presence of caspase
inhibitors) are among the players at
cell death execution (Fig. 3, see also
Yakimovaet a., 2006).

MP is venom isolated from
wasp, and it has been reported that
responses to MP treatment in plants

13
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include induction of an oxidative
burst (Takahashi et d., 1998; Legendre
et d., 1992). In our experiments, MP-
induced cell death was not reversed
by the caspase inhibitors (Fig. 3)
and may therefore proceed through
a mechanism that does not employ
caspase-like proteases. It has recently
been found that not al programmed
cdl deeth events are inhibited by the
same caspase inhibitors. For instance,
cell death during the HR induced by
TMV is inhibited by AcYVAD-
CMK, which is an inhibitor of
caspase 1 but not caspase 3 (Hatsugai
et d., 2004). Smilarly, cdl death in
Picea abies embryogenic lines was
inhibited by caspase 6 inhibitor (z-
VEID-fmk) but not by caspase 9
inhibitor (z-LEHD-fmk) (Bozhkov
e d., 2004). In addition, MP-
dimulated cell desth in tomato cdls
might belong to another kind of PCD,
which may exhibit morphologica and
biochemicd features that do not
entirely copy the apoptotic characte-
rigics (van Doorn and Woltering,
2005), and where caspase-like
proteases might not be operative.

In animal cel lines serine
proteases have been shown to
mediate cell death at conditions of
caspase inhibition and are suggested
to operate apart of the caspase pathway
(Egger et d., 2003). In plants, AEBSF
has been demongrated to be a potent
inhibitor of cell death in soybean
suspension (Levine et d., 1996) and
Arabidopsis cultured cells (Tiwari et
a., 2002). Lack of inhibition of MP-
induced cell death (Fig. 3) in the
presence of caspase inhibitors and
the remarkable decrease of MP-
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induced cdll degth upon administration
of serine protease inhibitor observed in
our experiments suggest that non-
caspase dependent biochemica routes
might participate in MP-induced cell
death.

To investigate the participation of
oxidative stress in cdl desth cascade,
we gpplied the ROS quenching
compounds L-Gal and catdase. The
inhibition of chemica-induced cell
desth by antioxidants shows that
oxiddtive gress is instrumental in cell
death in tomato cells (Fig. 4). Thisis
in line with the finding that the
prevention of ROS accumulation
may modulate the cell death response
(Neill et a., 2002) and that ROS are
at least partially involved in PCD
activity of different cell death
inducers. The results on the effect of
tested antioxidants on MP and
FumBl1 have not been reported
before and are additional prove for
the role of oxidative stressin the cell
suicidal cascade.

It has been demonstrated on
various experimental plant systems
that ethylene plays an intrinsic role
in programmed cell desth and
senescence (Hoeberichts and Wol-
tering, 2003). It has been shown (in
Arabidopsis and tomato) that cell
death induced by the mycotoxin
FumB1 involves ethylene signaling
(Wang et a., 19963, 1996b; Asai et
a., 2000) and treatments with
ethylene antagoni sts aminooxyacetic
acid and silver thiosulphate in oat
mesophyll cells have effectively
inhibited  victorin-induced PCD
(Curtis and Wolpert, 2004). Over-
produced ethylene is also reported
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to closely correlate with expression
of hypersensitive cell death sym-
ptoms in hybrid tobacco seedlings
(Yamada and Murabashi, 2003).
The role of ethylene in signa
transduction events in cell death-
stimulated tomato cells was studied
by simultaneous application of the
inducers and ACC synthase inhibitor
AVG. AVG was vey effective in
reducing cdl death in FumB1- and
MP-stimulated cells (Fig. 5), in
compliance with its cell-death
reducing effect observed in CPT- or
Cd-treated tomato cells (see also de
Jong et al., 2000; Yakimova et al.,
2006). These results indicate that
ethylene  participate in  the
transmission of signalsfor cell death
in response to inducers of different
origin.

Taken together, the presented
data show that the administrated
compounds can activate PCD in
tomato suspension cdlls in a manner
smilar to that in anima mode
systems and are an additiond indica-
tion that complicated mechanism
operates in plant PCD in which
caspase-like proteases, oxidative stress
and the plant hormone ethylene are
among the mgjor factors involved in
the signal transduction cascade. In the
search for counterpart in cell death
machinery, here we demongtrate that
cel death inducers of biotic and
abiotic origin can cause biochemical
changes in tomato suspension cells
smilar to those found a plant
hypersensitive response. The reported
comparative analysis of cell death
response to chemicas of various
nature suggest that diverse elicitors
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may employ the activation of
similar cell death pathways and that
caspase-like- and non-caspase-like-
dependent biochemical cascade may
be operative. Since the cell death
signaling in response to pathogen
attacks and abiotic stresses share
common mechanisms, the under-
standing of underlying biochemical
and molecular events may shed
more light into disease resistance
processes in plants.
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SMIERC KOMORKI INDUK OWANA PRZEZ TOKSYNY
POCHODZENIA BIOLOGICZNEGO | KADM
W ZAWIESINIE KOMOREK POMIDORA MA
PODOBNY MECHANIZM JAK REAKCJA
NADWRAZLIWOSCI

Elena W. lakimova, Krnst H. Woltering
i Zhenia B. Yordanova

STRESZCZENIE

Badano zdolnos¢ elicytoréw réznego pochodzenia: (fumonizyna B1, toksyna
grzybowa), kamptothecyna (alkaloid z Camtotheca acuminata), mastoparan (jad osy)
oraz ciezki meta (kadm) do indukowania programowanej $mierci komorki
(programmed cell death — PCD) w modelowym systemie kultury zawiesinowej
komoérek pomidora linii (klonu) MsK8. Wykazano, ze procesy proteolizy, stres
oksydacyjny oraz etylen biora udziat w kaskadzie sygnalu samobdjczej $mierci
komorki. Specyficzny dla kaspazy-1 inhibitor acylo-Tyr-Val-Ala-Asp-chloro-
methylketon oraz niespecyficzny inhibitor kaspaz benzyoxycarbonylo-Asp-2,6-
dichlorobenzoyloxymethylketon znaczaco zmnigjszaty $smiertelnos¢ komorek, co
stanowito dowdd, ze w kulturze zawiesinowej komorek pomidora zastosowane
elicitory indukuja $mier¢ komorki zgodnie z mechanizmem PCD. W przypadku
$mierci komorek indukowane przez jad osy inhibitory kaspaz nie powodowaly
Znaczace reakcji, natomiast inhibitor proteazy serynowej, fluorek amino-
etylobenzenosulfonylowy spowodowat istotny spadek smiertelnosci. Znaczace
obnizenie smiertelnosci zanotowano takze po zastosowaniu inhibitora etylenu, amino-
ethoxyvinyloglicyny oraz antyoksydantéw a-galactonu kwasu L-galaktonowego
i katalazy. Wyniki te wskazuja, ze $mieré komodrek w rekcji na traktowanie
biotycznymi i abiotycznymi stymulatorami moze przebiega¢ za posrednictwem
podobnych szlakéw metabolicznych i moze by¢ zwiazana z aktywacja zar6wno
zaleznych od kaspaz, jak i od nich niezal eznych proceséw. Ponadto zaprezentowane
wyniki wskazuj a, ze rekcja komérek pomidora na traktowanie réznymi induktorami
programowanej $mierci przypomina mechanizm s$mierci komérek w reakdji
nadwrazliwosci u roslin oraz w reakcji programowanej $mierci komorek u zwierzat.

Stowa kluczowe: kadm, kamptothecyna, wapn, podobne do kaspaz proteazy, etylen,

fumonizyna B1, reakcja nadwrazliwosci, mastoparan, stres oksydacyjny, kultura
zawiesinowa komdérek pomidora, programowana smier ¢ komorki
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