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oxidative damage is to be averted. Coupled with carbon, nitrogen and sulfur metabolism the reduced form of glu-

tathione is known to play important protective roles in responses against viral pathogen infections, acting as an 

antioxidant, signal molecule and redox buffer. Biochemical analysis and immunocytochemical techniques were 

used, in order to demonstrate the alterations in the concentration and the distribution of glutathione in organs, 

decline in total glutathione levels within whole leaves, whereas in single cells of dark-green leaf parts, close to 

the main leaf vein, increased glutathione concentrations were observed. Besides genetic engineering, possibilities 

to increase cellular glutathione contents in plants are the use of glutathione precursors or chemicals, which are 

acid (SA) demonstrated, that both chemicals were rapidly taken up by the plants since cotyledons, roots, leaf 

-

-

and regenerated plants. Since the characteristically thin, coated seed character of the Styrian oil pumpkin is a 

genetically recessive trait somatic embryogenesis discussed in this article would be important not only to obtain 

virus resistance by modulating the physiological properties of the plantlets, but also for the conservation of this 

local cultivar.
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Styrian oil pumpkin (Cucurbita pepo pepo

var. styriaca Greb.) is an important cultivar in north-eastern 

parts of Slovenia and the neighboring regions of Austria and 

production of the pumpkin seed oil, which is not only a regio-

nal specialty, but has also gained increased medical attention 

-

tant in Styria (Slovenia, Austria) in the late 19th century has 

brought much relief in the production of pumpkin seed oil, 

because it was not more necessary for farmers to crack the 

in the sixties of the last century, when the pumpkin harve-

sting machine was applied into pumpkin industry. Another 

rapid increase in the pumpkin seed oil production was gained 

through European Union and their promotion of Styrian oil 

In the last few years, the Styrian oil pumpkin cultivation 

-

has been found throughout the temperature regions of the 

world infecting economically important cucurbits and indu-
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-

ted Styrian oil pumpkin plants appear on the leaves mostly 

-

-

-

ring period of the infected plants is affected by a reduction of 

A diversity of symptoms appears on the fruits in the form of 

deformations and color alterations and renders them unmar-

appearance is obviously regulated by more or less balanced 

interactions between host defense mechanisms, virus and en-

physiological changes in Styrian oil pumpkin plants during 

is the low molecular weight thiol glutathione, which is invol-

ved in numerous physiological functions acting as antioxi-

-

(SA) treatment on the glutathione levels and the resistance to 

-

ch uses the plant cells as biochemical and molecular enviro-

nment. It disturbs the biochemical balance of the host cells 

since host cell components have to be used for the synthesis 

of viral components and the formation of new infective viral 

component defense response is initiated, whose individual 

molecules are activated in a spatial and temporal complex 

defense includes the generation of reactive oxygen species 

-

sponse), the synthesis of pathogenesis-related proteins and 

-

of hydrogen peroxide (H
2
O

2
), superoxide ion (O

2
), hydroxyl 

2
O

2
 are crucial 

in the primary resistance response to pathogen infection (Ki-

2
O

2
 is 

resulting in a decline in its activity and increased H
2
O

2
 accu-

mulation. H
2
O

2
 plays a dual role in the oxidative burst, acting 

-

tions and as a diffusible signal for the induction of defense 

genes encoding pathogenesis-related proteins (Clarke et al. 

throughout the plant and protects the plant against the syste-

-

functions, such as the protection against excess energy ab-

sorption, alternative regeneration of the electron acceptor 

-

xidants such as ascorbate and glutathione, and the activation 

-

-

ponents function as direct radical scavengers or are able to 

infected Styrian oil pumpkin plants an increased activity of 

ascorbate peroxidases, SOD and catalase, was determined 

in ascorbate-peroxidase activity indicated, that the ascorba-

te-glutathione cycle in chloroplasts might play an important 

by increased respiration and decreased net photosynthetic 

alterations in sugar composition, carbon assimilation and 

metabolism (Shalitin and Wolf 2000). 

known to accumulate locally around the tobacco mosaic vi-

rus initiating lipid peroxidation, protein oxidation, damage 

of nucleic acids and structural membranes and cell necrosis 

response is characteristic for incompatible virus-host inte-

ractions and restricts the virus to certain cells and organs. In 

reasons for virus propagation are addressed, either the deve-

the enhanced antioxidant levels inhibit local cell death. In 

summary, it seems that the balance between increased oxida-

process and the development of symptoms. During systemic 

that can be observed. In leaves they are mostly due to chlo-

rophyll disorders, which are often restricted to certain parts 

of the leaf giving rise to a mosaic pattern. Furthermore, 

increased lipid peroxidation, and advanced disintegration 

pumpkin plants. Discolorations are often accompanied by a 

marked change in the metabolism of the hormones, which 

account for growth reductions and malfunctions often cau-

-

2002).
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Glutathione is a crucial part of the antioxidative system 

direct reactions (Winterbourn and Metodiewa 1999) or thro-

ugh the ascorbate-glutathione cycle (Figure 1), which re-

H
2
O

2
 by successive oxidations and reductions of glutathione, 

ascorbate and NADPH in chloroplasts (Foyer and Halliwell 

1976).

translocated in the phloem to regulate sulfate uptake at the 

Foyer and Noctor 2001). In green plant tissues, the glutathi-

one pool is kept to 90 % in the reduced state and is remar-

kably constant, due to the strict homeostatic control (Noctor 

-

Signaling, initiated by changes in the redox state, may lead 

to up-regulation of glutathione synthesis and increases in the 

-

tathione may be converted back to the reduced form (GSH) 
+ ± 2GSH + NADP+]

(Foyer and Halliwell 1976).

Due to the antioxidative properties, glutathione protects 

proteins against the denaturation that is caused by oxidation 

of protein thiol groups during stress and acts therefore as a 

-

peroxidation forms acyl peroxides, which can be removed 

-

spiratory cycle (Noctor and Foyer 1998).

Glutathione pool is also involved in signaling biologi-

cal stress by the regulation of gene expression and protein 

function. High proportion of GSSG initiates signaling ca-

of GSSG in defense action, involves the spontaneous oxida-

thiolation protects essential thiol groups on key proteins 

from irreversible inactivation during oxidative stress and also 

plays an important regulatory role in controlling metabolism, 

protein turnover, gene transcription and signal transduction 

pathways that initiate key stress responses (Foyer and Noctor 

Glutathione concentration and redox state within the 

-

tion, its long-distance transport, and its metabolic conversion 

to other compounds due to the propagation rates or degree of 

-

organs, tissues and within different cells of Styrian oil pump-

-

-

glutathione within plant cells demonstrates the need of the 

-

H
2
O

2
-

pumpkin plants glutathione seemed to be a limiting factor for 

-
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a progressively diminishing capacity of the leaf tissue to re-

sist oxidative stress and to repair damage by regenerating 

protein sulphydryl groups and show up as externally visible 

and Sklodowska 1999).

A more detailed insight into the glutathione metabolism 

biochemical analysis of single tissues from the centre of the 

leaves, close to the main leaf vein. Interestingly, glutathio-

ne levels of intact dark-green leaf parts did not differ from 

-

-

ling of glutathione within single cells of the same dark-green 

tissue, showed increased gold-particle density in mesophyll 

be explained by the hypothesis that glutathione induced resi-

glutathione could respond on the same pathogen in different 

cell types with different capacity to resist oxidative stress, 

similar to what has been reported for other signaling compo-

unds which interact with glutathione like SA (Murphy and 

Carr 2002) and cytokinins (Jameson and Clarke 2002).

During the last two decades, modern genetic improve-

ment programs of pumpkins have been carried out not only 
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to achieve resistance against numerous viruses, but also with 

the aim to increase the fruit yield, the number of seeds and 

plants have been developed and appear promising. Altho-

ugh the genetic engineering strategies have been shown to 

be successful against viral diseases, transgenic plants have 

not been widely introduced till now, due to the registration 

problems related to biosafety issues. Nevertheless, the high 

of the deployment of genetic control strategies in order to 

-

trast, natural resistance of plants against the viral diseases 

has gained increased international importance in agriculture 

in the last years and could be induced by treatments with 

various abiotic agents, known as plant inducers (Schneider 

-

sibilities to increase cellular glutathione concentrations in 

plants are the use of different chemicals like herbicides (dini-

Feeding experiments with glutathione showed that ar-

-

es correspond with suppression of virus induced symptoms 

during virus infection has also been proven in humans. It is 

well known that HIV seropositive individuals and humans 

infected with herpes simplex have reduced glutathione le-

able to elevate the intracellular thiol levels, but also inhibited 

virus replication and progression of the disease (Palamara et 

Besides the positive roles of glutathione, it has been 

demonstrated recently that exogenously applied glutathione 

might be deleterious. Chromosomal defects, a decrease in 

the cell division rate and alterations in the ultrastructure were 

visible in spruce root meristem and callus cells by applying 

-

mosomal aberrations and changed cell division rates lead to 

the assumption, that alterations in the cytoskeleton might 

a,b). An alternative way to prevent such damages caused by 

externally applied glutathione, but to keep the protection 

against pathogen infections by enhanced glutathione levels, 

plants by glutathione precursors or chemicals, which are sti-

biosynthesis is nowadays used to study the impact of inc-

reased glutathione concentrations on the protection of the

plant against pathogen attack. Elevated glutathione levels 

and suppressed necrotic lesions were reported on tobacco 

prior the infection. In addition, the foliar virus concentration 

-

virus (HIV) expression (Simon et al. 1994).

in increased glutathione levels (Fodor et al. 1997). Since 

an accumulation of SA is essential for the development of 

contributes to the appearance of resistance by increasing the 

-

pumpkin plants showed that both chemicals were rapidly 

taken up by the seedlings since both cotyledons and roots 

-

oil pumpkin callus cells and leaf protoplasts using different 

-

gs was further cultivated and mechanically infected with 

development. Alternatively, plants were regenerated from 

whether physiological properties of in vitro plants could be 

development and provided an enhanced tolerance against 

synthesis, conversion and translocation of thiols during ad-

-

on high percentage of the seedlings, which were treated with 

-

toms in the form of yellowing of the young leaves. Severe 

symptom development. 68.8 % of them exhibited healthy 

leaves and normal growth forms with no visible symptoms. 

-

-

-

lowing of the leaves was observed on 43.8 % of the plants, 

but non of 1 mM SA treated plants showed severe mosaic 

symptoms. 3 mM SA treated seedlings were highly tolerant 
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Interestingly, virus particles were detected within leaves and 

Antiviral strategies based on the application of biote-

chnologies generally require regeneration of whole plants 

from a single cell or tissues in order to manipulate them to 

get desired compounds and physiological properties (Debea-

-

in vitro culture techniques is of great 

importance in eliminating viruses. In contrast, callus tissues 

provide an alternative way for a long-term storage of plant 

viruses (Chen et al. 2003). Moreover, the physiological pro-

perties of in vitro cultivated plants enable them to react with 

and Clarke 2002). Since the thin coated seed of the Styrian 

oil pumpkin is genetically recessive, character somatic emb-

ryogenesis from cotyledon explants would be important not 

only to obtain virus resistance by modulating the physiolo-

gical properties of the plantlets, but also for the conservation 

regulators on embryo yield, germination rate, maturation of 

somatic embryos and development of Styrian oil pumpkin 

tathione was 

studied during different developmental stages, including cal-

lus tissue and mature developed plants derived from somatic 

embryos, since a correlation between growth regulators and 

antioxidant levels has been reported in different plants (Ber-

glutathione levels among in vitro grown Styrian oil pump-

kin plantlets compared to seedlings grown in soil. When the 

plantlets were transferred into soil, they reached a normal 

comparable to seed-derived plants at the same developmen-

-

neration of Styrian oil pumpkin plants was not effective in 

signs of virus symptoms in the form of yellowing were seen 

within seven days post inoculation, which was on average 

of a strong yellow mosaic and dark green blisters (Urbanek 

When symptoms of infection were strongly expressed 

stage provided an enhanced tolerance of regenerated plants 

-

-

patterns ten to 14 days after the inoculation. Only 9 % of 

in callus stage, developed severe virus symptoms. 

st developed only minor yel-
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1

0 * ** ***

+ 6.2 6.2 75.0 12.6 +

+ 31.2 43.8 25.0 0 +

+ 68.8 25.0 6.2 0 +

+ 18.8 31.2 25.0 25.0 +

+ 37.5 43.8 18.7 0 +

+ 68.8 6.2 18.8 6.2 +

+ 0 22.2 55.6 22.2 +

1 + 36.4 27.3 27.3 9.0 +

+ 66.6 16.7 16.7 0 +

1
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-

were all infected with virus from the neighboring pumpkin 

which may provide sensitive tracers of virus impacts on 

chemicals in defense reactions during plant-virus interacti-

In the present paper the glutathione concentrations and their 

evaluated within whole organs, single tissues and cells of 

-

rate secondary to shortage in cysteine availability, reduction 

of glutathione. Further investigations of glutathione precur-

to unravel the complexity of glutathione dependent protec-

tive reactions.

-

-

ced changes in glutathione metabolism and represented that 

Styrian oil pumpkin plants respond on the same pathogen in 

different cell types with different capacity to resist oxidative 

temporal aspect of glutathione mediated cellular protection 

Current studies demonstrated that exogenously applied 

-

symptom development and provided an enhanced tolerance 

-

sion and translocation of thiols during advanced symptom 

experiments could aid in the development of new practices 

aimed at the protection of Styrian oil pumpkin plants against 

-

netic information and, in turn, save the Styrian oil pumpkin 

industry from severe crop losses in the future.

-

-

-

ments during the research.
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