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ABSTRACT

Seed storage proteins are synthesized as sources of carbon, nitrogen and sulfur for the next generation of
plants. Reactive oxygen species serve as second messengers for signal transduction; however, molecular
targets of oxidant signaling have not been defined. Here, many researchers showes that ligand—receptor
mediated signaling promotes reactive oxygen species— dependent protein carbonylation. Carbonylation of
the majority of proteins occurred transiently. Protein carbonylation in response to ligand—receptor
interactions represents a novel mechanism in redox signaling. The role of protein oxidation in dormancy
alleviation could be discussed in relation to the nature of the carbonylated proteins. Carbonylation of
storage proteins has previously been reported in dry mature Arabidopsis seeds, and it was suggested that
carbonylation of these proteins facilitates their mobilization during germination. Also, in sunflower seeds,
breaking of dormancy in the dry state may be associated with preparation for storage protein
mobilization. Hence, ROS accumulation appears to be a key signal governing cell activity during after-
ripening. The role of specific proteins in maintenance of seed viability or longevity has been well
documented However, quality and hardiness in seeds determined by protein contrnt.
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INTRODUCTION

In higher plants, seed storage proteins are synthesized during seed development as nutritional sources of
sulfur and nitrogen to be utilized during germination, and their accumulation varies according to the
availability of nutrients in the soil (Tabe et al., 2002). Protein carbonylation is a type of protein oxidation
that can be promoted by reactive oxygen species. It usually refers to a process that forms reactive ketones
or aldehydes that can be reacted by 2,4-dinitrophenylhydrazine (DNPH) to form hydrazones (Yuichiro, et
al, 2010). Direct oxidation of side chains of lysine, arginine, proline, and threonine residues, among other
amino acids, in the “*primary protein carbonylation’” reaction produces DNPH detectable protein products
( Stadtmanet al, 2000; Levine, 2002 and Butterfield and Stadtman, 1997 ). DNPH derivatizable protein
products can also be formed in the ‘‘secondary protein carbonylation’” reaction via the addition of
aldehydes such as those generated from lipid peroxidation processes (Grimsrud et al, 2008 and Sayre et
al, 2006) Although the biology of oxidative protein modifications is complex and remains incompletely
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defined, protein carbonylation and chemistry of the reactions that give rise to carbonyl groups have been
well characterized (Stadtman and Levine, 2006). More recently, these methods contributed to a rapid
progress in proteomic analyses of carbonylated proteins using two-dimensional gel electrophoresis,
followed by immunoblotting and mass spectrometry. This redox proteomics approach allowed for the
identification of carbonylated proteins in various diseases in humans, animals models, and cell models,
and has provided important information to biologists by describing the effects of modifications by
carbonyl species on protein function, as well as the consequences of such modifications at the cellular
level (Yuichiro, et al, 2010). Reactive oxygen species (ROS) have been proposed to serve as second
messengers for signal transduction processes. Numerous studies demonstrated that (1) ligand—receptor
interactions produce ROS; (2) antioxidants block signal transduction; and (3) ROS can stimulate signaling
events. ROS signaling is thought to play important roles in various diseases, including cancer,
neurological disorders, immune diseases, and cardiovascular diseases. Although mechanisms of ROS
actions during oxidant signaling have not been defined, protein thiols being the oxidation targets have
been a popular concept (Chi Ming Wong, 2007). Recently, Lee and Helmann (2006) described a
regulatory mechanism for the Bacillus subtilis PerR transcription factor by metal-catalyzed oxidation.
Thus, other types of protein oxidation such as metalcatalyzed protein carbonylation may also be important
for cell signaling. Seed dormancy, defined as the failure of viable mature seeds to germinate under
favorable conditions, is assumed to be an important adaptive trait in nature, enabling seeds to remain
quiescent until the conditions for germination and seedling establishment become favorable (Bewley,
1997; Bewley and Black, 1994; Finch-Savage and Leubner-Metzger, 2006). This trait can have an
embryo and/or a coat component, hence the terms ‘embryo’ and ‘coat’ dormancy to distinguish between
these two mechanisms. Under natural conditions, release of dormancy generally occurs during after-
ripening (storage in dry conditions) or during stratification (imbibition at low temperature), which result
in widening of the conditions allowing seed germination (Baskin and Baskin, 1998; Bewley, 1997,
Bewley and Black, 1994; Donohue et al., 2005; Finch-Savage and Leubner-Metzger, 2006; Koornneef et
al., 2002). After-ripening is an intriguing phenomenon as it occurs at low seed moisture contents. Under
these extreme conditions, water is generally not available for biochemical reactions, and very little is
known about the cellular and molecular mechanisms involved in this process. However, changes in gene
expression and/or protein synthesis during after-ripening have been shown to occur in seeds (Leubner-
Metzger, 2005; Bove et al., 2005; Cadman et al., 2006; Chibani et al., 2006), which presumably reflects
the existence of hydrated pockets within cells or tissues of the mature seeds (Leubner-Metzger, 2005).
Non-enzymatic reactions are also likely to occur during dry storage of seeds, such as lipid peroxidation
(McDonald, 1999; Priestley, 1986; Wilson and McDonald, 1986) or the Amadori and Maillard reactions
associated with free radical production and oxidation processes (Esashi et al., 1993; Murthy and Sun,
2000; Murthy et al., 2003; Sun and Leopold, 1995). Furthermore, several studies have documented the
production of reactive oxygen species (ROS) during seed storage in the dry state (Bucharov and
Gantcheff, 1984; Hendry, 1993; McDonald, 1999; Pukacka and Ratajczak, 2005). ROS can react with
virtually all biological molecules including lipids, DNA and proteins. Because proteins have numerous
biological functions, their oxidation may result in modification of their enzymatic and binding properties
and lead to diverse functional changes. Oxidation of proteins can occur through a number of different
mechanisms, such as the formation of disulfide cross-links and glycoxidation adducts, nitration of
tyrosine residues, and carbonylation of specific amino acid residues (Davies, 2005). Recent studies have
indicated that protein oxidation is not necessarily a deleterious phenomenon in plants (Job et al., 2005;
Johansson et al., 2004). Moreover, cellular ROS may show some selectivity with respect to their targets.
For example, H202, which is an oxidant, can react with specific molecules at specific sites (Davies,
2005; Halliwell and Gutteridge, 1999). Importantly, ROS have been invoked to play a role in cellular
signaling (Bailly, 2004), raising the hypothesis that these compounds can facilitate the shift from a
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dormant to a non-dormant status in seeds. Molecular chaperones are known to be targets of carbonylation
in yeast and bacteria challenged by oxidative stress (Cabiscol et al., 2000; Tamarit et al., 1998). Increased
cellular levels of reactive oxygen species are known to occur during seed development and germination,
but the consequences in terms of protein degradation are poorly characterized.

Different Studies on seed physiology

Many studies has been performed on seed germination for protein changes. In animals, protein
carbonylation has been widely used as a measurement of oxidative damage, and it has been shown to
increase in aging tissues (Dalle-Donne et al., 2003; Ding et al., 2006; Nystro™ m, 2005) but, in the plants
such as sunflower seed system, protein carbonylation may result from an accumulation of ROS
themselves, and from accumulated lipid peroxidation products such as malondialdehyde, which is known
to react with lysine residues to form carbonyl derivatives (Burcham and Kuhan, 1996; Liu and Wang,
2005). Also, carbonylation of numerous proteins also occurs during Arabidopsis seed germination,
although the germinated seeds gave rise to vigorous plantlets (Job et al., 2005). Moreover, it has also been
suggested that ROS might play a key role in hormone signaling pathways (Kwak et al., 2006). A complex
network of plant hormones, including abscisic acid (ABA), GAs, ethylene, auxin, brassinosteroids, and
jasmonates, controls seed dormancy and germination (Finkelstein et al., 2008), but the cross talk between
ROS and hormones is still poorly understood. Interestingly, in dormant sunflower (Helianthus annuus)
seeds, whose dormancy is released by ethylene (Corbineau et al., 1990), cyanide triggered the expression
of the transcription factor Ethylene Response Factorl (ERF1), thus suggesting a cross talk between
ethylene and cyanide pathways (Oracz et al., 2008). However, it has not been investigated so far whether
ROS signal transduction might be involved in this cross talk. Sunflower (Helianthus annuus L.) seeds
provide an excellent system for studying dormancy because they are deeply dormant at harvest, but this
dormancy is progressively lost during dry storage (Corbineau et al., 1990). Their dormancy results from
both seed coat- and embryo-imposed dormancy, the latter being involved in the failure to germinate at 10-
15C. However, the molecular mechanisms of embryo dormancy and of its release during after-ripening
are still largely unknown. Krystyna Oracz, et al, (2007) To determine whether ROS production during
after-ripening could be associated with protein oxidation (carbonylation), one-dimensional (1D) and two-
dimensional (2D) PAGE of seed protein extracts were performed, and the presence of carbonyl groups
was detected by Western blotting using the 2,4-dinitrophenylhydrazine (DNPH) immunoassay. They
proposed that Dormancy is a characteristic feature of sunflower seeds at their harvest. This dormancy
exhibits both seed coat and embryo components, and progressively appears during seed development on
the mother plant (Corbineau et al., 1990). The seed-coat-imposed dormancy acts through the effects of
phenolics on oxygen availability for the embryo, and is therefore expressed to a greater extent at
temperatures, while the embryo-imposed dormancy is likely to be involved in the restriction of
germination at temperatures below 15C (Corbineau et al., 1990; Gay et al., 1991). After-ripening is
associated with an accumulation of superoxide anions and hydrogen peroxide in the embryonic axes
(Krystyna Oracz, et al, 2007). They also, proposed that by storing the seeds at various RH, it was possible
to modulate the extent of dormancy release. This suggests that the water status within the embryo cell is
likely to play a critical role in the process of after-ripening, and shows that hydrogen peroxide
accumulation is tightly associated with the breaking of embryo dormancy as this compound only
accumulated under conditions associated with dormancy release. Thus a causal link between ROS
production, or at least H,O, accumulation, and after-ripening is likely to exist, and this process is not just
related to seed storage. This demonstrates that, in sunflower seeds, ROS production in the dry state is
initiated after harvest, and that, in agreement with previous proposals that ROS can act as cell messengers
(Bailly, 2004), these molecules could therefore act as a signal to allow dormancy release and favor
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subsequent seed germination. However, it is also likely that prolonged storage of seeds in the dry state
would be associated with a sustained production of ROS, which would lead to oxidative stress and to the
related deteriorative events known to occur during seed aging (Bailly, 2004). In plants, and more
especially in seeds, ROS may originate from the mitochondrial respiratory chain or be produced through
the action of enzymes such as NADPH oxidase (Bailly, 2004). However, in dry tissues, such as in mature
orthodox seeds, respiration is prevented and enzymes are presumably not active, which suggests the
occurrence of other mechanisms for ROS production. At low moisture content, non-enzymatic reactions
are known to occur, such as the Amadori and Maillard reactions (Priestley, 1986; Sun and Leopold, 1995)
and lipid peroxidation (McDonald, 1999). Using model systems, such as those based on oil encapsulation
in a glassy matrix, it has been demonstrated that glasses do not prevent oxygen diffusion, thus allowing
autoxidation reactions of lipids (Andersen and Skibsted, 2002; Andersen et al., 2000; Nelson and Labuza,
1992). Howevwr, protein carbonyla tion results from oxidative attack on Arg, Lys, Pro or Thr residues of
proteins, which can affect enzyme activities or alter susceptibility of the modified proteins to proteolysis
(Berlett and Stadtman, 1997; Davies, 2005; Dunlop et al., 2002). Experimental data Krystyna Oracz, et al,
(2007) clearly indicate that the occurrence of carbonylation of specific embryonic proteins during
afterripening of sunflower seeds. They also suggested that An alternative possibility to account for our
results could be a redistribution of carbonylated proteins in the various protein fractions (i.e. soluble and
non-soluble proteins) because of cell structural changes occurring during after-ripening that would render
the carbonylated proteins more soluble from the non-dormant axes than from the corresponding dormant
ones. However, the fact that no marked ultrastructural changes occurred during after-ripening and that the
soluble proteomes revealed by silver nitrate staining were very similar for the dormant and non-dormant
axes does not favor this idea They suggested that, in the sunflower seed system, protein carbonylation
may result from an accumulation of ROS themselves, and from accumulated lipid peroxidation products
which is known to react with lysine residues to form carbonyl derivatives (Burcham and Kuhan, 1996;
Liu and Wang, 2005). Thus, in sunflower seeds, breaking of dormancy in the dry state may be associated
with preparation for storage protein mobilization. In animals, protein carbonylation has been widely used
as a measurement of oxidative damage, and it has been shown to increase in aging tissues (Dalle-Donne
et al., 2003; Ding et al., 2006; Nystro™ m, 2005). In marked contrast, protein carbonylation may not be an
inevitable consequence of tissue aging in plants. Also, in Arabidopsis, patterns of protein carbonylation
vary widely during progression of the life cycle, and the extent of protein carbonylation drops abruptly
prior to the vegetative to reproductive transition (Johansson et al., 2004). Carbonylation of numerous
proteins also occurs during Arabidopsis seed germination, although the germinated seeds gave rise to
vigorous plantlets (Job et al., 2005). The role of protein oxidation in dormancy alleviation could be
discussed in relation to the nature of the carbonylated proteins(Krystyna Oracz, et al, 2007).
Carbonylation of storage proteins has previously been reported in dry mature Arabidopsis seeds, and it
was suggested that carbonylation of these proteins facilitates their mobilization during germination (Job et
al., 2005).

Seed viability

During storage, aging causes deaths of a variable number of seeds, and dead seed provides valuable
information on the maintenance of seed viability and the effects of aging (Revilla et al. 2009). Seed
viability is a complicated trait controlled by genetic, developmental, and environmental factors (Bettey et
al. 2000; Pukacka and Ratajczak 2007). One important factor governing the rate of viability loss is lipid
peroxidation in consequence of an increased amount of free oxygen radicals (McDonald 1999). Lipid
peroxidation has been demonstrated to be involved in seed aging in a variety of seeds (Linn and Pearce
1990).As a novel tool for protein identification and gene function analysis, proteomics become widely
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applicable in seed research field (Gallardo et al. 2001; Job et al. 2005; Rajjou et al. 2006, 2008).
Proteomic analysis revealed that the viability loss of Arabidopsis seed is related to protein changes in dry
seeds and an inability of low-viability seeds to produce a normal proteome during germination (Rajjou et
al. 2008). However, In sugarbeet, several metabolic pathways are found to contribute to seed viability
(Catusse et al. 2008). The role of specific proteins in maintenance of seed viability or longevity has been
well documented. For example, L-isoaspartyl methyltransferasel is involved in both seed longevity and
germination vigor in Arabidopsis and its reduced accumulation results in heightened sensitivity to
controlled deterioration treatment (CDT) and loss of seed viability (Oge” et al. 2008). Rice aldehyde
dehydrogenase7 plays an important role in maintaining seed viability by detoxifying aldehydes generated
by lipid peroxidation (Shin et al. 2009). By controlled deterioration test and proteomic analysis, group 2
late embryogenesis abundant (LEA) proteins (the dehydrin/RAB group) was shown to contribute to
Arabidopsis seed viability (Rajjou et al.

2008).

LEA proteins

Late embryogenesis abundant proteins are characterized by high hydrophilicity and accumulate to high
levels during the last stage of seed maturation (Dure et al. 1989; Espelund et al. 1992). They are classified
into distinctive families, based on the sequence similarities and motifs conserved across species (Dure et
al. 1989; Battaglia et al. 2008). Although the roles of LEA proteins remain speculative, there is evidence
supporting their participation in acclimation and/or in the adaptive response to dehydration, low
temperature, salinity, or exogenous ABA treatment stress (Ramanjulu and Bartels 2002; Fujita et al. 2005;
Boudet et al. 2006; Battaglia et al. 2008). Their overexpression enhances tolerance to salt, drought, and
osmotic stresses in transgenic plants (Brini et al. 2007). A recent study showed that the larger proteins
(group 2 LEA proteins, the dehydrin/RAB group) seem to contribute to seed viability of Arabidopsis
(Rajjou et al. 2008). However, A function assignment of two group 1 LEA proteins from mung bean
implies a possible DNA/RNA binding function (Rajesh and Manickam 2006). Manfre et al. (2006) found
that a group 1 LEA protein (ATEMS) is required for normal seed development in Arabidopsis.

HSP proteins

In plants, small heat shock proteins (SHSPs) are a numerous and diverse protein group. Changes in SHSPs
expression are similar to those in LEA proteins at the time of dehydration and crucial developmental
stages (Zur Nieden et al. 1995). Their expression in seeds responds to discrete development signals and
may play a general protective role in desiccation tolerance. Arabidopsis mutants sensitive to desiccation
contain smaller amounts of HSP17.4 during maturation (Wehmeyer and Vierling 2000). Different HSPs
may have different functional properties but common to all of them is their capacity to interact with other
proteins and to act as molecular chaperones (Feder and Hofmann 1999). However, HSP17.2 is found to
be up-regulated in response to fungal infection in maize embryos (Mittler 2002).

Proteins, seed hardness and seed quality

Numerous parameters like milling, chemical, baking and rheological dough properties influence the
wheat quality. Seed quality is a produce of overall contribution of seed stock, effects of soil, climate, and
kernel components. It may also be defined in terms of its suitability for a particular purpose or use
(Finney et al., 1987). Factors that persuade seed quality have been broadly classified into two groups:
physical and chemical characteristics. Grain vitreousness, color, weight shape and hardness are some
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essential physical characteristics, which influence wheat grain quality (Gaines et al., 1996) while
chemical characteristics include protein content, SDS-sedimentation value and gluten strength, etc. The
major determinants of softness and hardness are particle size index (Osborne et al., 2001), energy
required for grinding a selected weight of sample (Kosmolak, 1978), pearling value (Kramer and
Albrecht, 1948) and near infrared reflectance (Manely et al., 1996). For example in wheat the interaction
between carbohydrates and proteins strongly influence the processing quality of flour and is closely
related with the hardness of endosperm (Preston, 1998). There are two main types of protein fraction
which are associated tightly with starch granules, storage proteins and starch granule-associated proteins.
Proteins which remain adsorbed to the starch granules surface even after extraction of starch are glutenins
and gliadins, also called grain storage protein. As the starch granule-associated proteins (SGAPs) are
tightly bound to the surface or integral starch component, so these proteins are biologically different from
plant storage proteins ( Baldwin, 2001). The SGAPs have been divided into two groups on the basis of
molecular weights: low molecular weight proteins which are termed as ‘surface’ SGAPs; and proteins
with higher molecular weight which are called ‘internal’ granule-associated starch proteins (Baldwin,
2001). The proteins of more interest for scientists are the 15 kDa ‘group of polypeptides’ in which the
major sub-group is puroindoline and is also termed as friabilin. It has been indicated by the SDS-PAGE
that the friabilin band is prominent in soft wheat varieties; wheat of hard character; has a faint band, while
it is totally lacking in durum wheat (Schofield and Greenwell, 1987). The discovery of friabilin, a starch
granule protein, which linked with the texture and quality of wheat grain, formed the biochemical basis
for assessment of kernel texture. The protein complex friabilin regulates adhesion degree of starch
granules to the protein matrix and this factor is of great importance as it tells about the hardness (Beecher
et al., 2002). Two main components are present in friabilin: Pin a and Pin b puroindoline (Wanjugi et al.,
2007). The puroindolines have five disulfide bonds with tryptophan-rich domains, hence these proteins
were named owing to the unique tryptophan-rich region, which has an indole ring (puros means wheat
and indoline from indole ring of tryptophan) (Dubreil et al., 1997). The puroindolines are categorized as
lipid-binding proteins and grain softness is controlled by these proteins having various transgenic
changes (Giroux and Morris, 1998). Grain hardness is normally influenced by various environmental,
physical and chemical factors like kernel protein, vitreousness of grain, kernel size, water-soluble
pentosans, moisture content and lipid content (Turnbull and Rahman,2002). For example, in wheat high
protein content tends to be hard, have strong gluten and produce good quality bread. Wheat of low protein
content tends to be soft, have weak gluten and produce small loaves of inferior crumb structure (Tipples
et al., 1994), but produce better quality cookies. The higher protein content and density are exhibited only
by vitreous kernels than that of those kernels which are starchy or mealy, as air pockets account for low
density. The total protein content showed nonsignificant correlation with kernel hardness (Miller et al.,
1984), while in some individual varieties no correlation was found (Pomeranz et al., 1985).
Environmental factors are able to affect composition of grain protein but this protein composition and
concentration are genetically controlled parameters (Zhu and Khan, 2001).

CONCLUSION

The role of protein oxidation in dormancy alleviation could be discussed in relation to the nature of the
carbonylated proteins. Carbonylation of storage proteins has previously been reported in dry mature
Arabidopsis seeds, and it was suggested that carbonylation of these proteins facilitates their mobilization
during germination. Also, in sunflower seeds, breaking of dormancy in the dry state may be associated
with preparation for storage protein mobilization. This mechanism involves a change in proteome
oxidation, resulting from an accumulation of ROS during after-ripening. Hence, ROS accumulation
appears to be a key signal governing cell activity during after-ripening. The role of specific proteins in
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maintenance of seed viability or longevity has been well documented However, quality and hardiness in
seeds determined by protein content.
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