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Abstract

In this research, total thiol groups, carotenoids and total protein levels were studied during growth of Vicia faba plant in period of 18 weeks. Total thiol level was  significantly increased, accompanied with progress of plant growth, until fifteen weeks, then  it's level decreased after 14 weeks. Whereas, the content of carotenoids was high during first and second week, then it's level decreased between (4-9) weeks, after 14 weeks it's content was declined. The content of total protein increased, which accompanied with plant growth until 14 weeks, then it's level gradually decreased. This changes may be a result of the change in antioxidants level.
الخلاصة

تم في هذا البحث دراسة مستويات مجاميع الثايول الكلي والكاروتينات والبروتين الكلي خلال مراحل نمو نبات الباقلاء Vicia faba لمدة 18 اسبوع. فلوحظ ان مستوى الثايول الكلي ازداد معنوياً مع تقدم عمر النبات وصولاً الى الاسبوع الخامس عشر ثم أنخفض مستواها بعد ذلك. كان مستوى الكاروتينات الاولي خلال الاسبوعين الاول والثاني هو 0.075 مايكروغرام/غم. وزن جاف، ثم تزداد مستوياتها متمثلة بقمتين الاولى خلال الاسبوع الرابع والقمة الثانية خلال الفترة المحصورة بين الاسبوع العاشر والرابع عشر ثم بعدها تبدأ بالانخفاض وصولاً الى الاسبوع الثامن عشر. اما مستوى البروتينات الكلي فإزداد معنوياً مع تقدم عمر النبات حتى الاسبوع الرابع عشر بعدها انخفض بصورة تدريجية. ربما تكون هذه التغيرات ناتجة عن تغير مستوى مضادات الاكسدة خلال مرحلة النمو.
Introduction 

Senescence is the terminal phase in the life cycle of an organism, during which degradation gradually takes place (Coombs, 1986), or chlorophyll, protein and nucleic acids damage (Jana & Choudhuri, 1982; Sarath et al., 1986).
Reactive oxygen species can damage cells in many ways: by 
inactivating proteins, damaging nucleic acids, and altering the fatty acids of 
lipids, which in turn leads to perturbations in membrane structure and function (Halliwell &  Gutteridge,  1999).
H2O2 is well known for its role in oxidizing thiol (SH) groups of cysteinyl amino acid residues in proteins. Elevated levels of H2O2 also are associated with the oxidation of other amino acids, leading to the formation of methionine sulfoxide and a variety of carbonyls. However, because of its extreme reactivity, •OH targets all of the major macromolecules of cells: RNA, DNA, protein, and lipids (Krinsky, 1989).
Proteins—in particular, the thiols of cysteines—are the major targets of H2O2. The reaction of cysteinyl thiolates with H2O2 can lead to the formation of different modifications, such as sulfenic acid (–SOH), sulfunic acid (–SO2H), and sulfonic acid (–SO3H), as well as disulfide bond formation (–S–S–) and glutathione conjugation 
(–S–GSH) (Jacob et al. 2004; Poole et al. 2004) (Figure 1).
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Figure 1. Formation of Reactive Oxygen Species.

These modifications often alter the structure and function of the protein. Given the reversible nature of most forms of thiol oxidation, it has been suggested that thiol modifications can play roles in signal transduction that are similar to protein phosphorylation/ dephosphorylation (Sitia &  Molteni, 2004).
A sulfur-containing organic compound with the general formula RSH where R is any radical, especially ethyl mercaptain C2H5SH, also called thiol. Thiol-containing compounds, metallothionines (MTs), phytochelatins (PCs) & glutathione (GSH), are all possible ligands. MTs are thiol-rich peptides encoded by gene, suggested to be involved in increased copper tolerance in plants, e.g. Arabidopsis thaliana (Van Vliet et al., 1995; Van Hoof et al., 2001).
GSH serves several vital functions, including detoxifying electrophiles, maintaining the essential thiol status of proteins by preventing oxidation of –SH groups or by reducing disulfide bonds induced by oxidative stress and scavenging free radicals.  Moreover GSH can be used for synthesis of phytochelatins participating in the detoxification of heavy metals at plants, because they have the ability to bind heavy metal ions via SH groups of cysteine units.
Carotenoids are a class of diverse natural pigments produced from plants
 and by some animals, but not by human. These physiological roles include tolerance 
against excess light, UV radiation, light harvesting, species-specific 
pigmentation, and protection against oxidation of polyunsaturated fatty acids (Cogdell, 1988; Krinsky, 1989; Telfer, 2005). Additionally, protecting the photosynthetic apparatus against photodamage due to excessive excitation of chlorophylls by high light intensity (Goodwin, 1980). The biosynthetic route of carotenoids is derived from the isoprenoid pathways (Bhosale & Bernstein, 2005). Many dark-green or dark-yellow plants (including the common carrot) contain carotenoids such as beta-carotene that serve as provitamins. Carotenes are providing protection against photooxidation. The regulation of carotene biosynthesis as a function of developmental stage or environmental changes has been studied in a most of organisms ranging from bacteria to higher plants. The main carotenoids are the xanthophylls, lutein & violaxanthin, with provitamin A activity (Lers et al., 1990).
Carotenoids are classified as follows: 1) Carotenoid hydrocarbons are known as carotenes and contain specific end groups. Lycopenes have two acyclic end groups. b-Carotene has two cyclohexene type end groups. 2) Oxygenated carotenoids are known as xanthophyls. Examples of these compounds are azeaxanthin and lutein (hydroxy), b) spirilloxanthin (methoxy), c) echinenone (oxo), and d) antheraxanthin (epoxy) (Goodwin, 1980).
Materials & Methods
Plant material &  growth conditions

Seeds were sterilized with 2.5% sodium hypochlorite for 15 minutes and washed thoroughly with distilled water. Then germinated in a Petri dishes containing distilled water. Thereafter, seeds were cultured in soil for 18 weeks. Samples were taken weekly in three replicates.
Total thiol content determination


Ellman's reagent, 5,
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-dithiobis [2-nitrobenzoic acid] (abbreviated as DTNB) is used as a standard method for the quantitative determination of reactive sulfhydryls in proteins. One mole of sulfhydryl reacts with DTNB at pH 8.1 to produce the CNT as in the reaction below, which has a maximum absorbance at 412 nm.
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To 2.0 ml of sample containing 5-100 μM sulfhydryl is added 0.1 ml of buffer (1 M Tris & 1 M phosphate, pH 8.1) and 0.5 ml of 2 mM DTNB (buffered with 10 mM phosphate, 8.1). The reaction is allowed to proceed 30 min. at room temperature (~22 C˚). The number of sulfhydryl groups per molecule of protein is computed from the concentration of the protein (determined by absorbance measurement at 280 nm or one of the other methods for protein determination) and the concentration of the sulfhydryl groups determined by the measurement of the absorbance of CNT at 412 nm & its molar extinction coefficient, 1.14×104 L/mol.cm (John & Bernard, 1993).
Determination of carotenoids

Carotenoids were determined according to method described by Ben Amotz and Avron (1983).
Determination of total protein


Protein content was determined according to method described by Bishop et al., (1985). Albumin was used as a standard curve.
Statistical analysis


All data were analysed by one-way analysis of variance (ANOVA) followed by a least significant difference (LSD) test.

Results & Discussion



Thiol, the most abundant compound in living cells. It can act as a radical scanvenger, radioprotector and anti oxidants (Henriksen et al., 1986; Von Sonntag, 1987). Total thiol levels increased in fluctuant manner in Vicia faba when compared to that of first four weeks as show in Figure (2).
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Figure (2): Level of total thiol groups (μmole/gm.F.W) during growth of Vicia faba.

Thiol and ROS are implicated in plant tissues. The increment of thiol levels attributed to several causes; the first,  synthesis of GSH, cystein and protein contain thiol groups (Halliwell & Guteridge, 1989). The second cause is elevated peroxide level (H2O2), that's may induce the raised thiol levels. H2O2 is well known for its role in oxidizing thiol groups (SH) of cysteinyl amino acids as shown in Figure 3 (Wardman, 1988).
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Figure 3. Thiol Modifications of Proteins.

This mean, the detoxification of hydrogen peroxide and other xenobiotics needs high levels from thiol group, owing to their reducing properties, and its (thiols) participitation in many cellular redox process according to the following general reaction:-
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Free radical repair by thiol group is frequenty typified according to (Wardman, 1988) by reactions of the form:- 
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This radicals are  result of one-electron oxidation of GSH. The decrement of thiol levels after fifteen week attributed to the slow biosynthesis of thiol and protein because that coincided with the beginning of ageing in Vicia faba. In addition to the high levels of peroxidase enzyme which induce during ageing, consuming glutathione and other thiol group, because this compound acts as coenzyme for peroxidase (Maiorino et al., 1990).
Carotenoids (provitamin A) like β-caroten act as precursor of vitamin A, which are synthesized by all plants and some animals, but not by human (Murray et al., 2000). Figure (4) show the levels of carotenoids in Vicia faba during 18 weeks. The initial level of carotenoids during the first two weeks is 0.075 μg/gm.F.W., which already occurred in seeds. However, the increase in caroteniods levels was represented by two peaks; the 1st at fourth week and the second during the period between 10-14 (weeks).
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Figure (4): Level of carotenoids (μgram/gm.F.W) during growth of Vicia faba
 The increment of carotenoids at the above second period is attributed  to several causes, the first is decrement of singlet oxygen (
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) in growth of plant (carotene considered the most powerful singlet oxygen quenchers (Wardman, 1988; Handelman, 2001). Carotene can disspate the energy of 
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, thus preventing this active molecule from generating radicals. It is effective at low oxygen pressure (Murray et al., 2000). The decrement of carotenoids levels after fifteen weeks due to the ageing, also the increased utilization of carotenoids in neutrailizing free radicals consume this provitamin (Hendelman, 2001). The essential cause that decrease carotenoids levels is due to the activation of β-carotene ketolase, this enzyme acts to utilize carotene (Rich et al., 2006).
Figure (5) show the levels of protein in Vicia faba plant in period of 18 weeks. The level of protein decreased between (2-5) weeks, then increased with progress of plant growth until 14th week. The decrement of protein levels after fourteen weeks due to ageing. Zalewski (1992) pointed out a decline of RNA and polyribosomes levels.  Michalcizyk et al., (1998) mentioned that during the ageing stage, amino acids decreased, which lead to impaired protein synthesis. Cellular proteins destroyed during accelerated ageing of Lycopersicon esculentum Mill "New Yorker" seeds (Kester et al., 1997).
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Figure (6): Level of total protein (μgram/gm.F.W) during growth of Vicia faba

In conclusion, it is observed from the forgoing results that increase in total thiol group is coincided with the increase of carotenoids & protein levels until fifteen week (which acts as early stages of Vicia faba growth), then it's levels was declined after 5th week (acts as ageing stage) that lead to senescence.
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