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Effects of NaCl and proline on polyphenol oxidase activity in bean seedlings
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Abstract

In this work, the effects of NaCl (0, 50, 100, and 150 mM), proline (0, 5 and 10 mM) and NaCl + proline in
combinations on activity of polyphenol oxidase (PPO; E.C. 1.10.3.1) and soluble protein content have been investigated
in the root, stem and leaf tissues of bean (Phaseolus vulgaris L.) seedlings grown in embryo culture. PPO activities were
higher in all the tissues treated with NaCl, proline and NaCl + proline combinations those that of the control tissues. The
protein content was very high in tissues exposed to proline and NaCl + proline combination, but NaCl alone decreased
protein contents in root and leaf tissues. The results suggest that proline may play a role as an enzyme-stabilizing agent

in salt stress.
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Salinity is serious problem for agricultural productivity in
many parts of the world. To date, studies on salinity have
focussed predominantly on germination percentage and
growth of seedlings and plants. There are several studies
on the effect of salinity on the enzymes involved in seed
reserve mobilization such as amylase (Ramagapol 1987),
protease (Prisco et al. 1981), and RNase (Sheoran and
Garg 1978). A number of oxidation systems other than
the major oxidative phosphorylation in the mitochondria
have been reported in seeds and seedlings. They may
interfere with normal respiration or they may play a role
in the recycling of reducing equivalents. One of them
polyphenol oxidase which oxidize some phenols to
quinones is important (Gomes Filho and Sodek 1988).
This enzyme has been studied in a number of plants in
relation to diseases, wounding (Maxwell and Bateman
1967), hormonal regulation (Hulme and Rhodes 1971),
enzymatic browning (Jennings and Duffus 1977), and
germination  (Kocagaliskan and  Ozbay 1987,
Kocagaliskan et al. 1995). However, information
concerning its affection by salt stress is insufficient.
Many researchers have ascribed to proline a positive
role under stress. In contrast, Hanson et al. (1977)
considered proline accumulation to be a symptom of
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damage. According to Stewart and Lee (1974), proline is
osmotic agent. Other researchers have suggested that
proline is a source of energy, carbon and nitrogen for the
recovering tissues (Blum and Ebercon 1976). Proline can
protect cells against damage induced by ultraviolet
radiation (Demir 2000).

We have not encountered any report on the response
of PPO to NaCl and proline in the bean seedlings.
Therefore, it was interesting to study whether proline
stabilize the enzyme or not. For this aim, dwarf bean was
chosen as experiment material, since it is known to be
sensitive for salinity.

Seeds of dwarf bean (Phaseolus vulgaris L.
cv. Kizilhag) were surface sterilized with 1 % sodium
hypochlorite. Embryos of the seeds were excised and
cultured in the basal medium of Murashige and Skoog
(1962; MS) without hormones and supplemented with
NaCl (0, 50, 100, and 150 mM) and proline (0, 5 and
10 mM). Embryos were grown for 7 d at 14-h photo-
period, irradiance of 222 pmol m? s™ (400-700 nm), and
temperature of 24 £ 1 °C).

Fresh tissue samples (0.5 g) from root, stem and leaf
of the seedlings were homogenized with 5 cm’ cold
0.05 M sodium phosphate buffer (pH 6.5) for 2 min and

Abbreviations: DOPA - dihydroxyphenylalanine; PPO - polyphenol oxidase.
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filtered, then centrifuged at 20 000 g for 15 min at 4 °C.
Then the enzyme activities were immediately determined
spectrophotometrically as described by Jennings and
Duffus (1977). 3,4-dihydroxyphenylalanine (DOPA,;
10 mM), prepared in 0.1 M (pH 6.5) sodium phosphate
buffer were used as a substrate. The reaction mixture
containing 2.8 cm® of substrate solution and 0.2 cm’ of
crude extract was incubated at room temperature for
2 min. The absorbances of the mixture were measured
spectrophotometerically (Shimadzu UV 1208 spectro-
photometer, Japan) at 420 nm. The mixture without crude
extract served as blank. The amount of soluble protein in
the enzyme extraction was estimated according to
Bradford (1976) using bovine serum albumin as standard.

In the roots, stems and leaves treated with NaCl, PPO
activity gradually increased as NaCl concentrations
increased (Fig. 1). A significant correlation between NaCl
concentration and PPO activity (» = 0.91) was obtained.
The responses of PPO to NaCl were different in roots,
stems and leaves. Similar results were obtained when
responses of peroxidase and catechol oxidase to NaCl
were followed (Gaurab et al. 1996, Converso et al. 1997).
Proline (5 and 10 mM) applied alone or in combination
with NaCl increased PPO activity in all plant parts (Fig. 1).
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Fig. 1. Effects of NaCl and proline in different concentrations
on PPO activities in leaf, stem and root tissues of 7-d-old bean
seedlings grown in embryo culture. Means * standard errors for
triplicate samples.
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Fig. 2. Effects of NaCl and proline in different concentrations
protein content in root, stem and leaf tissues of 7-d-old bean
seedlings grown in embryo culture. Means + standard errors for
triplicate samples.

In leaves and roots, but not in stems, soluble protein
contents decreased with increased NaCl concentration
(negative correlation; r = -0.186). The highest soluble
protein content was recorded in the leaf tissue (Fig. 2).
Other scientists have shown that salinity inhibits protein
synthesis, delay RNA synthesis (e.g. Marie et al. 1989),
and accelerates degradation of RNA (e.g. Sheoran and
Garg 1978). Therefore, the decreasing of protein content
by NaCl applications may be due to one of the
mechanisms mentioned above. Proline enhanced the
protein contents in all tissues, more effective was 10 mM
proline. Interaction between proline and polyamines and
stabilizing effects of proline on enzymes and membranes
were reported (e.g. Tiburcio ef al. 1993, Miranda and
Loyola-Vargas 1994). Thus, it may also protect the cell
against damage induced by free radicals which may
increase under salt stress. NaCl treatment increased the
activities of the antioxidative enzymes, catalase and
glutathione reductase (Lechno ef al. 1997).

From the result obtained, it seems that proline might
play a role as an enzyme-stabilizing agent in salt stress.
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