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Abstract; Bean seedlings 7-days old were left to grow for 10 days in hydroponic cultures containing 0, 5, 15 ppm Nickel
as NiC1, Calcium was added (1 mM or 5 mM) in combination with Nickel. Grawth criteria, mineral contents, nicket
distribution and metal-binding proteins were investigated. The fresh and dry weights of roots and shoots were sharply
reduced especially at the higher dose (15 ppm Ni*?), The content of some elaments (K, Na , Ca, Mg and Mn} of roots
and shoots were variably affected in presence or absence of calcium, Nickel was accumulated in roots more than in
shoots. Fractionation of roots and shoot of bean plants revealed that the accumulation of Nickel was in the insoluble

" form {cel walll, while the remainder (the soluble form) was bound to proteins in the form of metalloproteins. Calcium
reduced the toxic effect of nickel especially at the low dose (5 ppm). It was found that calcium reduced the uptake of
nickel by roots and enhanced the synthesis of proteins, which form metal-binding proteins.
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Introduction
Heavy metals increased over the years in many environments.
Mining, smelting and chemical consumption is the main cause
“of trace elements in the biosphere. The main source of heavy
metals in agricuiture soils are fertilizers impurities (Cd * 2%y and
the use of refuge-derived compost and sewage sludge
(Afloway, 1995). Heavy metals in agricuftural soils led to
losses in crop yields and hazardous health effect as they enter
the food chain {Nellesson and Feletcher, 1993; Guo and
Marschner, 1995; Salt er a/., 1985).
Nickel is defined as an essentiai micronutrients, because of its
involvement in enzymatic activity {Welch, 1985). The Nickel
requirement of plants is generally very low, 1.7 nmol g !
less in tissue dry biomass (Brown et a/., 1988; Dalton ef al.,
1988). Symptems of Ni toxicity include inhibition of root
elongation and intervenal chiorosis and interfere in chloropnyll
synthesis {Bazzaz er af., 1974; Woolhouse, 1983; Foy et al.,
1987; Gahbrielli et a/., 1990; Brune and Dietz, 1995}, High
levels of Nickel are toxic to most plants. Plant species, and
also genotypes within the same species, differ greatly in their
ahility to take up and transport these metals within the plants
(Rebafka et af., 1990 and Lubben and Sauerbeck, 1981). High
retention of heavy metals in roots {Jarvis et al, 1877} is
practically desirable in many crops, where the roots are not
utiized, thus reducing the heavy metals burden to animals and
man. Heavy metals may interfere with other essential nutrients
by competition for uptake system, and thereby disturb the
mineral hutrition of the plants (Loneragan and Webb, 1987 and
Ruano ef al., 1987).
Several defense strategies against metal stress are described
in higher plants {Vangronsveld and Clijsters, 1994), e.g.,
compartmentation of metals in vacuoles {Rauser and Ackerely,
1987}, complexation of metals by organic ligands, organic
acids ( Mutoh and Hayashi, 1991}, phytochelatins  (Grill et a/.,
1985; El-Enany, 2000 ). The biplogical activity of heavy metal
ions can be markedly affected by the presence of cations such
as, magnesium and calcium (Gadd and Griffith, 1878;
Quzounidou et al,, 1998}). Calcium is unique among the
elements comprising living systems because of its role as a
messenger for many different types of physiolegical processes
and its unigque chemical binding properties {McLaughlin and
Wimmer, 1999). The toxicity of heavy metals can be
ameliorated by calcium (El-Enany, 1995 and Issa et a/., 1995).
The selective permeability and jon uptake through the

membranes is regulated by calcium {Nakamura et a/., 1990;
Abdel-Basset and Issa, 1994).

The objective of our study are to assess the sensitivity of plant
growth to toxic Nickel level and to determine the ameliorative
eftect of additional Ca, using broad bean as a test crop plant.
To test this possibility, we investigated the growth criteria,
protein content, mineral composition and Nickel distribution
within the plants treated with Ni or Ni-Ca combination.

Materials and Methods

Broad bean plants {Vicia faba) were grown in 22/16 1C and
12/12 h (kght/ dark) regimes with light. Five-day-old seedlings
were placed on a plastic pot {1 L). The plants were grown in
aerated Hoagtand's solution 1/2 strength and exchanged every
2-days. Five-tays after transfer of seedlings to the Hoagland's
solution, Nickel as (NiCi;) at final concentrations (0, 5 and 15
mg/l) was added ta the nutrient solution. Calcium was added
as CaCl, to the nutrient solution, in combination with or
without nickel, Each treatment was carried out at 3-repiicates.
The pH value of the nutrient solution was adjusted at
5.7+0.2. All plant parts were rinsed briefly with deionzed
water, blotted dry and weighted. Two samples of roots (2-3 g
fresh weight} from each treatment were collected, and stored
frozen for gel-filtration. Remainder of shoots and of roots was
oven-fried at 70°C for 48 h and dry weights were determined.

Determination of protein: Protein was  determined
spectrophotometically according to Bradford (1976).

Chemical analysis of plant samples: About 0.2 g powdered
tissue received 2 ml concentrated HNOj; in an acid washed
tube, and the samples were digested in a heating block at 180
1€ untill the remaining solution appeared clear (Kraemer et al,,
1997}. Adding | ml of 30 % {w/v) H,0, and heating to 120 °C
until effervescence ceased from the decclorized digests. Made
up to 25 ml with distilled water. The inscluble centrifugation
fractions was similarly digested in 5 ml concentrated HNO,.
Ni, Mn,Ca, Na, K and Mg were measured by Atomic
Absorption Spectrophotometry {(Model Varian AA B5). '

Gel-Filteration: One gram of frozen roots were homogenized in
2 ml 10 mM Tris-HCI {pH 8.0 + 0.1 M 1 NaCl} buffer solution
in a mortar. The homogenate was centrifuged at 6000 rpm for
15 min. at 4 °C and the liquid fraction was centrifuged at
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12,000 rpm for 30 min. at 4°C. The residue of both
centrifugation were combined {Insoluble fraction). The
supernatant liquid of about 2 ml was confused at 2000 rpm tor
18 min. at 4 °C. The coneentrate supernatant (soluble fraction}
was put on a (50 £ 2.5 cm) column of sephadex G-100 {fine)
and eluted with 10 mM Tris-HCI {pH 8.0 + 0.1 M NaCl} buffer
at a flow rate of ©.5ml /min. Eluant buffer was collected in
finear fraction collector type {HAAK Bechle LC, 2000} at
4°C, each fraction 5 ml volume. The concentration of Ni and
Ca in each fraction was measured by AAS. The absorbency of
each fraction was recorded spectrophotometry at 280 nm.

Results and Discussions

Plant Growth: The fresh and dry matter of the roots and
shoats of broad bean plants were adversely affected in this
study by nickel added to the nutrient solution: Fig. (1 and 2).
The dry weight of roots was severely reduced by about 68%
and 65% of the control, respectively (Fig. 1 b). Nicket inhibits
fresh weigh of shoots by about 54 and 70% of control plants
at 5 ppin and 15 ppm, respectively (Fig 2a). The addition of
Ca?, especially at 5 mM variably minimized the inhibitory
effect of Ni* ? especially at the high dose (15 ppm),

Nickel inhibits protein contents by about 50% at low and high
doses. While Ca per se, stimulate protein synthesis by about
12 and 58% at 1 mM and 5 mM, respectively. Ca-Ni
combination raised the protein content in roots and shoots at
different levels (Fig. 3 a.b).

Critical values for metal-toxicity were calculated from the
refationship between growth-plant-dry matter yield and element
concentration (Macoqut et a/.,1998). Our results demonstrated
a marked decrease in the fresh and dry weight of roots and
shoots of broad bean seedlings (Fig. 1 and 2} Many
investigators recorded the observed decrease in fresh weight
as a result of Ni toxicity (Macoqut er al.,1996; Paivoeke,
1983; Barceleo et al.,, 1986). The observed decrease in fresh
weight is a result of change in the plant water status. Nickel
accurnulation decreased water uptake or enhanced water loss,
both of which may cause membrane damage. Plant ceil
membranes are generally considered primary sites of metal
injury {Barceleo and Poschanrieder, 1990). Decreased water
contents in plants grown on solution containing taxic levels of
micrenutrients have also been reported (Paivoeke, 1983;
Barceleo and Poschenrieder, 1990), which may be result of
decreased water uptake or enhanced water loss,

The results in (Fig. 1 and 2} revealed that Ca -Ni combination
lessened the toxic effect of nickel. Several observations
revealed that Ca-deficiency can intensify some heavy metal
tenicities and that high levels of Ca tend ta ameliorate the
tonicities {Wallace et &/, 1977 and 1980). The metal-induced
¢hanges in membrane properties not only affect K* and H*
extrusion, the function of membrane carrier and ion channels.
Plant cell membranes are generally considered primary sites of
metal injury {Barcelo and Poschenrieder, 1990). Ca may act
through membrane stabitization of stressed plant cells {Leopold
and Willing , 1984, Issa er a/., 1995} or through the decrease
uptake of Ni*? from the nutrient solution (Wallace et af.,
1971; Barsukuva and Gamzikova, 1999).

The application of Mi*2 treatments to tha nutrient solution
induced changes in the elemental distribution in roots and
sheots of broad bean plants (Table 1 and 2). Increasing Ni in
the nutrient solutian significantly decreased the Ca content of
roots and shoots. While addition of Ca to the solution medium
minimize: the inhibitory effect of Ca accumulation, especially at
1 mM. Mn contents consider a sensitive indicator of heavy

metal stress. Ni cdmpletely inhibits the accumulation of Mn in
roots and shoots at both treatments (5 ppm and 15 ppm). As
Ca*? added to the solution in combination with N; ' 2 the Mn
contents were recovered, especially in the shoots. Nickal
stress at high level (15 ppm} decreased Mg*? in roots or
shoots. While Mg was unchanged at 5 ppm Ni*?. In contrast,
Ca-Ni combination inhibits accumulation of Mg in shoots and
roots. Potassium and sodium content showed their highest
depression in Ni-treated plants. While K* and Na* content
tend to be unafiected under Ca*? treatments, although Ca-Ni
combination treatment reduce the inhibitory effect,

Heavy metal-induced disturbance of mineral distribution within
plants {Brune and Dietz 1993; Arduni et al., 1998}. Gur results
show a decreased in Mn content of raots as Ni elevated in the
culture medium (Table 1). Arduini ef af. (1 998) suggested that
nickel may interference Mn uptake, Nickel under severe stress
decreases Mg content of shoots and roots. in the contrary

" Brune and Dietz {1993), found that leaf Mg content increased

by more than 25% at elevated Ni concentration in the rooting
medium.

The Mg contents of shoots was unchanged under Ni stress,
while the Mg content of roats was reduced. The difference in
response of Mg and Ca (Table 1) suggest that the cause for
the reduction in root contents was not competition for binding
sites of the cell wal! but specific inhibition of uptake processes
into the root cells. Nickel was manifested in the behavior of
calcium, magnesium and potassium  (Barsukova and
Gamzikova, 1999). Arduini e! af. {1998) found that the Mn
and zn content of roots decreased in some tree seedlings as
heavy metals increasing, whereas the Ca and Mg uptake and
distribution depend on species and plant type. Displacement of
divalent cations from anionic cell wall binding sites should
result in a decrease in Ca content, since Ca is kinown to be a
major ligand of the cell wall {Grigono and Sentenac, 1991).
The distribution of Ni*? in roots and shoots of broad bean
plants are presented in Fig. 4a and h. Large differences
between roots and shoots were founds in the nickel
concentration. Nickel was accumulated in roots more than
shoots at different treatments. The Ni* 2 concentration in roots
and shoots markedly increased as Ni* 2 elevated in the nutrient
medium. Calcium addition to the medium (Fig.4 a,b} low Ni*?
accumulation in the roots and shoots of broad bean plants
especially at 5 mM. The inscluble fraction of roats (cell walls)
contained about 63 and 1% of Ni*2 at low and high doses,
respectively. These percentages were decreasad by about 40
and 32% in Ca*2-Ni combination present in the nutrient
medium Fig. {4a}. While, the insoluble fraction of roots {cell
free extract) contained about 33 and 39% of total Ni at 5 ppm
and 15 ppm, respectively. These percentages are raised as
Ca*? applied to the solution (Fig. 4a). A higher proportion of
Ni*Z in the soluble fraction was observed in roots than shoots.
In higher plants, roots are the first organ to contact with the
toxic metal concentrations, and roots usually accumulate
significantly higher metal amount than upper parts (Malan and
Farrant, 1998). Under lang-term exposure, heavy metals
generally reduce root growth mare intensively than shoot
growth, decreasing the root/ shoot ratio, but the amount of
metal uptake and intensity of root growth inhibition may vary
with the plant species and the growth canditions { Foy et al.
1987; Barcelo and Poschenrieder, 1990). These results are in
agreement with our data presented in Fig. 4a, b, which
revealed that the bean roots accumulated Ni more than shoots
and most of Ni was found in the insoluble form {cell wall)
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Table 1: Mineral concentrations of Vicia fabs seedling roots, after 15-days exposure to different treatments. Values are means
of three values

Treatment (ppm) Metal concentrations (mg/g dry wt)

K Na Ca Mg Mn
Control 63.00 16.50 B8.26 1.05 0.32
Ni (5 ppm} 34.25* 7.15* 7.25* 1.26 0.012*
Ni {15 ppm) 20,70* 3.16* 5.14 0.72* 0.015*
Ca (1 mM} 60.90 11.40* 7.33* 0.93 0.25*
Ca (5 mM} 51.05% 10.25* - B.60 1.16 .34
Ca (1 mM) + Ni{5 ppm) 51.5* 7.04* 6.41 2.06 0.12*
Ca (1 mM) + Ni {15 ppm) 51.06* 3.56* 6.65 1.80 Q.11+
Ca (5 mM) + Ni (5 ppm) 27.3* 10.25* 6.67 1.01 0.08*
Ca (bmM) + Ni {15 ppm) 16.1 11.4 6.34 0.32* 0.078
L.8.D. 6% 4.3 2.91 1.84 0.288 0.03

* Significantly differences (P <0,05).

Table 2: Mineral concentrations of Vicia faba seedling shoots, after 15-days exposure to different treatments. Values are means
of three values

Treatment {ppm) Metal concentrations {mg/g dry wt)
K Na Ca Mg Min

Contro! 76.8 4.53 12.42 5.64 1.05
Ni {5 ppm) 36.4* 1.54 8.97* 5.02 0.02
Ni {15 ppm) 40.88* 4.83 8.356* 3.77* .02
Ca (1 mM;} 66.03 12.61% 11.67 4.75 1.30
Ca (5 mM} 81.2 7.60 12.83 5.26 3.81*
Ca (1 mM] + Ni (b ppm) 78.8 14.24+ 8.21* . 4.55 3.73*
Ca{l mM) + Ni {15 ppm} 61.37 12.29 6.02* 2.62 3.82
Ca {5 mM) + Ni {5 ppm} 72.76 5.23 9.96* 1.10* 2.77
Ca {bmM} + Ni (156 ppm) 66.32* 5.01* 7.32* 1.66* 2,37
L.8.D, 5% 12.1 3.2 2.08 1.5 1.01

' Significantly differences (P< 0,05}

debris. In this respect, Khan et a/. {1992) reported that Cd
mainly associated with cell wall, whereas Velazquez et al
(1992) found the accumulation of Cd in vacuoles of bean

I’
“
F3

1
"

&

" " roots. Whereas, other authors { Khan er af., 19384; Lozano-

§ " : 1o 3 Rodrigner et &/, 1997; Gadalla and El-Enany, 1999} observed

3 ; e that the accumulation of Cd and Zn are in the cell walls. Metal

oo RS . Lo retention in cell walls might due to cross-linking of metal to
o A /\A = carboxyl graups of the cellulose {Landberg and Greger, 1984

Barceleo and Poschenrider , 1990). This was in contrast with
Flutipr volume Cataldo er a/, {1981) and Weigel and Jager (1980), who
reported that over 5% of the total Cd concentration in legumes
plants was in the soluble form. The higher proportion of Ni in
the soluble tractions of shoots especially at Ni-Ca combination
[Fig. 4a, b ). This in agreement with results obtained by Gua
and Marchner {1895} and Malan and Farrant (1998) who
observed the high mobitity of Ni within the plant
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A T — ey roots, the soluble fraction was eluted through a sephadex G-
12 100 column {Fig. 5 a, b). In the soluble fraction, low and high
- Abu2Sdmn oo molecular weight proteins can be separated by gel-filtration.

: The soluble fraction of root extracts was separated intg 30
fractions. The concentrations of Ca and Ni in these fractions
are presented in fractions diagram. The elution diagrams
N revealed 5-protein peaks. The first peak (1) of Mr, 170 kD was
induced only in nicke! treated plants and retained about
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{30 kD and 12 kD), these proteins contained about 22.4 and
7.5 % of Ni*? cell free extract, respectively (Fig.5 c). In
contrast these proteins were disappeared in contral {Fig.5 a) or
in untreated plants received Ca*? only (Fig. 5b).

The results of gel filtration in Fig. {5, a, b, ¢} showed that Ca
and Ni are bind to proteins of low and high molecular weights.
These are in agreement with many investigators (Gadalla and
El-Enany, 1899). Blackbourn et af. (1991) found that Ca
stimulate the synthesis of Ca-binding proteins of Mr. (53-33
kD) in maize plants. Makymiec and Baszynski (1999) stated
that calcium play an important role in signal transudation
during stress condition.
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