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Abstract: In a pot experiment the effect of inorganic and chelatic nickel on the metabolism of polyamines in
leaves of spring barley plants cv. Poldek was examined. Nickel was applied to acid soil in the form of
NiSO,-7H,0 and Ni-EDTA (M:L 1:1) in the doses of 50 and 75 mg Ni - kg™ of soil. After a 10-day exposition of
plants to the effect of inorganic and chelatic nickel, the content of putrescine in leaves increased, whereas the
content of spermine and spermidine decreased. In stress conditions caused by inorganic nickel the increase of
putrescine content and the decrease of spermine and spermidine content in barley leaves were much bigger than in
stress conditions caused by chelatic nickel.
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In stress conditions caused by different factors metabolism of polyamines in plants
changes and the intensity and direction of these changes depend on the genotype of the
plant as well as on the type, concentration and duration of the effect of the stress factor
[1-3]. Results of studies conducted so far have shown that metabolism of polyamines
changes also in response to nickel stress [4-6]. Specificity of these changes lies in the fact
that accumulation of putrescine in plant tissues increases, whereas the content of spermine
and spermidine decreases. In spite of the fact that putrescine takes part in inactivating free
radicals generated in plant cells in stress conditions [5], putrescine is believed to be
a hormone which speeds up the ageing of plants [7, 8]. On the other hand, spermine and
spermidine delay the process of plant ageing and their main function in stress conditions
consists in protecting cell membranes from damage [9-12].

The research on the metabolism of polyamines in plants in response to nickel stress
conditions conducted so far have concentrated on the stress caused by inorganic form of
this metal. However, nickel, as a d-electrone metal, easily forms chelate compounds with
low-molecular-weight organic compounds in the environment [13-16]. It is in the form of
chelates that this metal appears in the environment as a pollutant, ie as a component of
sewage and industrial waste and of waste sludge [14-16]. Consequently, it is accessible to
plants in large amounts in the form of complex ions. The main purpose of this study was to
find out the direction of changes of metabolism of polyamines in the leaves of spring barley
cv. Poldek exposed to nickel stress conditions caused by inorganic and cheltic forms of this
metal.
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Materials and methods

Spring barley plants cv. Poldek were grown in pot cultures on average-quality soil,
whose granulometric composition was that of silt. The soil had the following properties:
float particles - 28%, organic C - 0.8 mg - kg™, sorption capacity - 11.8 cmol(+)kg™', pH
5.2, total Ni content - 11.8 mg - kg’l, content of Ni soluble forms in 1 mol - dm™ HCI -
2.4 mg - kg Basic fertilization was applied in the experiment; fertilization amounts per
pot were the following: 1 g of N in the form of NH,NO;, 0.5 g of P - Ca(H,POy),, 0.8 of K -
KCl and 0.3 mg of Mg in the form of MgSO,. Plant vegetation was conducted in growth
chamber at 20°C and at relative humidity of 75%, for a long (16-hour) photoperiod with
light intensity of 180 umol - m™~ - s™'. Nickel was added to the soil at the stage of plant
germination in the form of NiSO,-7H,0O and Ni-EDTA (M:L 1:1) in the doses of 50 and
75 mg Ni - kg™

Samples of leaves were harvested after 10 days of plant growth in the conditions of
excess of nickel for the analysis of polyamine content. The content of polyamines (PAs)
was determined by means of the spectrofluorometric method described by Kaur-Sawhney et
al [17]. Extraction of PAs was conducted in 5% HCIO,. Dansylation of PAs was conducted
by means of dansyl chloride (5 mg/cm® acetone) and 200 mm® of saturated solution of
Na,CO;. The dansylated PAs were extracted in 0.5 cm® of toluene and after a careful
separation the organic fraction was collected on plates covered with silica gel G, in system
chloroform: triethylamine (25:2 v/v). Derivatives of the particular polyamines were located
by comparing them with appropriate standards in UV light. After TLC, the
dansylopolyamine bands were scraped, the residue is eluted in 2 cm’ of ethylacetate; then
the acetate was evaporated and dry samples were dissolved in 5 cm’ of methanol.
Quantitative determination of dansyl derivatives of PAs was made by means of the
spectrofluorometric method, at an excitation band A = 336 nm, and an emission band
A =515 nm.

Statistical analysis: Variance analysis (ANOVA) of obtained data was carried out,
followed by a test checking the significant difference (LSD) with probability of 0.05.

Results and discussion

Nickel used in fertilization of spring barley (Hordeum vulgare L.) cv. Poldek
influenced on metabolism of polyamines in leaf tissues (Fig. 1). In general, after a 10-day
exposure of spring barley to the effect of inorganic and chelatic nickel, the content of
polyamines in leaves decreased in the case of both chemical forms; however, the decrease
was small (Fig. 1). When the soil was contaminated with inorganic nickel added in the
amount of 50 and 75 mg - kg, the content of all the three polyamines
(Putrescine+Spermine+Spermidine) was smaller by about 4.1% and 4.6% as compared with
the control. When the soil was contaminated with Ni-EDTA added in the amount of 50 and
75 mg - kg™, the content of these polyamines was lower than in the control by 0.5% and
4.1%, respectively. The direction of changes in metabolism of polyamines in barley leaves
was specific to this metal and did not depend on its chemical form; the content of
putrescine increased and the content of spermine and spermidine decreased (Fig. 1).
However, the intensity of metabolism of polyamines depended on the doses and chemical
form of nickel applied to the soil; it should be noted that it depended on its chemical form
to a greater extent (Fig. 1). After 10 day’s growth on soil contaminated with nickel sulphate
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added in the amount of 50 and 75 mg - kg™, the content of putrescine in barley leaves
increased by 64.4 and 80.6%, respectively, as compared with the content of this polyamine
in control barley leaves (Fig. 1). After the same time of growth of plants in the presence of
Ni-EDTA chelate which was applied to the soil in the amount of 50 mg Ni - kg™, the
content of putrescine in the leaves increased only by 11.5% (Fig. 1). A significant increase
in the content of this polyamine (by 32.2% as compared with the control) was observed
when the soil was contaminated with a larger amount of nickel chelate, ie 75 mg Ni - kg™
of the soil; however, also in this case the increase in the content of putrescine was smaller
than when the soil was contaminated with inorganic nickel (Fig. 1).
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Fig. 1. The comparison of polyamines content in leaves of barley plants grown in the presence of inorganic and
chelatic nickel excess, LSD p0.05 - the least significant difference with a probability of 0.05

In spite of the fact that putrescine has the ability of inactivating free radicals generated
in cells of plants exposed to heavy metal stress [5], it is generally considered to be
a hormone which causes plant ageing because it speeds up the apoptosis of cells [8, 18].
Moreover, it has been shown that in stress conditions, parallel to accumulation of
putrescine, such unfavourable consequences of stress as depolarisation of membranes,
effect of potassium ions, a drop in protein content as well as withering and necrosis of plant
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organs can be observed [8]. In the conducted experiment the level of putrescine
corresponded to morphological symptoms of nickel toxicity, such as leaf chlorosis and
necrosis. These symptoms appeared at the top of the youngest leaves when the soil was
contaminated with inorganic nickel, ie when the largest increase in putrescine content was
observed.

Studies conducted so far have shown that the mechanism of nickel toxicity is
connected with initiation of free-radical reactions in vivo, including lipid peroxidation of
cell membranes [19, 20]. Studies conducted so far have also shown that polyamines,
including putrescine, takes part in inactivating free radicals [5, 9]. A larger increase in the
content of this polyamine, which was observed in the presence of nickel sulphate, as
compared with the increase noted in the presence of Ni-EDTA chelate, suggests that
inorganic nickel induced a stronger oxidative stress in the cells of barley leaves than Ni-
EDTA chelate. The difference could result from a different content of this metal in vivo.
Earlier studies showed that spring barley cv. Poldek assimilated more nickel from acid soil
contaminated with the sulphate form of this metal than with Ni-EDTA [21].

Studies conducted so far have also shown that there are differences in the level of
spermine and spermidine in barley leaves grown in the presence of inorganic and chelatic
form of nickel (Fig. 1). The level of these polyamines was markedly lower in the presence
of NiSO, than in the presence of Ni-EDTA. These differences could result from different
phytoassimilation of this element from the two chemical forms.

Studies conducted so far have shown that in stress conditions spermine and spermidine
protect cytoplasmic membranes [10-12]. According to Roberts et al [10] spermine and
spermidine associate with the surface of membranes, stabilizing their permeability. Results
(to be published in Ecol. Chem. Eng.) obtained by the authors show that the level of these
two polyamines correlates negatively with the degree of damage to membranes, measured
by the content of MDA in vivo and the outflow of electrolytes from plant tissues.

Conclusion

In stress conditions caused by inorganic (NiSO,4-7H,0) and chelate (Ni-EDTA) forms
of nickel the metabolism of polyamines in leaves of spring barley cv. Poldek changed. The
direction of the changes in the metabolism of these compounds was specific to this metal
and did not depend on the chemical form in which it was applied to the soil; the content of
putrescine increased, whereas the content of spermine and spermidine decreased. However,
intensity of metabolism of polyamines depended on the chemical form in which nickel was
applied to the soil. In the presence of excess of inorganic nickel (NiSO,-7H,0) an increase
in the content of putrescine and a decrease in the content of spermine and spermidine in
barley leaves were much bigger than in the presence of excess of chelatic nickel
(Ni-EDTA).
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Abstrakt: W doswiadczeniu wazonowym zbadano wptyw niklu na metabolizm poliamin w lidciach jeczmienia
jarego odmiany Poldek. Nikiel aplikowano do gleby kwasnej w formie NiSO4 7H,O oraz Ni-EDTA (M:L 1:1),
w dawkach 501 75 mg Ni - kg™ gleby. Po 10-dniowej ekspozycji roslin na dziatanie obu form chemicznych niklu
zwigkszyla si¢ zawarto$§¢ putrescyny, a obnizyla zawarto$¢ sperminy i spermidyny w liSciach jeczmienia.
W warunkach stresu powodowanego przez siarczan niklu zaréwno poziom wzrostu zawartosci putrescyny, jak
i obnizenia sperminy i spermidyny w lisciach byt znacznie wigkszy niz w warunkach stresu powodowanego przez
chelat Ni-EDTA.

Stowa kluczowe: jeczmien jary, spermidyna, spermina, stres niklowy, putrescyna



