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Aluminum Induces Apoptosis in Vicia faba Guard Cells
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Abstract : Aluminum( Al) is the most abundant metallic element in the earth’s crust. Virtually all food, water, air, and soil contain some alu—
minum. Since the toxic effect of Al on plants was first discovered in 1918, it has been found that Al is a major factor reducing plant growth
and crop production in acid soils. However, the mechanism of Al toxicity is still not completely clear. Stomatal guard cells in the epidermis of
plant leaves respond to environment changes sensitively and accurately, commonly used as a model experimental system to study signal trans—
duction. In this study, effect of aluminum on guard cell viability was investigated in Vicia faba leaves. Young fully expanded leaves from 4—
week—old plants were used as materials. Epidermal strips were obtained by peeling off the lower epidermis from young fully expanded leaves.

They were incubated in 2—(N-morpholino ) ethanesulfonic acid(MES) buffer containing some chemicals (AICl; with or without some alle—
viants) for 3 h at 23 °C in white light for the treatment. After then, the strips were stained with fluorescence reagent fluorescein diacetate
(FDA), propidium iodide (PI), 2’,7’ —dichlorofluorescein diacetate (DCFH-DA) and fluo—3 acetomethoxyester(Fluo—3 AM), respectively,

and observed under a fluorescence microscope. The results of the present study showed that aluminum treatment significantly decreased cell
viability and induced cell death at concentrations of 1, 2.5, 5 mmol L™ and 10 mmol-L™. A synchronous increase in cell death rate and in—

tercellular ROS and Ca*" levels occurred in V. fuba guard cells exposure to Al. The dead cells showed typical features of apoptosis, such as
nuclear condensation, fragmentation and apoptosis bodies. Z—Asp-2,6—dichlorobenzoyloxymethylketone (Z—Asp—CH,~DCB) and N*—tosyl—
Lys—chloromethyl keton (TLCK ), two types of specific caspase inhibitors, significantly blocked Al-induced cell death. The occurrence of
characteristic features of apoptosis in Al treated guard cells and the blockade of Al-induced cell death by apoptosis inhibitors suggested a
programmed cell death caused by Al toxicity. Antioxidant substances ascorbic acid(AsA) and catalase( CAT) significantly inhibited Al—in—
duced cell death and also decreased the intercellular ROS level in Al treated guard cells. Both Ca* chelating agent ethylene glycol bis(2-
aminoethyl ) tetraacetic acid(EGTA) and Ca?" channel blocker LaCl, significantly decreased the cell death rate and the intercellular Ca> lev—
el caused by Al These results clearly demonstrated that Al-induced cell death associated with the increases in intercellular ROS and Ca*
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levels. ROS generation, Ca* influx and intercellular Ca® level increase involved in the mechanism of Al—-induced cell death. Our results sug—

gested that Al-induced cell death in V. faba guard cells could be one kind of apoptosis mediated by ROS generation and Ca* activation under

Al stress.
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Table 1 Protective agents and their concentrations
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Guard cells with low viability showed weak green fluorescence after Al

treatment. Dead guard cells showed non— fluorescence.
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Figure 1 Vicia faba guard cells stained with FDA
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Figure 2 Effect of Al on guard cell death in Vicia faba
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Figure 3 Abnormal nuclear shape in Vicia faba guard

cells exposure to Al
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Figure 4 Antagonistic effect of TLCK and Z—Asp—CH,~DCB on
guard cell death induced by Al in Vicia faba
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Figure 5 ROS level in Vicia faba guard cells
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