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ABSTRACTS : To measure an effects of strontium on secretion of a-amylase and RNase, wheat aleurone layers were
isolated after the pre-incubationin a solution with or without 10 mM SrCl, or CaCl, for 3 days at 2;5:C in the dark
under aseptic conditions. The secretion of @ -amylase reached a maximum at 72 h after incubation. Sr™" induced more
effectively secretion of a-amylase than Ca™. The a -amylase secretions by Sr** or Ca*" ware about 2 (Ca2+) to 2.5 (Sr2+)
fold higher than it without divalents. When aleurone layers were incubated without divalent ions, however, the a-
amylase was remarkably retained in the tissues. Total a-amylase synthesis (i.e. tissues + media) was slightly lowered by
10 mM SrCl, addition. It seemed that the RNase secretion begins at 18 h after incubation. This meaned that the RNase
secretion may process slower than @-amylase secretion. Ca™ effect on RNase secretion is stronger than Sr’* unlikely to
a -amylase. The secretion process is likely to be suddenly induced between 72 h and 96 h. These results suggested that
the secretion was enhanced after the accumulation in aleurone layers.
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INTRODUCTION

Plant development and ecosystems have been in fatal danger
from pollutants such as Cd2+, Hgy, and Pb* from industrial
factories, and from radioactive waste materials (%Sr, 137Cs, efc.).
The accident in Chernobyl resulted in the accumulation of
radionuclides such as ’Cs and *r in milk and crop plants
through the whole of Furope™™®. Hamilton and Minski” reported
that the high Sr*" content in human bone in southeast and
northwest England is associated with the distribution of
calcareous rocks, where natural apatites occur, containing up to
73% Sr™', and it is caused by dietary intake. The radioactive
isotope “'Sr (half-life = 28.5 years) has been studied because of
the possibility of long-term soil contamination after nuclear
explosions which could lead to an incorporation into human
cells through the food chain. Through ecosystematic food chain
relations between plants and livestock it may always be possible
to transfer toxic heavy metals and radionuclides into humans.
¥Sr and "Sr emit Bray, and their radiation are caused by the
surplus of neutrons. The conversion of a neutron into a proton
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results in electron expulsion. According to Lang(’), human hair
contains 0.05 g strontium/g, and human organs take up about 2
mg/day. This Sr*™* could be perspired. However, the accum-
ulation of radioactive strontiuum is dangerous and harmful. It is
known that frays could result in leukemia, pneumonia, and
infant mortality7’8).

Calcium as a macronutrient is present in plants plentifully. The
adaptation of plants for Ca” seems to be dependent on the plant
species. The translocation of Ca®" and Sr™" through the trans-
piration stream in the xylem is well known, but in the phloem
both Ca™ and Sr" are immobile”. Thus, the Sr™" uptake is
competitively related to Ca™ which has a pivotal role in
intracellular processes”"”. Calcium has an effect on the a-
amylase secretion during rice™ and barley germination'. The
enhancement of enzyme secretion by Ca” in the plant cell was
reported first by Chrispeels and Varner'®, Over the subsequent
years, a universal secretion pathway was elucidated as follo-
wing: TER — Golgi — secretion vesicles plasma membranes.
Since a-amylase regulation is important both to the agriculture
and to the brewery industry, it has attracted many agricultural
or food scientists. It is clear that the GAs-induced changes in the
tER and Golgi apparatus, the synthesis of a-amylase and of
other enzymes (e.g. RNase, polyphenol oxidase, and peroxidase),
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~and their subsequent secretion are all tightly correlated®.
Alpha-amylase is known to be a metalloenzyme'®.

The effect of Sr** (at 20 mM) on secretion in barley aleurone
layers was also reported”. However, there are only a few
observations on the S*'-action in wheat aleurone layers. A Sr**
or Ca** concentration of 20 mM? is extremely high, resulting in
inhibition of germination per se. The objectives of this study are
to investigate the secretion of hydrolytic enzymes, ie @ -amylase
and RNase, induced by strontium.

MATERIALS AND METHODS

Isolation of aleurone layer

The seeds of wheat (Triticum aestioum) were cut and the
embryo containing halves were discarded. After sterilizing the
seed halves without the embryo for 15 to 20 min in 1% NaOCl,,
the seeds were rinsed several times with distilled water and then
preincubated on moist sterile Whatman paper in 10 cm
autoclaved Petri-dishes. Each petri-dish contained 100 half
seeds. The preincubation was performed for 3 days at 25°C in
the dark (wrapped in aluminum foil) under aseptic conditions,
and then endosperms were removed immediately with two
small spat- ulas under sterile conditions. The aleurone layers
were put in 10 mL Erlenmeyer flask containing 2 mL incubation
medium at 25°C for the required time, shaking at 40 oscillations
per minute. The incubation media consisted of 1 mM acetate
-NaOH buffer (pH 4.8), 10 mM CaCl, or SrCl,, 1 M GAs, and 05
mg chlora- mphenicol per mL medium. One mL of water was
added at the end of the incubation period and the medium was
decanted. The aleurone layers were briefly rinsed with 2.5 mL
of water and then the rinsing and the decanted media were
combined. Aleurone layers were homogenized with a mortar
pestle. After centrifugation at 12000 g for 10 min, the
supernatants and the combined media were used for the
measurement of @-Amylase and RNase activity. The activity
was measured, using a conversion factor of 2.7 g of a-amylase
per unit of optical density change by Shuster and Giffords
method',

@ —-Amylase activity

Five hundred L tissue or media extracts were mixed with 1.5
mL 1 mM acetate buffer and starch solution. After incubating for
2 min at 20, 1.0 mL of an iodine reagent was added. The
mixture was diluted with 4.0 mL double distilled water and read
at 620 nm™*"™. The iodine reagent consisted of 1 to 100 times
diluted solution (with 0.05 N HCI) of 6.0 g KI and 600 mg I in
100 mL double distilled water. The starch solution was made as
following:

boil 150 mg starch for 1 min
!
2,000 x g centrifugation for 10 min
|
mix with 600 mg KELPO,, 200 M CaCl

|
dissolve in 100 mL double distilled water.

The measurements of absorbance changes were continued
until there was a 30 to 75% decrease in the initial values (about
1.35).

RNase activity

RNase activity was measured according to Lee et al’s
method". The reaction mixture contained 1.0 mL of 04 M
sucrose, 500 M MgSO,, 5 mM KC, and 1 mg/mL Sigma type Il
yeast RNA in 200 mM acetate buffer (pH 6.0). The reaction was
started by the addition of 400 1L enzyme extract. After 15 to 30
min at 30C, 4 mL cold EtOH were added. Fnzyme activity was
related to the increased absorbance at 260 nm in the clear filtrate,
compared with a control where EtOH was added immediately
after reaction start. The activity of RNase was calculated using
a constant of Fa = 90.1/ 1M/ cm.

RESULTS

a-Amylase activity

Fig. 1 shows the changes in a-amylase activity by Ca”* and S**
in the presence of GAs. & -amylase synthesis in wheat aleurone
layer tissue begin 3 h after incubation whether with divalent
ions or without. a-amylase secretion appeared to be induced 6 h
after incubation. St and Ca™ clearly increased the secretion of
a-Amylase. The secretion reached a maximum at 72 h after incu-
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Fig. 1. The changes in a-amylase activiy. The dissected aleurone
layers were incubated in T mM acetate-NaOH buffer (pH 4.8), 10
mM CaCl; or S5rCly, 1 iM GAs, and 0.5 mg/mL. of chloramphenicol.
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Fig. 2. The changes in RNase secretion. Aleurone layers were
incubated in the presence of 10 M GA; and divalent ions.

bation. Sr*" induced secretion of @-amylase more effectively
than Ca”"

Thus, the a-amylase secretion induced by the divalents Sr**
and Ca” were likely to be a common phenomenon. The a-
amylase activities secreted by Sr** or Ca”" were about 2 (Ca™) to
25 (5r") fold higher at 18 h after incubation than it without
divalents, whereas when aleurone layers were incubated with-
out divalent jons, the a-amylase were remarkably retained in
the tissues. However, total @ -amylase synthesis (i.e. tissues +
media) was slightly lowered by addition of 10 mM SrCl,

RNase secretion

As shown in Fig, 2, the RNase was not actively secreted until
72 h after incubation. This means that the RNase secretion may
process slower than a-amylase secretion. RNase secretion by
Sr™" was not active compared to Ca”". The secretion process was
likely to be suddenly induced between 72 h and 96 h. These
results suggested that the secretion of Rnase may need a lag
period to efflux out aleurone layer. For -amylase, the synth-
esis and secretion occured at the same time without an accum-
ulation in aleurone layer.

DISCUSSION

It is well known that a-amylase secretion in barley and rice
aleurone layers requires external mM Ca”'concentrations for
saturation™*. In this work, the concentration of 10 mM is far
higher than that for germination without stress. In fact, S
above 10 mM is extremely toxic for germination. Since Chri-
speels and Varner', many experiments using their classical
method have given evidence that other divalent ions (Sr2+, Ba*,

sometimes Mg™ can partly replace Ca™, indicating that the

effects are related to a more general quality of the ions and
might not be due to those ions entering the cell to exert an effect
as a rather specific second messenger™”.

It has also been reported that one physiological role of Ca” in
plants is to maintain the normal integrity of the membrane™.
Furthermore, Kiyosawa and Adachi® have found that Sr** can
be substituted for Ca” in terms of survival of Chara internode
cells in an electrolyte solution. With Fujii's recent report™ that
Sr*" and spermine also prevented the leakage of intracellular
amino acids and glycerol in algae, and with Naik and Sriva-
stava’s finding” that polyamines were effective in decreasing
betacyanin efflux from discs of beet root, the above mentioned
observations may imply that the hydrolytic enzyme secretion
out of aleurone layers in wheat is an ionic effect of Sr*".
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