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Response of B-Glucanases to GA, in Barley
Aleurone Layers

Song Joong Yun* and Ill Min Chung**

He| SEZ0AM (1-3)-8-glucanase} (1-3,1-4)-8-glucanase2| GA,
off et Bt

ISk * %
S Tl

El

ABSTRACT : Isolated barley aleurone layers were used to examine response of (1-3)- and
(1-3,1-4)-B-glucanases to GA,. Protein content and levels of (1-3)- and (1-3,1-4)-8-glucanas-
es increased in the presense of added GA; However, (1-3)- and (1-3,1-4)-8-glucanases showed
different response to GA;in their production and secretion patterns. (1-3,1-4)-f8-glucanase
showed higher increase in enzyme activity than (1-3)-B-glucanase in the early stage of GA;
treatment. Secretion of enzyme by GAj; into the surrounding medium was more enhanced in (1-
3,1-4)-B-glucanase than in (1-3)-8-glucanase. The differential response of the enzymes might

be related to the physiological role of the enzymes in germination of barley grain.

Key words

The hormonal regulation of hydrolases involv-
ed in the enzymic degradation and mobilization
of endosperm storage macromolecules in germi-
nating cereal grain has been investigated inten-
sively. For many of these investigations isolated
barley aleurone layers have been used as a model
system because they synthesize and secrete
many hydrolases in response to exogenously
applied gibberellic acid (GA;) in vitro. Using this
system the synthesis and secretion of a-amy-
lases, (1-3,1-4)-B-glucanases, and proteases
have been shown to be enhanced by GA, 2619

Aleurone layer of barley grain which is derived
from the triploid nucleus after fertilization over-

Aleurone layer, (1-3)-f-glucanase, (1-3,1-4)-B-glucanase, Gibberellic acid (GAj;)

lies the starchy endosperm where storage macro-
molecules are located. Walls of the aleurone and
starchy endosperm contain large amount of (1-
3,1-4)-B-glucans (20-29% of the cell wall com-
ponents by weight)®, (1-3,1-4)-8-glucans are
hydrolized by (1-3,1-4)-8-glucanases(E.C.3.2.1.
73) in the early stage of barley grain germina-
tion to allow starch- and protein-degrading
enzyme penetration into endosperm cells?”.
Therefore, rapid synthesis and secretion of (1-
3,1-4)~f-glucanases are very important in bar-
ley endosperm mobilization. (1-3)-f-glucanases
(E.C.3.2.1.39) are also expressed in germinating
barley grain. However, little amount of (1-3)-8-
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glucans, substrates of (1-3)-f-glucanases, are
found in barley grain. Possible physiological role
of (1-3)-B-glucanase in germinating grain is to
provide protection against pathogen infection
during germination?’,

Physiological role of the enzymes may be
related to the temporal regulation of their gene
expression, post translational modification and
secretion of the expression products, We
attempted to investigate this possibility by
observing the production and secretion of (1-3)-
and (1-3,1-4)-f-glucanases in barley aleurone
layers in response to exogenously applied GA,.

Materials and Methods

Preparation and incubation of aleurone lay-
ers

Aleurone layers were isolated from the malt-
ing barley (Hordeum distichum L. var. Jink-
wang) essentially as described?. Embryo-less
half-grains were sterilized with 0.2% (w/v) sil-
ver nitrate solution for 20 min at room temper-
ature, rinsed several times in sterile water and
preincubated on moist sterile vermiculite in
majenta boxes for 4 days in the dark. Aleurone
layers were separated aseptically from the
starchy endosperm with the aid of broad-point-
ed forceps. Aleurone layers were incubated in 20
mM sodium succinate buffer (pH 5) containing
10 xg/ml chloramphenicol with and without 1
M GA ml in shaking incubator at 25°c for up
to 5 days.

Enzyme extraction and assay

Enzyme activity was determined in the incu-
bation medium and the extract of the aleurone
layers. The aleurone layers were washed sever-
al times with fresh incubation medium and
homogenated with 2 ml of fresh incubation
medium. The homogenate was centrifuged at
10,000 xg for 15 min and the supernatant was
used for enzyme assay and protein quantitation.
Protein content was determined according to

Bradford®. (1-3)-8- and (1-3,1-4)-B-glucanase
activities were assayed as described!!*?,

Results and Discussion

Amount of total protein and protein secreted
into the medium increased by the treatment of
aleurone layers with 1pM of GA, In the pres-
ence of GA; protein content in the medium
increased greatly. Sixty-one and 78% of the
total protein was secreted into the medium 3
and 5 days after incubation, respectively. Less
amount of protein was secreted into the medi-
um in the absence of GA,. After 3 to 5 days of
incubation only about 20% of the total protein
was secreted into the medium. Total protein
increased up to 17% by GA; treatment(Fig. 1),

In the presence of GA; Synthesis and secre-
tionof protein in barleyaleurone layers. Aleurone
layers were incubated in 20 mM sodium succi-
nate buffer with or without 1 4M GA;. (1-3)-
B-glucanase activity increased drastically. After
3 days of incubation total enzyme activity
increased over 2-fold, and over 70% of the total
(1-3)-B-glucanase activity was found in the
medium. On the contrary 70% of the total
enzyme activity was present in the aleuronelay-
ers in the absence of GA;(Fig. 2). Specific
enzyme activity was much higher in the aleu-

Protein content (mg /10 aleurone layers)

Days after incubation

Fig. 1. Synthesis and secretion of protein in bar-
ley aleurone layers. Aleurone layers were
incubated in 20 mM sodium succinate
buffer with(GA) or without(CTR)1 xM
GA;.
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Fig. 2. Production and secretion of (1-3)-8-glu-
canase activity in barley aleurone layers
in the presence(GA) or absence(CTR) of
1 uM GA..
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Fig. 3. Changes in specific (1-3)-8-glucanase
activity in the absence(A) or presence

rone layers in the presence of GAj; indicating
lower rate of secretion of (1-3)-f-glucanase
than other proteins(Fig. 3).

(1-3,1-4)-B-glucanase activity also increased
by GAj. After 3 days of incubation total enzyme
activity increased over 4-fold, and about 85% of
the total enzyme activity was found in the sur-
rounding medium, However, only about 35% of
the enzyme activity was present in the medium
in the absence of GA; (Fig. 4).

In the absence of added GAj; enzyme activi-
ties were also detected in the medium but the
rate of secretion and levels of activity were
lower than those in the presence of added GA;
In the presence of GAj; synthesis and secretion

¢ (1-3, 1-4)-b-glucanase act (A590 /10AL)

mm CTR-intracellular CTR-secreted
ed

Days after incubation
Fig. 4. Production and secretion of (1-3,1-4)-p-glu-
canase activity in the presence(GA) or
absence(CTR) of 1 xM GAs;.
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Fig. 5. Secretion pattern of (1-3)-B8-glucanase
(13) and (1-3,1-4)-B-glucanase(1314) activ-
ity in the presence of 1 pM GA;.

rate of (1-3,1-4)-f-glucanase was much higher
than those of (1-3)-A-glucanase(Fig. 2,4,5). The
difference in response of the enzymes to exoge-
nouly applied GAj; could be explained by the
different temporal and spatial regulation of the
gene expression during germination. (1-3,1-4)-
B-glucans are found in the cell walls of aleurone
layers and starchy endosperm. Rapid depoli-
merization of (1-3,1-4)-8-glucans is very impor-
tant for the grain germination. Therefore, rapid
expression of (1-3,1-4)-B-glucanases in the
early stages of germination is necessary. How-
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ever, little amount of (1-3)-8-glucans, the sub-
strate of the (1-3)-B-glucanases, are found in
barley grains.

Different levels of enzymes could be a result
of the differential expression of the correspond-
ing genes. Different levels of mRNA for the a-
amylase gene families and their differential
response to GA; were reflected in the levels of
corresponding isozymes®. Differential mRNA
stability rather than transcriptional control could
also account for the differential expression of the
enzymes®, Possibility of differences in the trans-
lational efficiency can not be excluded®. Differ-
ence In the rate of secretion of the enzyme could
be resulted by many different ways in various
steps of the secretion process, One of the possi-
bilities could be a difference in the post trans-
lational modification. Genes of both enzymes
contain the GA; response sequenses in the
upstream control region. Therefore, the differen-
tial expression of the genes with the similar
structural elements also indicates the importance
of the trans-acting elements in gene expression.
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