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Inhibitory Influence of the Embryo on Gibberellin As-Induced
a-Amylase Production in Endosperm of Avena fatua Seed
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Abstract

Gibberellin A; (GAg)-induced a-amylase production in embryonated endosperms and de-embryonated
endosperms of Avena fatua seeds was examined. The seeds cut into halves were termed as embryonated
halves and endosperm halves, respectively. The embryonated halves produced less e-amylase than the
endosperm halves. a-Amylase production of both halves increased with lengthening after-ripening period,
being far less in the embryonated halves.

The a-amylase production of the endosperm halves decreased remarkably when intact seeds were
imbibed at temperatures of 20° to 30°C before removal of the embryo.  The inhibitory effect caused by the
presence of the embryo disappeared by notching, pricking or burnt-needling the embryo or its near around.
Exogenous abscisic acid (ABA) inhibited a-amylase production even when the embryo was absent,

The implications of these experimental evidences are discussed in relation to the mechanism of the
inhibitory influence of the embryo on the GAg-induced a-amylase production in the endosperm of A. fatua
seeds,

Key words: a-Amylase production + Avena fatua - Embryo - Endosperm « GAs.

I. Introduction

Yomo and linuma'® and Paleg!® have found that GA,; stimulates the production of a-amylase in the
embryoless endosperm of barley seeds. Varner' has reported that a-amylase is produced in response to
exogenous GAg in the aleurone cells by de novo synthesis. This evidence has been confirmed by many other
investigators™®. GAg is also produced in the barley embryo at the early germinating stage, '*>'” suggesting
that the endogenous gibberellins (GAs) secreted from the embryo induce a-amylase production in the
endosperm, In contrast, exogenous ABA inhibited GAg-induced c-amylase synthesis in barley endosperm
tissue?,

On the other hand, Avena fatua seeds, one week after harvest, can scarcely germinate at 5° or 10°C, but not
at any temperatures above 10°C. With lengthening of after-ripened period the seeds become capable of
germinating even at higher temperatures, but not at all at 30°C”.

In the present study the effect of the embryo on GAz-induced a-amylase production in the endosperms of
Avena fatua seeds was examined comparing embryonated endosperms with de-embryonated endosperms.  We
studied also the a-amylase production in both the endosperms in relation to after-ripening periods and the
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exposure to different temperatures during imbibition.

II. Materials and Methods

In the first experiments, seeds of Avena fatua were cut latitudinally into two parts at the different sites (Fig.
1), but in most later experiments seeds cut at the middle site were used. Thus, the embryonated and
de-embryonated endosperms were obtained. «-Amylase production in both endosperms with embryo and
without was estimated by the gel method reported by Ogawa previously® with some modifications. These cut
seeds were sterilized with 70% ethanol and 1% sodium hypochlorite, then washed thoroughly with sterile water.
Ten ml of a heated solution containing 0.5% starch, 1% agar and 1 ppm GAjz unless stated otherwise, was poured
into a flat petri dish of 9 cm in diameter so that the solidified gel layer was 0.5 cm deep.  Five to 7 embryonated
or de-embryonated endosperms were placed separately with the cut face in contact with the gel. Dishes were
inverted to prevent water drip onto the gel surface and maintained at 30°C for 3 days unless otherwise specified.
a-Amylase produced in the endosperms in response to GAj diffused into the gel.  The plates were flooded with
2.5%107% N iodine solution for 5 minutes and starch undigested was visualized. The diameter of circular
stained zones digested by a-amylase was measured in two directions, being at right angles to each other, by
1-mm section-paper laid beneath the plates. Two dishes with a total of 10 to 14 embryonated or
de-embryonated endosperms were used for each experiment. Index of a-amylase production in figures and
tables shows mean of diameters with standard errors,

The number of embryonated endosperms germinating on the gel during the amylase test is represented as a
percentage of the total number of embryonated ones.

II1. Results

1. Seeds cut at various sites

Six, 18 and 30 xﬁbnth~old seeds were used. Fig. 1 shows the cut sites of the seed. In the first group,
seeds were cut slantwise along the scutellum (E), so that the embryos with the scutellum were separated from
the endosperms. The formers are referred tentatively to as embryos and the others as endosperms removed
embryo (E), respectively. The second group was cut laterally at the tip of the scutellum (B), which was about 2
mm apart from basal tip of the seed and referred to as the basal embryonated endosperms and basal endosperms
(B). The third group was cut at the midline into two halves which was termed embryonated halves and
endosperm halves (H). The fourth group was cut 2mm below the seed apex as apical embryonated
endosperms and apical endosperms (A). These cut seeds at different sites with and without embryo were
examined for their a-amylase production either at 20° or at 30°C. These results are shown in Fig. 2.
Production of a-amylase of the embryonated endosperms differed depending on the cutting site, but their amount
was reduced compared with that of the corresponding embryoless endosperms. The basal embryonated
endosperms (B) produced the most amount of a-amylase among the different embryonated endosperms,
whereas the embryonated halves (H) produced the smallest amount of a-amylase. The embryos (E) and the
apical embryonated endosperms (A) produced a small amount of a-amylase, the formers being slightly more than
the latters. Thus, there was a zigzag pattern of amylase production according to the cutting site of the seeds
from the embryo (E) to the apical part (A). On the other hand, among the embryoless endosperms with
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Fig. 1. Front face of Avena fatua seed. Lateral lines
indicate cut sites of the seeds; embryo (E), basal
(B), half (H), and apical part (A).
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Fig. 2. a-Amylase production in various embryonated endosperms (@, Emb) and embryoless endosperms (O, En) of 6, 18

and 30 month-old Avena fatua seeds in the presence of 1ppm GAj at 20° or 30°C. The embryonated and

embryoless endosperms are obtained by cutting at the sites represented in Fig. 1.
embryonated endosperms is shown by symbol (&),

Germination percentage of the

different size of endosperm, the endosperms removed embryo (E) produced the smallest amount of amylase,

while the endosperm halves (H) and the apical endosperms (A) produced a large amount of a-amylase. Thus,

there was a linear increase in amylase production of the endosperms from the embryo (E) to the apical part (A),
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showing their production of the amylase exceeded the production of the embryonated endosperms, especially at
the endosperm halves (H) and apical endosperms (A).

a-Amylase production of cut seeds with different size of endosperm and with or without the embryo
increased with increase in after-ripening period. a-Amylase production at 30°C was far superior in its amount
than that at 20°C.

The germination rate of the different embryonated endosperms was similar to the profile of their a-amylase
production. However, some difference was found between the two events: a considerably high germination
percentage took place despite a less a-amylase production in the embryonated halves and apical embryonated
endosperms. Also, the germination percentage of these embryonated endosperms gradually increased with the
lengthening of after-ripening period.

2.  GAjz at various concentrations

Seven, 19 and 31 month-old seeds were cut into halves. The embryonated halves and embryoless halves
termed as endosperm halves were subjected to the a-amylase test with various concentrations of GAg either at
20° or 30°C (Fig. 3). Neither embryonated halves nor endosperm halves of any age produced e-amylase in the
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Fig. 3. e-Amylase production in embryonated endosperm halves (®, Emb) and embryoless endosperm halves (O, En) of
7, 19 and 31 month-old Avena fatua seeds in the presence of various concentrations of GA; at 20° or 30°C.
Germination percentage of the embryonated halves is shown by symbol (A).
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absence of GA;. The embryonated halves produced only a minor amount of a-amylase at 1 and 10 ppm,
whereas the endosperm halves produced a considerable amount even at 0.1 ppm. The increase in a-amylase
production with the lengthening of after-ripening was more remarkable in the endosperm halves than that in the
embryonated halves.

Embryonated halves germinated more at 20° and 30°C with increasing of GA; concentration, the rate of
which also slightly enhanced further with lengthening after-ripening period. Embryonated halves at 20°C were
able to germinate even in the absence of GAjs but no production of a-amylase did occur.

3. Different temperatures during seed imbibition

The effect of temperatures during seed imbibition prior to the a-amylase test was examined. In one group
of 4 month-old seeds, the embryonated halves and endosperm halves were prepared, then placed on filter paper
moistened with sterilized water in petri dishes and incubated for 3 days at 5°, 10°, 15°, 20°, 25° or 30°C. In the
other group, intact seeds were first incubated at the different temperatures described above, then cut into
halves. They were examined for the a-amylase production with or without GAg at 30°C for 2 days. As seenin
Fig. 4-a, the embryonated halves produced a small amount of GAz-induced e-amylase when imbibed at 5° to
15°C, but did not at the higher temperatures, being independent on timing of the cut. In contrast, the
endosperm halves produced a great amount of GAz-induced e-amylase at 5° to 15°C, but a smaller amount at 20°
to 30°C. Especially remarkable was the decrease at 20° to 30°C at which temperatures they were imbibed
before separation from the embryonated halves (Fig. 4-a, I).

Germination of the embryonated halves, regardless of excision time, decreased with the rise in the
temperatures of imbibition.

A dramatic contrast in GAs-induced a-amylase production in the endosperm halves prepared after imbibition
was found between the low and high temperature, as seen in Fig. 4-a, I.  Intact seeds of 6, 18 or 30 months old
were imbibed either at 5° or 30°C for 0 to 5 days, then cut into two halves, and production of GAs-induced
e-amylase in the embryonated halves and endosperm halves was tested. The results are shown in Fig. 4-b.
The endosperm halves of any age, imbibed at 5°C, produced e-amylase rapidly, reaching to some level in a few
days. Six or 18 month-old endosperm halves, thereafter, produced a more amount of amylase, whereas 30
month-old endosperm halves produced a constant amount. In contrast, 6 and 18 month-old endosperm halves,
imbibed at 30°C, produced a smaller amount of amylase with increasing imbibition period, whereas 30 month-old
halves produced a constant amount of amylase. On the other hand, embryonated halves of any age produced
only a small amount of amylase with minor change over the imbibition period, showing a slight increase with
after-ripening period and the imbibition period at 5°C.

4. Various surgical treatments to embryo and its around

The effect of embryo on the GAs-induced a-amylase was examined by surgical treatments given to the
embryo in 6 month-old embryonated halves. In one group, the basal part of endosperm with the embryo, the
scutellum with the embryo or the embryo alone was removed, respectively. In the other group, those excised
tissues were placed again on the same cut site so that cut faces closely attached. These halves with embryo
treated were subjected to the amylase test.  As seen in Table 1, the embryonated halves excised embryo or its
around region, and those placed again the excised embryo or its around region produced almost the same amount
of a-amylase as the corresponding embryoless endosperm halves.
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symbols (&, A).

Germination percentage of the embryonated halves is shown by
H; embryonated halves and embryoless endosperm halves were imbibed at different
temperatures (5° to 30°C) for 3 days prior to the amylase test.

I; intact seeds were imbibed, then the
embryonated halves and the embryoless endosperm halves were prepared for the amylase test.
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Embryonated halves and embryoless endosperm halves were prepared from intact seeds imbibed
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Further, the effects of embryos on the a-amylase production of notching with a razor blade about 0.4 mm in
depth and pricking by needle to the same depth given at various sites of the embryo or its around were examined
using 6 month-old embryonated halves. As seen in Table 2, these treatments both at the mid point of the
embryo (Embryo) and at the tip of scutellum (Front) resulted in the same level of e-amylase production as that of
the embryoless endosperm halves. The same treatments at the flanks (Flanks) and the midpoint between the
scutellum tip and the cut line (Middle) had no effect on amylase production. Furthermore, various sites of the
embryo or its around were touched with a burned needle. As seen in Table 3, this treatment to the embryo
itself or the tip of scutellum resulted in e-amylase production, but the treatments at both sides of scutellum did
not. ‘Thus, the various surgical treatments applied to the embryo itself resulted in the a-amylase production,
even though the germination did not occur.

5. GA; or ABA through the endosperm

Both the basal and the apical portions of 2 mm in length were excised from the intact seeds. The
embryoless endosperm columns of 5 mum in length obtained were placed at the originally apical end of seeds on
the gel. A small filter paper, 2 mm X2 mm, wetted with one zl of aqueous solution of GAz or ABA was placed
on the top of the endosperm columns. The a-amylase producing action of GAj placed on the top was tested by
the gel in the absence of GAz. A dose of 1073 ug GA3 or more induced a-amylase production.  The inhibitory
action of ABA on the top for the GAz-induced e-amylase production was examined by the gel in the presence of 1
ppm GAs. A dose of 1072 ug ABA or more inhibited GAg-induced a-amylase production. The older the
endosperms, the more the action of GAj or the less the action of ABA (these data not shown). Furthermore,

Table 1. Effects of removal and replacement of embryo regions or the embryo itself on GAg-induced
a-amylase production and germination of 6 month-old Avene fatua embryonated halves. The
scutellum and embryo are symbolized by larger and smaller hexagons, respectively. Cut sites
are indicated by dotted figures.

Treatment sites a-Amylase production in mm Germination in %
Embryonated halves 0 60
Removed basal part with embryo 11.0+£1.3 —

I
Replaced the basal part @ 11.34+1.2 50
Removed scutellum with embryo 10.941.2 -
Replaced scutellum with embryo 10.541.4 40
Removed embryo alone @ 11.3+1.0 —
Replaced embryo alone 11.0+1.3 30
Embryoless endosperm halves é 12.0+1.2 e
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Table 2. Effects of notching and pricking the embryo and its around on GAg-induced c-amylase
production and germination of 6 month-old Avena fatua embryonated halves. The scutellum
and embryo are symbolized by larger and smaller hexagones, respectively. Notched and
pricked sites are indicated by short lateral lines and small open circles, respectively.

Treatment sites a-Amylase production in mm Germination in %
Embryonated hlaves @ 0 30
Notching Embryo 11.240.93 —

Front @ 10.940.75 30
Flanks @ 0 25
Middle 0 3
Pricking Embryo 10.440.57 —
Front @ 11.7+0.85 70
Flanks 19N 0 10
Middle 20

Embryoless endosperm halves 12.5:+0.53 —

[ Ao

Table 3. Effects of killing small areas of the embryo and its around on GAginduced a-amylase
production and germination of 6 month-old Avena fatua embryonated halves. The scutellum
and embryo are symbolized by larger and smaller hexagons, respectively. Killed by touching
with a burned needle and the sites are indicated by small closed circles.

Treatment sites a-Amylase production in mm Germination in %
Embryonated halves. @ 0 20
Entire embryo 11.3+1.0 e
Prumule 1L7+£1.0 —
Radicle 10.3£0.8 —
Tip of scutellum @ 11.6+1.2 10
Both sides of scutellum 0 20
Embryoless endosperm halves é 11.0+0.9 —
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Fig. 5. Interaction between inhibitory action of 0 (©), 10™* (), 102 (1) and 10~ % ug ABA (&) applied to the top of
embryoless endosperm coloumns prepared from 12 month-old Avena fatua seeds and e-amylase producing action of
GA; at various concentrations applied to the base of the endosperm coloumns at the gel.

the interaction between the inhibitory action of ABA applied to the top of endosperm columns prepared from 12
month-old seeds and the inducing action of GA3 present at the gel was examined, The experimental results are
shown in Fig. 5. The e-amylase production by the GA; was inhibited by ABA at 10~% ug or more.

IV. Discussion

10,14) 9,12)

Embryoless endosperms of many cereals, such as barley, oats and rice® produce e-amylase in
response to exogenous GAz.  This is also true for those of Avena fatua (Figs. 2 and 3). However, a-amylase
production in embryonated endosperms of A. fatua is always much lower than that in embryoless endosperms
(Figs. 2 and 3). This lower production of e-amylase in the embryonated halves has not been found in other
cereals, such as barley, wheat and rice, whose seeds are not dormant to germination (Ogawa, unpublished).
a-Amylase production in both the embryonated halves and embryoless endosperm halves increased
gradually when after-ripening period was lengthened, but the increase of the amylase production in the
embryonated halves was much lesser than that in the endosperm halves (Figs. 2 and 3). a-Amylase production

by GAj in barley endosperm occurs in the aleurone layer cells®!®,

Despite of the larger amounts of the
aleurone layer in the embryonated endosperms such as the embryonated halves and the apical embryonated
endosperms in the present A. fatua, comparing with that of corresponding embryoless endosperm, e-amylase
production was always considerably lower in these embryonated endosperms (Figs. 2 and 3).  This trend was
independent on the time of cutting seeds, before or after imbibition (Figs. 4-a and b). These facts suggest that
inhibitory factor(s) from the embryo exerts an inhibitory influence on the e-amylase production in the aleurone
cells of endosperm.

Production of GAgz-induced a-amylase in both embryonated and embryoless halves increased at 5°C but
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decreased at 30°C, at which temperatures intact seeds or seed halves were imbibed (Figs. 4-a and b). The
inhibition of e-amylase production at the high temperature reduced when after-ripened period was increased
(Fig. 4-b, 6 mon. vs 30 mon.). This suggests the occurrence of a promoting factor(s) in the embryo imbibed at
low temperature and that of an inhibitory factor(s) at high temperature, the former(s) being increased and the
latter(s) being decreased with the length of after-ripening period. The promotive factor(s) was replaced by GA3
appliced to the top of embryoless endosperm column and the inhibitory factor(s) was by ABA.  The ABA applied
to the top of the endosperm column interacted with GAjy applied to the base (Fig. 5). This evidence
reemphasizes our idea stated previously that the dominant action of endogenous ABA in seeds after-ripened for
only a few months is reduced by the interaction of endogenous GAs occurred in seeds after-ripened for many
months®.

So far, however, no apparent evidence of inhibitory factor(s) can be found by replacing the excised embryo
region or the embryo itself on the cut site of embryoless endosperm (Table 1). The superficial scarification of
the embryo (Table 2) as well as heat killing of the embryo itself (Table 3) could release the inhibitory effect from
the embryo. We cannot explain exactly why these surgical treatments can completely release the inhibitory
influence from the embryo, particularly, the treatments applied to the tip of the scutellum (Tables 2 and 3).
These traumas might bring about an aerobic condition, which could then activate the amylase production by GAs.
Also, an embryo attenuated by such treatment would be unable to produce the unfavorable condition or factor(s)
generated by the living embryo which inhibits GAs-induced a-amylase production. Ogawa® has found that GAs
can stimulate the germination of the isolated embryo i vifro even at 30°C, but cannot for the embryo enclosed in
the seed tissue. This indicates a certain similarity in the action of GAz “at an aerobic state” between two
events; 1) germination of the isolated embryos, and 2) a-amylase production in the endosperms with embryo
removed or in those with embryo wounded. However, further studies on mechanism of inhibitory effect of the
embryo on a-amylase production must be performed with regard to the actions of different external stimuli in
relation to the actions of endogenous GAs and ABA in the embryo. Perhaps, the inhibitory influence of the
embryo could be adaptable to produce not only the a-amylase but also other enzymes such as protease,
ribonuclease and others in the seeds.

Incidentally, we usually observed that some embryonated endosperms germinated and produced the
a-amylase, but sometimes others only germinated but did not produce the amylase (ref. Fig. 2; 18, 30 months,
H, and Fig. 3; 20°C, 0, 0.1 ppm GAj), or vice versa (ref. Tables 1-3, embryo treated). However, the
GAg-induced a-amylase production in both embryonated and embryoless endosperms increased more or less
with lengthening after-ripening period (Figs. 2 and 3). Seed germination at the higher temperature also
increased with lengthening after-ripening period”. Thus, the increase in the seed germination of A. fatua
acconpanied with the after-ripening period must be involved with the increase in the e-amylase production in the
endosperm.
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