BIOLOGIA PLANTARUM (PRAHA)

BRIEF COMMUNICATION

a- and S-Amylases in Seed Germination

A. K. Goswawmi, M. K. Jaix and B. Paut
H, P. University, College of Agriculture, Palampur-176081, India

Abstraet, During the first 24 h of germination of wheat seeds, starch is hydrolysed by free
-amylase. In the next 24 h, some amount of wmacetivo form of A.amylase is eonverted into active
form and this togother with a-amylase synthesized de novo brings about the hydrolysis of starch.
The amount of «-amylase 13 greater in seeds with embryo intact than with embryo excised after
24 h hydration. However, st Jater stages of seed germination w-amylase beromes predominant
and the activity of f-amylase steadily diminishes,

Excellent reviews on the metabolism of germinating seed have appeared
in recent years (Brigs 1973, CHiNG 1972 and KoLLER 1972), but it is rather
surprising that very little information cxists as regards mobilization of reserve
food. In cereals, starch is hydrolysed by a- and B-amylases during seed
germination. Whereas «-amylase is reported to be synthesized de wnovo
through the mediation of embryo (ParEc 1960, VARNER and CBANDRA 1964,
and CHRISPEELS and VARNER 1967), B-amylase is present in seeds in latent
form (Porrock and Poor 1958). As knowledge of the mobilization of starch
is likely to provide some leads to better understanding of the physiclogy and
biochemisiry of seed germination, investigations were undertaken on sceds
with embryo both intact and excised for the study of activity of z-amylase,
f-amylases {free and bound), the level and the ratc of rclease of zymogen
(bound form of 8-amylase) and the level of maltose in germinating wheat
seed.

Material and Methods

One hundred and sixty uniform healthy seeds of wheat cv. S-308 were
surface sterilized and germinated on filter paper in Petri-dishes {10 em dia)
under controlled temperature condition at 28 -- 1 °C in complete darkness.
These seeds were divided into two lots. Each lot was further divided into
8 groups of 10 seeds each. The seeds of lot 1 were allowed for germination
while the seeds of lot 2 were deembryoed after 24 h water soaking. Five seeds
from each group were sampled out for engyme study while the remaining
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5 seeds were used for recording germination ability. Amylase activity in the
germinating as well as in deembryoed seeds was determined after every 24 h
interval.

Washed seeds were homogenised at 4°C and the crude enzyme was
extracted in sufficient amount of phosphate buffer (0.02 M, pH 6.9) and the
final volume made up to 25 ml. Five ml of cell extract was subjected to direct
estimation of B-amylase activity, while in another 4 ml, I ml of 0.2 M
mercaptoethanol (MCE) was added and the total 8-amylase activity (free 4
+ latent) determined following the method as described by Micrsayasm
and SHINKE (1967). Another 5 ml of cell extract was subjected to temperature
treatment (70 °C for 15 min} to denature p-amylase (KrUGER and TRACHUK
1969) and the activity of x-amylase determined from the f-amylase free cell
extract following the mcthod of BErRNFELD (1855). The zymogen content
was determined by subtracting the values of free f-amylase activity from
the total B-amylase activity. Values are expressed as units per mg of maltose
as determined by 3,5-dinitrosalicylic acid reagent. In each case the absor-
bance was measured with a Spectronie-20 photocolorimeter at 540 nm
against blanks of starch and starch + MCE separately, and the values were
ealeulated from a standard curve of maltose and maltose + MCE, re-
spectively.

Results

All seeds with embryo intact germinated. «-amylase was altogether absent
in wheat grain, but after 1 day there was very little activity of this enzyme
and it increased markedly to about 12 fold after 2 days (Figs. 1, 2). The
activity of «-amylase further increased appreciably after 3 days in seeds
where the embryo was left intact (Fig. 1) whereas in deembryoed seeds it
did not increase much (Fig. 2), The level of x-amylase activity was much
higher in embryoed seeds in comparison to deembryoced seeds at 3 days and
subsequently {Figs. 1, 2). In contrast to x-amylase, B-amylase activity was
observed even in seeds at zero h which increased slightly after 1 and even 2
days but decrcased appreciably after 3, and 4 days, the activity being even
lower than the initial values of zero h (Figs. 1, 2).

Zymogen content in wheat grain at zero h was quite high and goes on
depleting with time, thie decrease being more marked during the first 2 days.
It is noteworthy that at that stage 8-amylase activity was also at its highest
peak. However, it is intriguing to note that while zymogen content con-
tinues dopleting even after 2 days, the B-amylase activity goes on declining
at later stages of seed germination (Figs. 1, 2).

The level of maltose in seeds at zero h was very low. Tt increased steadily
till the 4th day but remained almost unchanged after that till the Tth day
(Figs. 1, 2).

Diseussion

The results presented in this paper are indicative of the fact that in the
first 24 h period of seed germination, starch is hydrolysed by free B-amylase.
In the next 24 h the activity of free f-amylase increases hecause of solu-
bilization of a part of the zymogen. Simultaneously, a part of starch is also
hydrolysed by «-amylase, which is now freshly synthesized. At later stages
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Figs. 1, 2. The level of zymogen,
f-amylase maltose and z-amylase in
germinating sseds with embryo intact
{Fig. 1) and in seeds with embryo
removed after 24 h hydration with
water (Fig. 2). All seods with embryo 0
intaoct germinated.
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of germination the activity of «-amylase become prominent and more so
in seeds with embryo than in those with excised embryo. The activity of
A-amylase starts diminishing after 2 days and continues to do so still later.
w-amylase is synthesized de novo as a function of the embryo in germinating
seeds, as hag already been reported by many workers (PALEG 1960, VARNER
and CaaNDra 1964), It would, therefore, appear that in variant II where
the embryo was removed after 24 h water soaking, the amount of z-amylase
synthesis was low as compared to variant I where the embryo was left
intact. The results presented in this paper are also in conformity with the
work of RowskLL and Goap (1964a, b), who reported that B-amylase is
present in starchy endosperm in free as well as in bound forms and the
solubilization of zymogen is the function of hydrolytic enzymes, e.g. proteases.
Hurther, it appears that at later stages of seed germination some factor is
produeed which inhibits the activity of B-amylase. Work is in progress in this
laboratory to elucidate this point.
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