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Abstract. During the first 24 h of germination of ~-heat seeds, s tarch is hydrolysed by free 
~.amyiase. In  the ~ext  24 h~ some amoun~ of inaet, iw~ form of ~-amyla~  is converted into active 
fbrm and this together with co-amylase synthesized de nero brings about  tht~ hydrolysis of starch. 
The amount  of :c-~mylase is greater in needs wit, h ~mbryo in tac t  than with embryo excised af ter  
24 h hydrat, ion. i:Iow~ver, aS later  s t a g ~  of seed germination u -amyia~  becomes p:~dominant  
and  the act ivi ty of ~-amylase steadily diminishes. 

Excellent reviews on the metabolism of germinating seed have appeared 
in recent years (BRI~s 1973, CH:N(~ 1972 and •OLLER 1972), but  it is rather �9 
surprising that  very little information exists as regards mobiIization of reserve 
food. In cereals, starch is hydrolysed b y  ~- and G-amylases during seed 
germination. Whereas ~-amylase is reported to be synthesized de n e r o  
through the mediation of embryo (PAL~.G ]�9 VAR~ER and CEA~DgA 1964, 
and CHglSPSELS and VARNFR I967), G-amylase is prcsent in seeds in latent 
form (POLLOCK and Poo l  ]958). As knowIedge of the mobilization of starch 
is likely ~o provide some lea(ts to bet ter  understanding of the physiology add 
biochemistry of seed germination, investigations were undertaken on seeds 
with embryo both intact and excised for the s tudy of act ivi ty of ~-amylase, 
~-amylases (free and bound), the level and the rate of rclease of zymogen 
(bound form of ,~-amytase) and the level of maltose in germinating wheat  
s e e d .  

Material and Methods 

One hnndred and sixty uniform healthy seeds of wheat cv. S-308 were 
surface sterilized and germinated on filter paper in Petri-dishes (10 cm dis) 
under controlled temperature  condition at 28 i 1 ~ 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 enzyme 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 ~ and the crude enzyme was 
ex t rac ted  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 
est imation of ~-amylase activity, while in another 5 ml, I ml of 0.2 M 
mereaptoethanot (MCE) was added and the total ~-amylase activity (free d- 
d - l a t en t )  determined following the method as described by M mfnAYASm 
and SHL~KE (1967). Another 5 ml of cell extract  was subjected to temperature 
t r ea tmen t  (70 ~ for 15 rain) to denature ~-amylase (KRUSER and TRACt~VK 
1969) and the activity of :c-amylase determined from the D-amylase free cell 
ex t rac t  following the method of BEtCh-FEL13 (1955). The ~ymogcn content 
was determined by subtracting the values of free ~-amylase activity from 
the  r ~-amylase activity. Values are expressed as units per mg of maltose 
as determined by 3,5-dini~rosalicylic acid reagent. In  each ease the absor- 
bance was measured with a Spectronic-20 photocolorimeter at 540 nm 
against blanks of starch and starch n u MCE separately, a.nd the values were 
calculated from a standard curve of maltose and maltose ,4-MCE, re- 
spectively. 

Resalts 

All seeds with embryo intact  germinated. :c-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 
act ivi ty  of r fur ther  increa.sod appreciably aft.er 3 days in seeds 
where the embryo was left intact (Fig. l) whereas in deembryoed seeds it 
did not increase much (Fig. 2). The level of ~-amylase activity was much 
higher in embryoed seeds in comparison to deembryoed seeds at 3 days and 
subsequently (Figs. 1, 2). In  contrast to ~-amylase, ~-amylase activity was 
observed even in seeds at zero h which increased slightly after 1 and even 2 
days but decreased appreciabIy after 3, and 4 days, the activity being even 
lower than the initial values of zero h (Figs. 1, 2). 

Zymogen eontcnt in wheat grain at zero h was quite high and goes on 
depleting with time, the decrease being more marked during the first 2 days. 
I t  is noteworthy that  at tha t  stage 9-amylase activity was also at its highest 
peak. However, it is intriguing to note tha t  while zymogen content con- 
tinues depleting even after 2 days, the ~-amylase activity goes on declining 
at  later stages of seed germination (Figs. 1, 2). 

The leveI of maltose in seeds at zero h was very low. It increased steadily 
till the 4tb day but remained almost unchanged after that  till the 7t~ day 
(Figs. i, 2). 

Discussion 

The results presented in this paper are indicative of the fact tha t  in the 
first '24 h period of seed germination, starch is hydrolysed by free D-amylase. 
In  the next  24 h the activity of free ~-amy]ase increases because of solu- 
bilization of a part  of the zymogen. Simultaneously, a part  of starch is also 
hydrolysed by cr which is now freshly synthesized. At later stages 
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Figs. 1, 2. The lovel of zymogen, 
~-amylase maltose and a-amylase in 
germinating seeds ~,ith embryo intact 
(Fig. 1) and in seeds with embryo 
removed after 24 h hydration w i t h  
water (Fig. 2). All seeds with embryo 
intact germinated. 
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of germination the activity of ~-amylase become prora;nent and more so 
in seeds with embryo than in those with excised embryo. The activity of 
~-amylase starts diminishing after 2 days and continues to do so still later. 
u-amylase is synthesized de nero  as a function of the embryo in germinating 
seeds, as has already been reported by many workers (P~L~.G 1960, V~NEI~ 
and C~I~r 1964). It would, therefore, appear that in variant II where 
the embryo was removed after 24 h water soaking, the amount of a-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 ROWS~LI~ and GOAD (1964a, b), who reported that ~-amylase is 
present in starchy endosperm in free as weIl as in bound forms and the 
solubilization of zymogen is the function of hydrolytic enzymes, e.g. pretenses. 
Further, it appears that at later stages of seed germination some factor is 
produced which inhibits the activity of ~-amylase. Work is in progress in this 
laboratory to elucidate this point. 
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