


solutions employed (NaCI 150 and L ~ O  mM) were res- 
pectively added to each dish. 

The seed soaking moment tor 12 nours was riefi- 
ned as germination zero time. Later. s'sds were sam- 
pled every 24 hours up to five days aftw germination. 
The endosperm was separated from :he seed and paw- 
dered to perform al1 determinations three times. 
Extraction and determination of protease activity. O 5 g 
of endosperm and 10 rnL of buffer phosphate 0.01 M 
ph 7.5 containing cistein 0.005 M were used to extract 
the enzyme. The mixture was homogeneized in a POLY- 
TRON PT 3000 to 2000 rpm for three minutes and later 
centrifuged to 500 g for 15 minutes a! O gC. The sobre- 
nadant was used as enzymatic extract. The activity 
determination followed Lourdes Cruz, Gloria Cagam- 
pang and Juliano's method (1970). The absorbance 
sample was measured at 280 nm without dilution. Enzy- 
matic activity unit (EAU) was defined as the enzyme 
quantity provoking changes of 0.1 absorbance under 
assay conditions per gram of fresh weight. 
Extraction and determination of total proteins. The ex- 
traction was carried out by Prakash and Prathapase- 
nan's method (1988) with the following rnodifications: 
100 mg of powdered endosperm and 25 mL of final 
volume were used for the extraction. Protein contents 
were assayed by Lowry's eral. rnethod (1 951 ) by using 
BSA as standard. 
Exlraction and determination of proline. 0.25 g of en- 
dosperm was triturated with 7 rnL of boiling water for 
two or three minutes; the extract was filtered through 
cotton, then adding distilled water to fill25 rnL. Determi- 
nations followed Bates, Waldren and Teare's rnethod 
(1 973). 

Analyses were repeated three times per sarnple, 
calculating the standard errors for every value. 

RESULTS 
Protease activity changes caused by stress during 

gerrnination are shown in figure 1. An enzyrnatic activity 
dirninution was produced in both levels of NaCl within 
the first 24 gerrnination hours; however, this activity 
started to increase frorn that rnornent on, and the hig- 
hest value in the NaCl 200 rnM treatrnent was obtained 
at 48 hours; the sarne occurred at 150 rnM NaCl con- 
centration but out of time, and the highest activity was 
recvrded at the third gerrnination day. Then, at that 
rnornent, the enzyrnatic activity began to dirninish in 
both saline concentrations, it being lower than the con- 
trol in the fifth day; nevertheless, this activity rernained 
significantly higher at the 200 rnM solution. 

Protein content i~creased during the first 24 hours 
in the 200 rnM NaCl treatment (Figure 2); however, at 
that time protein content in the 150 mM solution was not 
different frorn the control and its value was the lowest. 

A decrease in protein content was detected after 
48 hours of gerrnination in 200 rnM solution and protein 
amount was similar to the control. At the 150 rnM Na CI 
solution, a steady increase was recorded until the third 
day. reaching the top value at the fourth day and starting 
to decrease at the fifth day. 

A similar behavior was observed in the 200 mM 
concentration, although at the fourth day this maxirnurn 
value was significantly lower than in the 150 mM solu- 

iion. Three days later, protein content rernained hlgher 
:n germinated seedsthcn non-germinated seeds in both 
% h e  concentrations. 

Proline content also changed significantly in 
s e 4 s  germinated at both NaCl concentrations, cornpa- 
,ed to the control (Figure 3). Despite the tendency was 
similar to the control up to the third day, proline content 
decreased in stressed seeds. After the fourth day, this 
value increased in both saline concentrations, but this 
augmentation was lower than control increment, such 
decrement being bigger at 150 mM NaCl concentration. 
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Fig. 1. Protease activity in  rice seeds frorn Amis- 
tad'82 cv. germinating under saline stress 
conditions (Vertical lines indicate sample 
standard errors) 
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Fig. 2. Protease concentration in rice seeds from 
Amistad'82 cv. gerrninating under saline 
stress conditions (Vertical lines indicate 
sample standard errors) 

Protease activity incrernent first through the third 
day could be prornoted by NaCl solution. Thus, a higher 
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Fig. 3. Proline content in rice seeds from Amis- 
tad'82 germinating under saline stress con- 
ditions (Vertical lines indicate sample 
standard errors) 

stimulation was always obtained with the highest NaCl 
concentration. A similar protease activity was obtained 
by Dubey (1982) at the 150 mM NaCl concentration; 
although this increment only lasted 48 hours of germi- 
nation. Meanwhile in 300 mM NaCl solution, stimulation 
only lasted over the first 24 hours. 

NaCl is known to interfere the activity of some 
other enzymes as: ATPase (Dubey, Sharma and Singh. 
i987), cellulase (Prakash and Prathapasenan, l99O), 
amylase and ribonuclease (Dubey,1982), and so on. 

The first protein concentration peak detected at 
the second gerrnination day could be due to a protein 
accumulation, which resulted from a protease activity 
diminution during the first 24 hours. The second peak 
detected at the fourth day could be attributed to the, 
synthesis of new proteins, which apparently appeared 
at !he germination process; however, such production 
increased under salinity stress conditions resulting from 
the synthesis of those proteins associated to stress 
adaptation. 

Sharrna and Sengupta (1987) showed the exis- 
tence of two phases of metabollic activity in peanut 
seeds during germination process, and proved the first 
peak detected in the protein concentration (at 24 hours) 
was not due to the occurrence of novo synthesis, whe- 
reas the second peak (at 120 hours) was attributed to 
the synthesis of new proteins, because it disappeared 
when seeds were soaked in cicloheximide (a protein 
synthesis inhibitor). On the other hand, Ben-Hayyim, 
Vaadia and Williarns (1 989) also proved the formation of 
a new polypeptide of 26 kDa associated to saline stress 
adaptation in citrus and tomato crops. 

Proline content decrement recorded in the control 
from the first until the third day could be due to the use 
of this aminoacid in the embryo growth process as well 
as to the synthesis of new proteins; then, the great 
increment recorded at the fifth day could result from an 
increasing protease actkity in the period. Proline con- 
tent in stressed seeds was always lower than in the 
control up to the third germination day, which has 
probably been due to its use in the synthesis of new 

proteins involved in stress or as a source of energy to 
overcome it. 

Results suggest that germination percentage re- 
duction recorded by Torres and lleana Echevarrla 
(1994) in rice seeds from Amistad182 cv. under saline 
conditions could be possibly attributed to metabollic 
activity changes in hydrolytic enzymes as protease, and 
also to other changes at the substrate levels, such as 
proteins and amino acids. 
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