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Absiract. A protease activity was detected in riee (Oryza sativae L. ov. Ratna) leaves that
hydrolysed hemoglobin more effisiently than bovine serum albumin. The activity was high
when the enzyme was extracted and assayed with tris-maleate buffer f[tris (hydroxymethyl)
methyl amino-maleate] pH 7.0 rather than with water or with eitrate-phesphate buffer pH 7.0
The enzyme had a strong depsndence on sulfhydryl groupa for its activity without which 1t was
inactive. The pH optimum was 7.0 and the femperature optimum was 40 °C. Protease activity
expressed per unit leaf fresh weight {absolute activity) inereased only little during senescence
of detached rice leaves while the same activity expressed por unit soluble protein content (specifie
activity) inereased by a greater factor (about 5 times) than absolute activity. Total and soluble
protein content decreased during the senescence of detached leaves. Benzimidazele {10-3 M)
and kinetin (0.5x 10-6 M) treatment arrested the inereass of the protease activity and the
decroase in the protein econfent during detached leaf senescence. It waz indicative that protease
protein was more stable than the bulk of other proteins in senescing leaves.

We have previously reported that rice leaves upon detachment show
a rapid decline in the levels of chlorophyll and protein and an increase in the
level of x-amino nitrogen (KAR and M1sARA 1975, Siv6H and MisHRA 1973).
The rapid decline in the level of total protein with the concommitant accumu-
lation of x-amino nitrogen suggests that senescing leaves must have higher
proteage activity than the control. Harlier reports showed that absolute
protease activity increases only little in tobacco leaves and leaf disks (ANDER-
soN and Rowax 1965, Barz 1966, Kawaswiva e al. 1967) and corolla of
Morning Glory (MaATiLE and WingensacH [971). Seevcer and Titus (1972)
obtained no correlation hetween proteclytic activity and protein loss during
antumnal senescence of apple leaves. They reported that total protein
declined 40%, from its maximum before proteclytic activity ensued to in-
crease significantly. BEEvVERs (1968) also noted no correlation between
proteolytic activity and protein loss in Nasturtium leaves during senescence.
MartiN and THIMANN (1972} reported that in oat leaves absolute protease
activity measured at pH 7.5 increased only slightly while the activity
measured at pH 3.0 increased sharply till the 4th day after detachment and
then decreased steeply to the 6th day. The present work was undertaken,
a8 a part of our programme “Enzyme activity during rice leaf senescence”,
to study (a) some of the properties of the rice leaf protease, and (b) the changes
in protease activity during detached rice leaf senescence.

* Part IX of the series “‘Studies on leaf senescence”,
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Material and Metheds

Seeds of a high-yielding variety of rice were grown in pots and the leaves
from 8-week-old plants were used in the experiments. Seven em tips from
fully expanded and mature leaves were washed in distilled water, randomized
and floated in groups of five (weighing ca. 200 mg) in 30 m! of distilled water
or in solutions of benzimidazole, 10-3 M (Fluka, Switzerland) or kinetin
0.5 10°5 M (Cambrian Chemicals Itd., Beddington) in 10 cm Petri dishes
in the dark. Samples were taken initially and at intervals for analyses.

Protease Extraction and Assay

The leaf samples weighing about 200 mg were frozen and homogenized
with 8 ml of cold water or buffer (tris-maleate or citrate-phosphate buffer,
0.05 M) containing 40 mM cysteine-hydrochloride and 4%, sodium chloride
and adjusted to pH 7.0 with sodium hydroxide. The homogenate was
centrifuged at 17 000 g for 20 min in a refrigerated centrifuge at 2 °C. The
supernatant was assayed for the protease activity with hemoglobin (Sigma
Chemical Co., U.8.A.) or bovine serum albumin (Sigma Chemical Co., U.S.A)
ag the substrate.

Three ml of the assay mixture for the protease activity contained: 1.5 m)
of 0.05 M buffer pH 7.0 (tris-maleate or citrate-phosphate buffer), 0.5 ml
of freshly prepared 29, hemoglobin or bovine serum albumin and 1.0 ml of
the enzyme exteact. The mixture was incubated for 2h at 40°C and the
reaction was stopped with the addition of 1.0 ml of 209/, trichloroacetic acid.
A zcro time control was run at the same time with the enzyme solution added
immediately before trichloroacetic acid was added. Then the assay mixture
was aged overnight in a refrigerator, centrifuged at 4 °C for 15 min. The
supernatant was adjusted to pH 5.0 with sodium hydroxide, diluted properly
and 0.1 ml of the diluted supernatant was taken for «x-amino nitrogen
determination by the ninhydrin method (MoorE and STeIN 1948). Protease
activity (absolute activity) is expressed. as pmoles of «-amino nitrogen
releagsed per hour by 1.0 ml enzyme solution as calculated from a standard
graph using L-leucine as the reference standard. Specific activity was
obtained by dividing the absolute activity with pg of protein present in
1.0 ml of the enzyme solution.

Protein Extractlon and Estimatlon

Total protein and tris-maleate buffer (0.05 M, pH 7.0) extractable protein
{soluble protein) was extracted and estimated as reported previously (Kar
and MisarA 1976).

Results and Discussion
Suhstrate Speeificity

When assayed at the neutral pH, protease activity was higher when hemo-
globin was used as the substrate rather than when bovine serum albumin
was used. The absolute protease activity was 1800 and 1500 units when
hemoglobin and bovine serum albumin respectively were used as the sub-
strates. Moreover, since hemoglobin is easily soluble over a wide pH range
and even in water it was preferred to bovine serum albumin in the routine
assay of the protease activity.



PROTEASE ACTIVITY IN RICE LEAF 367

Extraetipn Conditions

The enzyme was extracted with water, citrate-phosphate buffer or with
tris-maleate buffer containing 40 mM cysteine-hydrochloride, 49, sodium
chloride and adjusted to pH 7.0. The assay mixture contained either citrate-
phosphate or tris-maleate buffer pH 7.0. The results are presented in Table 1.

TaBLE 1

Activity of rice leaf protease with the use of different. medium for the extraction and assay of the
enZyme :

Extraotion medium containing
40 mM gysteine-hydrochloride Assay medium Units of absolute
and 4%, sodinm chloride (buffer pH 7.0} protease activity
and adjusted to pH 7.0

Water Citrate-phosphate buffer 440
Water Trig-maleate buffer 1800
Citrate-phosphate buffer Citrate-phosphate buffer 400
Tris-maleate buffer Tris-malcate buffer 1880

Higher protcase activity was observed when fris-maleate buffer was used for
the exiraction as well as for the assay of the enzyme. These results suggest
that citrate-phosphate buffer is inhibitory to protease activity and as
3 matter of fact PIxE and Bricas (1972) reported the inhibition of protease
activity by potassium-phosphate buffer. It is indicative that the phosphate
ion present in the buffer is the actual agent which inhibits the protease
activity. Protease activity declined very little when water was used in the
extraction medium in place of tris-maleate buffer, other conditions remain-
ing the same. No protease activity was detected when cysteine-hydrochloride
was excluded from the extraction medium, suggesting that this enzyme
requires sulfhydryl groups for its activity. With the increase of the cysteine-
hydrachloride concentration in the extraction medium the absolute protease
activity increased, the activity being 200, 540, and 1860 units with 10, 20,
and 40 mM cysteine-hydrochloride respectively. Pike and Bricas (1972)
during their extensive study on eticlated oat leaf protease alsc suggested
that the enzyme requires sulfhydryl groups for its activity.

Optimnm Temperatura

The assay mixture for the protease activity was incubated at a different
temperature at an interval of & °C. The absolute protease activity in units
were 1200, 1320, 1860, 1800, and 1440 at the temperatures of 30, 35, 40, 45,
and 30 °C respectively. Thus the optimum temperature necessary for the
protease activity was 40 °C. However, using hemoglobin as the substrate
HarvEY and Oaxs (1974) obtained a temperature optimum of 46 °C for the
maize endosperm protease.

Optimum pH

Protease activity was assayed between the pH range of 5.0 to 8.0 using
tris-maleate buffer. The pH optimnm for the degradation of hemoglobin was
7.0. The absolute protease activities in units were 880, 1400, 1800, 1860, 1940,
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1860, and 1840 at the pH of 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, and 8.0 respectively,
Harvey and Oaxs (1974) obtained the peak activity at 3.8 and when they
assayed the enzyme between pH 5.8 and 8.5 a second pH optimum was not
ohserved. MarTIN and THIMANN (1972) using hemoglohin as the substrate
obtained two peaks at pH 3.0 (larger peak) and at pH 7.5 (smaller peak) for
oat leaf protease. Ropixsox (1936) who assayed the enzyme activity in hean
root tips using hemoglobin as the substrate also obtained two peaks at pH 3.0
and at pH 7.0. We have not assayed the enzyme below pH 5.0 and therefore
our pH optimum for rice leaf protease may be comparable with the second
pH optimum obtained by RoBixsox (1856} and Marrin and THIMann (1972).

Activity During Detached Leaf Sen

When detached rice leaves were floated on water, there was a rapid decline
in the level of total protein as well as soluble protein with time {Fig. 1).
Benzimidazole (103 M) and kinetin (0.5x10-% M) treatment arrested
the general decline in the level of fotal and soluble protein. These are the
chemicals previously known to delay the senescence of detached rice leaves
(K.ar and MrIsEra 1975).

While there was a rapid decline in the level of total and soluble protein
during detached leaf senescence ahsolute protease activity increased only
slightly during the experimental period (Fig. 2). Even at the end of five days
of floating the leaves, there was less than a 309, increase in the sabsolute
protease activity over the initial value. On the other hand, specific protease
activity increased by a greater factor than the absolute activity. At the end
of 3 days of floating, there was about 150%, increasc of the specific activity
over the initial value. Treatment of benzimidazole and kinetin inhibited the
increase in the absolute and specific protease activity caused upon detach-
ment of leaves (Fig. 2).

The steady rise of abseclute protease activity during senescence and the
sharp rise of the specific activity by a greater factor than the absolute activity
is similar to the protease activity at pH 7.5 of Marrin and THIMANN {1972),
AxpERsSoN and Rowan (1965) have also reported that the absolute protease
activity increased only little during senescence of tobacco leaf disks while
specific activity increascd by a greater factor than the absolute activity.
The sharp increase in the specific activity is due to the rapid breakdown of
soluble protein during senescence and the results do not give any indication
of the large increase in the absolute amount of the protease protein. During
senescence the absolute protease activity increases only little but there is
a marked decline in the protein content of leaves. It is suggestive that the
protoase protein is more stable than the bulk of other soluble proteins and
that the bulk of other proteins are more exposed to the already existing
proteases due to the loss of cellular integrity during senescence (Sacnkr 1967).

The significance of this report is that rice leaf protease has a pH optimum
at 7.0 and that its absolute activity changes very little during senescence
whereas specific activity increases markedly thus suggesting that protease
protein is more stable than other proteins during leaf senescence.
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Fig. 1. Changes in the total protein (eontinuous line) and eoluble protein (broken line) content
in detached rice leaves with time floated on water {w), benzimidazole (b) and kinetin (k) solution.

Fig. 2. Changes in the absclute {continuous line} and apecific (breken line} protease activity in
detached rice leaves with time floated on water {w), benzimidazole (b) and kinetin (k) solution.
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