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ABSTRACT

Change in catalase activity was examined in leaves of
rice plant exposed to salinity. Depending on the
method of preparation of crude protein extract from
leaf and the constituents of the assay medium, a sig-
nificant difference in enzyme activity was recorded.
Inclusion of sorbitol or mannitol or sucrose in the
extraction and enzyme assay medium enhanced the
enzyme activity in salt-stressed samples by nearly
1.5-1.8 fold, compared to the activity found in un-
stressed plants, which otherwise showed a 50% de-
clined activity in leaf extract prepared in buffer solu-
tion and assayed in a medium depleted of these sug-
ars. In view of the accumulation of osmolytes under
saline condition, these observations suggest that the
catalase activity is modulated by the osmolytes and
maintains a high rate of hydrogen peroxide scaveng-
ing property in vivo and serves as the major antioxi-
dant enzyme to scavenge the salt-induced formation
of peroxide. Therefore, the salt-stress induced ap-
pearance of low activity of the enzyme under normal
buffer extraction and assay conditions, as reported in
literature may represent an apparent than for its real
in vivo activity.
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1. INTRODUCTION

Salinity, comprising both osmotic and ionic effects is
known to induce secondarily an oxidative stress in plants
forming reactive oxygen species of various natures [1-3].
The reactive oxygen species (ROS) are highly cytotoxic
and if remain un-scavenged, can react with vital bio-
molecules like protein, nucleic acid, lipids etc. causing
an array of deformity to cell constituents [4]. Both
non-enzymatic (tocopherol, ascorbic acid, glutathione
etc.) and enzymatic (superoxide dismutase, ascorbate
peroxidase, peroxidases, catalase etc.) antioxidant sys-
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tems operate through a complex networking machinery
to avoid damage caused by these ROS [5]. Among the
enzymatic antioxidants, superoxide dismutase (SOD) is
the primary scavenger of ROS that dismutates superox-
ide anion (O;) to hydrogen peroxide (H,O,) and water.
A multiple enzyme systems like ascorbate peroxidase
(APOX), peroxidases (POX) and catalase (CAT) further
decomposes the H,O,. The CAT, as compared to APOX
and POX, with low affinity towards H,O, but with a
high processing rate [6], may become the principal en-
zymatic H,O, scavenger in plants under salt-stressed
conditions, where the cellular H,O, level become several
fold higher than found in plants grown under normal
conditions [1,7]. This is essentially because, unlike other
H,0, scavenging enzymes (POX and APOX), CAT en-
zymatic reaction is not saturated with increasing concen-
trations of the peroxide and is independent of other cel-
lular reductants for instituting its activity [6]. However, a
large body of literature reports suggest that as compared
to un-stressed plants the CAT activity is significantly
down regulated in salt-stressed plants [8-14], suggesting
that the enzyme may not serve as the major scavenger of
H,0, under salt offence to plants [13]. However, it is
also suggested that maintenance of CAT activity could
be a key factor for determining the stress tolerance in
plants [12]. This bears importance particularly for Cs
categories of plants like rice, where the photorespiratory
activity is elevated under salt-stress [15]. The perox-
isomal instituted elevation of photorespiratory activity
may lead for higher accumulation of H,O, as a result of
conversion of glycolate to glyoxyate. Further, the perox-
isome has been shown to be rapidly proliferated under
oxidative stress [16]. Thus the CAT, principally a perox-
isomal localized enzyme needs to operate effectively to
eliminate the photorespiratory produced H,O, [17].
Salt-stress also brings numerous metabolic changes in
plant, the principal being the synthesis and accumulation
of organic osmolytes [18-19]. Salt-induced accumulation
of sugar alcohols like sorbitol, mannitol, inositol etc., or
carbohydrates (sucrose, fructans etc.), and organic and
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amino acids like malate and proline, and many redox-
regulating compounds such as glutathione, cystein and
ascorbate and synthesis of LEA group of proteins have
been documented in various plant species [20-21]. Me-
tabolically engineered transgenics, leading for increase
synthesis and accumulation of osmolytes of various na-
tures have been shown to protect the plant against salin-
ity stress [22-24]. It is presumed that while maintaining
the cell turgor pressure in salt-stressed plants, the osmo-
lytes also behave as osmo-protectants towards mem-
brane-protein complexes and enzyme-proteins, and pro-
tect them from salt-induced impairments [25].

In the present investigation we found that supplemen-
tation of sugars or sugar alcohols like sucrose, sorbitol
and mannitol in extraction and enzyme assay medium
can sustain a significant high activity of CAT in rice
plant, which otherwise showed a declined activity when
exposed to saline environment. We put evidence that
CAT in salt-stressed rice plant, as compared to the
un-stressed one, is modulated by osmolytes in vivo,
achieving a substantially high catalatic activity so as to
serve as the major scavenger of H,0,.

2. MATERIALS AND METHODS
2.1. Plant Material and Salt Treatment

Seeds of Oryza sativa (Indica cultivar var. Ratna) were
germinated on water soaked cotton pads for 72-h in dark
at 25°C. Seedlings were subsequently transferred for
sand culture at 25°C under 12-h photoperiod (light in-
tensity 80 pEm™ s™) and routinely irrigated with rice
culture medium [26]. Ten days grown plants were further
irrigated with rice culture medium containing 300 mM
NaCl for 4-d to develop salt-stress. The control set of
plants were kept irrigated with normal rice culture me-
dium.

2.2. Spectrophotometric and In-Gel Assay of
Catalase Activity

The fully expanded secondary leaves (nearly 100 mg
fresh mass) were homogenized in 2 ml ice cold 50 mM
K-POy,buffer (pH 7.5) containing 0.1 mM PMSF. The
homogenate was centrifuged at 12,000 xg for 10 min at
4°C and the supernatant was used for CAT activity
assay. As when required, the leaf extract was prepared
using the same extraction buffer containing required
concentration of either mannitol or sorbitol or sucrose
(see results).

Catalatic activity of the enzyme was monitored
spectrophotometrically [27] by recording the decline
of absorbance at 240 nm due to decomposition of H,O,
(€= 40 M cm™). For in-gel activity assay, the crude
protein extract was first separated in 10% native PAGE
at 4°C under constant current of 30 mA and the cata-
lase activity in the gel was visualized through enzyme
specific staining [28]. The protein concentration was
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measured following Bradford [29].
2.3. Western Blot Analysis

Catalase protein concentration in both control and
salts-stressed leaf tissues were visualized through
western blot analysis using rice catalase antibody, de-
veloped in rabbit (primary antibody). The Goat anti
rabbit IgG horseradish peroxidase conjugate was used
as secondary antibody. The PVDF membrane with
transferred protein was treated with H,O, and the pro-
tein bands were developed with DAB coloured reac-
tion.

2.4. Measurement of Glycolate Oxidase Activity

Activity of glycolate oxidase (GO), an exclusively per-
oxisomal localized enzyme was measured following [30].
The leaf extract was prepared in 50 mM K-PO, buffer
(pH 7.5) containing 1 mM PMSF. The assay involves the
measurement of the rate of formation of glyoxylate from
glycolate in form of glyoxylate-phenylhydrazone. The
reaction mixture in 1 ml included 100 mM K-PO, buffer
(pH 7.8), 6.5 mM glycolic acid, 3.22 mM cysteine, 3.22
mM phenylhydrazine, 0.03 mM flavin-mononucleotide
and 18 pg protein equivalent leaf extracts as enzyme
source. The quantification was made using € of 17 mM™"
em’ for glyoxylate-phenylhydrazone at 324 nm.

Effect of sucrose in the enzymatic reaction GO was
also determined as done for CAT.

2.5. Estimation of Steady State H,O, Level and
NADH-Oxidase Activity

Steady state level of H,O, in leaves of control and
salt-stressed plants were determined using FOX-1
method [31]. Leaves (100 mg fresh weight) were
ground with 10% trichloro aceticacid and centrifuged
at 12,000 xg for 5 min. The supernatant was passed
through a bed of activated charcoal and a measured
volume of filtrate was incubated with FOX-1 reagent
(Ferrous oxidation with xylenol orange; 100 uM xyle-
nol orange, 250 uM ammonium ferrous sulfate, 100
mM sorbitol, and 25 mM H,SO,) for 30 min (pre de-
termined with standard H,0O,) and absorbance was
recorded at 560 nm. The concentration of H,O, was
determined from a standard chart, obtained using 0.2-1
pmol of H,O,.

NADPH-oxidase activity was monitored in tissue
extract made with K-PO, buffer (pH 7.5) containing
0.5% (V/V) Triton X-100. The extract was centrifuged
at 12,000 xg for 10 min at 4°C. The supernatant was
used for enzyme assay in a reaction mixture containing
50 mM Tris-HCI (pH 7.5), 250 mM sucrose, 0.1 mM
NBT, 0.02% Brij-58 and 30 ug protein equivalent leaf
extract. The SOD activity was inhibited using 1 mM
Na-azide and 10 mM KCN. The reaction was initiated
by addition of NADH (0.1 mM final concentration).
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The NADPH dependent O,  generation activity was
monitored by following the rate of NBT reduction
spectrophotometrically at 530 nm using € 12. 8 mM'
em’ [32].

3. RESULTS
3.1. Catalase Activity and Protein Quantity

The H,0, scavenging activity of CAT, when examined in
the leaf extracts prepared in buffer solution, a significant
decline in the activity was noticed with the salt-stressed
samples as compared to un-stressed one. The average
decline was found to be nearly 50 to 55% of the activity
recorded in control plant leaf. Irrespective of the units
used for the expression of enzyme activity, either in
terms of tissue fresh weight (absolute activity) or on the
basis of protein quantity (specific activity), the extent of
decline was comparable (Figure 1). In assenting with
spectrophotometric analysis (Figure 1), the in-gel activ-
ity assay also showed a significant low level of CAT
activity in salt-treated samples (Figure 2(a)). The CAT
protein quantity as visualized with western blot analysis
(Figure 2(b)), suggested that under salt-stress condition
although the CAT activity is significantly reduced, the
CAT protein quantity per unit of leaf protein largely re-
mained unaffected.

3.2. Cellular Level of H,O, and NADPH-Oxidase
Activity

In plants, the decline in catalase activity is accompanied
with a significant increase in cellular level of H,O, [1,
13]. However, our experimental results in rice plant
showed a parallel relationship between catalase activity
and the cellular H,O, concentration. In salt-stressed
leaves, concomitant with decline in enzyme activity
there was also a decline in the level of H,O, (Figure 3).
Compared to control leaf, nearly 25-35 % low concen-
tration of cellular H,O, was evident in salt-stressed
leaves.

The intrinsic H,O, formation rate in the leaf tissues of
salt-stressed and un-stressed plants were evaluated by
measuring NADPH-oxidase activity as a representative
of oxidase enzymes, responsible for generating O, in
the cell (Figure 4) that eventually is translated to H,O,.
The enzyme was found to maintain nearly a 1.5 fold
high activity in leaves of salt-stressed plants than the
un-stressed one, suggesting that salt-stress induces a
higher formation of H,O, in the leaf tissue.

3.3. Effect of Osmolytes on the Catalatic Activity
of CAT

We made an attempt to find out the effect of the osmo-
lytes like sorbitol, mannitol and also sucrose on the H,O,
scavenging activity of the CAT in the extracts made
from leaves of both control and salt-stressed rice plant.
To achieve this end, the extraction and enzyme assay

Copyright © 2010 SciRes.

100 f
= 120 (100) (100)
]
2z
£
p Z8
- §2 60
= 55
Z g )
zZ
=]
i 0
g Sor 1 2
ig
g :E' (33.8)
u —
g (16.5)
=
=
(26) (1.4)
0 | g —
1 2

Figure 1. Hydrogen peroxide scavenging activity of cata-
lase in crude leaf extracts of control (open bar) and 300
mM NaCl stressed (solid bar) rice plant. The enzyme activ-
ity was measured in 50 mM K-PO, buffer (pH 7.5) con-
taining 24 mM H,0O, (final concentration) and the leaf ex-
tract 30 pg protein equivalent protein extracts. The rate of
enzyme activity is expressed both in terms of unit protein
(specific activity, 1), and leaf fresh mass (absolute activity,
2). The inset depicts the per cent loss in CAT activity in
salt-stressed leaf relative to activity of control leaf taken as
100%. Vertical bars represent the + SD (n=13). The respec-
tive values of enzyme activity have been shown in brack-
eted numbers.

CONTROL SALT

(a)

(b)

Figure 2. (a) In-gel catalase activity assay of crude
protein extracts from the leaves of control (CON-
TROL) and salt treated (SALT) rice plant. The
quantity of crude protein loaded from each of the
respective preparations was 30 pg; (b) shows the
rice CAT-antibody reactivity in the crude leaf pro-
tein extract separated in SDS-PAGE.

medium was supplemented with varied concentrations of
the osmolytes. Inclusion of osmolytes in both extraction
and assay medium significantly enhanced the activity
(Figure 5). The stimulation was registered to be an os-
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Figure 3. Comparison of steady state level of leaf tissue
H,0,; in control (1) and salt-stressed (2) rice plant. The
data points represent the mean of 7 independent experi-
mental observations and the variation in the quantity
from mean value has been depicted as + SD in form of
vertical bars. The inset depicts the sensitivity of the
methodology in pmol range of H,0,,
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Figure 4. NADPH-oxidase activity in crude leaf extracts
from control (open bar) and 300 mM NaCl stressed (solid
bar) rice plant. The enzyme activity was expressed both
in terms of unit leaf fresh weight (absolute activity, 1)
and per unit protein quantity (specific activity, 2). The
inset depicts the per cent increase in enzyme activity in
salt-stressed leaf relative to activity of control leaf taken
as 100%. The respective values of activity have been
shown in bracketed numbers, averaged from 5 inde-
pendent observations with = SD shown as vertical bars.

molyte concentration dependent phenomenon. Maxi-
mum stimulation was visualized in the range of 300-500
mM with sugar alcohols and between 200-300 mM with
sucrose. Excesses of sucrose beyond 300 mM induced a
decline in activity. While a comparable stimulation in
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activity was discernible with sugar alcohols like sorbitol
and mannitol, a significant higher stimulation was
achieved by inclusion of sucrose in the medium.

3.4. In Vitro Susceptibility of Catalase Activity
to NaCl

Susceptibility of catalase activity to exogenously added
salt was examined by incubating the crude extracts pre-
pared from control and salt-stressed rice plant leaves
with 150 mM NaCl. The effect of osmoticum was also
evaluated in this preparation. Incubation with NaCl di-
minished the CAT activity in a time dependent manner
in control-extract made and assayed only in buffer solu-
tion (data not shown). Nearly 70-75% of original activity
present in the extract made before the addition of salt
was inhibited at the end of 2-h of salt incubation. How-
ever, in preparations and measurements made in pres-
ence of osmolytes, this decline was appreciably reduced.
At 2-h of salt-incubation, the decline was noted to be 27,
37 and 18 percent with mannitol, sorbitol and sucrose
respectively (Figure 6). Contrary to this observation, a
marginal (3-4%) enhancement in CAT activity was
marked in salt-stressed leaf extract prepared in presence
of osmolytes (data not shown).

3.5. Glycolate Oxidase Activity

Glycolate oxidase showed nearly a 1.5 fold increased
activity in extracts made from leaves of salt-stressed
plant as compared control activity (un-stressed). The
salt-induced stimulation in GO activity was fall back to
the level of control activity on inclusion of sucrose in the
extraction and assay medium (Figure 7).

4. DISCUSSION AND CONCLUSION

The response of CAT activity to salt-stress in salt sensi-
tive plants has frequently been contradictory. Majority of
reports suggest a salt-induced down regulation of its
activity [13]. Although the rice plant used in the present
investigation showed a declined enzyme activity under
salt-stress as compared to control plant, the protein level
was found to remain almost identical (Figures 1, 2(a)
and 2(b)). The reduction in CAT activity was also ac-
companied with a low level of H,O, in salt-treated plants
than control (Figure 3). Diverse methodologies have
been employed by different workers to quantify the
H,0, level in varieties of plant tissues [7,33]. The Fox-1
method having H,O, detection sensitivity as low as 0.2
umol has been employed in our investigation (Figure 3
inset). Contradictory to reported results, instead of an
inverse relation between H,O, level and CAT activity,
our results showed a direct relationship between them
(Figure 1 and Figure 3). Appearance of a direct rela-
tionship between the CAT activity and the steady state
level of cellular peroxide content in rice plant used in
this investigation may be explained by arguing that un-
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der low activity of CAT, the plant uses other H,O, scav-
enging enzymes like POX and APOX as the major
scavenger of the peroxide. However, this is very unlike
because of the limitation of the sensitivity of these en-
zymes to the substrate, H,O,. As compared to CAT, the
activities of these enzymes are known to be saturated at
substantially low concentration of H,O, [17]. Further,
the measurement of steady state level of H,O, does not
signify the actual quantity of the peroxide formed in the
system, since the protocol involves the quantification of
the residual peroxide following its removal by the anti-
oxidant enzyme(s). Therefore, we evaluated the catalatic
rate of one of the major enzyme engaged in formation of
H,0,; the NADPH-oxidase. The enzyme showed nearly
1.5 fold enhanced activity in salt-stressed leaf compared
to control (Figure 4). In addition to NADPH-oxidase,
the high catalatic activity of glycolate oxidase in
salt-stressed leaves also indicate a higher formation of
H,0, due to salt-induced enhanced photorespiratory ac-
tivity of the plant (Figure 7). These results suggest that
the salt-stress indeed induces a high level of H,O, gen-
eration in control rice plant leaf but due an efficient
scavenging system the cellular concentration of the per-
oxide is maintained at a lower level than the control.

Salt-stress induced synthesis of low molecular weight
metabolites of varied chemical constituents having com-
patibility with cell cytoplasm is a wide spread response
in diverse range of organisms [25]. These metabolites
although have been implicated as osmo-regulators, they
are also engaged as osmo-protectants in maintaining
protein function by protecting them against salt-induced
damages [25]. Hence, the in vivo milieu available for the
enzyme catalysis in salt-stressed and un-stressed plants
is different in terms of their osmo-molarity, salt concen-
tration, and also the redox conditions; prevailing in the
cell. Therefore, the observed decline in CAT activity
(Figure 1) may have been an apparent reflection due to
non-availability of in vivo milieu for achieving its
maximal catalatic activity under cell free condition,
when extracted and assayed using only buffer solution
(Figure 1). This assumption was found to be true since
inclusion of mannitol, sorbitol or sucrose in extraction
and assay medium enhances the catalatic activity of the
enzyme in salt-stressed plant that exceeded by nearly 1.5
to 1.8 fold higher than the activity obtained in un-
stressed plants. These results imply that under salt-stress
environment the observed decline in CAT activity,
measured without applying the probable in vivo condi-
tions of osmotic milieu results in an apparent observa-
tion than in real. Thus our observation on low steady
state level of H,O, in salt-stressed rice plant (Figure 3)
can now be explained on the basis that the in vivo activ-
ity of the CAT enzyme is much higher than the un-
stressed plant and thereby a greater extent of scavenging
activity of the enzyme maintains a reduced level of the
peroxide in the cell.

Copyright © 2010 SciRes.
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Figure 5. Osmolyte concentration dependent relative
stimulation in CAT activity in leaf extract from
salt-stressed rice plant. The relative activities were de-
termined taking the control CAT activity as 100%, at
each of the osmolyte concentration considered under
identical extraction and assay protocol. The symbol de-
noting closed circle, open circle and closed triangle refers
respectively to CAT activity in presence of mannitol, sor-
bitol and sucrose. The data points are the average of 5
independent experiments with £ SD shown as vertical
bars.

100

68+9

50
36+7

276

Percent decline in activity

18+3

Figure 6. Decline in control plant leaf CAT activity in
crude extract during 2-h in vitro incubation with 150 mM
NaCl in absence (1) and presence of osmolytes like, 500
mM mannitol (2), 500 mM sorbitol (3) and 300 mM su-
crose (4). The results have been shown as their respective
inhibition percentage taking the respective control activi-
ties as 100%. The inhibition percentage are shown in
bracketed numbers with the + SD (n = 5).

The relative accumulation of various osmolytes be-
longing to different chemical categories like carbohy
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Figure 7. Histogram showing the glycolate oxidase ac-
tivity of rice leaf extracts prepared and assayed from
control (open bar) and 300 mM salt-treated (solid bar)
either in absence (1) and presence (2) of 300 mM sucrose.
The vertical bars represent the + SD of six independent
experiments.

drates, amino acids, organic acids and sugar alcohols in
rice plant on imposition of NaCl-stress has been worked
out [34]. Among the various osmolytes identified, the
sucrose synthesis is significantly higher (600-700 pg 100
mg" fresh mass) compared to other simple carbohy-
drates and sugar alcohols like mannitol and sorbitol
(0.20-160 pg 100 mg" fresh mass). Our investigation
indicates that compared to mannitol or sorbitol, sucrose
is superior in arresting salt-induced decline in CAT ac-
tivity. This carbohydrate besides its osmo-regulatory role
in tissue, has also been shown in vitrocally to render
protection against unfolding of creatine kinase [35], thus
maintaining the adequate rate of enzyme catalysis and
stabilizing the secondary and tertiary confirmation of
protein. Presently we have no experimental results to
argue that NaCl per se can act as a denaturant in purified
catalase plant protein and the effective role of sucrose in
arresting the same. However, from our in vitro time ki-
netics results of salt-effect, it is suggested that NaCl per
se can be a potent inhibitor of CAT activity in crude leaf
extract prepared from unstressed but not in salt-stressed
rice plant and the inhibition can maximally be retarded
in presence of sucrose followed by sorbitol and mannitol
respectively (Figure 5). Sodium chloride induced de-
cline in CAT activity has also been reported in partially
purified CAT from Phaseolus vulgaris and Medicago
sativa [36].

Catalase activity in rice plant leaf, under salt-stress is
found to be regulated by osmolytes (maximally with
sucrose as shown here). The interaction of osmolytes
induces a stimulatory characteristic to CAT, thus in-
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creasing its H,O, scavenging efficiency more than the
control plant enzyme. The underlying mechanism in
osmolyte mediated elevation in CAT activity, specifi-
cally under salt-stress condition is further to be under-
stood. In our investigation it is also clearly established
that osmolyte acts preferably with the major H,O, scav-
enging enzyme, the CAT with marginal stimulatory ef-
fects on other H,O, liberating enzyme like GO. Further,
the presence of low level of stimulation in CAT activity
by the osmo-protectants in leaf extracts from control
plants suggest that the osmolytes alone may not be the
sole candidate in instituting this stimulatory effect in
salt-stressed leaves. The stimulation by osmolytes may
be a co-ordinated effect of participation of other cellular
protein factor (s) synthesized in the salt-stressed plants.
The exact nature of the compound and the under lying
mechanism of co-ordinated action in bringing stimula-
tory effect of CAT activity remains to be deciphered. The
basis for appearance of differential interaction of the
osmolyte with different enzyme proteins is not known to
us at present. However, our investigation also brings a
major alert for choice of an appropriate protocol to
measure the CAT activity in salt-stressed rice plant so as
to obtain the real intrinsic catalatic efficiency of the en-
zyme.
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