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Abstract When the seeds of two rice cvs. Malviya-36
and Pant-12 were germinated up to 120 h in the presence of
200 and 400 uM NiSOy, a significant reduction in the
germination of seeds occurred. Seeds germinating in the
presence of 400 uM NiSO,4 showed about 12-20% decline
in germination percent, about 20-53% decline in lengths
and about 8-34% decline in fresh weights of roots and
shoots at 120 h of germination. Ni*" exposure of germi-
nating seeds resulted in apparent increased levels of RNA,
soluble proteins, and free amino acids in endosperms as
well as embryo axes. A 400 uM Ni** treatment led to
about 58-101% increase in the level of soluble proteins and
about 39-107% increase in the level of free amino acids in
embryo axes at 96 h of germination. Activities of ribonu-
clease and protease declined significantly with increasing
levels of Ni*" treatment. Isoenzyme profile of RNase as
revealed by activity staining indicated decline in the
intensities of 3—4 preexisting enzyme isoforms in embryo
axes of both the rice cultivars and disappearance of one of
the two isoforms in endosperms of cv. Pant-12 due to
400 pM Ni*" treatment. Results suggest that the presence
of high level of Ni** in the medium of germinating rice
seeds serves as a stress factor resulting in decreased
hydrolysis as well as delayed mobilization of endospermic
RNA and protein reserves and causing imbalance in the
level of biomolecules like RNA, proteins, and amino acids
in growing embryo axes. These events would ultimately
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Introduction

Excessive levels of heavy metals in the soil environment
adversely affect the germination of seeds, plant growth,
alter the levels of biomolecules in the cells and interfere
with the activities of many key enzymes related to normal
metabolic and developmental processes (Jha and Dubey
2005; Li et al. 2005; Leon et al. 2005; Maheshwari and
Dubey 2007; Ahsan et al. 2007; Kuriakose and Prasad
2008). Some heavy metals are essential micronutrients
required for basic cellular processes, but their higher con-
centration causes potential toxic effects similar to those
induced by nonessential metal ions (Krupa et al. 1993;
Welch 1995).

Seed represents the most protective stage in the life
cycle of plants and is well-protected against various envi-
ronmental stresses. However, soon after imbibition and
protrusion of embryonic axis, seeds become in general
stress sensitive (Li et al. 2005). Germination of seed is a
complex process involving series of events such as acti-
vation of respiration (Bewley and Black 1994), repair of
macromolecules (Osborne 1993), reserve mobilization
(Gallardo et al. 2001), etc. Breakdown of storage reserves
and its mobilization are among the crucial events that
govern seed germination following imbibition. Germina-
tion stage is thus highly sensitive to stressful conditions
like salinity, desiccation, submergence, and toxicity due to
heavy metals (Dubey and Rani 1989; Shah and Dubey
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1998; Mihoub et al. 2005; Ahsan et al. 2007; Kuriakose
and Prasad 2008).

Ribonucleic acid (RNA) and proteins (either enzymatic
or storage reserve) are synthesized during the process of
seed development and maturation and are stored within
specific storage tissues (Herman and Larkins 1999; Grilli
et al. 2002). In rice two major classes of proteins, prola-
mine and globulin like gluteline are stored within the
endosperm (Choi et al. 2000). These storage reserves serve
as building blocks for the growing embryonic axis (Herman
and Larkins 1999). At the onset of germination aleurone
layers of cereal grains secrete several hydrolytic enzymes
for the mobilization of storage reserves to fuel early
seedling growth (Fincher 1989).

Ribonucleolytic and proteolytic events are important for
seed germination and seedling establishment (Bewley and
Black 1994). Several RNA hydrolyzing enzymes, RNases
are involved in both RNA turnover and mobilization from
storage tissues of seeds (Gomes-Filho et al. 1999) and exert
major influence on gene expression during developmental
and certain abiotic and biotic stressful conditions (Booker
2004). Protein breakdown and its recycling are essential for
several developmental processes such as germination,
morphogenesis, senescence, etc. (Palma et al. 2002). Pro-
teases are expressed in germinating seeds and are required
for the degradation of storage proteins to mobilize amino
acids for the growth of embryonic axis (Yamauchi 2003).

Ni** is an essential micronutrient for plants and its
beneficial role in seed germination has been reported in
several nickel resistant and nickel hyperaccumulator plant
species (Welch 1995; Rout et al. 2000). High concentration
of nickel exerts toxic effects on various growth and met-
abolic processes in plants (Gabbrielli et al. 1999; Parida
et al. 2003; Maheshwari and Dubey 2007). However,
limited information is available related to the effect of
nickel during the process of seed germination, especially in
rice, which is a staple food crop of world population.
Therefore the present study was undertaken with the
objectives to determine the effect of increasing concen-
tration of nickel on germination percent, growth, uptake of
nickel, metabolism of RNA, and protein in germinating
rice seeds with particular emphasis on the level of RNA,
proteins, amino acids as well as behavior of the hydrolytic
enzymes ribonuclease and protease in different parts of
germinating rice seeds.

Materials and methods
Plant material

Seeds of two rice (Oryza sativa L.) cvs. Malviya-36 and
Pant-12, commonly grown in India and sensitive to Ni*"
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(Maheshwari and Dubey 2007) were used. Seeds were
surface sterilized with 0.1% sodium hypochlorite solution
for 10 min and then rinsed with double-distilled water.
After soaking for 24 h in double-distilled water, seeds were
spread in petriplates for 5 days at 28 £ 1°C with 80%
relative humidity in BOD cum humidity incubator (Narang
Scientific Works, New Delhi). Two different concentra-
tions of NiSO,4-7H,0 solution, i.e., moderately toxic level
of 200 uM (11.74 ppm) and highly toxic level of 400 pM
(23.48 ppm) served as treatment solutions. Starting with
24 h soaked seeds (0 h of germination), germinated seeds
were taken out at 24 h intervals up to 5 days. The endo-
sperms and embryo axes were separated after dehusking
the seeds and all the analyses were done in triplicate.

Determination of germination percent, growth, and Ni
uptake in germinating rice seeds

Germination percent was determined using 50 healthy
seeds from each cultivar in triplicate. For this, completely
germinated seeds were counted at 24 h intervals up to
120 h, i.e., at 0, 24, 48, 72, 96, and 120th hour of germi-
nation. Fresh weight and length of emerging roots and
shoots were recorded in germinating rice seeds at 24 h
interval up to 120 h using ten random samples in triplicate.
To determine Ni concentration in different parts of rice
seeds, endosperms and embryo axes were separated and
were oven dried (70°C for 4 days), ground to a fine pow-
der, and digested in an acid mixture (HNO5:H,SO4:HCIlOy,,
10:1:4) (Rao and Sresty 2000). Digested samples were
dissolved in deionized double-distilled water and Ni con-
centration was determined using an atomic absorption
spectrometer (Perkin—Elmer-2380, USA).

Extraction and estimation of RNA

RNA was extracted using 200 mg fresh endosperms and
embryo axes samples at different hours of germination of
seeds according to the method of Volkin and Cohn (1954)
as modified by Mittal and Dubey (1991). Estimation of
RNA was done using orcinol reagent (Schneider 1957).
Dialyzed yeast RNA (Sigma) was used as standard and
intensity of color was read at 660 nm in a spectropho-
tometer (ELICO, India Model SL-177).

Extraction and estimation of soluble proteins

About 200 mg fresh endosperms and embryo axes samples
were extracted in 5 ml of 0.2 M sodium phosphate buffer
pH 6.5 containing 0.5 M NaCl and -centrifuged at
22,000x g for 10 min. Soluble proteins were precipitated
from the supernatant with 1 ml of 60% (v/v) cold per-
chloric acid. Protein pellet was collected by centrifugation
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at 22,000x g for 5 min and was dissolved in 1 ml of 0.1 N
NaOH. Estimation of proteins was done by the method of
Lowry et al. (1951) using bovine serum albumin (BSA,
Sigma) as standard.

Extraction and estimation of free amino acids

About 200 mg endosperms and embryo axes were oven
dried at 70°C for 4 days and extracted in 5 ml of 80%
ethanol by grinding thoroughly followed by heating at
70°C for 1 min and centrifugation at 22,000 g for 10 min.
Extraction was repeated thrice and ethanolic extracts were
mixed together and dried at 80°C. Contents were dissolved
in water and volume was made up to 10 ml. Amino acids
were estimated according to the method of Rosen (1959)
using leucine as standard. Values were expressed in terms
of mg amino acids g~ fresh wt. of the sample.

Assay of ribonuclease activity

The enzyme RNase was extracted and assayed following
the method of Wilson (1967). About 200 mg fresh endo-
sperms/embryo axes samples were homogenized in 5 ml of
0.1 mM sodium acetate buffer, pH 5.4 containing 0.1%
polyvinyl pyrrolidone (PVP) using a chilled mortar and
pestle. After centrifugation and dialysis, in the supernatants
RNase activity was assayed using dialyzed yeast RNA
(Sigma) as substrate. Released nucleotides were estimated
by recording absorbance at 260 nm using Perkin—Elmer
LAMBDA EZ-201 UV-VIS spectrophotometer. Enzyme
specific activity is expressed in terms of nkat mg ™' protein.
Adenine was used as standard for calculation of released
nucleotides.

Assay of protease activity

Protease was extracted and the activity was assayed using
200 mg fresh endosperms/embryo axes samples according
to Dubey (1982) using purified casein as substrate. Peptide
fragments released due to protease activity were estimated
by the method of Lowry et al. (1951) using BSA (Sigma) as
standard. Enzyme specific activity is expressed as g
peptide fragments released min~' mg~" protein.

Isoenzyme profile of ribonuclease

Electrophoresis of anionic RNase isoforms was performed
using dialyzed enzyme extract prepared from endosperms
and embryo axes of 72 h germinated seeds of both the rice
cvs. Pant-12 and Malviya-36. Native polyacrylamide gel
electrophoresis (PAGE) was performed in vertical slab gels
at 4°C following the method of Davis (1964) using 0.01 M
Tris—glycine (pH 8.3) as electrode buffer and 7.5%

resolving and 3.5% stacking gels. Enzyme was extracted in
5 ml of 100 mM sodium acetate buffer (pH 5.4) containing
0.1% polyvinyl pyrrolidone (PVP). Enzyme extracts con-
taining about 100 pg protein were mixed with glycerol and
loaded on top of the gel. Electrophoretic run was com-
pleted using a current of 25 mA per slab. The RNase bands
were located by incubating the gels initially in RNA
solution (0.25% RNA in extraction buffer) followed by
staining with 1% (w/v) toluidine blue (Sigma) in 30%
methanol. To attain visibility of isoforms bands, gels were
destained in 5% (v/v) acetic acid solution. RNase isoforms
appeared as colorless bands on a blue background.
Protein concentration in all the enzyme extracts was
determined according to the method of Bradford (1976)
using bovine serum albumin (BSA, Sigma) as standard.

Statistical analysis

All the experiments were performed in triplicate. Values in
the figures indicate mean £ SD based on three independent
determinations. Differences among control and treatments
were analyzed by one factorial ANOVA followed by
Tukey’s test using software SPSS.10. Asterisks (* and **)
were used to identify the level of significance of the
difference between control and nickel treatments on the
corresponding days as P < 0.05 (¥*) and P < 0.01(**),
respectively.

Results
Effect of Ni*™ on germination of rice seeds

Seeds of both the rice cultivars showed 100% germination
by 96 h when germinated under distilled water (Fig. 1),
whereas Ni*™ concentrations of 200 and 400 puM in the
medium caused reduced germination of seeds. A significant
inhibition in germination percent was noted after 48 h of
germination. Under a higher Ni*" treatment level of
400 uM about 12-20% inhibition in germination was
noticed at 120 h of germination. During 0-120 h of ger-
mination of seeds, with increasing hours of germination, a
continuous increase in length and fresh weight of roots and
shoots was observed in germinating seeds of both rice
cultivars in controls as well as nickel treatments (Fig. 2). A
high Ni*" treatment level of 400 uM led to about 48-53%
decline in root length and about 20-29% decline in shoot
length. Similarly, a marked decline in the fresh weights of
roots and shoots was observed with Ni*" treatment. In
seeds germinating in the presence of 400 uM Ni*", at
120 h of germination, about 16-34% reduction in fresh
weight of roots and about 8—15% reduction in fresh weight
of shoots was observed compared to controls.
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Fig. 1 Germination percent of seeds of rice cvs. Malviya-36 and
Pant-12 at different hours of germination under increasing concen-
trations of NiSO,. Values are mean + SD based on three independent
determinations and bars indicate standard deviations. Asterisks * and
** indicate significant differences compared to controls at P < 0.05
and P < 0.01, respectively, according to Tukey’s test

Figure 3 shows the level of absorbed Ni** in endosperms
and embryo axes of rice seeds at different hours of germi-
nation under increasing concentration of NiSO, in the
medium. As it is evident, in germinating seeds of both the
rice cultivars, with increasing hours of germination a grad-
ual increase in uptake of Ni*™ was noticed in endosperms as
well as embryo axes with increasing concentration of Ni*"
in the medium. Seeds germinating without Ni*" in the
medium also possessed a very small amount of Ni** ranging
from 0.01 to 0.05 pmol g~' dry wt. (equivalent to 0.6—
3 ppm) in endosperms as well as embryo axes. In both the
rice cultivars, during germination of seeds in the presence of
Ni**, higher content of Ni* was noted in embryo axes than
in endosperms. Under 400 uM Ni*" treatment, seeds ger-
minating for 120 h, contained about 0.85-0.99 pmol
Ni** g=! dry wt. equivalent to 49.89-58.1 ppm Ni*" in

Fig. 2 Length and fresh weight
of roots and shoots of rice cvs. MALVIYA-36 PANT-12
Malviya-36 and Pant-12 at o 4r Il Control 4
different hours of germination ~ 8 ] 200uM NiZ*
under increasing levels of E 5 ] 400uM NiZ*
NiSO,. Values are mean + SD & 2+ 2
based on three independent 5
determinations and bars =
indicate standard deviations. g 0 0
Asterisks * and ** indicate =
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Fig. 3 Nickel content of MALVIYA-36 - PANT-12
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rice cvs. Malviya-36 and Pant- Il Control -
12 at different hours of . 09 M@ 200um N
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embryo axes and about 0.056-0.063 pmol Ni*™ g~' dry wt.
equivalent to 3.29-3.7 ppm Ni** in endosperms.

Effect of Ni>* on level of RNA

In seeds germinating without Ni** in the medium, during a
0-96 h germination period, genotype specific alteration in
the level of RNA was observed in endosperms as well as
embryo axes (Fig. 4). In cv. Malviya-36 in both endosperms
as well as embryo axes, there appeared a gradual increase in
RNA level during 0-96 h of germination and it declined by
120 h, whereas in cv. Pant-12 no such regular trend could be
seen. With increasing level of Ni*" in the germination
medium an increase in level of RNA was observed in both
endosperms and embryo axes. Seeds germinating under
Ni** treatment level of 400 pM showed about 42—64%
increase in RNA level in endosperms and about 20-100%
increased level in embryo axes at 96 h of germination.

Effect of Ni*™ on level of soluble proteins

Level of soluble proteins declined in endosperms with the
onset of germination (during 0—48 h), increased thereafter
at 72 h and declined further during 96120 h of germina-
tion, while in embryo axes of both the rice cultivars level of
soluble proteins increased concomitantly with increasing
hours of germination from 0-120 h (Fig. 4). A marked
increase in the level of soluble proteins was observed in
both endosperms and embryo axes of rice seeds germi-
nating under increasing level of nickel. A higher Ni*"
treatment level of 400 uM resulted in about 67-81%
increase in the level of soluble proteins in endosperms and
about 58—101% increase in the level in embryo axes during
96-120 h of germination.

96 120 24 48
HOURS OF GERMINATION

Effect of Ni>* on level of free amino acids

Figure 4 shows the level of free amino acids in endosperms
and embryo axes of seeds of both the rice cvs. Malviya-36
and Pant-12 as a function of time and increasing concen-
tration of Ni*" in the medium. As it is evident, the level of
free amino acids increased in both endosperms and embryo
axes with the start of germination during 0-72 h and it
showed little decline thereafter. Presence of increasing
concentration of Ni*" in the germination medium resulted
in a sharp increase in the level of free amino acids in both
endosperms as well as embryo axes. The increase was more
evident during 72-96 h period. A moderate Ni*" treatment
level of 200 uM resulted in about 13—-18% increase in free
amino acids level in endosperms and about 24-54%
increase in embryo axes at 96 h of germination. While a
higher Ni*" treatment level of 400 M resulted in about
33-92% increase in the level of free amino acids in
endosperms and about 39-107% increase in embryo axes at
96 h of germination.

Effect of Ni*" on ribonuclease activity

In endosperms of rice seeds, germinating without Ni*" in
the medium, RNase activity increased during early hours of
germination and it was higher during 96-120 h, whereas in
embryo axes it increased up to 72 h in cv. Malviya-36 and
up to 96 h in Pant-12 and declined thereafter (Fig. 5). A
significant drop in RNase activity was observed in both
endosperms and embryo axes of the two rice cultivars with
increasing level of Ni treatment. With 400 pM Ni*"
treatment about 21-32% inhibition in the activity of RNase
was observed in endosperms and about 26—45% inhibition
in embryo axes at 120 h of germination.
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Fig. 4 Level of RNA, soluble MALVIYA-36 PANT-12
proteins, and free amino acids in 0.24 —2 Control . Endosperm Endosperm . -0.24
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Effect of Ni*™ on protease activity

In germinating seeds of both the rice cultivars in endo-
sperms as well as embryo axes activity of protease
increased with the start of germination showing maximum
activity at 72 h of germination and it declined thereafter
(Fig. 5). A higher Ni** treatment level of 400 uM resulted
in a marked decline in protease activity. At 72 h of ger-
mination under 400 pM Ni*" treatment about 36-53%
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decline in protease activity was observed in endosperms
and about 24-39% decline in embryo axes compared to the
activity in controls.

Effect of Ni*™ on isoenzyme profile of RNase

Figure 6 shows in-gel activity staining of RNase iso-
forms using dialyzed enzyme preparations prepared from
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Fig. 5 Specific activities of
ribonuclease and protease in
endosperms and embryo axes of 12 |
seeds of rice cvs. Malviya-36 O
and Pant-12 at increasing hours
of germination under 0
(control), 200, and 400 uM
NiSO,. Values are mean & SD
based on three independent
determinations and bars
indicate standard deviations.
Asterisks * and ** indicate

Control

MALVIYA-36
Endosperm

g L ® 200uMNi**
400 pM Niz*

PANT-12
Endosperm

Sk 43

ok

significant differences
compared to controls at
P <0.05 and P < 0.01,
respectively, according to
Tukey’s test

RNase SPECIFIC ACTIVITY
(nkat mg'1 protein)

MALVIYA-36
Embryo axis

|
PANT-12
Embryo axis

MALVIYA-36 PANT-12 4 30
Endosperm

Endosperm

PROTEASE SPECIFIC ACTIVITY
(ng peptide fragment min™ mg™ protein)

MALVIYA-36
Embryo axis

PANT-12
Embryo axis

endosperms and embryo axes of 72 h germinated seeds
of rice cvs. Pant-12 and Malviya-36. One major and one
minor RNase isoform bands were observed in enzyme
preparations from endosperms of rice cv. Pant-12 and
only one major band was detected from cv. Malviya-36,
whereas three bands were observed from embryo axes of
cv. Pant-12 and 4 from embryo axes of cv. Malviya-36

HOURS OF GERMINATION

germinating without Ni** in the medium. At high level
of Ni*t (400 M) treatment, the intensities of all the
existing isoforms of RNase declined in both endosperms
as well as embryo axes compared to the intensity in
untreated controls. In endosperms the minor isoform
band in cv. Pant-12 disappeared completely on nickel
treatment.
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Fig. 6 Isoenzyme profile of ENDOSPERMS EMBRYO AXES
ribonuclease extracted from PANT-12 MALVIYA-36 PANT-12 MALVIYA-36

endosperms and embryo axes of
72 h germinated seeds of rice
cvs. Pant-12 and Malviya-36.
Seeds were germinated under
increasing concentration of
NiSOy (C, control; 1, 200 uM
NiSOy; 2, 400 p NiSOy). The
positions of RNase bands are
marked with arrows. 1-2 RNase
bands were observed in enzyme
preparations from endosperms
whereas in embryo axes 3 (cv.
Pant-12) or 4 (cv. Malviya-36)
enzyme isoforms were visible

Discussion

Seed germination is sensitive to the nickel status of the
environment because this mineral enters in the seeds during
imbibition (Larcher 1995) and causes adverse effects on
germination and subsequent seedling growth (Espen et al.
1997; Gupta et al. 2001; Parida et al. 2003; Leon et al.
2005). The present studies indicate decrease in germination
percent as well as loss of seedling vigor when rice seeds are
germinated in the presence of 200 or 400 uM Ni*" in the
medium. Further, Ni*" is taken up by germinating rice
seeds and it gets distributed differentially in different parts
with its more distribution in embryo axes than in endo-
sperms. Ribonucleolytic and proteolytic events are
important for the process of seed germination and provide
nutritional support to the germinating seed parts. Decreased
hydrolysis of endospermic reserves due to a decline in the
activities of hydrolytic enzymes followed by delayed
transportation of mobilized reserves from endosperms to
embryo axes are the key factors responsible for decreased
germination of seeds and decreased seedling growth under
various stressful conditions including metal toxicity (Du-
bey and Rani 1989; Mihoub et al. 2005; Ahsan et al. 2007;
Kuriakose and Prasad 2008). The present results showed
increased level of soluble protein and RNA and decline in
the activities of protease and RNase in endosperms of
nickel treated germinating rice seeds. This suggests that
Ni** treatment possibly causes delayed mobilization of
protein reserves from endosperms due to inhibition of
protease activity, thereby showing an apparent higher level
of protein in endosperms under Ni** treatment conditions,
whereas increased level of endospermic RNA due to Ni*™
treatment could be possibly due to increased need for
protein biosynthesis. The increased level of RNA and
protein in Ni** treated germinating rice seeds, as observed
in the present study, could also possibly be due to water
loss upon Ni*" treatment as a result of Ni** inhibition of
aquaporin channels, as further evidenced by decreased
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fresh weight of Ni*™ treated germinating rice seeds. Unlike
our studies Lin and Kao (2006) showed that Ni*" treatment
could not alter endospermic starch content or a-amylase
activity in germinating rice grains.

Similar to the present studies, increase in the levels of
RNA and protein in both endosperms as well as embryo
axes was also observed earlier in rice seeds germinated
under high level of cadmium (Shah and Dubey 1995,
1998). Proteomics studies of germinating Lepidium sati-
vum seeds showed inhibition of both storage protein
catabolism and plant protein anabolism in response to
cadmium exposure (Gianazza et al. 2007). In the present
study, increased levels of RNA and soluble proteins in
embryo axes of nickel treated germinating rice seeds could
be either due to increased synthesis of stress-specific pro-
teins and their corresponding RNAs or due to inhibition in
their degradation due to decline in the activities of RNases
and proteases under such conditions.

It was interesting to note in our studies that the activity
of protease declined and protein level was higher in Ni*™
treated germinating seed parts, but at the same time the
level of free amino acids increased. Such observations
showing increased accumulation of free amino acids and
decreased hydrolysis of protein reserves in Ni** treated
rice seeds compared to controls indicate that free amino
acids might be produced in stressed germinating seed parts
at the cost of materials needed for the developmental
processes (Alia and Saradhi 1991). A considerable increase
in the level of amino acids has been reported in rice plants
exposed to variety of stressful conditions such as salinity,
toxicity due to heavy metals, etc., (Dubey and Rani 1989;
Shah and Dubey 1998). It has been suggested that protein
degradation might contribute to amino acid accumulation
in metal stressed plants (Chen et al. 2001).

RNases and proteases play important role during ger-
mination of seeds and seedling establishment. RNases are
secreted from the aleurone layer of cereal grains and have
key role in the hydrolysis and mobilization of RNA in the
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seed tissues (Gomes-Filho et al. 1999). Activity of RNases
gets modulated under variety of stressful conditions like
heat, chilling, salinity, and heavy metals (Shah and Dubey
1995; Chang and Gallie 1997; Gomes-Filho et al. 1999;
Spano et al. 2002; Mishra and Dubey 2006; Maheshwari
and Dubey 2007). Proteases are expressed during seed
development as well as germination (Zhang and Jones
1999). Protease activity is responsible for the hydrolysis of
storage proteins and hydrolyzed products are mobilized to
embryonic axis to support the growth of developing
embryo axes during germination (Yamauchi 2003).

Activity of proteases gets altered in the presence of
metals like Cu®t, Cd*", As®>*, and Ni*T in various plants
(Nagoor and Vyass 1999; Balestrasse et al. 2003; Mishra
and Dubey 2006; Maheshwari and Dubey 2007; Kuriakose
and Prasad 2008). In the present study, the decline in the
activities of total RNase and protease as observed in
endosperms and embryo axes of Ni*" treated germinating
rice seeds, might be possibly due to binding of nickel with
the functional groups of enzyme protein as a general heavy
metal specific response (Van Assche and Clijsters 1990).
Decline in the intensity of RNase isoform bands under
Ni** treatment as observed in in-gel activity staining, with
a parallel decline in the activity of total RNase in germi-
nating seed parts suggests a clear down regulation of
RNase activity in the presence of high concentration of Ni
in the germination medium. Presence of two RNase iso-
forms in endosperms and three in embyo axes of cv. Pant-
12 whereas one RNase isoform in endosperms and four in
embryo axes in cv. Malviya-36 shows varietal difference in
the two cultivars for RNase profile.

Present results suggest that excess Ni*" in the germi-
nation medium of rice seeds operates as stress factor
resulting in decline of RNase and protease activities lead-
ing to decreased mobilization of storage reserves from
endosperms and imbalance in the levels of RNA, protein,
and amino acids in germinating seed parts. This would
ultimately contribute to decreased germination of seeds and
inhibited growth of seedlings in nickel containing medium.

References

Ahsan N, Lee DG, Lee SH, Kang KY, Lee JJ, Kim PJ et al (2007)
Excess copper induced physiological and proteomic changes in
germinating rice seeds. Chemosphere 67:1182-1193. doi:
10.1016/j.chemosphere.2006.10.075

Alia, Saradhi PP (1991) Proline accumulation under heavy metal
stress. J Plant Physiol 138:554-558

Balestrasse KB, Benavides MP, Gallego SM, Tomaro ML (2003)
Effect of cadmium stress on nitrogen metabolism in nodules and
roots of soybean plants. Funct Plant Biol 30:57-64. doi:
10.1071/FP02074

Bewley JD, Black M (1994) Seeds: physiology of development and
germination, 2nd edn. Plenum Press, New York, pp 293-310

Booker FL (2004) Influence of ozone on ribonuclease activity in
wheat (Triticum aestivum) leaves. Physiol Plant 120:249-255.
doi:10.1111/5.0031-9317.2004.0238.x

Bradford MM (1976) A rapid and sensitive method for the
quantification of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal Biochem 72:248-254.
doi:10.1016/0003-2697(76)90527-3

Chang S-C, Gallie DR (1997) RNase activity decreases following a
heat shock in wheat leaves and correlates with its posttransla-
tional modification. Plant Physiol 113:1253-1263

Chen CT, Chen LM, Lin CC, Kao CH (2001) Regulation of proline
accumulation in detached rice leaves exposed to excess copper.
Plant Sci 160:283-290. doi:10.1016/S0168-9452(00)00393-9

Choi SB, Wang C, Muench DG, Ozawa K, Franceschi VR, Wu Y et al
(2000) Messenger RNA targeting of rice seed storage proteins to
specific ER subdomains. Nature 407(6805):765-767. doi:
10.1038/35037633

Davis BJ (1964) Disc electrophoresis II. Method and application to
human serum protein. Ann N Y Acad Sci 121:404-427. doi:
10.1111/j.1749-6632.1964.tb14213.x

Dubey RS (1982) Biochemical changes in germinating rice seeds
under saline stress. Biochem Physiol Pflanz 177:523-535

Dubey RS, Rani M (1989) Salinity induced accumulation of free
amino acids in germinating rice seeds differing in salt tolerance.
J Agron Crop Sci 163:236-247. doi:10.1111/j.1439-037X.
1989.tb00763.x

Espen L, Pirovano L, Cocucci SM (1997) Effect of Ni* during the
early phases of radish (Raphnus sativus) seed germination.
Environ Exp Bot 38:187-197. doi:10.1016/S0098-8472(97)
00011-7

Fincher GB (1989) Molecular and cellular biology association with
endosperm mobilization in germination cereal grains. Annu Rev
Plant Physiol Plant Mol Biol 40:305-346. doi:10.1146/
annurev.pp. 40.060189.001513

Gabbrielli R, Pandolfini T, Espen L, Palandri MR (1999) Growth,
peroxidase activity and cytological modifications in Pisum
sativum seedlings exposed to Ni*T toxicity. J Plant Physiol
155:639-645

Gallardo K, Job C, Groot SPC, Puype M, Demol H, Vandekerck-
hove J, Job D (2001) Proteomic analysis of Arabidopsis seed
germination and priming. Plant Physiol 126:835-848

Gianazza E, Wait R, Sozzi A, Regondi S, Saco D, Labra M et al
(2007) Growth and protein profile changes in Lepidium sativum
L. plantlets exposed to cadmium. Environ Exp Bot 59:179-187.
doi: 10.1016/j.envexpbot.2005.12.005

Gomes-Filho E, Lima CRFM, Enéas-Filho J, Gondim LA, Prisco JT
(1999) Purification and properties of a ribonuclease from
cowpea cotyledons. Biol Plant 42:525-532. doi:10.1023/A:
1002602712392

Grilli I, Meletti P, Spano C (2002) Ribonucleases during ripining and
after-ripening in Triticum durum embryos. J Plant Physiol
159:935-937. doi:10.1078/0176-1617-00568

Gupta R, Shetrapal KS, Jain U, Soni D (2001) Effect of copper and
nickel on seed germination and seedling growth of Raphanus
sativus Var. Pusa Chetki. Indian J Environ Sci 5(1):93-96

Herman EM, Larkins BA (1999) Protein storage bodies and vacuoles.
Plant Cell 11:601-613

Jha AB, Dubey RS (2005) Effect of arsenic on behaviour of enzymes
of sugar metabolism in germinating rice seeds. Acta Physiol
Plant 27(3B):341-348. doi:10.1007/s11738-005-0010-x

Krupa Z, Siedlecka A, Maksymiec W, Baszyiiski T (1993) In vivo
response of photosynthetic apparatus of Phaseolus vulgaris L. to
nickel toxicity. J Plant Physiol 142:664-668

Kuriakose SV, Prasad MNV (2008) Cadmium stress affects seed
germination and seedling growth in Sorghum bicolor (L.)
Moench by changing the activities of hydrolyzing enzymes.

@ Springer


http://dx.doi.org/10.1016/j.chemosphere.2006.10.075
http://dx.doi.org/10.1071/FP02074
http://dx.doi.org/10.1111/j.0031-9317.2004.0238.x
http://dx.doi.org/10.1016/0003-2697(76)90527-3
http://dx.doi.org/10.1016/S0168-9452(00)00393-9
http://dx.doi.org/10.1038/35037633
http://dx.doi.org/10.1111/j.1749-6632.1964.tb14213.x
http://dx.doi.org/10.1111/j.1439-037X.1989.tb00763.x
http://dx.doi.org/10.1111/j.1439-037X.1989.tb00763.x
http://dx.doi.org/10.1016/S0098-8472(97)00011-7
http://dx.doi.org/10.1016/S0098-8472(97)00011-7
http://dx.doi.org/10.1146/annurev.pp. 40.060189.001513
http://dx.doi.org/10.1146/annurev.pp. 40.060189.001513
http://dx.doi.org/10.1016/j.envexpbot.2005.12.005
http://dx.doi.org/10.1023/A:1002602712392
http://dx.doi.org/10.1023/A:1002602712392
http://dx.doi.org/10.1078/0176-1617-00568
http://dx.doi.org/10.1007/s11738-005-0010-x

872

Acta Physiol Plant (2008) 30:863-872

Plant Growth Regul 54:143-156. doi:10.1007/s10725-007-
9237-4

Larcher W (1995) The utilization of mineral elements. In: Larcher W
(ed) Physiological plant ecology, 3rd edn. Springer, Berlin,
pp 167-213

Leon V, Rabier J, Notonier R, Barthelémy R, Moreau X, Bouraima-
Madjebi S et al (2005) Effects of three nickel salts on
germinating seeds of Grevillea exul var. rubiginosa, an endemic
serpentine proteaceae. Ann Bot (Lond) 95:609-618. doi:
10.1093/a0b/mci066

Li W, Khan MA, Yamaguchi S, Kamiya Y (2005) Effects of heavy
metals on seed germination and early seedling growth of
Arabidopsis thaliana. Plant Growth Regul 46:45-50. doi:
10.1007/s10725-005-6324-2

Lin Y, Kao C (2006) Effects of excess nickel on starch mobilization
in germinating rice grains. J Plant Nutr 29:1405-1412. doi:
10.1080/01904160600830225

Lowry OH, Rosenbrough JJ, Farr AL, Randall RJ (1951) Estimation
of protein with the folin phenol reagent. J Biol Chem 193:265

Maheshwari R, Dubey RS (2007) Nickel toxicity inhibits ribonucle-
ase and protease activities in rice seedlings: protective effects of
proline. Plant Growth Regul 51:231-243. doi:10.1007/
$10725-006-9163-x

Mihoub A, Chaoui A, Ferjani EE (2005) Biochemical change
associated with cadmium and copper stress in germinating pea
seeds (Pisum sativum L.). C R Biol 328:33-41

Mishra S, Dubey RS (2006) Inhibition of ribonuclease and protease
activities in arsenic exposed rice seedlings: Role of proline as
enzyme protectant. J Plant Physiol 163:927-936. doi:10.1016/
j-jplph.2005.08.003

Mittal R, Dubey RS (1991) Influence of salinity on ribonuclease
activity and status of nucleic acids in rice seedlings differing in
salt tolerance. Plant Physiol Biochem 18:57-64

Nagoor S, Vyas AV (1999) Physiological and bio-chemical responses
of cereal seedlings to graded levels of heavy metals. III. Effects
of copper on protein metabolism in wheat seedlings. J Environ
Biol 20:125-129

Osborne DJ (1993) Function of DNA synthesis and DNA repair in the
survival of embryos during early germination and in dormancy.
Seed Sci Res 3:43-53

Palma JM, Sandalio LM, Corpas FJ, Romero-Puertas MC, McCarthy
I, del Rio LA (2002) Plant protease, protein degradation, and
oxidative stress: role of peroxisomes. Plant Physiol Biochem
40:521-530. doi:10.1016/S0981-9428(02)01404-3

Parida BK, Chhibba IM, Nayyer VK (2003) Influence of nickel-
contaminated soils on fenugreek (Trigonella corniculata L.)

@ Springer

growth and mineral composition. Sci Hortic (Amsterdam)
98:113-119. doi:10.1016/S0304-4238(02)00208-X

Rao KVM, Sresty TVS (2000) Antioxidative parameters in the
seedlings of pigeon pea [Cajanus cajan (L.) Millspaugh] in
response to Zn and Ni stresses. Plant Sci 157:113-128. doi:
10.1016/S0168-9452(00)00273-9

Rosen H (1959) A modified ninhydrin colorimetric analysis for amino
acids. Arch Biochem Biophys 67:10-15. doi:10.1016/0003-
9861(57)90241-2

Rout GR, Samantaray S, Das P (2000) Effects of chromium and
nickel on germination and growth in tolerant and non-tolerant
populations of Echinochloa colona (L.) link. Chemosphere
40:855-859. doi: 10.1016/S0045-6535(99)00303-3

Schneider WC (1957) Determination of nucleic acids by pentose
analysis. Methods Enzymol 3:680-684. doi:10.1016/S0076-
6879(57)03442-4

Shah K, Dubey RS (1995) Cadmium induced changes on germination,
RNA level and ribonuclease activity in rice seeds. Plant Physiol
Biochem N Delhi 22:101-107

Shah K, Dubey RS (1998) Cadmium elevates level of protein, amino
acids and alters the activity of proteolytic enzymes in germinat-
ing rice seeds. Acta Physiol Plant 20:189-196. doi:10.1007/
s11738-998-0013-5

Spand C, Crosatti C, Pacchini R, Meletti P, Grilli T (2002)
Ribonucleases during cold acclimation in winter and spring
wheats. Plant Sci 162:809-815. doi:10.1016/S0168-9452(02)
00026-2

Van Assche F, Clijsters H (1990) Effects of metals on enzyme activity
in plants. Plant Cell Environ 13:195-206. doi:10.1111/j.1365-
3040.1990.tb01304.x

Volkin E, Cohn WE (1954) Estimation of nucleic acid. In: Click G
(ed) Methods of biochemical analysis. Interscience, New York,
pp 287-306

Yamauchi D (2003) Regulation of gene expression of a cysteine
proteinase, EP-C1, by a VIVIPAROUSI-like factor from
common bean. Plant Cell Physiol 44:649-652. doi:10.1093/
pep/peg076

Welch RM (1995) Micronutrient nutrition of plants. Crit Rev Plant
Sci 14:49-82. doi:10.1080/713608066

Wilson CM (1967) Purification of a corn ribonuclease. J Biol Chem
242:2260-2263

Zhang N, Jones B (1999) Polymorphism of aspartic proteinases in
resting and germinating barley seeds. Cereal Chem 76:134-138.
doi:10.1094/CCHEM.1999.76.1.134


http://dx.doi.org/10.1007/s10725-007-9237-4
http://dx.doi.org/10.1007/s10725-007-9237-4
http://dx.doi.org/10.1093/aob/mci066
http://dx.doi.org/10.1007/s10725-005-6324-2
http://dx.doi.org/10.1080/01904160600830225
http://dx.doi.org/10.1007/s10725-006-9163-x
http://dx.doi.org/10.1007/s10725-006-9163-x
http://dx.doi.org/10.1016/j.jplph.2005.08.003
http://dx.doi.org/10.1016/j.jplph.2005.08.003
http://dx.doi.org/10.1016/S0981-9428(02)01404-3
http://dx.doi.org/10.1016/S0304-4238(02)00208-X
http://dx.doi.org/10.1016/S0168-9452(00)00273-9
http://dx.doi.org/10.1016/0003-9861(57)90241-2
http://dx.doi.org/10.1016/0003-9861(57)90241-2
http://dx.doi.org/10.1016/S0045-6535(99)00303-3
http://dx.doi.org/10.1016/S0076-6879(57)03442-4
http://dx.doi.org/10.1016/S0076-6879(57)03442-4
http://dx.doi.org/10.1007/s11738-998-0013-5
http://dx.doi.org/10.1007/s11738-998-0013-5
http://dx.doi.org/10.1016/S0168-9452(02)00026-2
http://dx.doi.org/10.1016/S0168-9452(02)00026-2
http://dx.doi.org/10.1111/j.1365-3040.1990.tb01304.x
http://dx.doi.org/10.1111/j.1365-3040.1990.tb01304.x
http://dx.doi.org/10.1093/pcp/pcg076
http://dx.doi.org/10.1093/pcp/pcg076
http://dx.doi.org/10.1080/713608066
http://dx.doi.org/10.1094/CCHEM.1999.76.1.134

	Inhibition of ribonuclease and protease activities in germinating rice seeds exposed to nickel
	Abstract
	Introduction
	Materials and methods
	Plant material
	Determination of germination percent, growth, and Ni uptake in germinating rice seeds
	Extraction and estimation of RNA
	Extraction and estimation of soluble proteins
	Extraction and estimation of free amino acids
	Assay of ribonuclease activity
	Assay of protease activity
	Isoenzyme profile of ribonuclease
	Statistical analysis

	Results
	Effect of Ni2+ on germination of rice seeds
	Effect of Ni2+ on level of RNA
	Effect of Ni2+ on level of soluble proteins
	Effect of Ni2+ on level of free amino acids
	Effect of Ni2+ on ribonuclease activity
	Effect of Ni2+ on protease activity
	Effect of Ni2+ on isoenzyme profile of RNase

	Discussion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


