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continuoudly (leading strand) in one direction and discontinu-
oudy (lagging strand) in the other direction. Usually, the
replication termination point from the origin of replica
tion is present in a symmetrical manner to complete the
replication simultaneously from the opposite fork. The
localized asymmetry referred to above, therefore, would
not affect the overall symmetry between the DNA strands.
DNA replication rate is an important phenomenon in the
cell. During replication, though the leading and the lagging
strands are being synthesized by the same replisome
complex, the directional advantage of the leading strand
synthesis might lead to a net delay in the synthesis of the
lagging strand. To overcome this delay and complete both
strands simultaneously, the cell might have adopted a
strategy of maintaining the leading strand rich in keto
bases and vice versa. Further work in this aspect will reved
the mechanism and reason for the leading and lagging
strand compositional asymmetry within a replisome. It is
pertinent to note that the composition of oligonucleotides
in the genome has been analysed earlier by several work-
ers’®! but their objective was to analyse differential oli-
gonucleotide compositional pattern in the genome and also
how this can be used to find out alien DNA sequences in
the genome. More studies on this aspect will reveal the
exact reason for the symmetrical nature of the genome.
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Efficacy of heat acclimation and salicylic acid (SA) treat-
ments in induction of thermotolerance was tested in
six different genotypes of Cicer arietinum L. Remark-
able reduction in relative injury of membranes was
observed in plants pre-treated with SA in comparison
to heat-acclimatized and untreated control seedlings
subjected to lethal temperature treatment. Both treat-
ments resulted in increase in protein and proline con-
tent over control seedlings, which was mor e significant
in SA pre-treatments, with the maximum increase be-
ing recorded in ICC 4918 and 1852. Both treatments led
to the induction of peroxidase (POX), ascorbate per-
oxidase (APOX) and catalase (CAT) activities. Activities
of POX and APOX increased remarkably, while CAT
showed areduction in activity.

Keywords: Thermotolerance, salicylic acid, heat accli-
mation, antioxidative enzymes, Cicer arietinum.

HIGH surface temperatures are common to soils during peri-
ods of drought. Seedlings frequently experience high temp-
erature during emergence and establishment in many regions
of the world, which leads to reduction in yield". When
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plants are exposed to excess heat, a characteristic set of
cellular and metabolic response is triggered. The heat shock
is characterized by a transient expression of heat shock
proteins (HSPs). The expressions of HSPs positively correlate
with the acquisition of thermotolerance, and the over-
expression of HSPs often results in enhanced thermotol er-
ance®®. It is well established that plants can respond
defensively to heat-stress. A preliminary treatment with a
moderately elevated, non-lethal temperature can tempo-
rarily render plants more resistant to a subsequent poten-
tialy letha heat shock —this phenomenon is known as
heat acclimation.

Tolerance and heat acclimation to heat-stress are of signifi-
cant importance to crops. High-temperature stress invariably
causes denaturation of proteins, resulting in the formation
of insoluble aggregates, and hampering cell recovery after
heat shock®. Hong et al.® reported that the ability of organisms
to acquire thermotolerance to normally lethal temperature is
an ancient and conserved adaptive response. Acquisition
of thermotolerance is likely to be of particular importance to
plants that experience daily temperature fluctuations and are
unable to escape to more favourable environments.

Thermotolerance can be categorized as either inherent or
acquired. Inherent thermotolerance relates to the ability
of an organism to withstand, up to a certain degree, a rapid
change in temperature away from the optimum. Acquired
thermotolerance means the level of protection beyond the
inherent thermotolerance that results from prior exposure
to elevated, non-lethal temperatures or tolerance induced by
many other putative signalling components like salicyclic acid
(SA), abscisic acid (ABA), CaCl,, H,0, ethylene, etc.

Increased formation of reactive oxygen speciesis a genera
feature of abiotic stresses, such as extreme temperature,
high light and drought”®. In order to limit oxidative damage
under stress conditions, plants have developed a series of
detoxification systems which include enzymes like peroxi-
dasg,l(?scorbate peroxidase, catalase, superoxide dismutase,
etc.” .

In this study, an attempt was made to induce thermotoler-
ance in 15-day-old Cicer seedlings of six different geno-
types, ICC 4918, ICC 4969, ICC 7344, ICC 1852, ICC
10035 and ICC 6119, raised from the seeds obtained from the
Chickpea Germplasm Collection of ICRISAT, Patancheru,
Andhra Pradesh. The seedlings were grown in 10?2 size clay
pots containing steam-sterilized soils. Induction of thermotol-
erance was attempted by heat acclimation (42°C pre-
trestment for 2—4 h) and SA foliar spray treatment. Tempera
ture treatment was given either by direct exposure to 46°C
(lethal temperature treatment for 2 h) or pre-incubation at
42°C for 24 h, followed by challenge with a lethal tem-
perature. The effect of these treatments on the antioxidant
enzymes and certain other biochemical components associ-
ated with temperature stress, were also studied.

SA foliar spray (100 mM/l SA solution) measuring 50 ml
was sprayed on Cicer seedlings twice aday for three consecu-
tive days and finally just prior to exposure to heat-stress.

CURRENT SCIENCE, VOL. 89, NO. 2, 25 JULY 2005

The same volume of distilled water was sprayed on control
plants for the same number of times. The SA pre-treated
plants were then subjected to heat shock treatment aong
with untreated control and heat-acclimatized seedlings. The
genotypic variation of thermotolerance in different geno-
types was then analysed biochemically by evaluation of
cell membrane stability, protein profile, proline accumulation
and activities of antioxidative enzymes— peroxidase
(EC.1.11.1.7), ascorbate peroxidase (EC. 1.11.1.11) and
catalase (1.11.1.6).

Soluble protein was extracted from the plant tissue follow-
ing the method of Chakraborty et al.**. Plant tissues were
homogenized using 0.05 M sodium phosphate buffer (pH
7.2) containing 10 MM Na,S,0s, 0.5 mM MgCl, and 2 mM
PMSF added during crushing and centrifuged at 4°C for
20 min at 10,000 rpm. The supernatant was used as crude
protein extract and protein content was estimated follow-
ing the method of Lowry et al.*?.

SDS-PAGE analysis of total soluble protein was performed
on 10% gel following the method of Sambrook et al.*2.

Proline was extracted from the plant tissue in 3% sul-
phosalicylic acid and estimated following the method of
Bates et al.*. The estimation of membrane dysfunction
under stress by measuring cellular leakage from affected
tissue into a medium, is used as a means of determining
cell membrane stability (CMS). CMS isfirst calculated as a
percentage and the relative injury (RI) per cent is given™
by % RI = 100 — %CMS. This test was carried out with
pinnules obtained from 15-day-old Cicer seedlings.

For extraction of enzymes, plant tissues were weighed
and ground with a pestle in an ice-cold mortar with 0.05 M
Na,HPO,/NaH,PO, buffer (pH 6.9) containing 2 mM b-
mercaptoethanol. The homogenate was centrifuged at 4°C
for 20 min at 15,000 g. The supernatant was used for the
activity assay of peroxidase, ascorbate peroxidase and
catalase.

Peroxidase activity was assayed spectrophotometrically
as increase in absorbance at 460 nm by monitoring the
oxidation of O-dianisidine in the presence of H,O, by the en-
zyme™®. Enzyme activity was expressed as change/increase
in absorbance (DAsgo) Mg protein™ min ™.

Ascorbate peroxidase'’ activity was assayed as decrease
in absorbance by monitoring the oxidation of ascorbate at
290 nm. Enzyme activity was finally expressed as change
(decrease) in absorbance (DAgo) Mg protein ™ min ™.

Catalase activity was measured according to Chance and
Machly® by monitoring the breakdown of H,0O, at 240 nm
in a UV-VIS spectrophotometer (SICO). Enzyme activity
was expressed as enzyme units mg protein™, where one
enzyme unit was defined as a change of 0.01 absorbance per
minute caused by the enzyme aliquot.

In the present investigation, the role of heat acclimation
and SA treatments in induction of thermotolerance was
investigated. The results categorized the cultivars into
three main groups, namely heat-tolerant (ICC 4918 and
|CC1852), moderately tolerant (ICC 4969 and ICC 6119),
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Table 1. Effect of heat acclimation and SA pre-treatment on cell membrane stability of Cicer seedlings
exposed to lethal temperature

Relative injury of membrane (in %)

Genotype Control Heat acclimation SA L ethal

ICC 4918 27.83+£0.50 25.32 +0.49 22.63 + 0.46 42.59 + 0.52
ICC 4969 42.20 £ 0.54 36.18 + 0.48 35.23+0.26 63.89 + 0.30
ICC 7344 77.86 + 0.40 70.32+0.51 60.38 + 0.53 86.32 £ 0.19
ICC 1852 35.03+0.11 33.02 + 0.47 29.93 + 0.44 49.65 + 0.56
ICC 10035 69.64 + 0.28 65.63 + 0.23 59.84 + 0.64 82.04 £ 0.42
ICC 6119 33.60 + 0.67 30.03+0.74 27.69 + 0.47 55.79 + 1.28

Values represent mean + SE (n = 3). Values are mean of three replicates.

Table 2. Protein content of Cicer seedlings subjected to heat acclimation and SA pre-treatment and
exposed to lethal temperature

Protein content (mg/g tissue)

Genotype Control Heat acclimation SA Lethal

ICC 4918 41.56 +1.82 48.46 + 0.42 60.18 £ 3.14 38.36 £ 0.78
ICC 4969 44.84 +0.08 52.21+0.13 60.85+0.14 39.16 + 1.50
ICC 7344 48.08 £ 1.15 50.32 £ 1.09 56.35+1.34 39.63 +1.89
ICC 1852 46.45 + 2.09 54.39+0.19 61.17 £ 0.51 42.12+0.82
ICC 10035 47.11+ 044 50.29 + 0.60 52.98 + 0.99 34.89+0.49
ICC 6119 39.70 +£ 0.48 48.16 + 0.06 53.97+1.14 33.85+0.98

Values represent mean + SE (n = 3). Values are mean of three replicates.
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Figure 1. SDS-PAGE analysis of proteins from Cicer seedlings sub-
jected to heat acclimation and SA pre-treatments. Lane 1, Control; lane
2, Heat acclimation pre-treatment + lethal temperature treatment; lane
3, Lethal treatment and lane 4, SA pre-treatment + lethal temperature
treatment.

and sensitive (ICC 10035 and ICC 7344). The results of the
present finding also suggest that only long-term duration
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of heat acclimation treatments (2—4 h) are successful in
induction of thermotolerance and SA pre-treatments confer
better heat tolerance than heat-acclimation treatments.

Rl of membranes was significantly high with heat-
stressed plants compared to control (Table 1). Lower injury
was recorded with plants pre-treated with SA than heat-
acclimatized plants. Lowest injury was recorded in genotype
ICC 4918, closely followed by ICC 1852 and maximum
in ICC 7344. Premchandra et al.*® and Reddy et al.° have
reported that cell membrane stability is an indicator of
drought tolerance, which is often associated with heat-
stress. Higher percentage of injury under water stress has
al'so been reported in susceptible cultivars in wheat®.

Protein content varied with type of cultivar and inter-
estingly, maximum protein contents were recorded in ICC
7344 and 10035. Protein degradation following prolonged
heat treatments was higher in ICC 6119 and ICC 4969,
lower in ICC 4918 and ICC 1852 and highest in ICC
7344 and ICC 10035 (Table 2). The extent of decrease in
total protein content was significantly lower in heat-
tolerant cultivars than in susceptible cultivars. SDS-PAGE
analysis of pre-treated seedlings subjected to lethal tem-
perature treatments revealed the appearance of some
newly synthesized proteins. A low-molecular weight protein
of 14 kDa (approx) and another protein of molecular weight
36 kDa (approx) were observed in SA pre-treated plants
challenged with lethal temperature (Figure 1).

Proline content increased remarkably in both treatments
following lethal temperature treatment (Table 3). However,
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Figure 2. Effect of heat acclimation and SA pre-treatment on peroxidase, catalase and ascorbate peroxidase activitiesin

Cicer seedlings following heat-stress.

Peroxidase enzymes are known to decompose H,0O, by
oxidation of phenolic compounds and prevent lipid peroxida-
tion of membranes. POX activity increased significantly

in al genotypes tested in both trestments over control, follow-

proline content of SA pre-treated seedlings was significantly

higher than heat-acclimatized seedlings. This was more

significant in the two tolerant cultivars, which also had
higher constitutive proline. Increased proline content under

stress has been reported earlier® and the results of the

present finding further confirm these reports.

ing heat-stress. However, significant increase was re-
corded in relatively tolerant cultivars (ICC 4918 and 1852)
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Table 3. Effect of heat acclimation and SA pre-treatment on proline content of Cicer seedlings exposed to
lethal temperature

Proline content (mg/g tissue)

Genotype Control Heat acclimation SA L ethal

ICC 4918 0.43 + 0.005 0.51+ 0.005 0.56 + 0.009 0.49 + 0.003
ICC 4969 0.36 + 0.003 0.42 + 0.003 0.47 + 0.005 0.39 + 0.008
ICC 7344 0.29 + 0.005 0.35+ 0.000 0.38+ 0.003 0.33 + 0.008
ICC 1852 0.48 + 0.005 0.56 + 0.008 0.62 + 0.005 0.53 + 0.005
ICC 10035 0.27 + 0.007 0.32+ 0.005 0.35+ 0.010 0.30 + 0.010
ICC 6119 0.38 + 0.003 0.43+0.003 0.45+ 0.003 0.41 + 0.003

Values represent mean + SE (n = 3). Values are mean of three replicates.

than in susceptible ones (ICC 7344 and ICC 10035; Figure
2). Other investigators have also reported increase in POX
activity in grasses™ and in cucumber seedlings under
UV-B stress®.

Heat-induced oxidative damage was reduced in plants
pre-treated with SA and heat-acclimatized plants over control.
This was manifested by the increased activities of POX
and APOX. Activity of APOX increased over the first few
hours of heat treatment, but decreased gradually on prolonged
heat treatment. APOX activity registered a marginal decrease
in heat-acclimatized seedlings over control. SA pre-treated
seedlings, however, showed increased activity following
lethal temperature treatment (Figure 2). Peltzer et al.®
have reported that regardliess of the preceding environmental
conditions, APOX activities in Fagus sylvatica and Coleus
blumei decreased at any assay temperature above 25°C.
Their result indicates that APOX activities from stressed
leaves have an unusually low-temperature optimum, regard-
less of whether species from the tropical or temperate zone
were studied.

On the other hand, CAT activity revealed a decreasing
trend in pre-treated seedlings (Figure 2). CAT scavenges
H,0, by breaking it down directly to form water and oxygen,
and an increase in its activity is related with increase in
stress tolerance®. Previous studies have shown that response
of CAT to water stress may be varied. Fu and Huang® have
reported that CAT activity was not affected by mild
drought in cool season grasses, but it decreased®’ in wheat
genotype C306. The present result suggested that the decrease
in CAT activity was more significant in tolerant cultivars.
The increased levels of H,O, presumably stimulate CAT
activity.

In conclusion, SA pre-treated and heat-acclimatized Cicer
seedlings are better able to adapt themselves to heat-stress
and offer resistance to heat than control plants. The induced
heat-stress tolerance response may be directly linked to
the coordinated response of antioxidative enzymes like POX,
APOX, CAT, etc. The scavenging of reactive oxygen species
like H,O, superoxide ions, etc. by these enzymes plays a
key role in imparting heat tolerance. The high POX activity,
high proline accumulation and low RI of membranes
could be directly linked with enhanced tolerance to heat
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induced oxidative damage. This could be used as a bio-
chemical marker for screening thermotolerant cultivars.

1. Burke, J. J., Characterization of acquired thermotolerance in soybean
seedlings. Plant Physiol. Biochem., 1998, 36, 601-607.

2. lba, K., Acclimative response to temperature stress in higher
plants: Approaches of gene engineering for temperature tolerance.
Annu. Rev. Plant Biol., 2002, 53, 225-245.

3. Schoffl, F. and Prandl, R., De-repression of the heat shock protein
synthesis in transgenic plants. In Plant Responses to Environ-
mental Stress (eds Calvert, C., Smallwood, M. and Bowles, D.),
BIOS Scientific Publishers Limited, Oxford, 1999, pp. 65-73.

4. Sun, W., Montagu, M. V. and Verbruggen, N., Small heat shock
proteins and stress tolerance in plants. Biochim. Biophys. Acta,
2002, 1577, 1-9.

5. Martin, J. and Hartl, F. U., Chaperone assisted protein folding.
Curr. Opin. Struct. Biol., 1997, 7, 41-52.

6. Hong, S. W. and Vierling, E., Mutants of Arabidopsis thaliana defec-
tive in acquisition of tolerance to high temperature stress. Proc.
Natl. Acad. Sci. USA, 2000, 97, 4392—4397.

7. Foyer, C. H., Lopez-Delgado, H., Dat, J. F. and Scott, |. M., Hydro-
gen peroxide and glutathione-associated mechanisms of acclimatory
stress tolerance and signaling. Physiol. Plant., 1997, 100, 241-
254,

8. Lopez-Delgardo, H., Dat, J. F., Foyer, C. H. and Scott, |. M., Induc-
tion of thermotolerance in potato microplants by acetylsalicylic
acid and H,0,. J. Exp. Bot., 1998, 49, 713-720.

9. Dat, J. F., Lopez-Delgado, H., Foyer, C. H. and Scott, |. M., Ef-
fects of salicylic acid on oxidative stress tolerance and thermotol-
erance in tobacco. J. Plant Physiol., 2000, 156, 659-665.

10. Jiang, Y. and Huang, B., Effects of calcium on antioxidant activi-
ties and water relation associated with heat tolerance in two cool
season grasses. J. Exp. Bot., 2001, 52, 341-349.

11. Chakraborty, B. N., Basu, P., Das, R., Saha, A. and Chakraborty,
U., Detection of cross-reactive antigens between Pestalotiopsis
theae and tea leaves and their cellular location. Ann. Appl. Biol.,
1995, 127, 11-21.

12. Lowry, O. H., Rosebrough, N. J,, Farr, A. L. and Randall, R. J.,
Protein measurement with folin phenol reagent. J. Biol. Chem.,,
1951, 193, 265-275.

13. Sambrook, J., Fritch, E. F. and Maniatis, T., Molecular Cloning —
A Laboratory Manual, 1989, 2nd edn, book 3, pp. 18.60-18.74.

14. Bates, H. S., Waldren, R. P. and Treane, D., Rapid estimation of
free proline for water stress determination. Plant Soil, 1973, 39,
205-207.

15. Martineau, J. R., Specht, J. E., Williams, J. H. and Sullivan, C. Y.,
Temperature tolerance in soybeans. |. Evaluation of a technique
for assessing cellular membrane thermostability. Crop Sci., 1979, 19,
75-78.

CURRENT SCIENCE, VOL. 89, NO. 2, 25 JULY 2005



RESEARCH COMMUNICATIONS

16. Chakraborty, U., Chakraborty, B. N. and Kapoor, M., Changes in
the levels of peroxidase and phenylalanine ammonia lyase in
Brassica napus cultivars showing variable resistance to Lepto-
sphaeria maculans. Folia Microbiol., 1993, 38, 491-496.

17. Asada, K., Chloroplasts: Formation of active oxygen and its scav-
enging. Methods Enzymol., 1984, 105, 422-429.

18. Chance, B. and Machly, A. C., Assay of catalases and peroxidases.
Methods Enzymol., 1955, 2, 764—775.

19. Premchandra, G. S, Sanoella, H. and Ogata, S., Cell membrane
stability, an indicator of drought tolerance as affected by applied
nitrogen in soybean. J. Agric. Sci., 1990, 115, 63-66.

20. Reddy, T. V. B., Prakash Rao, J. S. and Vijaylakshmi, K., Physio-
logical and biochemical evaluation of groundnut cultivars differ-
ing in drought tolerance. Indian J. Plant Physiol., 2003, 8, 359—
363.

21. Sairam, R. K., Dasmukh, P. S. and Shukla, D. C., Tolerance of
drought and temperature stress in relation to increased antioxidant
enzyme activity in wheat. J. Agron. Crop. Sci., 1997, 178, 171—
178.

22. Karamarova, E., Klems, M., Klejdus, B. and Vasela, D., Response
of Calamagrostis arundinaceae and C. epigeios to short and long-
term water stress. Biol. Plant., 1999, 42, 129-131.

23. Fu, I. and Huang, B., Involvement of antioxidants and lipid per-
oxidation in the adaptation of two cool season grasses to localized
drought stress. Environ. Exp. Bot., 2001, 45, 105-114.

24. Noriaki, K. and Mika, K., Enhancement of the tolerance to oxida-
tive stress in cucumber (Cucumis sativus L.) seedlings by UV-B
irradiation: Possible involvement of phenolic compounds and an-
tioxidative enzymes. J. Plant Res., 2000, 113, 311-317.

25. Peltzer, D., Dreyer, E. and Polle, A., Differential temperature de-
pendencies of antioxidative enzymes in two contrasting species:
Fagus sylvatica and Coleus blumei. Plant Physiol. Biochem., 2002,
40, 141-150.

26. Kraus, E., McKersie, B. D. and Fletcher, R. A., Paclobutrazol in-
duced tolerance of wheat |eaves to paraquat may involve increased
antioxidant enzyme activity. J. Plant Physiol., 1995, 145, 570-
576.

27. Sairam, R. K. and Srivastava, G. C., Water stress tolerance of
wheat (Triticum aestivum L.): Variations in hydrogen peroxide ac-
cumulation and antioxidant activity in tolerant and susceptible
genotypes. J. Agron. Crop Sci., 2001, 186, 63—70.

ACKNOWLEDGEMENTS. We thank the Council of Scientific and
Industrial Research, New Delhi for financial assistance. We also thank
Prof. H. D. Upadhayaya, ICRISAT, Patancheru for supplying seeds
from chick pea collection for this study.

Received 28 September 2004; revised accepted 25 April 2005

CURRENT SCIENCE, VOL. 89, NO. 2, 25 JULY 2005

Nitrogen resor ption in leaves of tree
and shrub seedlingsin responseto
increasing soil fertility
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In the present study an attempt was made to examine the
relationship between availability of nitrogen in soil
and the resorption of nitrogen before leaf fall. For this,
common tree (Quercus leucotrichophora, Pinusroxburghii,
Cupressus torulosa, Alnus nepalensis and Populus ciliata)
and shrub species (Desmodium elegans and Crataegus
crenulata) of Central Himalayan forests varying in leaf
lifespan and other characters were selected. Seedlings
of these specieswereraised from current year seed crop
and grown at various levels of nitrogen availability. The
species differed with regard to nitrogen level up to
which their biomass increased with increasing nitrogen
availability. In each species, the proportional resorption
of nitrogen decreased continuously with increasing nu-
trient level. The nutrient use efficiency also decreased
with increasing nutrient level in each species. These
results suggest that as the availability of a limiting nutri-
ent increases, the mechanisms used by plants to conserve
that nutrient may become less efficient.

Keywords: Nitrogen resorption, soil fertility, nutrients,
nitrogen availability.

THE resorption of nutrients prior to leaf fall is one of the key
processes by which plants conserve them. This process
reduces the likelihood of nutrient lossin litter dropped on the
forest floor™? and subsequently, the withdrawn nutrients are
redeployed in new tissues, such as leaves and reproductive
structures or stored for later use®. The resorption accom-
panied by a reduction in nutrient restitution (through |eaf
litter) and requirements, affords the ecosystem a certain
independence from the soil and the possibility of good
management of the available elements’. Furthermore, nutrient
resorption during leaf senescence gresatly affects litter quality,
litter decomposition and nutrient release. On average, plants
withdraw about 50% of leaf N and P, but the proportion
withdrawn® varies widely across species, 5-80% of leaf N,
and 0-95% of leaf P. Some studies suggest that with increas-
ing availability of a limiting nutrient the mechanisms used
by plants to conserve that nutrient, become less efficient®’.
However, other studies have found that increased nutrients
have little effect on the efficiency of internal nutrient-
conservation strategies in plants®®. In infertile habitats, N
and P in senesced leaves are reduced to lower levels than in
fertile habitats®. Does it apply also to within-species trends
in nutrient resorption?
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