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Abstract

The effect of NaCl at sublethal concentration was observed on germinating seeds of
salt-sensitive and -resistant rice cultivars with respect to the level of proline
regulatory enzymes and the growth of seedlings on different days of early
germination period. The two enzymes of proline biosynthesis and catabolism, A-
pyrroline-5-carboxylate reductase and L-proline dehydrogenase, were taken into
consideration to observe the effects of 100 mM NaCl on their activities in both rice
cultivars. The activity of A-pyrroline-5-carboxylate reductase in salt-resistant cultivar
was increased twice after 5 d in 100 mM NaCl. Simultaneously, the activity of L-
proline dehydrogenase was decreased significantly. High activities of A-pyrroline-5-
carboxylate reductase may be regarded as a biological marker for screening the
sensitive and resistant cultivars of rice seed under NaCl-salinity.

Most high-yielding modem rice cultivars give poor yield under saline conditions
(e.g. Hoffman 1981). Rapid accumulation of free proline in tissues of many plant
species as a response to salt effect, drought or temperature stress, has been atributed
to protection of the cellular membrane and enzyme stabilization and/or
osmoregulation (Aspinall and Paleg 1981), but no significant enzymatic studies have
been done in relation to significant proline accumulation. A-Pyrroline-5-carboxylate
reductase (L-proline: NAD(P)-5-oxidoreductase, EC 1.5.1.2.) catalyses the final step
in the biosynthetic pathway leading from glutamic acid to proline and L-proline
dehydrogenase catalyses the reverse step to maintain optimum L-proline
concentration for proper growth.

The objective of these investigations were to measure the activities of these
proline regulatory enzymes within salt-sensitive and -resistant rice cultivars (namely
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‘Ratna’ and 'CSR-4") following salinization during early germinating period to
ascertain the cause for high proline accumulation under salt stress and to investigate
also the potentiality of their activities as a biological marker for screening rice
cultivars and breeding lines for salinity tolerance.

Rice (Oryza sativa L.) seeds of 'Ratna’ (salt-sensitive cultivar) and 'CSR-4' (salt-
resistant cultivar) were collected from 'Calcutta University Seed Farm' and 'Central
Soil Salinity Research Institute’, Canning, India, respectively. Seeds were surface
sterilised with 0.1 % HgCl,, washed repeatedly with distilled water and allowed to
germinate after imbibition in Petri dishes. Amon and Hoagland (1938) half-strength
medium served as control while for treatment, 100 mM (sublethal concentration)
NaCl was supplied in half-strength medium, solutions were replaced everyday by
fresh ones. The Petri dishes were kept in a growth chamber under irradiance
150 pmol m-2 51 at 30 + 2 °C and 85 % air humidity.

Growth of roots and shoots were measured during germination (replicated four
times and analyzed statistically using analysis of their variance). A-Pyrroline-5-
carboxylate reductase and L-proline dehydrogenase from rice seedlings were
extracted with 0.1 M sodium phosphate buffer, pH 7.2, containing 0.1 mM cysteine
and 0.1 mM EDTA after grinding rice seedlings in a mortar with sea sand. The
homogenate was filtered through cheesecloth and centrifuged at 31 000 g for 30 min.
The above enzymes were determined in the supernatant.

A-Pyrroline-5-carboxylate reductase activity was assayed according to Rena and
Splittstoesser (1975) after synthesizing DL-1-pyrroline-5-carboxylate from its 2.4-
dinitrophenyl hydrazone derivative following the method of Mezl and Knox (1976).
The assay mixture contained, in a final volume of 1.0 ml, 0.7 mM DL.-1-pyrroline-5-
carboxylate, 0.19 mM NADH, 50 mM Tris-base, 25-30 pl of enzyme extract at pH
7.0, the rate of decrease in absorbance at 340 nm (A,,), was recorded at 30 °C.

L-proline dehydrogenase activity was also assayed according to Rena and
Splittstoesser (1975) using 20 mM L-proline as a substrate, 10 mM NAD, 0.6 ml of
extract and 0.1 M Na,CO, - NaHCO, buffer at pH 10.3 in a final volume of 3.0 ml.
The rate of increase in A,,, was recorded at 30 °C. Protein was estimated, according
to Lowry et al. (1951) using bovine serum albumin as standard. At different stages of
germination a free proline level was measured according to Bates et al. (1973).

Growth of roots and shoots was greater in 'CSR-4' than in 'Ratna’ under salinity
(Table 1).

A-Pyrroline-5-carboxylate reductase activity was higher in resistant cultivar than
in sensitive cultivar from early period of germination and under salinity, the activity
was stimulated by 2.4 times after 5 d germination in 'CSR-4' as compared to 'Ratna’
(Table 2). Stimulation of this activity (3 times in Brevibacterium lactofermentum
under osmotic stress) was reported recently by Yoshio et al. (1989). The activity of
the enzyme, increased 3.5 times when sedlings of Pennisetum typhoides were grown
under salt stress (Huber 1974). More recently, activation of A-pyrroline-5-
carboxylate reductase activity in suspension cultures of Mesembryanthemum
nodiflorum was reported by Treichel (1986) and in Chlorella autotrophica and C.
saccharophila by Laliberte and Hellebust (1989).
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Table 1. Growth of seedlings of salt-sensitive (Ratna) and salt-resistant (CSR-4) rice cultivars under
salt-stress (100 mM NaCl). Length of shoots or roots [cm] £ S.D. of four sets of experiments

Time [d] Ratna CSR-4

control NaCl control NaCl
root shoot root shoot root shoot root shoot
2 2.740.05 0.910.01 2.110.03 0.510.01 3.110.05 1.910.03 2.410.04 1.310.02
*k * ] L)
4 4.510.08 3.2£0.05 3.8310.07 2810.05 541001 441007 491009 4.110.07
*k ¥ *k »
6 - 6.610.13 5410.10 5.110.10 4.71+0.08 7.110.13 6.740.12 6.410.12 6.210.11
*% Kk L 1] ]
*significant at P < 0.01
**gignificant at P < 0.001

On the other hand, L-proline dehydrogenase activity was significantly inhibited in
the salt condition of both cultivars. But it was more pronounced in 'CSR-4' compared
to 'Ratna’ (Table 2). Inhibition of L-proline dehydrogenase activity under a salt-stress
condition in horsegram (Dolichos biflorus L.) was reported recently by Sudhakar et
al. (1987).

Table 2. Activities of A-pyrroline-5-carboxylate reductase, L-proline dehydrogenase and free proline
content in rice seedlings (5 d old) during germination under salt-stress (cultivars see Table 1),

Treatment  A-pyrroline-5-carboxylate  L-proline dehydrogenase  Free proline

reductase [AA34 5t mg! (protein)] [pg! (fresh root mass)]

[AA340 5 mg-! (protein)]

Ratna CSR-4 Ratna CSR-4 Ratna CSR4
control 0.31240.012 0.65740.032 0.14410.005 0.17510.005 103.27£1.96 153.75+2.92
NaCl 0.38410.011 0.930+0.027 0.08410.004 0.087+0.003 141.52+2.97 250.65+5.26

* *® * L L] *
*significant at P < 0.01

The results presented here may suggest that significant stimulation of A-pyrroline-
5-carboxyalate reductase and simultaneous inhibition of L-proline dehydrogenase
under a salt-stress condition (100 mM NaCl) causes high production of L-proline that
maintains an osmotic balance to alleviate the above stress. The level of A-pyrroline-
S-carboxylate reductase in resistant cultivar is much higher than in the sensitive
cultivar and its higher activity can be used as a biological marker for screening the
sensitive and tolerant cultivars of rice during early germination period.
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