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Effect of sodium fluoride on certain enzymes
and proline content in Cenchrus leaves
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Abstraet. Fluoride has long been known to act as an enzyme inhibitor and several studies
have been conducted attempting to explain how fluorides affect basic enzyme reactions. The
present investigation was initiated to monitor the effect of sodium fluoride on the activities
of some of the key enzymes and proline content in the leave of Cenchrus ciliaris. NaF, in
general, promoted the activity of alanine aminotransierase (GPT). Lower concentrations
of fluoride used, slightly increased the activity of nitrate reductase. On the other hand,
NaF inhibited the activity of aspartate aminotransferase (GOT), glutamate dehydrogenase
(GLDH) and malate dehydrogenase (MDH). As far as, the level of proline content is concerned,

concentration of NaF used, worked quite favourably.
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Introduction

affect
most fundamentally the activities of enzymes

Fluoride has been postulated to

essential to such plant processes as respira-
tion, photosynthesis, carbohydrate metabolism,
protein synthesis, cell wall formation energy
balance, nucleotide and nucleic acid synthesis
(Treshow, 1970).

Fluoride inhibition of both enolase and
catalase was demonstrated by Mc Cune ef al
(1965). Fluoride also combines with the ferric
ion in the heme groups of peroxidase, catalase
and cytochrome oxidase, inhibiting the activities
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of these enzymes. Hewitt and Nicholas (1963)
and McNulty and Newman (1957) reported that
fluoride stimulated oxygen uptake in leaf
injury appeared.
Effect of fluoride on photosynthesis has also
been demonstrated. As proposed by Thomas
(1958), that a threshold of fluoride concentration
and exposure time exists and that above it there

tissue before any visible

is a reduction in photosynthesis and presumably
growth rate, in excess of that which can be
accumulated for by necrosis or chlorosis alone.
Fluoride treatment exhibited a change in the
activity of certain enzymes (Chang, 1967; Chang
and Thompson, 1966; Chang, 1975). As there is
a paucity of information as regards the role of
fluoride on the Indian desert crops, experiments
were designed to evaluate the role of sodium
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fluoride on the activities of certain enzymes
and proline content in Cenchrus ciliaris which
is an important valuable fodder and pasture
grass of arid and semi-arid region of India.

Materials and‘ Methods

For the present study Cenchrus ciliavis Linn.
served as the experimental material. Plants
were raised in earthenware pots during the
month of May 1987. After thinning, 2 to 4 plants
of uniform size were maintained in each pot.
The first spray was given to five month old
plants. Subsequently second, third and fourth
spray were made with an interval of 7 days.
For each spray, 500 ml solution of NaF of varied
concentrations was used per pot. The concen-
trations used were 10 ppm, 50 ppm, 100 ppm and
200 ppm. The control plants received an equal
amount of water.

Enzyme activities were assayed in crude
extracts of leaves of Cenchrus prepared essentially
as described by Huber and Sankhla (1974). The
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activities of glutamate dehydrogenase (GLDH)
and malate dehydrogenase (MDH) were mea-
sured by following reduction of absorption at
340 nm due to oxidation of NADH. The activi-
ties of GPT and GOT were assayed as described
by Bergmeyer (1970). For nitrate reductase (NR)
(In vivo assay), the enzyme was extracted using
the method given by Jaworski (1971). Proline
content was measured by the method described
by Bates ef al. (1973). The enzyme activities
have been represented as percent of control
value on protein basis.

Results

Results relating to the effect of sodium
fluoride on the activity of GPT and GOT have
been represented in Fig. 1. It is clear that
with an increase in the concentration of NaF,
there is a slight increase in the activity of GPT,
while lower concentration of NaF, i.e., 10 ppm and
50 ppm, are inhibiting the activity of GOT and a
decrease of about 3 and 17% was observed. Only
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Fig. 1, Effect of NaF on the activities of alanine aminotransferase (GPT) and
aspartate aminotransferase (GOT). Enzyme activity is expressed as (%)

of control,
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one concentration of NaF (100 ppm) is slightly
favourable and an increase of only 2% was
noticed. On the other hand, NaF inhibited the
activity of glutamate dehydrogenase (GLDH)
and malate dehydrogenase (MDH). As much
as 40,50,66 and 71 percent decrease was observed
in GLDH activity following treatment with
NaF (10 ppm, 50 ppm, 100ppm and 200 ppm).
With an increase in the concentration of NaF,
a gradual decline in the activity of MDH was
noticed, except the lowest concentration of NaF
(10 ppm) slightly enhanced the activity of MDH
and an increase of 3% was observed (Fig. 2).
Results relating to the effect of NaF on
the activity of NR are shown in Fig. 3. In
comparison to the control value, the activity
of NR increased by about 4 and 20 percent in
the presence of 10 ppm and 50 ppm NaF, respe-
ctively. But the higher concentrations of NaF
used (100 ppm and 200 ppm) made enzyme activity
to decline by 12 and 24 percent, respectively.
Plants treated with NaF indicated high
proline content. With an increase in the con-
centration of NaF a corresponding increase in

proline was evident in Cenchrus leaves.
Although the highest concentration of NaF
used (200 ppm) was not that much of favourable
for proline content, but an increase of about
10, 20 and 40 percent was clearly evident in
Cenchrus plants treated with NaF (10 ppm, 50
ppm and 100 ppm), respectively.

Discussion

The activity of aminotransferase is prone
to be modified with several factors including
plant growth regulators, fluorides, (Sankhla
et al, 1983; Weinstein, 1977), and salinity (Joshi
et al, 1962; Huber and Sankhla, 1973; Upadhyaya,
1982). In the present investigation NaF used,
favourably increased the activity of alanine
aminotransferase (GPT) as compared to aspar-
tate aminotransferase (GOT) where NaF has
no significant effect on its activity of GPT,
since GPT is an important regulatory enzyme
(Hedley and Stoddart, 1971a,b), it is logical
that its activity be affected much more than
GOT (Ahmed and Sankhla, 1979; Ahmed, 1983;
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Fig. 2. Effect of NaF on the activities of malate dehydrogenase (MDH) and glutamate
dehydrogenase (GLDH). Enzyme activity is expressed as (%) of control.
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Fig. 3. Effect of NaF on the proline content and Nitrate Reductase activity. The
concentrations were used as follows: A: Control; B: NaF 10 ppm; C: NaF
50 ppm; D: NaF 100 ppm; E: NaF 200 ppm. Values expressed as (%) of

control,

Huber and Sankhla, 1973). Since the activity
of transaminases is stimulated under conditions
deleterious to protein synthesis, it is postulated
that these enzymes play an important role in
photosynthesis of C, plants as well as adaptation
of plants under conditions of stress (Hatch and
Mau, 1973; Huber and Sankhla, 1973).

It is interesting to note that during present
investigation NaF inhibits protein synthesis and
the activities of GLDH and MDH. Although
there are reports that the activities of GLDH
and MDH favourably affected following trea-
tment with salt and CEPA in Lasiurus, Cenchrus,
Pennisetum (Bohra, 1980; Sankhla and Huber,
1974). Glutamate dehydrogenase catalyses red-
uctive ammination of @-ketoglutarate to glutamic
acid, which is believed to be major reaction by
which ammonia is assimilated by higher plants
(Webster, 1959). Since NaF inhibits the activity
of both GLDH and MDH, this may indicate an
inhibitory action on protein synthesis.

Nitrate reductase is substrate inducible
enzyme, its activity depends upon the several
factors including nitrate supply, bio-regulants,
and salt (Bohra, 1980; Sankhla ef al.,1983). In the
present investigation NaF used differentially
modulate the activity of this key enzyme of
nitrogen assimilations.

A characteristic feature of present inves-
tigation is the accumulation of proline under
the influence of NaF. In many plants the level
of free proline is known to rise under stress
(Singh et al, 1972; Eder et al, 1677; Ahmed and
Sankhla, 1979). The results of the present
investigations are in accordance with these
findings. The capacity to accumulate proline
was found to be closely related to drought
tolerance of the plants (Stewart and Lee, 1974).
The present investigation suggests that NaF
used may induce some changes in metabolic
activities on metabolic compounds, which may
play a decisive role in the adaptation forwards
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stress.

Acknowledgements. Thanks are due to Prof. N. Cha-
ndra, Head, Department of Botany, for providing
necessary laboratory facilities and to C.S.LR. (New
Delhi) for the financial assistance,.

Literature Cited

Ahmed, K. 1983, Ecophysiological studies on Indian
desert plants with special reference to grasses.
Ph. D. Thesis, University of Jodhpur.

Ahmed, K. and N. Sankhla, 1979. Studies on fodder
grasses of Indian desert. I Effect of moisture
and salt stress on metabolic patterns in Panicum
antidotale. Trans. Isdt & Ucdt. 4(2): 121-124.

Bates, L. S, R. P. Waldren, and L D. Teare. 1973, A
rapid determination of free proline for water
stress studies. Plant and Soil 39: 205-207.

Bergmeyer, H.U. (ed.). 1970. Methodon der Enzymal-
ischen Analyse. Weinheim. Verlag Chemie.

Bohra, S.P. 1980. Enzyme activities in Lasiurus seed-
lings germinated in the presence of ethephon,
Univ. of Rajasthan Studies in Bot. 9: 63-70.

Chang, C. W. 1967. Study of phytase and fluoride effect
in germinating corn seeds. Cereal Chem. 44(2):
211-213.

Chang, C. W. 1975. I Mudd and Kozlowski (eds.),

Responses of Plants to Air Pollution. Academic
Press, New York, pp. 57.
Chang, C.W. and C.R. Thompson. 1966. Effect of

fluoride on nucleic acids and growth in germinating
corn seedlings roots. Plant Physiol. 41: 911-918,

Eder, A, W. Huber, and N. Sankhla. 1977, Interaction
between salinity and ethylene in nitrogen meta-
bolism of Pennisetum typhoides seedlings. Biochem.
Physiol. Pflanzen. 171: 93-100.

Hatch, M.D. and S. Mau. 1973. Activity, location and
role of aspartate aminotransferase and alanine
aminotransferase isoenzymes in leaves with C,
pathway of photosynthesis. Arch. Biochem. Biophys.
156: 195-206.

Hedley, C.L. and J. L. Stoddart. 1971a. Factors influen-
cing alanine aminotransferase activity in leaves
of Lolium temulentum L.1. Photoperiodically induced
variations. J. Exp. Bot. 22: 239-248.

Hedley, C.L. and J. L. Stoddart, 1971b. Factors influen-
cing alanine aminotransferase activity in leaves of
Lolium temulentum. 11. Effect of growth regulators
and protein biosynthesis inhibitors. J. Exp. Bot. 22:
249-261.

Hewitt, E.J. and D.J.D. Nicholas. 1963. Cations and
anions: Inhibitions and interactions in metabolism
and in enzyme activity. I» R.M. Hochster and
J.H. Quastel (eds.), Metabolic Inhibitors, Vol. 2,

Academic Press, New York, pp. 311-436.

Huber, W. and N. Sankhla. 1973. Eco-physiological
studies on Indian arid zone plants. II. Effect of
salinity and gibberellin on the activity of the
enzymes of amino acid metabolism in leaves of
Pennisetum typhoides. Oecologia. 13: 271-277.

Huber, W. and N. Sankhla. 1974. Abscisic acid kinetin
interaction in growth and activities of enzymes of
amino-acid metabolism in Pennisetum typhoides
seedlings. Z. Pflanzenphysiol. 73(2): 160-166.

Jaworski, E. 1971, Nitrate reductase assay in intact
plant tissues. Biochem. Biophys. Res. Commun. 43:
1274-1279.

Joshi, G., T. Dolan, R. Gee, and P. Saltman. 1962, Sodium
chloride effect on dark fixation of CO, by marine
and terrestrial plants. Plant Physiol. 37: 446-449.

Mc Cune, D.C, A.E. Hitchlock, J. S. Jacobson, and L.H.
Weinstein. 1965. Fluoride accumulation and growth
of plants exposed to particulate cryolite in the
atmosphere. Contrib. Boyce Thompson Inst. 23(1):
1-12.

McNulty, I.B. and D.W. Newman., 1957. Effects of
atmospheric fluoride on the respiration rate of
bush bean and gladiolus leaves. Plant Physiol. 32:
121-124.

Sahkhla, N. and W. Huber. 1974, Activities of enzymes
of amino acid metabolism in Pennisetum seedlings
germinated in the presence of 2-chloroethylphos-
phonic acid. Phytochemistry, 13: 1319-1321,

Sankhla, N., A. Upadhyaya, S. Trivedi, N. Ansari, N.
Khan, and D. Sankhla. 1983. Metabolic responses
and tolerance mechanisms to salt loading. Proc.
Natl. Symp. Adv. Front Plant Sci. Dept. of Bot.
Univ. of Jodhpur, pp. 66-68.

Singh, T.N., D. Aspinall, and L.G. Paleg. 1972, Proline
accumulation and varietal adaptability to drought
in barley, a potential measure of drought resis-
tance. Nature New Biol. 236: 188-190.

Steward, C.R. and J. A. Lee. 1974. The role of proline
accumulation in halophytes, Planta (Berl) 120:
279-289.

Thomas, M.D. 1958. Air pollution with relation to
agronomic crops. I. General status of research on
the effects air pollution on plants. Agron. J. 50:
545-550,

Treshow, M. 1970, Fluoride and its effects on plants.
In L.S. James and Sally Mobley (eds.), Environment

and Plant Response, pp. 267-297.

Upadhyaya, A. 1982, Studies on the role of environ-
mental stress and bio-regulants in initial seedling
growth and metabolic patterns, in some crops of
Indian desert. Ph. D. Thesis, Univ. of Jodhpur,
Jodhpur.

Webster, G.C. 1959. Nitrogen Metabolism in Plants.
Row Peterson and Co., New York.

Weinstein, L.H. 1977. Occupational Med. 19: 49-78,



14 . S Botanical Bulletin of Academia Sinica, Vol. 30, 1989
R IENBREZEA L LS ZERARARLS EZIHE

S. Choudhary and S.P. Bohra

Plant Biochemistry Laboratory, Department of Botany
University of Rajasthan, Jaipur-302 004, India

TRALUREN A TV E B BRI R > TT—Seprse th B iR DR AR AL 0 o] S/ B R ISR BUJE © ABRIE BB S UL
SNEIFIRREL (Cenchrus ciliaris) FEN R ERNRBBERTSHEBER (proline) SEZEEET - —XNE » &
{LIRREN Z P EE (alanine aminotransferase) 2%tk » BIRIERE Z B IS EUE MIRESE R AR « BI—7
T > BN AT R A E RS (aspartate aminotransferase) ~ BEREEM (glutamate dehydrogenase) 3K
R85 (malate dehydrogenase) MyiEM: o MEEEBEEMS » EHATERE A0 » TARFAEE





