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Abstract

Four Yugoslav cultivars of alfalfa were investigated in order to determine nitrogen
fixing (nitrogenase), nitrogen assimilation (nitrate reductase, glutamine synthetase,
glutamate dehydrogenase) and antioxidant (superoxide dismutase, catalase,
peroxidase) enzymes activities. The level of lipid peroxidation and protein content
were also investigated. On the basis of the results obtained a resistant cultivar with
high nitrogen fixing and a cultivar with high nitrogen assimilation abilities were
chosen. The cultivar with high nitrogen fixing ability had high activities of
nitrogenase, superoxide dismutase, peroxidase and catalase, and also a low level of
lipid peroxidation. The cultivar with high assimilation ability had high activities of
nitrate reductase, glutamine synthetase and glutamate dehydrogenase and high
soluble protein content.

Introduction

Leguminous plants are supplied with nitrogen necessary for protein biosynthesis in
two ways: (a) by reduction of nitrate from the soil catalysed by nitrate reductase
(NR, EC 1.6.6.1) and its further incorporation in ketoacids catalysed by glutamine
synthetase (GS, EC 6.3.1.2) and glutamate dehydrogenase (GDH, EC 1.4.1.2);
(b) from the atmosphere by reduction of the molecular nitrogen catalysed by
nitrogenase (NG, EC 1.18.2.1) (Henson et al. 1982).

In nodules, the main product of N, fixation is NH,. The obtained NH, reaches the
cell cytosol of the host plant by active transport and serves as substrate in
biosynthesis of amino acids and proteins (Bergensen 1965, Kennedy 1966,
Matsumato ef al. 1977, Trung-Chanh et al. 1986).
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Abbreviations . NR - nitrate reductase; GS - glutamine synthetase; GDH - glutamate dehydrogenase;
NG - nitrogenase, AA - amino acids; SOD - superoxide dismutase; P - peroxidase; C - catalase; LP -
lipid peroxidation, MDA - malonyldialdehyde, TBA - thiobarbituric acid, LSD - least significant
difference
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The joint action of the mentioned enzymes improves nitrogen uptake from the soil
and atmosphere, which according to the metabolic pathway (N, » NO,” = NH, =
AA — proteins) could be very important in alfalfa breeding for high protein content.

The oxygen consumption process by cells is coupled with danger, because oxygen
can be partially reduced and can generate several toxic intermediates. The first one is
the superoxide anion (O,") which is the precursor of more potent oxidants, such as
OH' and H,0, (Melhom and Wellburn 1988, Hippeli and Elstner 1989) and activated
forms of oxygen (Halliwell and Guteridge 1986, Ishii 1987). Toxic intermediates of
oxygen inhibit chloroplast development, decrease seed viability and root growth,
stimulate leaf absicission, and damage membranes of leaves and roots by their
peroxidation (Cheeseman et al. 1988).

A primary defence is provided by superoxide dismutase (SOD, EC 1.15.1.1),
peroxidase (P, EC 1.11.1.8) and catalase (C, EC 1.11.1.6) with remarkable efficiency
(Kenematsu and Asada 1989).

On the other hand, one of the most intriguing characteristics of nitrogen-fixing
organisms is rapid and imreversible inactivation by oxygen of the key enzyme of the
nitrogen fixing process, nitrogenase (Puppo and Riguard 1986).

In this paper nitrogen-fixing and nitrogen-assimilation enzymes and enzymes
included in oxygen defence system of alfalfa are compared in order to evaluate a
possible correlation. The aim of this study was also to evaluate genotypes which are
able to synthetize a great quantity of proteins and at the same time have a good
resistance to toxic action of oxygen radicals.

Material and methods

The Yugoslav cultivars of alafalfa (Medijana, Vr3ac, Banat and Batka) were chosen
for experiment. Activities of NR, GS, GDH, SOD, P and C, quantity of soluble
proteins and lipid peroxidation (LP) level were determined in 90 d old leaves of
alfalfa grown in field conditions. Nitrogenase activity was determined in roots of the
same plants.

Nitrogenase activity in the rhizosphere was determined by the acethylene reduction
assay on a gas chromatograph (Seetin and Barnes 1977). The roots of plants were
taken from the pot and shaken slightly to remove most of the sand from the
rhizosphere. The sand adhering to the root surface was preserved. The roots with the
adhering sand were incubated with 10 % acetylene at 28 °C for 24 h. Nitrogenase
activity was calculated from the concentration of the produced ethylene and was
expressed in nmol C,H, ml.

Nitrogen assimilation enzymes: The activity of the in vitro NR transferase reaction of
GS and NADH-dependent GDH was determined in a common extract from leaves
according to the methods described by Coombs er al. (1982). The extract was
prepared by the homogenization of 1.0 g fresh leaves in 10 ml extraction buffer
(containing 50 pumol 1! imidazole, S nmol 1! 2-mercaptoethanol and 0.5 nmol 1!
EDTA, pH 7.2), followed by centrifugation at 10 000 g for 15 min.
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Oxygen metabolism enzymes: The leaves were prepared for SOD measurement, by
thorough grinding with a cold mortar and pestle until no fibrous residue could be:
seen; the grinding medium was 0.1 M K,HPO, at the leaves: medium ratio of 1.5,
centrifuged for 10 min at 15 000 g. A mixture of chloroform : ethanol (3:5) was
added to the supernatant (20 pul) before measurement of the enzyme activity. The
SOD activity was determined by the method based on the inhibition of the
transformation of adrenaline to adrenochrome at pH 10.2 (Mirsa and Fridovisc 1972,
Matkovics et al. 1977).

For the other enzymes, the leaves were used in the same way but the medium was
0.1 M phosphate buffer (pH 7) at the leaves : medium ratio of 1.5, centrifuged for 10
min at 15 000 g. The supernatant aliquots were used to measure enzyme activities.
P and C activities were determined by the method of Simon et al. (1974).

Lipid peroxidation was measured at 37 °C as malonyldialdehyde (MDA) production
at 533 nm with thiobarbituric acid (TBA). The total amount of TBA-positive
substance is given as nmol MDA mg! (protein), as described by Placer et al. (1966)
and Gidrol et al. (1989).

Soluble proteins were estimated by the method of Lowry et al. (1951). The statistical
estimations were made by the LSD test.

Results and discussion

The range of nitrogenase activity (NG) was 18.75 - 58.50 nmol C,H, ml*}, of nitrate
reductase (NR) 1.70 - 4.00 pmol NO, g h'!, of glutamine synthetase (GS) 700 -
1125 pmol y-glutamylhydroxamate g! h! and of glutamate dehydrogenase (GDH)
43.00 - 82.50 nmol NAD+ g h'l. Significant differences in mean values of NG, NR,
GS and GDH activities were found among the cultivars used (Fig. 1).

Among the cultivars of alfalfa examined the cv. Medijana possessed the highest
and the cultivar Batka the lowest NG activity. The enzymes of nitrogen assimilation
(NR, GS, GDH) reacted quite differently than NG, which is in connection with the
Medijana's dominant nitrogen fixation mechanism in contrast to Bafka which had
dominant mechanism of nitrogen assimilation. In the other two cultivars (Vriac,
Banat) both mechanisms were responsible for nitrogen supply. Similar results were
obtained earlier by examination of enzymes of nitrogen fixation and assimilation of
Medicago sativa, Glycine max and Lupinus albus (Atkins et al. 1979, Van Berkum
and Sloger 1983).

Comparing our results obtained by enzyme activities determination (NG, NR, GS
and GDH) with the quantity of soluble proteins it is possible to estimate that the
cultivar with the highest nitrogen assimilation enzyme activities had the highest
proteins content and that the cultivar with the lowest enzyme activities had the
lowest protein content (Fig. 1 and 3). This is in agreement with an carlier established
hypothesis about the role of nitrogen assimilation enzymes in protein biosynthesis.

No correlation was observed between nitrogenase activity and protein content
which can be ascribed to the substrate specificity of nitrogenase. Nitrogenase
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catalyses symbiotic fixation of atmospheric nitrogen which is reduced in plant
nodules to NH, and than transported to cell cytoplasm and mitochondria, where it
enters the "active nitrogen pathway".
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Fig. 1. Nitrogen fixation - nitrogenase (NG), and assimilation - nitrate reductase (NR), glutamine
synthetase (GS) and glutamate dehydrogenase (GDH) activities in examined cultivars of alfalfa (A -
Medijana, B - VrSac, C - Banat, D - Batka).

The superoxide dismutase (SOD) activity in the examined alfalfa cultivars ranged
from 126.54 to 299.71 U g’!, peroxidase (P) activity from 1.33 to 2.16 U g*!, catalase
(C) activity from 38.22 to 57.33 U g, lipid peroxidation (LP) ranged between 27.23
and 50.76 nmol MDA g (Fig. 2 and 3).

Significant differences in mean values of SOD, P and C activities, LP and protein
content were found among the used cultivars.

Our results showed that the examined alfalfa cultivars had different susceptibility
to the action of toxic oxygen species. The NS-Balka exhibited a high P and C
activities, though SOD activity and LP were low. Low SOD activity is in connection
with a low quantity of generated O,” in 30 d old plants (Matkovics et al. 1989) and
high quantities of different peroxides accumulated in young plants which had to be
removed by the action of enzymes in order to avoid membrane peroxidation. On the
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contrary, the cultivar Medijana had high SOD and C activies, low P activity and low
LP level. High SOD and P activities prevented membrane damage due to O, and
peroxide elimination and degradation, which indicated the high resistance to the
action of toxic oxygen species (Barta 1986). However, the low P activity could be
compensated by the "peroxidase-like” action of catalase (Jones 1982).
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Fig. 2. Oxygen metabolism - superoxide dismutase (SOD), peroxidase (P) and catalase (C), enzyme
activities in examined cultivars of alfalfa (A - Medijana, B - Vriac, C - Banat, D - Batka).

The cv. Medijana had also high nitrogenase activity which is in agreement with
the results of Buchanan (1977) and Puppo and Riguard (1986) who proved that NG
could be inactivated in the presence of high O, quantity. Concerning the high SOD
and C activities in Medijana, it could be concluded that SOD and C scavenged toxic
oxygen species. Their action enabled nitrogen fixation process due to the protection
of nitrogenase activity.

The activities of investigated enzymes of oxygen metabolism and nitrogen
assimilation were not correlated, which could be a possible consequence of the
action of the reduction agent required for their substrate generation and possible
competition for it in photosystem 2 (Halliwell and Gutteridge 1986).
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Our results indicated that the cv. Medijana could be used in breeding oxygen
resistant alfalfa hybrids with high nitrogen-fixing capacity and the cv. Batka for the
breeding hybrids with high protein content.
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Fig. 3. Soluble proteins content (a), and lipid peroxidation level (b), in examined cultivars of alfalfa
(A - Medijana, B - Vr3ac, C - Banat, D - Batka).
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