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Abstract 

Glutamate dehydrogenase (GDH) activity, protein and total nitrogen contents in the 
secondary leaves of maize (Zea mays L. cv. Ganga Safed-2) seedlings increased 
during early seedling growth and then declined after reaching a peak level at either 10 
d (GDH) or 12 d (metabolites). While the effect of kinetin on enzyme activity was 
statistically insignificant, benzyladenine supplied with nuuient solution increased 
GDH activity in secondary leaves of both 10-d as well as 14-d seedlings. However, 
both growth regulators increased the contents of total soluble proteins, total nitrogen, 
chlorophyll (a+b) and carotenoids in both 10 and 14-d old leaves. 

The effect of seedling age on glutamate dehydrogenase (GDH) activity has been 
observed in many cases. The enzyme activity mostly increases during initial growth 
phase of the seedling (Srivastava and Singh 1987), although an increase in enzyme 
activity during senescent phase of the tissue has also been observed (I.auriere and 
Daussant 1983). Cytokinins like other plant growth regulators influence the activity 
of various enzymes through their specific or general effect on protein synthesis 
(Maab and Klambt 1977). Thus, they may influence the pattern of enzyme changes 
during the growth of the seedlings. Although the effect of the growth regulators has 
been examined on nitrate reductase (NR) activity, an important enzyme of inorganic 
nitrogen assimilation (Kende et al. 1972, $chmerder and Borriss 1986), no such 
studies have been undertaken with GDH activity. 
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The enzyme catalysing the reductive amination of 2-oxoglutarate to produce 
glutamate is an important enzyme in nitrogen assimilation especially during stress 
and during ammonium supply (Srivastava and Singh 1987). 

The present study of the effect of seedlings age and cytokinins on NADH-GDH 
activity was undertaken with this perspective. Simultaneous measurements of protein 
and total nitrogen contents were also made to evaluate the role of GDH in 
ammonium assimilation. 

Seeds of Zea mays L. cv. Ganga Safed-2 were purchased from the National Seed 
Corporation, New Delhi. They were surface sterilized with 0.1 percent bleaching 
powder (CaOCI 2) for about 10 min and then washed with distilled water. Seedlings 
were raised in small plastic pots containing acid washed sand in a controlled 
environment growth chamber at 25 + 2 ~ and 12 h photoperiod (approximately 
60 W m-2). The plantation was watered with modified 1/2 strength Hoagland solution 
(pH 6.0) containing 5 mM NH4NO 3 as the sole nitrogen source. In a preliminary 
investigation, NH4NO 3 supported better plant growth than either (NH4)2SO 4 or 
NH4CI. The desired cytokinin was dissolved and mixed in nutrient solution wherever 
applicable. The plantations were watered with such nutrient solution on alternate 
days. On other days, the watering was with nutrient solution containing no 
cytokinins. Only secondary leaves from uniformly grown seedlings were used for 
analysis. NADH specific GDH was extracted and its activity assayed as described by 
Singh and Srivastava (1982). In few experiments, the enzyme was partially purified 
by employing (NH4)2SO4 precipitation and dialysis, but the response of seedling age 
and cytokinin was the same as observed by measuring the activities in crude enzyme 
preparations. The protein in the enzyme extract was precipitated by using equal 
volumes of 20 % trichloroacetic acid and then estimated by the method of Lowry et 

al. (1951). Total nitrogen in oven dried (at 60 oC for 48 h) leaf samples was 
measured by micro-Kjeldahl method (Lang 1958). Extract of chloroplast pigments 
was achieved with 80 % acetone, at room temperature. The absorbance of the clear 
extract was measured at 663, 645 and 440 nm. 
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Fig. 1. Total N and protein content and NADH-GDH activity in dependence of seedling age. 
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Chlorophyll (a+b) and total carotenoid contents were calculated by the method of 
Strain and Svec (1966) and Ikan (1969), respectively. The data presented are average 
of at least two independent experiments in duplicate (n= 4) with +S.D. 

Total NADH-GDH activity in secondary leaves increased to a maximum at the 
age of 10 d and then declined, while the protein and total nitrogen contents peaked at 
the age of 12 d (Fig. 1). The effect of cytokinins on GDH activity varied to some 
extent according to their nature and concentrations and to the seedlings age. Kinetin 
at 0.5 or 1.0 pM concentration did not induce statistically significant differences in 
NADH-GDH activity (Table l), while benzyladenine increased enzyme activity (17 to 
35 %) at either concentration and leaf age. Protein and total nitrogen contents of the 
leaf tissues increased slightly with either of the cytokinins (Table 1). The increments 
were higher when the control values were lower. Kinetin and benzyladenine at either 
concentration increased also chlorophyll (a+b) and total carotenoid contents at both 
leaf age. 

Table 1. Effect of cytokinins on glutamate dehydrogenase activity and contents of protein, total 
nitrogen and chloroplast pigments in leaves of maize. (Values relative to control are given in 
brackets). 

Plant Cont ro l  Kinetin [I~M] Benzyl- 
age [d] adenine [~tM] 

0.5 1.0 0.5 1.0 

NADH-GDH 10 
[I~moI(NADH 
oxidised) s -I kg'l(f.m.)] 14 

Protein I 0 
[g kga(f.m.)] 

14 

Total nitrogen 10 
[g kg'l(f.m.)] 

14 

Chlorophyll (a+b) I0 
Ig kg'~(f.m.)] 

14 

Carotenoids 10 
[g kg'l(Lm.)l 

14 

3.501"0.33 3.331"0.25 3.15:L'0.25 4.60"~.25 4.66i'0.21 
(1(30) (95) (90) (131) (133) 
2.80i-0.33 3.16_+0.25 2.80-1"0.43 3.28i'0.25 3.78m"0.25 
(100) (113) (100) (117) (135) 

7.66:ff).20 8.50~.21 8.42_+0.30 8.27:L-0.23 8.35:~:0.40 
(lO0) (Ill) (llO) (108) (109) 
6.51 ~'0.28 7.35i'0.35 7.74i-0.27 7.55:k0.26 8.07:i:0.33 
(lO0) (113) (119) (116) (124) 

50.2:t:1.98 62.8::t:1.35 65.8:t2.45 54.2:1:1.78 58.7+1.78 
(lO0) 025) (131) 008) (117) 
51.4+1.78 54.5_-k3.$9 62.2.'1:3.53 57.1:k2.25 63.8+1.78 
(100) 006) (121) (111) (124) 

0.93i-0.03 1.08m~0.04 1.16m~0.04 1.23:L'0.02 1.26:1:0.01 
(lO0) 006) 026) (133) (136) 
I. 14".L'0.02 1.31i'0.08 1.49i'0.01 1.36:k0.05 1.65i-0.03 
(lO0) (I 15) (131) (120) (145) 

0.48i'0.01 0.551"0.01 0.60"zO.Ol 0.62x"0.01 0.64i'0.01 
(1(13) (115) (125) (13i) (135) 
0.54:k0.02 0.59"~.02 0.6710.03 0.651"0.01 0.78:1:0.01 
(lO0) (! 15) 024) (121) 045) 
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An increase in NADH-GDH activity during early growth period of the leaf 
observed in the present study (Fig. I) is similar to the increase reported in the roots 
of Canavalis ensiformis (Loyala-Vargas et al. 1988) and also in the root and shoot 
tissues of relatively younger maize seedlings (Sengar and Srivastava 1990). The 
similarity of changes in protein and total nitrogen contents and GDH activity 
indicated that NADH-GDH activity was involved in the assimilation of inorganic 
nitrogen. Cytokinins as anti-senescent growth regulator protect the degradation of 
macro-molecules including protein and chlorophyll in mature leaves (Thimann 1980, 
Thomas and Stoddart 1980). Thus, they may alter the pattern of changes in these 
metabolites and related enzyme activities during leaf maturation and senescence, as 
shown by their effects on these metabolites in younger leaves. Cytokinins stimulated 
their biosynthetic processes as well. Increase in protein, total organic nitrogen and 
chlorophyll during cytokinin supply may be due to increased level of nitrogen 
assimilation. Assimilation of NH4NO 3, supplied as a source of nitrogen involves the 
activity of nitrate reductase (NR), nitrite reductase (NiR), GDH, glutamine 
synthetase (GS) and glutamate synthase (GOGAT). The incorporation of ammonium 
produced from the reduction of nitrate to glutamate, by either GDH or GS/GOGAT 
pathway, is essential for the eventual assimilation of inorganic nitrogen. In the 
present study, while the effect of kinetin was not clear cut, benzyladenine increased 
GDH activity both in the younger and older leaves (Table 1). 
The increased GDH activity, together with increased total organic nitrogen is 
suggestive of the stimulatory role of benzyladenine in overall nitrogen assimilation. 
An increase is non-nitrogenous chloroplastic pigments, the carotenoids, indicates that 
cytokinins have a more general effect in the development and organisation of 
chloroplasts (Harvey et al. 1974, Woolhouse and Batt 1966). 
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