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ABSTRACT 

The effect of different concentrations of putrescine on biochemical changes in root and shoot of six days old maize 
seedlings in terms of enzymes of ammonium assimilation were examined. The results revealed that glutamate dehydro-
genase (GDH) activity was enhanced at lower concentration of putrescine but at higher concentration, the activity of 
this enzyme was declined. Glutamine synthetase (GS) activity decreased with increase in concentration of putrescine 
and it was highest at 1000 µm concentration. Howe ver, glutamate synthase (GOGAT) activity increased with increase 
in concentration of putrescine upto 100 µm in root and upto 50 µm in shoot and further increase in concentration re-
sulted in decline of enzymatic activity. Protein and total nitrogen content increased upto 10 µm concentration of putre-
scine and it decreased further with increase in concentration both in root and shoot of maize seedling. 
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1. Introduction 

In all tissues of higher plants nitrogen is assimilated into 
organic compounds by the glutamate synthase cycle, the 
enzymes glutamate dehydrogenase (GDH, EC 1.4.1.2-4), 
glutamine synthetase (GS) and glutamate synthase (GO 
GAT) plays crucial role to assimilate ammonium ion via 
glutamate dehydrogenase (GDH) or glutamine synthetase 
(GS:E.C.6.3.1.2) and glutamate synthase (GOGAT:E.C. 
1.4.7.1) (GS-GOGAT) route. Evidences from recent 
works suggest that GS-GOGAT pathway is the major 
route for ammonia assimilation to produce glutamate in 
the plants under normal growth conditions [1-5]. 

The naturally occurring polyamines-putrescine (PUT), 
spermidine (SPD) and spermine (SPM) are important 
polycationic molecules that are ubiquitously present 
across the living world. These nitrogenous aliphatic com- 
pounds are known to influence a variety of biological 
processes. The most important characteristic of poly- 
amines being the polycationic nature, they are implicated 
in electrostatic interactions with the negatively charged 
molecules in the cell. Since last decade, understanding of 
the involvement of polyamines in cellular and develop- 
mental processes across the living systems has been in- 
creased [6-8]. However, very little work has been done 

on effect of this growth regulator on enzymes of ammo- 
nium assimilation. Keeping above in view, the present 
investigation was carried out to study the effect of putre- 
scine on the enzymes of ammonium assimilation viz. 
glutamate dehydrogenase (GDH), glutamine synthetase 
(GS) and glutamate synthase (GOGAT). The activities of 
the enzymes of nitrogen metabolism decrease during 
senescence. In general, the activity of nitrate reductase 
(NR) is the first to be lost. The activities of glutamine 
synthetase (GS), glutamate synthase (GOGAT) and glu- 
tamate dehydrogense (GDH) stay on for longer period 
[9]. 

Glutamate synthetase (GS) is the enzymes of gluta- 
mate synthesis in the senescent leaves [10,11]. However, 
the GS activity goes down in the same way as its happens 
with RUBISCO [12]. Glutamate synthetase exists in at 
least two isoforms:GS1 is a cytosolic enzymes while 
GS2 is in the chloroplast [11], The decrease in GS activi- 
ity during senescence can be due to the decrease of the 
GS2 isoform. In the same way as the other chloroplastic 
proteins GS2 is hydrolyzed during this period. In isolated 
chloroplast, it was observed that GS2 hydrolyze and de- 
gradation goes faster than Rubisco’s and the other carbon 
assimilation enzymes [13], On the other hand cytosolic 
GS1 is kept constant or may even increase its activity 
during senescence [14]. As GS1 changes glutamate into *Corresponding author. 
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glutamine, it increases the N transport efficiency, since 
glutamate has a 5C:2N ratio. Another indication that the 
cytosolic GS1 is related to the remobilization of N is the 
increase of the expression of the GS1 genes during se- 
nescence. Also, post translational phosphorylation of 
GS1 protects the enzymes against degradation. Interac- 
tion with 14-3-3 proteins can also increase GS1 activity 
[15]. 

Although during the reproductive period total GS ac- 
tivity (GS1 + GS2) decreases, GS1 remains active in the 
production of glutamine from glutamate and ammonium. 
In this way, cytosolic GS is closely related to the synthe- 
sis of the transport of substances, after the degradation of 
proteins. Besides GS1 there also have been observed 
increases in the activities of NADH-GOGAT and GDH, 
which suggest the participation of these enzymes in the 
remobilization of nitrogen [16]. 

GDH is one of the few enzymes that can remove ni- 
trogen directly from amino acids, resulting in the produc- 
tion of keto acids and ammonium, both of which can be 
remobilized to be used in respiration and synthesis [17, 
18]. working with a maize land race (sol da manha), 
breed through a participatory process involving small 
farmers, have shown that this variety was much more 
efficient than the commercial hybrids when growing in 
soils depleted of nutrients specially nitrogen. Through 
studies of the enzymes of nitrogen assimilation, this abil- 
ity was related by the authors to a higher capacity of “sol 
da manha” to take up -N from the soil. Data from 
[18] indicates that under 4

4NH

NH -nutrient, GS activity is 
closely related to the dry matter accumulation and the 
reduction of level in the tissues. Studying the nitrogen 
use efficiency in endogamic families of maize (sol da 
manha and cateto) in nutrient solutions using two nitro-
gen levels (10 and 100 mg N/L) [18], have found higher 
activity of GS for plants under 4 , and higher NR 
activity for plants under 3

NH

NO
. These authors related the 

higher nitrogen use efficiency of these plants to its supe-
rior capacity to take up nitrogen under a range of envi-
ronmental conditions. 

2. Materials and Methods 

Seeds of Zea mays L. cv. Ganga Safed-2, procured from 
National Seed Corporation, New Delhi were surface ster- 
ilized with 0.1% HgCl2 for 5 min. and then washed thor- 
oughly with distilled water. The sterilized seed were 
placed in 15 cm petriplate lined with Whatman No. 1 
filter paper and allowed to germinate at 25˚C ± 2˚C un- 
der 14 hr. photoperiod of approximately 70 Wm−2 radiant 
flux density. There were three replications with 30 seeds 
for each treatment. The first set was supplied with 
Hoagland’s nutrient solutions [19]. to serve as control 
while set 2, 3, 4 &5 were supplied with 10, 50, 100 and 
1000 µm aqueous solutions of putrescine, respectively. 

All the petri-plates were kept wet by supplying respect- 
tive solutions daily. Emergence of radicle was taken as a 
criterion for the out set of seed germination in each 
treatment. On 6th day of sowing, roots and shoots of 
maize seedlings were used separately for nitrogen, pro- 
tein and enzyme analysis. 

2.1. Determination of Enzyme Activity 

2.1.1. Glutamate Dehydrogenase Activity 
Glutamate dehydrogenase (GDH) from the fresh sample 
was extracted in a mortar, containing a medium of 0.5 M 
sodium phosphate buffer (pH 7.4), 0.4 M sucrose and 2 
mM EDTA. The clear supernatant was used as enzyme 
preparation to assess the enzyme activity [20]. 

2.1.2. Glutamine Synthetase Activity 
Enzyme extract were prepared in cold in a mortar con-
taining 50 mM Tris-HCl (pH 7.8), 15% (v/v) glycerol, 14 
mM 2-mercaptoethanol, 1.0 mM EDTA and 0.1% (w/v) 
Triton X-100. The supernatant was used for determina-
tion of enzyme activity [21]. 

2.1.3. Glutamate Synthase Activity 
Enzyme was extracted in a medium containing 0.2 M 
sodium phosphate buffer (pH 7.5), 2mM EDTA, 50 mM 
KCl, 0.1% mercaptoethanol and 0.5% Triton X-100 in a 
ratio of 1:4 (w/v). The clear supernatant was used as en- 
zyme preparation. Glutamate synthase activity (NADH- 
specific) was determined using oxidation of NADH [22]. 

2.1.4. Determination of Total Nitrogen and Protein 
The total nitrogen was determined after digestion with 
concentrated sulphuric acid by a modified micro-Kjel- 
dahl method [23]. Protein content in shoot and root of 
maize seedlings was also estimated [24]. 

2.1.5. Statistical Analysis 
The data presented throughout are the average value ± 
standard errors of at least 3 independent series, each with 
two replicate determinates and was calculate SD and ±SE. 

3. Results and Discussion 

Concentration of putrescine and the tissue used to show 
the effect of putrescine on enzymes of ammonium as- 
similation in root and shoot of maize seedling. Total and 
specific glutamate dehydrogenase (GDH) activity in- 
creased upto 10 µM concentration of putrescine i.e. 40% 
and 36%, respectively in root and thereafter it decreased 
gradually upto 1000 µM, whereas in shoot it was maxi- 
mum at 50 µM concentration i.e. 11% and 8% and fur- 
ther increase resulted in decreased activity (Tables 1 and 
2). 

Total and specific glutamine synthetase (GS) activity 
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decreased i.e. 29% and 10% at 100 µM concentration in 
root, whereas, in shoot it decreased to 42% and 34%, 
respectively. At higher concentration (1000 µM), it was 
found to be increased both in root and shoot of maize 
seedlings (Tables 1 and 2).  

Total and specific glutamate synthase (GOGAT) activ- 
ity was found to be increased 54% and 26% in root at 
100 µM concentration and thereafter it decreased where- 
as in shoot these two activities increased by 57% and 
30% at 50 µM concentration and further increase in con- 

centration resulted in decline in total as well as specific 
GOGAT activities (Tables 1 and 2). Protein content was 
found to be increased 112% and 94% in root and shoot, 
respectively, at 10 µM concentration and further increase 
in concentration resulted in decline in protein content 
(Figure 1). An increase in total nitrogen content i.e. 82% 
and 91% at 10 µM concentration was observed both in 
root and shoot of maize seedling, respectively and further 
increase in concentration resulted in decrease in nitrogen 
content (Figure 2). 

 
Table 1. Effect of Putrescine on total enzyme activity of ammonium assimilation in maize seedling. 

Conc. (µM) 
GDH activity (NADH  

oxidized min−1) g−1 fresh wt. 
GS activity (GHA min−1)  

g−1 fresh wt. 
GOGAT activity (NADH  

oxidized min−1) g−1 fresh wt. 

 Root Shoot Root Shoot Root Shoot 

0.0 794.84 ± 1.93 (100) 460.09 ± 1.92 (100) 23.96 ± 0.08 (100) 32.99 ± 0.08 (100) 1898.99 ± 2.88 (100) 1456.73 ± 4.76 (100)

10 1053.41 ± 3.18 (140) 468.83 ± 0.73 (109) 18.90 ± 0.21 (79) 21.75 ± 0.08 (66) 2154.52 ± 4.76 (113) 1906.63 ± 3.78 (131)

50 565.65 ± 1.26 (75) 511.78 ± 2.62 (111) 17.92 ± 0.09 (75) 21.21 ± 0.05 (64) 2501.77 ± 2.89 (132) 2281.19 ± 2.89 (157)

100 516.87 ± 1.92 (68) 297.75 ± 1.93 (64) 16.92 ± 0.09 (71) 19.16 ± 0.08 (58) 2928.74 ± 3.78 (154) 1767.95 ± 2.88 (121)

1000 337.79 ± 1.93 (45) 250.43 ± 1.93 (54) 19.84 ± 0.08 (83) 20.51 ± 0.09 (62) 1384.65 ± 4.75 (73) 1379.19 ± 5.00 (95) 

Data ± SE, The values relative to control are given in parenthesis. 

 
Table 2. Effect of Putrescine on specific enzyme activity of ammonium assimilation in maize seedling. 

Conc. (µM) 
GDH activity (NADH  

oxidized min−1) mg−1 protein 
GS activity (GHA min−1) mg−1 protein

GOGAT activity (NADH  
oxidized min−1) mg−1 protein 

 Root Shoot Root Shoot Root Shoot 

0.0 14.21 ± 0.01 (100) 9.72 ± 0.02 (100) 0.472 ± 0.01 (100) 0.601 ± 0.02 (100) 51.5 ± 0.26 (100) 31.65 ± 0.24 (100) 

10 19.38 ± 0.14 (136) 9.81 ± 0.03 (101) 0.468 ± 0.02 (99) 0.443 ± 0.03 (74) 56.98 ± 0.22 (111) 40.51 ± 0.25 (128) 

50 10.11 ± 0.03 (71) 10.54 ± 0.07 (108) 0.447 ± 0.02 (95) 0.442 ± 0.01 (73) 58.94 ± 0.46 (114) 41.23 ± 0.12 (130) 

100 8.90 ± 0.06 (62) 6.00 ± 0.04 (61) 0.425 ± 0.01 (90) 0.398 ± 0.02 (66) 64.79 ± 0.25 (126) 34.31 ± 0.32 (108) 

1000 6.89 ± 0.06 (48) 5.47 ± 0.05 (56) 0.545 ± 0.03 (115) 0.454 ± 0.03 (75) 41.30 ± 0.15 (80) 23.12 ± 0.33 (73) 

Data ± SE, The values relative to control are given in parenthesis. 
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Figure 2. Effect of putrescine (µM) on total nitrogen content 
in root and shoot of maize seedling 1 = 0.0 µM, 2 =10 µM, 3 
= 50 µM, 4 = 100 µM, 5 = 1000 µM. 

Figure 1. Effect of putrescine (µM) on protein content in 
root and shoot of maize seedling 1 = 0.0 µM, 2 =10 µM, 3 = 
50 µM, 4 = 100 µM, 5 = 1000 µM. 
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Polyamines play a major role in cellular and develop- 
mental processes [25,26]. It is well established that 
growth regulator, polyamines, affect various aspect of 
nucleic acid, protein synthesis, membrane organization 
and function [7,27,28]. Exogenous supply of polyamines 
affects a variety of plant processes [29]. Increased GDH 
activity and declined GS activity were also reported in 
leaf protoplast from rape cv. Bronowski [30]. The in- 
crease of total nitrogen in leaves of Leucaena seedlings 
by the treatment of 100 µM spermidine (family member 
of putrescine) was also reported [31]. The maximum in- 
crease in total nitrogen using putrescine was also ob- 
tained in Populus deltoids [32]. 
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