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Abstract  
 
Arsenic is ubiquitous in environment and it’s posing serious concern for the plant life. Arsenic hampers different enzyme activity 

in diffident manners which are necessary for survival of a plant. In the present research impacts of varied concentrations of 

arsenic (As) toxicity enzymes of nitrogen assimilation pathway of Phaseolus vulgaris plants were investigated. Nitrate reductase 

activity was enhanced at moderate level of toxicity but there was decrease in enzyme activity at higher concentration. GS and 

GOGAT enzymes were also adversely affected at higher arsenic stress while the only GDH enzyme activity was periodically 

increased even at high stress. The result of the study suggested that there was some mechanism was involved which helps to 

tolerate arsenic toxicity at lower level and GDH actively participated in ammonium assimilation under stressed condition. 
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I. INTRODUCTION 

Arsenic (As) toxicity is posing a serious concern for the plant life and seriously hampers many 

physiochemical and biochemical processes in plants which leads to loss of crop yield and soil fertility 

as well. Inorganic forms of arsenic are highly toxic, can exist in four different oxidation states: As-III, 

As0, AsIII, or AsV (Panda et al. 2010). Arsenite (AsIII) and arsenate (AsV) prevail in the natural 

environment and mobile; arsenate (AsV) is dominant under aerobic environments (Khalid et al. 2017), 

that is structural analogue of phosphate, interferes with phosphate metabolism such as phosphorylation 

and ATP synthesis (Tripathi et al. 2007).  

The growth and yield of a plant often depend on nitrogen supplementation (Mattson et al. 1991; 

McDonald et al. 1996; Lopez-Cantarero et al. 1997) in order to conversion to organic form of nitrogen 

(Srivasankar and Oaks, 1996). In the assimilation of nitrate into amino-acids, three major reactions are 

take place. Nitrate reductase (NR, EC 1.6.6.1) and nitrite reductase (NiR, EC 1.6.6.4) primarily reduce 

nitrate to ammonium which is a key regulatory step of nitrogen assimilation (Campbell, 1999; Kaiser 

et al., 1999). Sequentially ammonium is then incorporated into glutamine and glutamate first by the 

glutamine synthase-glutamate synthase cycle (GS/GOGAT cycle) (Miflin and Lea, 1982) and then 

assimilated into amino acids, proteins, nucleic acids, chlorophylls, and other metabolites or cell 

constituents needed for development (Marschner, 1995; Stitt et al., 2002; Singh et al. 2009). 

Ammonium can be directly incorporated into glutamate by another pathway through aminating 

reaction of glutamate dehydrogenase (NADH-GDH; EC 1.4.1.2), although some studies support the 

involvement of GDH in the assimilation of ammonium produced in stress conditions like heavy 

metallic stress such as that induced by Cd (Boussama et al. 1999; Dominguez et al. 2003; Kwinta and 

Kolik, 2006). 
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Generally heavy metal stress conditions brings about disturbances on the activities of enzymes 

involved in the ammonium assimilation such as an inhibition of GS and GOGAT (Gouia et al. 2000; 

Chien et al. 2002; Kwinta and Cal, 2005, El-Shora and Ali, 2011). This study was undertaken to 

determine the activities of the enzymes involved in nitrate reduction in Phaseolus vulgaris (french 

bean) in response to arsenic stress under lab condition. 

II. MATERIAL AND METHODS 

A. Plant material and growth condition:  

Seeds (Chitra variety) of kidney bean (Phaseolus vulgaris L. cv. Rajmah) were purchased from local 

market, were surface sterilized with 0.1% HgCl2 and washed thoroughly with distilled water. The 

seedlings were raised in small plastic pots containing acid washed sand in continuous light supplied 

by fluorescent tubes (28±2°C). Seedlings were watered with modified (minus nitrogen) half strength 

Hoagland's solution. 

Primary excised leaves from 7-8d old seedlings were used for various analysis. Leaf segments were 

cut into small pieces and flooted on ¼ strength Hoagland nutrient solution (pH 6) containing the five 

different concentration of arsenate (0, 0.01, 0.1, 1 and 2mM) for the required time period at 26±1°C in 

continuous light (40 Wm-2) inside the growth chamber.  

B. Enzyme assays: 

In vivo and in vitro nitrate reductase activities were assayed according to methods of Srivastava (1974) 

and Stevens and Oaks (1973), respectively. Endogenous metabolic nitrate pool in the leaf segments 

was estimated indirectly by the modified method of Aslam (1981). GOGAT activity in leaves was 

assayed spectrophotometrically as described by Puranik and Shrivastava, (1990). Glutamine 

synthetase activity in samples was estimated accordingly to a modification of the assay given by 

Canovas et al. 1991. The GDH was determined by Singh and Shrivastava, 1983. 

C. Statistical analysis: 

Each treatment was conducted in triplicate. Data presented in the tables are average of mean ± SD with 

significant level *p ≤ 0.05, **p ≤ 0.01. Diagrams shown mean ± SE and bar indicates the standard 

error. 

III. Results and Discussion 

The presence of arsenic in nutrient medium resulted modulation of enzymes activity participated in 

nitrogen assimilation pathway. Significant increase level of NR activity in in-vivo during treatment  

Table 1:  Arsenic effect on Nitrate reductase (in-vivo and in-vitro) and endogenous nitrate pool after given Leaf Treatment.  
n=3, data presented in mean± SD, (*p ≤ 0.05; **p ≤ 0.01) 
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Concentrations 
of Arsenic 

(mM) 

GS  Activity 
(mg/g fresh weight) 

GOGAT Activity 
(mg/g fresh weight) 

GDH  Activity 
(mg/g fresh weight) 

Control 3.48±0.13 4.92±0.20 3.31±0.12 

0.01 3.29±0.36 6.47±0.44* 4.09±0.36* 

0.1 2.61±0.54* 6.01±0.35* 5.22±0.45* 

1 2.58±0.11** 4.67 ±0.58* 5.61±0.14** 

2 1.56±0.30** 3.12±0.65** 6.33±0.26** 

Table 2:  Arsenic effect on GS, GOGAT and GDH activity after given Leaf Treatment. n=3, data presented in mean± SD, 
(*p ≤ 0.05; **p ≤ 0.01) 

was occurred at lower arsenic dose and the effect became pronounced as arsenic concentration was 

increased. The non-significant inhibition of NR was found high at 2mM in compare to control. NR in 

-vitro activity was increased significantly by 126% in 0.1mM and least activity was observed at 2mM 

of arsenic dose. Less or more similar fashion was exhibit by NiR enzyme (summarized in Table 1), 

which was rather to NR activity inhibition found in P. vittata and P. ensiformis (Singh et al. 2009). 

Endogenous nitrate pool was significantly move by more than two folds at 0.1mM and inhibited most 

at 2mM, was only 56.38% compare to control (Figure 1). The similar reduction of enzymes activity 

were found in our previous study when sodium arsenite was used as a metal (Bano et al. 2017) and 

other studies also revealed that arsenic at higher dose leads to a marked reduction of nitrogen 

assimilation (Jha and Dubey, 2004; Chakraborty and Chakraborty, 2015). Different heavy metal 

effected NR in-vivo and endo NR activity in almost similar manner when seeds of P. vulgaris were 

treated (Shrivastava et al. 2016). 

Glutamine synthetase (GS) and glutamine oxoglutarate aminotransferase (GOGAT) are the crucial 

enzyme plays a central role in the regulation of nitrogen assimilation or directly involved in the 

assimilation of ammonia. In the present study GS enzyme activity was reduced significantly with 

increased arsenic toxicity while the activity of GOGAT enzyme increased initially then significantly 

reduced periodically in the table as shown in table 2. GDH shown reverse pattern of activity, its activity 

was significantly increased from top to bottom of the table with increased toxic stress. Highest 

Concentrations 
of Arsenic 

(mM) 

NR (in-vivo) 
inhibition 

(μ mole NO2/hr/g 
fresh weight) 

NR (in-vitro) 
inhibition 

(μ mole NO2/hr/g fresh 
weight) 

Endogenous Nitrate 
Pool 

(μ mole NO2/hr/g fresh 
weight) 

Control 38.41±5.01 23±0.16 21.92±3.09 

0.01 107.8±14.65** 26.91±1.17* 34.61±4.80* 

0.1 85.85±4.56** 29.12±0.31** 49.79±5.92** 

1 43.10±3.81 24.67±0.24 29.78±2.72* 

2 25.41±4.12 15.65±1.01** 12.36±3.11** 

International Journal of Scientific Research and Review

Volume 8, Issue 4, 2019

ISSN NO: 2279-543X

Page No: 338



inhibition of GS and GOGAT were 45% and 63% respectively although GDH activity increased by 

191% at same i.e. 2mM concentration of arsenic in compare to control.  

Amount of heavy metal resulted in inhibition of enzyme action when supplied to growth medium. 

Punesh, (2014) resulted in his study that Cr stress adversely affect nitrate reductase, nitrite reductase, 

glutamine synthetase, and glutamate dehydrogenase in various organs of plant at different growth 

stages as specific enzyme activity of these enzymes decreased with an increase in chromium(VI) 

levels. The change in enzyme activity and other functional proteins may be due to the strong affinity 

of heavy metal ions for chain of protein (Hampp et al. 1976). It was concluded by many scientist that 

GDH is involved in the supply of 2-oxoglutarate rather than in the assimilation of ammonium when 

carbon becomes limiting (Robinson et al. 1992; Aubert et al. 2001; Miflin and Habash, 2002) and the 

present study is also find the similar result (Figure 2). Jha and Dubey, (2004) point out in his study 

that GDH activity increases at mild arsenic toxicity. The induction of NADH-GDH activity under toxic 

level of heavy metals has been described already in number of researches (Chugh et al, 1992; 

Boussama et al, 1999; Balestrasse et al. 2003; Gouia et al; 2003), 

Figure 1:  Showing the effect of arsenic on Nitrate reductase (in-vivo and in-vitro) and endogenous nitrate pool 

 
Figure 2:  Showing the effect of arsenic on GS, GOGAT and GDH activity. 
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IV. CONCLUSION 

The present study explored the modulation in the activity of different enzymes participated in nitrogen 

assimilation pathway due to arsenic stress in P. vulgaris. Results are presented that up to 0.1mM 

concentration of arsenic, activity of enzymes was enhanced and it can be conclude that 1mM of arsenic 

concentration is the tolerant level for P. vulgaris. Increased in all enzymes except GS was noted which 

indicates that there are some detoxification mechanism(s) involved to tolerate at 1mM concentration. 

While at higher level only GDH activity was enhanced shows that when GS and GOGAT was hamper 

GDH pathway was actively participate to cope up with stressed condition. 
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