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Arthocnemum indicum Moq. is a succulent and halophyte which generally grow in 

marshy land which is frequently washed by marine water and the soil is generally 

deficient in nitrogen content. The plant has adapted to nitrogen stress by evolving 

efficient nitrogen assimilating isozymes. In present investigation 4 isoenzymes of 

Glutamate dehydrogenase (EC 1.4.1.3 )(GDH)  are separated electrophoretically from 

the shoot of Arthocnemum indicum Moq.  
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Markert and Moller (1959) described the term ‘isozyme’ for the first time for the 

multiple forms of an enzyme. These enzymes are with similar or identical substrate 

specificity, occur in the same organism but differ in certain physico-chemical 

properties. According to Vessel and Bearn (1962), the duplication of gene with 

subsequent mutations at both the parent and the daughter loci could be the biological 

mechanism for producing multiple molecular forms of an enzyme. However, Rider 

and Taylor (1980) suggested that the multiplicity of the enzyme might be due to 

genetic and primary causes, where organism carries multiple genes, each one coding a 

different type of enzyme subunit. It may also be due to posttranslational causes, as 

homogenous enzyme subunits are modified differently resulting in a range of subunits 

from a single gene. Multiple forms of an enzyme may also result due to the influence 

of environment on the molecules of proteins. Lumry and Erying (1954) termed these 

forms as ‘conformational forms’. 

 

Isozymes commonly occur in microorganisms (Brown et al., 1975) plants (Liu, 1975) 

and animals (Georgiev, 1975)
 
and have been extensively studied by several workers 

(Vezina et al., 1987, Chen and Cullimore, 1989 ; Cai and Wong, 1989). Isozymes are 

known to function in the biochemical modulation of intracellular reactions (Ting et 

al., 1975). Even though isozymes exhibit tissue specificity, which implies a 

significant physiological role for them, they are essentially alike in enzyme activity 

(Markert and Apella, 1961). According to Kay et al. (1967), isozymes differ from one 

another in several catalytic properties, as affinity for the substrate, behaviour towards 

coenzyme, pH optima, thermal stability and sensitivity to inhibitors. 

 

Environmental conditions are known to have a great influence on the isozyme pattern 

of different enzymes. Pahlich (1972) observed changes in the isozyme pattern and 

electrophoretic mobility of GDH due to environmental changes. Similarly, Srivastava 

and Singh (1987) also reported variation in the number of GDH isozymes due to 

variation in nutritional and environmental conditions. Modified activity of certain 

enzymes under saline environment are either due to conformational changes (Kalir 
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and Poljakoff-Mayber, 1975) of the enzyme molecule or due to the changes in 

isozyme pattern (Sanglikar, 1982). Hasson-Porath and Poljakoff-Mayber (1969) based 

on their isozyme pattern of MDH reported that Na2SO4 did not affect the isozyme 

pattern. However, NaCl caused the appearance of new isoenzymes in pea root tips. 

According to Somero (1975), isoenzymes serve an important mechanism for 

broadening the environmental tolerance range of the organisms. 

 

MATERIAL AND METHODS 

The plant material of Arthocnemum indicum Moq.were collected from the natural 

habitat and brought to the laboratory in polythene bags and used for the study of 

protein profile and isozymes of glutamate dehydrogenase (GDH).  

Enzyme Extraction:  

Plants were collected from natural habitats and brought to the laboratory in polythene 

bags. The plants were washed with deionized water and blotted dry. One g fresh leaf 

material was ground vigorously in 10 ml chilled extraction buffer (0.2M Tris-HCl pH 

8, 3.5 mM MgCl2 and 2.5% Polyethylene glycol) using a mortar and pestle. The 

homogenate was then passed through 4 layers of muslin and the filtrate was 

centrifuged at 10,000 rpm for 20 minutes. The debris was removed and the 

supernatant was used as the enzyme source. Throughout the extraction, procedure the 

temperature was maintained around 0
˚
C±2

˚
C. Minimum quantity of buffer was used to 

get concentrated extract. 

Polyacryamide Gel Electrophoresis:  

PAGE was carried out at low temperature (4˚C±1˚C) according to the method of 

Zweig and Whitaker (1967). The gels used for the separation of anionic samples in 

the present experiment were 7.5% running gels; stacking pH 8.3. The gels were cast 

in neutral glass plates (7 cm long, 8 cm wide and 0.75 mm thickness with 10 wells) of 

vertical electrophoresis unit (BIO-RAD, MINI PROTEAN-II). The gel was 

polymerized with polymerizing catalysts like ammonium persulphate and TEMED 

(accelerator of polymerization of gel). For the electrophoresis, the buffer was 

prepared using 6g Tris-HCl, 28.8 g glycine and volume was made to one liter. The 

buffer was diluted 10 times and pH was adjusted to 8.3 before use. 

 

The enzyme extract was mixed with bromophenol blue as a front marker and loaded 

in a polymerized gel wells. The entire gel plate was fitted in the electrophoretic unit, it 

was flooded with running buffer and the anodal, and cathodal ends were connected to 

the power system. The electrophoretic run was carried out at a current of about 2 mA 

/well, at a constant voltage of 150 volts. The run was carried out for about 90 minutes 

until the bromophenol marker front migrated to the other end of the plate. 

Subsequently, the gel was loosened with a jet of water and removed from the glass 

plate. 

 

Detection of GDH: 

Isoenzymes of GDH were detected on the gels by the method of Brewer and Singh 

(1970). 

 

The staining mixture was prepared by dissolving 0.25 M L-glutamic acid, 1.5 mM 

NAD, 0.163 mM phenazine methosulphate (PMS) and 0.43 mM nitroblue tetrazolium 

(NBT) in 0.125M phosphate buffer (pH 9.0). The staining mixture was prepared 

shortly before use as the reactants are less stable in solution. 
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For detecting GDH isoenzymes, the gels were incubated in the staining mixture at 

37˚C. GDH activity generates NADH, which reduces phenazine, which in turn 

reduces NBT. The reduced NBT is an insoluble formazan, which is coloured. 

 

RESULTS AND DISCUSSION     

Three bands G1, G2, G3, and G4 of Rf values of 0.05, 0.21, 0.43 and 0.67were 

observed representing GDH activity in the leaves of Arthocnemum indicum Moq. 

(Figure 1). Isoenzymic nature of GDH in higher plants is well established (Thurman 

et al., 1965; Yue, 1969). Number of GDH isoenzymes varied amongst different plants 

studied and upto 7 isozymes have been reported in Pisum sativum (Hartman, 1973), 

Medicago sativa (Hartman et al., 1973), Arabidopsis thaliana (Cammaerts and Jacob, 

1985) and Vitis vinifera (Loulakakis and Angelakis, 1990). Ratajczak et al. (1986) 

observed 8 isozymes of GDH in lupin root nodules. According to Srivastava and 

Singh (1987), isozymic number of GDH enzyme varies with plant species as well as 

with nutritional and environmental conditions. 

 

Kanamori et al. (1972) detected new isozymes of GDH on the zymogram of PAGE 

due to ammonia treatment. Similar observation of synthesis of new isozymes of GDH 

under high levels of ammonia in the cellular environment was made by several 

workers (Ratajczak et al., 1977, Givan, 1979). According to Loulakakis and 

Angelakis (1991), ammonia induces expression of isozyme. Plants growing under 

high salt concentration are known to accumulate high concentration of ammonia 

(Strogonov, 1964), which may lead to synthesis of new isozyme of GDH. Isozymic  

studies  of  GDH  in  leguminous  plants  have  suggested  that  the GDH isozymic 

pattern is the result of an adaptation  of  the  cell  to  nitrogen  metabolism (Mazurowa 

et al., 1980, Avhad 2012) suggesting a physiological role of GDH isoenzymes in the 

regulation of nitrogen metabolism. However, in the present study three isozymes of 

GDH were detected in the leaves. This may be in response to halophytic nature of the 

plant. 

 

 
Figure 1. Zymogram depicting isoenzymes of Glutamate dehydrogenase (GDH) 

from the leaves of Arthocnemum indicum Moq. 
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CONCLUSION 

Electrophoretic studies of Glutamate dehydrogenase (GDH)  enzyme extracted from 

the shoot of Arthocnemum indicum Moq., revealed 4 isoenzymes of Rf values of 0.05, 

0.21, 0.43 and 0.67. 

 

From the present investigation it can be concluded that even though the plants of 

Arthocnemum indicum Moq. succulent and halophyte generally grow in soil which is 

poor in nitrogen content, it has a high nitrogen content in the plant which is due to an 

efficient enzyme machinery responsible for assimilating the nitrate and ammonia 

available to the plant. 
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