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ABSTRACT 

The aim of the present work was to investigate the feasibility of paddy straw as a substrate for L-
glutaminase production. Aspergillus fumigatus was selected and optimized for enzyme production in solid state 
fermentation using several agro industrial residues. Maximum enzyme activity was observed in paddy straw. 
Optimum pH and temperature for L-glutaminase activity were found to be 6 and 30 °C at 80 % moisture content. 

Both physico-chemical and nutritional parameters had played a significant role in the production of the enzyme, L-
glutaminase. The enzyme production was found associated with the growth of the fungal culture. Thus the present 
study proved that the fungal strain used is highly potential and useful for industrial applications. 
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INTRODUCTION 

In recent years, L-glutaminase (L-glutamine amidohydrolase EC 3.5.1.2) has been 
studied due to their unique biotechnological versatility and their ability to catalyze a wide 
spectrum of bioconversion reactions of flavour compounds. Microbial glutaminases are more 

stable than plant and animal counterparts. In addition to it, they have also been detected in 
mammalian tissues where they are the major enzymes responsible for catabolic breakdown of 

glutamine [1, 2]. 
 

On an industrial scale, glutaminases are produced mainly by Aspergillus and 
Trichoderma sp. [3, 4, 5]. From an industrial point of view, filamentous fungi are particularly 
interesting as producers of glutaminase because they excrete substantially greater amounts of 
glutaminolytic enzymes into an extra cellular culture medium than bacteria or yeasts. 
Industrially important enzymes have traditionally been produced by submerged fermentation 
(SmF). But in recent years, SSF processes have been increasingly used for the production of 
these enzymes. Interesting fact in SSF which gained renewed interest from researchers in view  

of its economic and engineering advantages are inexpensive agro-industrial residues [6]. 
 

The technique of SSF involves the growth and metabolism of microorganisms on moist 
solids in the absence or near absence of any free-flowing water. These fermentation systems, 

which are closer to the natural habitats of microbes, may prove more efficient in producing 
certain enzymes and metabolites [7, 8]. Compared with submerged fermentation, SSF offers 

many advantages for the production of enzymes such as high productivity, simple technique, 
low production cost, less energy requirement, less wastewater production and better product 

recovery [9, 10, 11]. 

 
Moreover, the primary advantage of SSF is the fact that many metabolites are produced 

at higher concentration. And the crude fermented products from SSF can be used directly as 
the enzyme source for biosynthesis and biotransformation. There are also reports on the 

microbial production of extracellular L-glutaminase under SSF [12]. Keeping in view the 
extensive industrial importance of the enzyme, a study was carried out for optimization of 

fermentation parameters for L-glutaminase production by Aspergillus fumigatus using paddy 
straw. 

 
MATERIALS AND METHODS 

 
Fungal strain 

 
The strain Aspergillus fumigatus used in this study was isolated from soil during a 

screening study for L-glutaminase producing microorganisms [13].The culture was maintained 
on sabouraud’s dextrose agar (SDA) at 30 °C and sub-cultured every four weeks. 
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Chemicals 

 
Chemicals were all of analytical grade. The agro industrial residues used in the study 

were purchased from the local market.  
 

Inoculum preparation 
 

The fungi were grown on SDA plates at 30 ± 2 °C. After profound sporulation, the plates 
were scrapped with 10 ml of sterile water containing 0.1% Tween-80 under aseptic condition. 

The spore suspension adjusted to desired count (106 spores/ml) using haemocytometer served 
as an inoculum. 

 
L-glutaminase production in solid state fermentation 
 

Five grams of agro industrial residue (wheat bran) were  dispensed into 250 ml 
Erlenmeyer conical flasks and moistened with 10 ml of salt solution containing glucose 0.6%, 

KH2PO4 0.1%, MgSO4.7H2O 0.05% and KCl 0.05%. The flasks were autoclaved at 121°C for 25 
min, cooled to room temperature and inoculated with 2 ml of the fungal conidial suspension 

which prepared previously. The inoculated flasks were mixed thoroughly and incubated at 30 °C 
for 5 days. The crude L-glutaminase was extracted with 40 ml of the citrate phosphate buffer 

(pH 7.0), centrifuged at 4 °C for 20 min at 10,000 rpm. 
 

L-glutaminase assay 
 

Assay of glutaminase was carried out by slight modification of Imada using L-glutamine 
as substrate [14]. L-glutamine (1 ml of 1%) in 0.01 M phosphate citrate buffer (pH 7.0) was 
made to react with 1 ml of glutaminase enzyme for 60 min at 37 °C. The enzymatic activity was 
stopped by adding 0.5 ml of 1.5 M trichloroacetic acid. The reaction mixture was centrifuged at 
5,000 rpm for 5 min to remove the precipitated protein.  Then 0.1 ml of above mixture was 
taken and added to 3.7 ml of distilled water. Then 0.2 ml Nessler’s reagent was added to it, 

after 15 min the developed color was measured at 480 nm using a spectrophotometer [15] . 
One unit (U) of L-glutaminase was defined as the amount of enzyme that liberates 1μ mol of 

ammonia under optimal assay conditions. 
 

Optimisation 
 

The strategy followed was to optimize each parameter (solid substrates, incubation 
period, initial moisture content, pH, temperature, carbon and nitrogen sources and metal ions), 
independent of the others and subsequently optimal conditions were employed in all 
experiments. 

 

Selection of substrates: Bengal gram husk (BG), Black gram husk (BH), Coconut oil cake (COC), 
Corn cob (CC), Cotton shell (CS), Cotton seed (CO), Green gram husk (GH),  Groundnut oil cake 

(GOC), Lemon peel (LP), Orange peel (OP), Paddy straw (PS), Pineapple waste (PW), Potato peel 
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(PP), Rice bran (RB), Rice straw (RS), Saw dust (SD), Soybean stover (SS), Sugarcane bagasse 

(SB), Wheat bran (WB) and Wheat straw (WS) were evaluated for L-glutaminase production. 
 

Effect of incubation periods:  Fermentation period was an important parameter for enzyme 
production by Aspergillus fumigatus. In this study, fermentation experiment was carried out up 

to 7 days and production rate was measured at 24 h regular intervals. 
 

Effect of moisture content: To investigate the influence of the moisture content (before 
autoclaving) of the substrate, the fermentation was carried out under various moisture 

contents (10 to 90 %) of paddy straw which was adjusted with distilled water. 
 
Effect of pH: The medium was adjusted using 0.1 M citrate phosphate for pH values between 
3.0 and 7.0, in order to study the effect of pH on L-glutaminase production by Aspergillus 
fumigatus.  
 
Effect of temperature: temperatures ranging from 25 to 50 °C were tested for their effect on L-

glutaminase production. 
 

Effect of various carbon and nitrogen sources: the effect of various carbon sources (sucrose, 
glucose, lactose, galactose and dextrose) were used for studying. Effects of various nitrogen 

sources (peptone, yeast extract, urea, casein and albumin) at a concentration of 1% w:v was 
studied. 
 
Effect of metal ions: CaCl2, KCl, MgSO4, NaCl and ZnSO4 at a concentration of 1% w:v were 
studied for their L-glutaminase production. 
 
Statistical analysis 
 

The statistical software, SPSS version 16.0 was used to estimate the statistical 
parameters. All statements of significance were calculated by One-way ANOVA, based on 95% 

confidence level. 
 

RESULTS AND DISCUSSION 
 

Selection of substrates 
 

The potential economical advantages of solid state cultures may include a reduced 
thermal processing requirements, reduced energy requirement for agitation with high 
extracellular product concentration. Solid substrates employed in SSF processes are insoluble in 
water and act as a source of carbon, nitrogen, minerals as well as growth factors [16]. Results 
recorded in Figure 1 showed the maximum with an enzyme yield of 84 U/g when paddy straw 

was employed as a substrate. The selection of the ideal industrial waste for the enzyme 
production in a solid state fermentation process depends upon several factors mainly related 

with cost and availability of the substrate material and thus may involve screening of several 
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agro-industrial residues [17]. The result in the present study indicated that L-glutaminase 

enzyme production pattern varied with agro-industrial residues. 
 

 
Figure 1: Effect of various substrates in L-glutaminase production 

 

Effect of incubation periods 

 
Maximum enzyme production could be obtained only after a certain incubation time 

which allows the culture to grow at a study state. Growth rate and enzyme synthesis of the 
culture are the two main characteristics which are mainly influenced by incubation time [18]. 

Enzyme production of each strain differs depending upon the specific growth rate of the strain. 
The maximum enzyme productivity (60 U/g) by the experimental fungal isolate was obtained at 

5 days of cultivation is presented in Figure 2. Results of our study are in line with those 
produced by Aspergillus oryzae [19, 20]. 

 
Figure 2: Effect of incubation period in L-glut aminase production 

 

Effect of moisture content 

 

Initial moisture content is a key factor in the L-glutaminase enzyme production. Data 
presented in Figure 3 indicated that maximum glutaminase production was obtained (64 U/g) 
when SSF was carried out at a moisture content of 80% (Figure 3). Moisture optimization can be 
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used to regulate and to modify the metabolic activity of the microorganism [21]. This could be 

accomplished by the faster growth of microorganism at higher moisture content and the 
subsequent early initiation of the enzyme production.  

 

 
Figure 3: Effect of moisture content in L-glutaminase production 

 

Effect of initial pH 
 

Naturally a slight change in pH may affect the protein structure and a decline in enzyme 
activity beyond the optimum pH due to enzyme inactivation or instability. The pH ranging from 
3 to 7 was studied for the detection of optimum pH. High glutaminase prod uction was found at 
pH 6 (72 U/g) and minimum was observed at pH 3 (14 U/g) (Figure 4). These results are in 
coincidence with that reported for L-glutaminase production under solid state fermentation 
using Trichoderma koningii [5].  

 

 
Figure 4: Effect of varying pH in L-glut aminase production 

 

Effect of temperature 
 

Temperature, a critical parameter has to be controlled which varies from organism to 
organism. It strongly affects the synthesis either non-specifically or specifically influencing the 
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rates of biochemical reactions. It can be observed from the Figure 5 that maximum yield (72 

U/g) was obtained at 30 °C. In the present experiment with increase in temperature, enzyme 
production increased up to a certain level and upon further increase of temperature, 

production decreased. It might be due to the depletion of nutrients in the medium which 
stressed the fungal physiology resulting in the inactivation of secretary machinery of the 

enzymes. The optimum temperature of 30 °C obtained for L-glutaminase production by 
Aspergillus fumigatus is identical to that reported by El-Sayed in Trichoderma koningii [5]. 

 

 
Figure 5: Effect of temperature in L-glutaminase production 

 

Effect of various carbon and nitrogen sources 
 

Carbon sources play a vital role in the cell metabolism and synthesis of glutaminase. The 
effect of carbon sources on the production of enzyme by Trichoderma sp. was investigated. 

Carbon sources tested for production of L-glutaminase enzyme showed maximum (48 U/g) 
when medium is incorporated with dextrose (Figure 6). Many researchers have studied the 

effect of additional carbon supplementation on the substrates. Sabu et al., reported maximum 

production on supplementation with glucose [12]. 
 

 
Figure 6: Effect of various carbon sources in L-glutaminase production 
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The results on the effect of addition of nitrogen sources showed an impact on the 

production of L-glutaminase when yeast extract is incorporated into the fermentation medium. 
As presented in the Figure 7, high enzyme production was observed for yeast extract (58 U/g) 

followed by peptone (52 U/g). Evidently, except for lactose, all the compounds exerted a 
beneficial impact on glutaminase synthesis by the fungal culture. Similar results were reported 

for the production of L-glutaminase by the halophilic Z. rouxii under solid state fermentation 
[16]. 

 

 
Figure 7: Effect of nitrogen substrates in L-glutaminase production 

 

Effect of metal ions 
 

When different metal ions were used in the solid state fermentation medium, the 
highest enzyme activity was obtained in NaCl (Figure 8) (52 U/g) and minimum at KCl (24 U/g). 

Hence the enzyme production could have resulted in better utilization of metal ions, which 
enhanced the L-glutaminase production. Similar results of inhibition of glutaminase activity by 

the addition of metal ions were reported by Prabhu and Chandrasekaran [22].  

 
Figure 8: Effect of various metal ions in L-glutaminase production 
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CONCLUSION 

 
L-glutamine amidohydrolase is an industrially important enzyme which is mainly used in 

the food and pharmaceutical industry. As this enzyme broadens its wide applications, there is 
always a scope for novel glutaminase with better characteristics. From this study, we were able 

to establish that agro industrial wastes (paddy straw) which have not been exploited 
commercially for any industrial application and are poorly disposed could effectively be used as 

substrate for L-glutaminase production through the process of solid state fermentation. 
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