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Abstract 

Optimum conditions for glutaminase production by Serratia marcescens N1 in glutamine broth 

medium were studied. Results showed that maximum glutaminase production was achieved when 

S.marcescens was cultured in production medium supplemented with starch as a sole source for 

carbon and energy at a concentration of 0.5%, meat extract as a nitrogen source at a concentration 

of 0.5%, pH8 and inoculated with a count of 2×104 CFU/ml of fresh bacterial culture, then 

incubated in a shaker incubator (150 rpm) at 30oC for 18 hrs. Under these conditions, specific 

activity of crude glutaminase produced in culture filtrate was 5.8U/mg protein. 

 

Introduction 

L-glutaminase L-glutamine amidohydrolase 

(EC: 3.5.1.2) catalyzes the hydrolysis of  

L-glutamine to L- Glutamic acid and ammonia 

(1), which plays a major role in the cellular 

nitrogen metabolism of both prokaryotic and 

eukaryotic cells (2). Glutaminase is ubiquitous 

in various organisms, and was widely 

distributed in plants, animal tissues and 

microorganisms including bacteria, yeast and 

fungi (3). In recent years, L-glutaminase  

has attracted much attention in both 

pharmaceutical and food industrial 

applications. In food industry, it was used as a 

flavor enhancer by increasing glutamic acid 

content in food through hydrolysis of  

L-glutamine to L-glutamic acid and ammonia. 

It was also used in the enzyme therapy for 

cancer, especially for acute lymphocytic 

leukemia (4). Another important application of 

L-glutaminase is in biosensors for monitoring 

the glutamine levels in mammalian and 

hybridoma cells (5). Recombinant glutaminase 

was patented for its activity against cancer and 

HIV (6). Due to the widely variations in  

the nutritional requirements among bacteria, 

numerous media were developed for 

glutaminase production. Optimum activity 

conditions for any enzyme in vitro are not 

necessarily optimum for the same enzyme in 

vivo, so the components of a medium were 

determined by microorganism, cost, 

purification process, waste treatment, and so 

forth (7). The main objective of this study was 

to determine the optimum conditions for 

glutaminase production by Serratia 

marcescens N1.  

 

Materials and Methods 

Microorganism and media 

Serratia marcescens N1 was obtained from 

a previous study (8). This isolate was 

maintained on tripticase soya agar medium 

(Biolife), glutaminase production by this 

isolate was achieved in a production medium 

containing (per liter): 2 g of L-glutamine,  

0.05 g of MgSO4.7H2O and 1 g of K2HPO4 in 

1000 ml deionized distilled water (9).  

 

Enzyme assay 
Assay of glutaminase was achieved 

according to Novak and Philips (10), by 

incubating 200 µl of the crude enzyme and  

50 µl of reaction mixture containing 0.1M 

glutamine dissolved in 0.02M phosphate 

buffer (pH8) in a shaker incubator at 37°C for 

30 min.  Reaction was stopped by adding 5 ml 

of mixture consisted of 1% phenol and 0.005% 

nitroprusside, then 5ml of 0.5% sodium 

hydroxide was added. Test tubes were 

reincubated in a shaker water bath  

(100 cycle/min.) at 37oC for 20 min. 

Absorbance was measured at 595 nm, then 

enzyme activity was measured according to 

ammonium standard curve. Activity unit was 

defined as the amount of enzyme required to 

liberate 1µmol of ammonium in one minute 

under experimental conditions. 

 

Protein concentration 

Protein concentration in culture medium 

was determined according to Lowery (11) by 

using folin reagent and Bovine serum albumin 

standard solution. 
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Optimization of glutaminase production 
Optimum conditions for glutaminase 

production by Serratia marcescens N1 was 

carried out aerobically by inoculating fifty ml 

of the production medium in to 250 ml 

Erlenmeyer flasks with 1% of mid-exponential 

phase culture of Serratia marcescens N1 and 

incubated at 30°C for 24 hrs. Optimum 

conditions included the type and concentration 

of carbon and nitrogen sources, pH medium, 

incubation temperature, incubation period, 

inoculum size and agitation speed. 

 

Effect of carbon source 

Six carbon sources (starch, lactose, 

fructose, glucose, maltose or sucrose) were 

used as a sole source for carbon and energy to 

determine the optimum on suitable for 

glutaminase production by S.marcescens N1. 

These carbon sources were added to the 

production medium (glutamine broth medium) 

at a concentration of 0.5% and six 

concentrations of starch (0.5, 1, 1.5, 2, 2.5 or 

3% respectively). 

 

Effect of nitrogen source 

Five nitrogen sources were used for this 

purpose. These nitrogen sources include meat 

extract, peptone, yeast extract, ammonium 

nitrate and casein that were added to the 

production medium in a concentration of 

0.5%. and various concentrations (0.5, 1, 1.5, 

2, 2.5 and 3% ) of the most efficient source of 

nitrogen (meat extract). 

 

Effect of inoculum size and pH 

Six inoculum sizes were used to optimize 

glutaminase production. They were 2×103,  

2 × 104
, 2×105

, 2×106, 2×107, or 2×108 cfu/ml 

respectively, and used to inoculate the 

production medium separately. Also different 

pH values were studied optimize glutaminase 

production by S.marcescens N1, 

 

Effect of incubation temperature and 

incubation period 

In this study different incubation 

temperatures (15, 20, 25, 30, 35, 40, 45 or 

50oC) were used and also different incubation 

periods (6, 12, 18, 24, 30, 36 or 48 hrs) were 

applied. 

 

Effect of agitation 

Effect of agitation on glutaminase 

production by S.marcescens N1 was 

determined by incubating bacterial cultures in 

a shaker incubator at different speeds of 

agitation (50, 100, 150, or 200 rpm). 

 

Results and Discussion 

Optimization of glutaminase production 

Effect of carbon source 

Results mentioned in Fig.(1) showed that 

maximum glutaminase production was 

achieved when starch was used as a sole 

source for carbon and energy because enzyme 

specific activity in crude filtrate of 

S.marcescens N1 reached the maximum value 

(1.3 U/mg), while the specific activity was less 

when the production medium was 

supplemented with other carbon sources. By 

using this carbon source, glutaminase specific 

activity in crude filtrate of N1 culture reached 

1.3 U/mg. Other results showed that glucose 

was less effective in glutaminase production 

because enzyme specific activity in crude 

filtrate of N1 culture was 0.42 U/mg. Prusiner 

(12) reported that a higher concentration of 

glucose supported better growth and biomass 

of S.marcescens but enzyme production was 

suppressed at a glucose concentration of 1% 

and above. This may be due to the catabolic 

repression of the enzyme. 
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Fig. (1) Effect of carbon source on 

glutaminase production by S.marcescens N1 

after incubation at 37oC for 24 hrs. 
 

Effect of carbon source concentration  

Results illustrated in Fig.(2) showed that 

glutaminase production varied according to the 

concentration of starch. Maximum production 

of glutaminase was achieved when the 
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production medium was supplemented with 

0.5% starch. At this concentration enzyme 

specific activity reached 1.3 U/mg, and then 

specific activity decreased with the increase of 

starch concentration. 
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Fig. (2) Effect of starch concentration on 

glutaminase production by S. marcescens N1 

after incubation for 24 hrs at 37oC. 

 

Effect of nitrogen source 
Results illustrated in Fig.(3) showed that 

production of glutaminase by S. marcescens 

N1 varied according to the type of nitrogen 

source. Hence maximum glutaminase 

production was achieved by adding meat 

extract to the production medium. Enzyme 

specific activity in crude filtrate of 

S.marcescens N1 recorded 1.4 U/mg using this 

nitrogen source, while specific activity was 

less when the production medium was 

supplemented with other nitrogen sources. 
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Fig.(3) Effect of different nitrogen sources 

on glutaminase production by S. marcescens 

N1 after incubation for 24 hrs at 37oC. 

In general, glutamine has an important role 

in increasing glutaminase production to two 

foldes compared with other sources of nitrogen 

such as ammonium ions and glutamate (12). 

On the other hand, Keerthi et al., (13) found 

that production of glutaminase by B. bassiana 

required 1% of yeast extract, 9% of 

ammonium chloride and 2% methionine to get 

higher productivity.  

 

Effect of nitrogen source concentration 
Results indicated in Fig.(4) showed that 

maximum glutaminase productivity was 

obtained when meat extract was supplemented 

to the production medium at a concentration of 

0.5%. At this concentration, glutaminase 

specific activity in culture filtrate of 

S.marcescens N1 reached 1.4 U/mg. Meat 

extract at this concentration (0.5%) provide the 

most growth requirements for bacterial growth 

and production of secondary metabolites (14). 
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Fig. (4) Effect of meat extract 

concentration% on glutaminase production 

by S. marcescens N1 after incubation at 37oC 

for 24 hrs. 

 

Effect of inoculum size  
Results illustrated in Fig.(5) showed that 

production of glutaminase by S.marcescens N1 

was affected by the ionculum size of 

microorganism. It was found that glutaminase 

production increased slightly with increasing 

inoculum size to 2x104 cfu/ml, then 

glutaminase production decreased gradually. 

Maximum productivity was obtained when  

the production medium was inoculated with 

2×104 CFU/ml that caused an increase in 

enzyme specific activity to 1.5 U/mg, hence 

decreasing glutaminase production at higher 

inoculum size (more than 2x104 cfu/ml). It 
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may be attributed to the high density of 

bacterial cells, competition on nutrients and 

increasing toxic secondary metabolites which 

inhibit growth cells, leading to a decrease in 

enzyme production (15). In other study, it was 

found that 2.3 ×104 CFU/ml of inoculum size 

was the most efficient for glutaminase 

production by Vibrio choerae (16). The 

inoculum ratio to production medium that 

gives maximum productivity of enzymes 

differs according to the type of microorganism 

and cultural conditions (17). 
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Fig.(5) Effect of inoculums size on 

glutaminase production by S. marcescens N1 

after incubation at 37oC for 24 hrs. 

 

Effect of medium pH  

Results shown in Fig.(6) indicate that 

maximum glutaminase production was 

obtained when the pH value of the production 

medium was adjusted to 8, since enzyme 

specific activity in the culture medium reached 

1.5U/mg. This result is in agreement with  

Al-Naima (17), who noticed that the maximum 

glutaminase production by Vibrio cholera S1 

was obtained when the production medium 

was adjusted to alkaline pH. A decrease or 

increase in hydrogen ions (H+) causes pH  

changes in the culture medium which may lead 

to drastic changes in the three-dimensional 

structure of proteins because of the 

competition of H+ and/or. 
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Fig.(6) Effect of medium pH on glutaminase 

production by S.marcescens N1 after incubation 

at 37o C for 24 hours. 

 

OH- with hydrogen bonds and ionic bonds 

in an enzyme structure resulting in enzymes 

denaturation as speculated by Tortora (18). 

The effect of pH on enzyme production 

was due to its role in the solubility of the 

nutritional substances and its effect on the 

ionizable state of the substrate and its 

availability to the microorganism, in addition 

to its effect on the stability of the produced 

enzyme (19). 

 

Effect of incubation temperature 
For any enzymatic reaction, elevation of 

temperature below or above the optimal will 

drastically reduce the rate of reaction, hence 

the incubation temperature usually affects 

growth of microorganism and glutaminase 

production (20). Results illustrated in Fig.(7) 

showed that maximum production of 

glutaminase was obtained when the culture 

medium was incubated at 30oC. Under these 

conditions, glutaminase specific activity 

reached 1.7 U/mg. These results were in 

agreement with that obtained by Green Wood 

et al (21), who found that the 30oC was 

relevant for glutaminase production from 

Serratia marcescens . 
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Fig.(7) Effect of incubation temperature on 

glutaminase production by S. marcescens N1 

after incubation for 24 hrs. 

 

In other studies, it was found that the 

optimum growth temperature for  

Xanthomonas spp for glutaminase production 

was 30oC, while the optimum for glutaminase 

production from E.coli, V.cosicola and  

Vibrio cholerae was 37oC respectively (17, 22, 

and 23).  

 

Effect of incubation period  
Results indicated in Fig.(8) showed that 

enzyme production was initiated after the first 

6 hrs of incubation with a gradual increase in 

its productivity with an increasing in the 

incubation period. Enzyme specific activity 

reached its maximum (4 U/mg) after 18 hrs of 

incubation, then it began to decrease slowly 

recording 0.3 U/mg after 48 hrs of incubation. 

Enzyme production decreased after 48 hrs of 

incubation, which may be due to the adverse 

effect of metabolism products accumulated in 

culture medium that produced continuously 

during the time course of bacterial growth 

(24). 
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Fig.(8) Effect of incubation period on 

glutaminase production by S.marcescens N1 

after incubation at 30oC. 

 

In another study, it was found that 

optimum asparaginase production produced by 

S. marcescens was obtained after 18 hrs of 

incubation (25). 

 

Effect of agitation  

Results illustrated in Fig.(9) showed that a 

gradual increase in glutaminase production 

starting from 1.5 U/mg (in static state) 

reaching its maximum (5.8 U/mg) when the 

culture medium was incubated at 150 rpm, 

then it began to decrease with increasing the 

agitation speed. Results are in agreement with 

(26 and 27) who found that aeration and 

oxygen are important factors in glutaminase 

production from different microorganisms. 
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Fig.(9) Effect of agitation on glutaminase 

production by S.marcescens N1 after 

incubation in shaker incubator at 30oC for  

18 hours. 
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 الخلاصة

درست الظروف المثلى لانتاج انزيم الكلوتامينيز بوساطة 
في وسط الكلوتامين  Serratia marcescens N1بكتريا 

السائل. وقد اشارت النتائج الى ان اقصى انتاج للانزيم قد تم 
الوصول اليه بتدعيم وسط الانتاج بالنشا مصدرا وحيدا 

درا ـرة مصـومستخلص الخمي ،%5.0والطاقة بتركيز للكاربون 
وتلقيح  ،pH8م هيدروجيني ـبرق %5.0ا بتركيز ـنايتروجيني

وسط الانتاج بعدد حي من الخلايا البكتيرية النشطة مقداره 
ثم الحضن في الحاضن الهزاز بسرعة  ،مل خلية/ 054 ×2

ساعة. وقد  01م لمدة  05درجة دقيقة على  دورة/ 005
بلغت قيمة الفعالية النوعية لانزيم الكلوتامينيز الخام المنتج 

 وحدة/ 0.1في رائق المزرعة البكتيرية  تحت هذه الظروف 
 ملغرام بروتين.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


