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1. Introduction

In recent years, microbial asparaginases have drawn particular interest because of their 

potential antineoplastic properties and significant application in food industries. The present 

survey was undertaken to establish other microbial species which produce L-asparaginase, 

possibly in more effective and specific form, and which might have even more efficient 

antineoplastic action.15 soil isolates and 12 other microorganisms from different culture 

collections were evaluated for their L-asparaginase producing ability. The activity was 
-1identified on a agar medium containing 3.0 gL-1 glucose, 6.0 gL  Na HPO .2H O, 3.0 gL-1 2 4 2

-1 -1 -1 -1KH PO , 0.5 gL  MgSO .7H O, 0.5 gL  NaCl, 0.015 gL  CaCl .2H O, 3.0 gL  L-asparagine at and 2 4 4 2 2 2

phenol red. Phenol red was used as an indicator for the production of enzyme L-asparaginase. 

Among all the microorganisms tested, four organisms from soil sample and nine cultures from 

various culture collections in India showed their potential for the enzyme production. Further 

morphological and biochemical characterization resulted that the soil isolates were belonging 

to the genera Bacillus spp., Proteus spp. and Pseudomonas spp. The strain, designated as 

ITBHU02, has shown maximum activity of enzyme L-asparaginase.

Enzyme L-asparaginase (L-asparagine amidohydrolase EC 

3.5.1.1) has the physiological function of hydrolyzing amide group 

of the side chain in L-asparagine to produce L-aspartate and 

ammonia (Figure 1). This spectacular property of the enzyme is 

utilized in chemotherapeutic treatment of certain kinds of 

lymphoblastic malignant therapies, mainly in acute lymphoblastic 

leukemia (ALL) and lymphosarcoma for nearly 40 years [1, 2]. L-

asparagine is a non-essential amino acid and a protein building 

material of both normal and tumor cells. Normal cells in the body 

are featured with in vivo synthetic machinery of L-asparagine with 

having normal level of asparagine synthetase (the enzyme that 

obtains L-asparagine from aspartate and ammonium) whereas the 

tumor cells [3]. Upon administration of enzyme L-asparaginase, the 

antineoplastic activity happen to occur due to  significant depletion 

in L-asparagine level at circulating plasma pools in the body, 

resulting in starvation of the amino acid and impaired protein 

synthesis. Leukemic cells are further leaded to apoptotic cell death 

due to inhibition of DNA and RNA synthesis [4].

Apart from medicinal use, L-asparaginase was well 

implemented in fried or baked starch-based food industries for 

producing acrylamide free food products [5]. Based on several 

studies, International Agency for Research on Cancer has 

cataloged acrylamide as “probably carcinogenic to human” [6] and 

the Scientific Committee on Toxicity, Ecotoxicity and the 

Environment, established its intrinsic toxic effects (neurotoxicity, 

genotoxicity to both somatic and germ cells, carcinogenicity, and 

reproductive toxicity) in the year 2001. In fact, acrylamide is 

synthesized in a large amount from reactions between reducing 

carbohydrates and free asparagines at high temperatures above 

120°C [7, 8]. Pretreatment of unprocessed food materials with the 

enzyme L-asparaginase leads to the reduction of free asparagine to 

a significant level, thus reducing the imminent risk of the synthesis 

of acrylamide [9]. 

Although L-asparaginases are broadly distributed among 

various living organisms, including microbes, animals and plants 

species; microorganisms are more efficient and inexpensive 

source of this enzyme. 
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Broome (1963) [10] has revealed that antineoplastic activity in 

guinea pig sera was due to presence of L-asparaginase. Yellin and 

Wriston (1966) [11] confirmed the Broome's statement by partially 

purifying L-asparaginase from sera of guinea pig. Since it was 

difficult to produce and purify the adequate amount of the enzyme 

from guinea pig, researchers had concentrated their attention 

towards screening of alternative source with similar effects. 

Mushburn and Wriston (1964) [12] identified L-asparaginase 

activity from E. coli cells. Cedar et al., (1968) [13] demonstrated that 

E. coli steadily produces L-asparaginase under anaerobic 

circumstances. Peterson et al., (1969) [14] scrutinized the presence 

of L-asparaginase in Erwinia aroideae. Later on, L-asparaginase 

from Proteus vulgaris was produced, purified and crystallized by 

Tosa et al., (1972) [15]. A variety of microorganisms has been 

shown for their L-asparaginase producing potency, as example, 

Enterobacter aerogenes [16], Psuedomonas stutzeri [17], 

Pseudomonas aeruginosa [18], Serratia marcescence [19], Wolinella 

succinogenes [20], and Staphylococcus sp. [21].

The present investigation aimed for qualitative screening of 

most active cultures for L-asparaginase production among 15 

different soil isolates and other bacterial cultures available in 

laboratory of the School of Biochemical Engineering, IIT (BHU), 

Varanasi. 

2.1. Chemicals and experimental statistics

All chemicals used were of analytical grade and media 

components of highest purity grade. L-asparagine and L-aspartic 

Acid β–hydroxamate were procured from Sigma-Aldrich (St. Louis, 

MO, USA). All other chemicals used in this study were of analytical 

grade and purchased locally.

Soil samples from different places contaminated with hospital 

wastes, were collected. 10% soil suspension (1.0 g air-dried soil in 

10 ml of sterile distilled water) was serially diluted upto 10-8 

dilution. 0.2 ml of each dilution was uniformly spreaded on nutrient 

agar plates and incubated them at 30°C for 24-48 h. From the plates, 

15 morphologically different colonies were chosen and further 

purified by repetitive streaking method. The soil isolates along with 

15 strains available in our departmental stock culture collection 

(procured from different culture collections in India) were 

evaluated for L-asparaginase production.

2.3.1. First Screening

The L-asparaginase producing strains were screened initially 

by rapid plate assay method, based on their capability to form a pink 

zone around colonies on agar plates of modified M-9 medium 

incorporated with phenol red as a pH indicator [22]. The agar 
-1medium composed of the following contents: 3.0 gL  glucose, 6.0 

-1 -1 -1gL-1 Na HPO .2H O, 3.0 gL  KH PO , 0.5 gL  MgSO .7H O, 0.5 gL  2 4 2 2 4 4 2

-1 -1NaCl, 0.015 gL  CaCl .2H O and 3.0 gL  L-asparagine at pH 7.0. A 2 2

well was made within the agar plate with the help of gel borer and 

nearly 0.5 ml of bacterial suspension was poured in the well. Plates 

were then incubated at 30°C for 24-48 hrs. The strains having 

potential for L-asparaginase production were selected on the basis 

of pink zone formation around the well and retained for second 

screening. Zone and colony diameter were measured after 48 hrs 

to establish an approximate correlation between enzyme 

productivity to culture biomass. A correlation coefficient (r) was 

calculated as the following formula-

Those isolated microorganisms from the first screening were 

cultured in liquid media including the same component but 

without agar and phenol red at pH 7.0 in 250 ml Erlenmeyer flasks. 

All experiments for quantitative screening were done in triplicate 

and data expressed as average values. After incubation on a rotary 

shaker (30°C, 120 rpm) for 24-48 hrs, the culture broth was 

centrifuged at 10,000 ×g for 10 min, and the supernatants were 

collected for enzyme assay. The enzyme quantification was 

examined at every 12 hours until 48 hours. All the potential 

cultures were maintained as stock cultures in nutrient agar (NA) 

slant at 4°C±1°C. Stock culture was transferred to fresh NA medium 

every 3-4 weeks and used throughout the study for the production 

of L-asparaginase enzymes.

The identification of soil isolates was performed on the basis of 

morphological, culture and biochemical characteristics according 

to Bergey's Manual of Determinative Bacteriology [23].

2.5. Analytical method 

2.5.1.L-asparaginase assay

Measurement of L-asparaginase activity was based on its 

capability to hydrolyze L-aspartic acid β-hydroxamate (AHA) into 

L-aspartate and hydroxylamine. After condensation with 8-

hydroxyquninoline and oxidation reaction, hydoxylamine 

produces a green colored oxindol dye with a distinctive color 

absorbance at 705 nm [24]. The 0.01 M AHA in 0.05 M HEPES (4-(2-

hydroxyethyl)-1-piperazineethanesulfonic acid) buffer (pH 7.0) 

were preheated to 37°C. The assay was started by adding 0.1 ml of 

crude supernatant to 0.3 ml of AHA solution and incubated the 

vials for exactly 30 min at 37°C. The reaction was stopped by 

addition of 2.4 ml stopping reagent (1.0 M Na2CO3 solution: 1% 8-

hydroxyquinoline in ethanol: 1% NaIO4 solution; 8:1:0.2). The 

sample was heated in boiling water bath for 1-2 min. After cooling 

the vials for 5-7 min at room temperature, absorbance at 705 nm 

was recorded. Blank was set without putting crude sample to the 

reaction mixture. 1 unit (U) of asparaginase activity is the amount 

of enzyme that catalyzes the formation of 1 µmol hydroxylamine in 

1 min under the aforesaid assay conditions. 

2.Materials And Methods

2.3.2. Second screening

2.4. Characterization of microorganisms

2.2. Microorganisms 

2.3. Strain screening for L-asparaginase activity 

Diameter of pink zone (b)

Diameter of microbial colony (a)
r =
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Microbial biomass was measured in terms of dry cell weight. It was measured by centrifuging the 48 hours old culture at 8,000 rpm for 

10 min and collecting the pellet. The pellet was further washed twice with distilled water and kept in an oven at 80°C until it dried. The mass 

of dried cells was taken as dry cell weight.

The protein content of the crude enzyme preparation was calculated by Folin reagent according to the protocol of Lowry et al. (1951) 

[25] using bovine serum albumin as the standard. The quantification of enzyme was expressed as specific activity in terms of unit per 

milligram of protein (U/mg).

The present investigation was targeted to screen the potentiality of L-asparaginase production by some bacteria. Out of 15 isolated 

(ITBHU01-ITBHU12) strains and 12 Laboratory strains, ultimately 4 and 9 microbial strains were found to have potential for L-

asparaginase production respectively based on primary screening viz. plate assay (Figure 2 & Figure 3). Three control plates are also 

prepared without introducing L-asparagine (LASP¯), phenol red (PR¯) and without inoculum independently to ascertain the L-

asparaginase activity. As the color change in the medium is directly proportional to the extent of enzyme activity as well as quantity. 

Correlation coefficient (r) value was calculated to find out which one among the strains is the best L-asparaginase producer. From the data 

in Table 1, it is clear that bacterial isolate ITBHU02 has shown highest production potential (r value 3.34; maximum enzyme activity 

3.20±0.3 U/mg) followed by Pseudomonas aeruginosa NCIM 2433 (r value 2.27; 2.88±0.2 U/mg). The final pH of growth medium for each 

L-asparaginase producing organism was also measured to calculate the shift in pH of the medium. Pseudomonas aeruginosa NCIM 2433 

had shown more pH shift (from 7.0 to 8.55) than rest others. However, isolate ITBHU02 has shown a shift from 7.0 to 7.70 (Table 1). 

Figure 2. Plate showing (a) un-inoculated control 

PR+, LASP+ (b) color change into pink due to L-

asparaginase activity (c) inoculated control PR+, 

LASP¯ (d) inoculated control PR¯, LASP+ 

Figure 3. Plates showing production of L-asparaginase by microorganisms

2.5.2.Biomass estimation

2.5.3.Determination of protein content

3. Results 

Figure 1. Catalytic reaction of L-asparaginase
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Isolated and purified bacterial culture were identified based 

on their cellular morphology, gram staining and biochemical 

characteristics as in Bergey's Manual of Determinative 

Bacteriology. Table 2 shows sequential steps of characterization of 

potent L-asparaginase producing strains. Among the four potent 

strains, two was identified as Bacillus spp. (ITBHU01 and 

ITBHU02), one as Proteus spp. (ITBHU05) and one as 

Pseudomonas spp. (ITBHU08).

especially in regard to maximization of production as well as 

purification, must be done on L-asparaginase from the potential 

isolates, and cell cultures and animal experiments will be required 

to determine therapeutic efficacy and safety.

The authors acknowledge the financial supports from 

University Grants Commission, Delhi, India and the School of 

Biochemical Engineering, I.T., B.H.U., Varanasi, India for providing 

laboratory and technical support.

L-asparaginase production from microbial sources through 

the fermentation has been a unique method, owing to its cost-

effectiveness and eco-friendly nature. The increasing importance 

of L-asparaginase in recent years for its therapeutic applications as 

well as extensive uses in food industries promoted us to utilize 

newer microbial sources for L-asparaginase production. 13 

different strains, out of 27, were screened for L-asparaginase 

production on the basis of pink zone formation. Their ability to 

metabolize L-asparagine, present in the culture medium, was 

selected as the criteria for secreting L-asparaginase enzyme. The L-

asparagine was hydrolyzed into L-aspartate and NH3 in the 

presence of bacterial enzyme. NH3 further reacts with water to 

produce NH4OH and pH of the medium changes to the basic. The 

acid-base indicator dye, phenol red converted to the pink color at 

basic pH. Lacking any of the factors (bacterial inoculum, L-

asparagine and phenol red) did not depict any color 

transformation. It proved that color transformation was due to L-

asparaginase production. Four soil isolates belonging to Bacillus 

spp. (ITBHU01 and ITBHU02), Proteus spp. (ITBHU05) and one as 

Pseudomonas spp. (ITBHU08) were characterized based on their 

biochemical properties. The new isolated ITBHU02, among the 

efficient strains, is a potential candidate in the cluster of traditional 

L-asparaginase producers. Major biotyping tests illustrated that 

ITBHU02 was Gram positive, motile, endospore forming, VP test 

negative, catalase positive, fermented glucose, sucrose and lactose 

and urease negative. Based on aforesaid features, it was identified 

as Bacillus spp. Being a gram positive strain, perhaps may be an 

appropriate justification for Bacillus spp. ITBHU02 to be a good 

producer of extracellular L-asparaginase enzyme as the gram 

positive bacteria do not have a periplasmic space and therefore, 

periplasmic proteins; rather they secrete several enzymes  into 

surrounding medium (generally called as exoenzymes) that 

ordinarily would be periplasmic in gram-negative bacteria [26]. A 

further exploration on the regulation of physico-chemical 

parameters to increase the L-asparaginase production potential is 

underway.

Investigation on 15 soil isolates and 12 available laboratory 

strains was done for L-asparaginase production. Based on plate 

assay protocol, 13 strains have been screened initially for the 

enzyme production. The new isolated Bacillus spp. ITBHU02, 

among the proficient strains, was a potential candidate in the 

cluster of traditional L-asparaginase producers. Further work, 
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Acknowledgment 

6. References

5. Conclusion

[1] Verma N, Kumar K, Kaur G, Anand S. L-asparaginase: A promising 
chemotherapeutic agent. Crit Rev Biotechol. 2007; 27: 45-62. 

[2] Lee SM, Wroble MH, Ross JT. L-asparaginase from Erwinia carotovora-an 
improved recovery and purification process using affinity 
chromatography. Appl Biochem Biotechnol. 1989; 22: 1-11.

[3] Keating MJ, Holmes R, Lerner S, Ho DH. L-asparaginase and PEG 
asparaginase-Past, present and future. Leuk Lymphoma. 1993; 10:153-
157.

[4] Kotzia GA, Labrou NE. L-Asparaginase from Erwinia chrysanthemi 3937: 
Cloning, expression and characterization. J Biotechnol. 2007; 127: 
657–669.

[5] Tereke E, Rydberg P, Eriksson S, Tornqvist M. Analysis of Acrylamide, a 
carcinogen formed in heated stuffs. J Agricultural Food Chem. 2002; 50: 
4998-5006.

[6] IRAC (International Agency for Research on Cancer). Some Industrial 
Chemicals. IRAC Monographs on the Evaluation of Carcinogenic Risk for 
Chemicals to Humans. 1994. vol. 60 (p. 435). IRAC, Lyon, France.

[7] Mottram DS, Wedzicha BL, Dodson AT. Acrylamide is formed in the 
Maillard reaction. Nature, 2002; 419: 448-449.

[8] Stadler RH, Blank I, Varga N, Robert F, Hau J, Guy PA, Robert MC,  Riediker 
S. Acrylamide from Maillard reaction products. Nature, 2002; 419: 449-
450.

[9] Lindsay RC, Jang S. Chemical intervention strategies for substantial 
suppression of acrylamide formation in fried potato products. Adv Exptl 
Med Biol. 2005; 561: 393– 404.

[10] Broome J.D. Evidence that the L-asparaginase of guinea pig serum is 
responsible for its antilymphoma effects. Properties of the L-
asparaginase of guinea pig serum in relation to those of the 
antilymphoma substance. J Exptl Med. 1963; 118: 99 - 120.

[11] Yellin TO, Wriston JC. Antagonism of purified asparaginase from guinea 
pig serum toward lymphoma. Science. 1966; 151: 998 - 999.

[12] Mashburn LT, Wriston JC. Tumor inhibitory effect of l-asparaginase from 
Escherichia coli. Arch Biochem Biophys. 1964; 105: 450.

[13] Cedar H, Schwartz JH. Production of L-Asparaginase II by Escherichia 
coli. J Bacteriol. 1968; 96: 2043-2048.

[14] Peterson RE, Ciegler A. L-Asparaginase Production by Erwinia aroideae. 
Appl microbiol. 1969; 18: 64-67.

[15] Tosa T, Sano R, Yamamoto K, Nakamura M, Chibata I. L-asparaginase from 
Proteus vulgaris: Purification, crystallization, and enzymic properties. 
Biochem. 1972; 11: 217–222.

[16] Mukherjee J, Joeris K, Riechel P, Scheper T. A Simple Method for the 
Isolation and Purification of L-Asparaginase from Enterobacter 
aerogenes. Folia Microbiol. 1999; 44: 15-18.

[17] Manna S, Sinha A, Sadhukhan R, Chakrabarty SL. Purification, 
Characterization and Antitumor Activity of L-Asparaginase Isolated 
from Pseudomonas stutzeri MB-405. Curr Microbiol. 1995; 30: 291-298.

[18] El-Bessoumy AA, Sarhan M, Mansour J. Production, isolation, and 
purification of L-asparaginase from Pseudomonas aeruginosa 50071 
using solid-state fermentation. J Biochem Mol Biol. 2004; 37: 387-393.

Yogendra Singh & S. K. Srivastava Int J Biol Med Res. 2012; 3(4): 2548-2554

2553



[23] Buchanan RE, Gibbons NE. Bergey's manual of determinative 
bacteriology, 8th ed. Williams and Wilkins Co., Baltimore, 1974.

[24] Derst C, Wehner A, Specht V, Rohm KH. States and functions of tyrosine 
residues in Escherichia coli asparaginase. Eur J Biochem. 1994; 224: 533-
540.

[25] Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein measurement 
with the Folin phenol reagent. J Biol Chem. 1951; 193: 265–275.

[26] Prescott LM, Harley JP, Klein DA. Procaryotic Cell Structure and Function. 
In: Introduction to Microbiology. 4th ed. New York, USA, The McGraw-
Hill, 1999, pp37-72.

[19] Boyd JW, Phillips AW. Purification and properties of L-asparaginase from 
Serratia marcescens. J Bacteriol. 1971; 106: 578-587.

[20] Lubkowski J, Palm GJ, Gilliland GL, Derst C, Rohm KH, Wlodawer A. 
Crystal Structure and Amino Acid Sequence of Wolinella Succinogenes L-
Asparaginase. Eur J Biochem. 1996; 241: 201-207.

[21] Prakasham RS, Subba Rao Ch, Sreenivas Rao R, Suvarna Lakshmi G, 
Sarma PN. L-asparaginase production by isolated Staphylococcus sp. – 
6A: design of experiment considering interaction effect for process 
parameter optimization. J Appl Microbiol. 2007; 102: 1382–1391.

[22] Gulati R, Saxena RK, Gupta RA. Rapid plate assay for screening L-
asparaginase producing microorganisms. Lett Appl Microbiol. 1997; 24, 
23–26.

Copyright 2010 BioMedSciDirect Publications IJBMR -  
All rights reserved.

ISSN: 0976:6685.c

Yogendra Singh & S. K. Srivastava Int J Biol Med Res. 2012; 3(4): 2548-2554

2554


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

