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ABSTRACT

In recent years, microbial L-asparaginases have drawn particular attention because
of their potential antineoplastic properties and significant application in food
industries. The present study was undertaken to establish microbial species that
produces L-asparaginase, which might have even more efficient antineoplastic
activity. Out of 67 isolates 46 were screened for the production of L-asparaginase
on a Modified M9 Agar Medium with phenol red as an indicator. Quantitative
estimation was done by Nesselerisation. Among all positive asparaginase producing
strains, nine were identified as Bacillus cerus, seven Bacillus subtilis, five E. coli,
seven other Bacillus species, one Proteus, four Pseudomonas , four Arthobacter,
two Lactobacillus and four Salmonella species on the basis of morphological and
biochemical characterization. Among them the most significant activity was shown
by Pseudomonas species (1.6 1U/ml). Further, upon molecular characterization, it
was identified as Pseudomonas proteolytica strain S13D, with Accession 1D
KC407594, a new potential strain for L-asparaginase production.

I ntroduction

In 1963 it was reveaed that antineoplastic

Enzyme L-asparaginase (L-asparagines
amidohydrolase EC 3.5.1.1) has the
physiologica function of hydrolyzing
amide group of the side chain in L-
asparagine to produce L-aspartate and
ammonia. This spectacular property of the
enzyme is utilized in chemotherapeutic
treatment of certain kinds of lymphoblastic
malignancies, mainly in acute
lymphoblastic leukaemia (ALL) and
lympho-sarcoma for nearly 40 years (Lee
et al., 1989; Vermaet al., 2007).

activity of guinea pig sera was due to the
presence of L-Asparaginase (Broome, et
al., 1963). Broome's statement was
confirmed by partialy purifying L-
Asparaginase from the sera of guinea pig
(Yelin et al.,, 1966). L-Asparaginase
activity was aso identified from E.coli
cells as it was demonstrated that E.coli
steadily produces L-Asparaginase under
anaerobic conditions (Cedar et al., 1968,
Mashburn et al., 1964). Presence of L-
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Asparaginase was also observed in
Erwinia aroideae (Peterson et al., 1969).
Later on, L-Asparaginase was produced,
purified and crystalized from Proteus
vulgaris (Tosa et al., 1972). A variety of
microorganisms has been shown for their
L-Asparaginase producing potency, viz.
Enterobacter aerogenes (Mukherjee et
al., 1999), Psuedomonas stutzeri (Manna
et al.,1995), Pseudomonas aeruginosa (El-
Bessoumy e a. 2004), Seratia
mar cescence (Boyd et al,1971), Wolinella
succinogenes (L ubkowski et al.,1966), and
Staphylococcus species ( Prakasham et
al.,2007).

Asparaginase is present in many animal
tissues, bacteria, plants and in the serum of
certain rodents but not in mankind.
Although L-Asparaginases are broadly
distributed among various living
organisms, however, microorganisms are
more efficient and inexpensive. The
principle source of L-asparaginase for
clinical trias is the bacterium Escherichia
coli (Assdlin et al.,, 1993) and Erwinia
(Aghaiypour et al., 2001). Literature
indicated that the enzyme’s biochemical
and kinetic properties vary with the
genetic nature of the microbia strain used
(Eden et al., 1990), suggesting that thereis
a need to locate new sources of L-
asparaginases those are serologicaly
different but have similar therapeutic
effects.

This requires screening of samples from
various sources for isolation of potentia
microbes which have the ability to
produce the enzyme with novel properties.
The present investigation amed at
isolation of bacterial cultures from various

soil  sources and their qualitative
production of L-Asparaginase, which
might have even more efficient

antineoplastic activity.
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Materials and Methods

Sample collection

Soil samples were collected in the
sterilized poly bags from the depth of
30cm from different sites viz. Garden,
farm and muddy soil of Gwalior (India) as
the method described by Prescott (1999).

| solation of bacteria

Isolation of bacteria was performed by the
seria dilution technique, using nutrient
agar medium (Peptone, 5.0 g; Beef-
extract, 3.0 g; Sodium chloride, 5.0 g;
agar-agar, 20.0 g per litre of digtilled
water). Morphologically different colonies
were selected and obtained the pure
culture by repetitive streaking method.
Pure culture were maintained on nutrient
agar slants and stored at 4°C for further
use.

Primary screening

The L-asparaginase producing strains were
initially screened by rapid plate assay
method, based on their capability to form a
pink zone around colonies on agar plates
of modified M-9 medium (Gulati et al.,
1997). The medium contained
NaHPO,4.2H,0, 6.0 g; KH2PO4, 3.0 g;
NaCl, 0.5 g; L-Asparagine, 10.0 g; 1mol-
MgS04.7H,0, 2.0 ml; 0.1 M solution of
CaCl,.2H,0, 1.0 ml; 20% glucose stock,
10.0 ml; agar 20.0 g. per liter of distilled
water. The medium was supplemented
with 0.005% phenol red dye (prepared in
ethanol) and the pH was adjusted to 6.2
using 1IN HCI. Plates were then incubated
at 37°C for 24-48 hrs. A set of tubes was
also run as a control without L-asparagine.
The strains having potential for L-
asparaginase production were selected on
the basis of pink zone formation and
retained for further screening.
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Secondary screening

| solated microorganisms from the previous
screening were cultured in liquid media
(TGY-Broth with 1% asparagine) at pH
7.0 in 250 ml Erlenmeyer flasks. Un-
inoculated medium served as negative
control. All experiments for quantitative
screening were done in triplicate and data
expressed as average values with standard
deviation (Calculated from Graph pad
Prim 6). After incubation on a rotary
shaker (37°C, 120 rpm) for 48 hrs, the
culture broth was centrifuged at 10,000 xg
for 10 min, supernatants were collected
and enzyme assay done was by
Nesselerisation (Imada et al., 1973).

Characterization of microorganisms

All 46 selected bacterial isolates showing
excellent L-asparaginase activity were

characterized on the basis of
morphological and biochemical
characteristics and the results were

interpreted according to Bergey's Manual
of Determinative Bacteriology & PIBWIN
software version 19.2.(Bryant,2004;Holt,
1994).

Molecular characterization of the

potent aspar aginase producing strain

Out of al positive isolates, the maximum
asparaginase producing isolates were
selected and processed for Isolation of
genomic DNA, 16S rDNA sequencing and
phylogenitic analysis. Amplification of
16S rDNA by PCR was done using
Universal bacteria primer 1492R (5’-
TAC GGY TACCTT GTT ACG ACT T-
3’). Sequencing of 16S rDNA of the
isolates was done in Indian Oil
Corporation Ltd. Faridabaad.

Phylogenetic analysis

BLAST search was done for partial 16S
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rDNA of the isolates by submitting queries

to NCBI- BLAST (http://www.nchi.
nlm.nih.gov/blast/Blast). Homol ogous
sequences, obtained by  standard

nucleotide-nucleotide BLAST  (blastn)
were aligned with the isolate sequence
using Clustal program (Higgins et al.,
1988). The Evolutionary distance matrix
was obtained according to Jukes et al.,
(1969). Evolutionary trees for the data
were obtained by neighbour joining
method (Saitou et al.,, 1987) using
neighbour joining program (Kumar et al.,
1993).

Results and Discussion

Based on primary screening, 46 were
found to have potential for L- asparaginase
production out of 67 isolates. (Fig. 1 & 2).
Two control plates were also prepared (a)
without inoculum (b) phenol red (PR)
to ascertain L- asparaginase activity.

Secondary  screening  for  enzyme
production in Tablel, it is clear that
bacterial isolate S13D has shown highest
production potential (i.e. maximum
enzyme activity of 1.6+0.3 U/mg).

Table 2 shows sequential steps of
characterization of potent L-asparaginase
producing strains. Among all the positive
asparaginase producing strains, nine
isolates were identified as Bacillus cereus
(AT, AX, AO, AQ, AH1, AH, AD, AB,
AA), seven Bacillus subtilis (AC, Al, AZ,
AJ, AM, AG, AYS), seven other Bacillus
species (AE, AC1, AC2, AK, AV, AF,
AL), five E.coli (Z15D, Z15E, Z14A,
Z9A, Z5A) one Proteus, (T13D) four
Pseudomonas (S13D, S15H, SI6G, S15D),
four Arthobacter (B1A, B1B, B1C,
B1D), two Lactobacillus (AO1, T11C)
and four Salmonella species (Z15E, Z9D,
Z30c, Z14A).
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Fig. 2. Plates showing production of L-asparaginase by microorganisms

TABLE 1- A COMPARETIVE CHART FOR L-ASPARAGINASE ACTIVITY PRODUCTION BY DIFFERENT BACTERIAL ISOLATES

5.0.=STANDERD DEVIATION

ENZYME ACTIVITY IU/ml with 5.D.
AFTER 24 AFTER 48 AFTER 72 HOURS AFTER 24 HOURS | AFTER 48 AFTER 72
5.Mo. | CULTURE HOURS HOURS 5.No. CULTURE HOURS HOURS
CODE CODE

1 Al 0.54 + 0.01 0.59 + 0.03 0.40 # 0.02 24 AX 0.59 +0.06 0.65 + 0.01 0.70 £ 0.03
2 AB 0.18 + 0.07 033 + 0.01 0.21 # 0.001 25 AZ 0.32 + 0.02 1.27 + 0.32 | 0.81 # 0.007
3 AC 0.66 x0.02 056 + 0.08 049 = 0.01 26 B1A 0.32 +0.01 0.39 £ 00001 | 017 £ 006
4 ACl 0.2 £ 0.01 010 + 0.01 0.13 # 0.04 27 B1B 0.23 + 0.04 0.31 # 0.01 0.29 £ 0.02
5 AC2 0.2 £ 0.03 032 + 0.02 0.22 = 0.02 28 B1C 0.34 + 001 0.53 £ 0005 | 032 %002
3 AD 0.24 =001 030 + 0.02 0.14 = 0.02 29 B1D 0.27 +0.06 0.30 = 0.02 0.16 # 002
7 AE 025 £ 003 | 0.22 £0001 0.27 £ 0.02 30 B1E 022 £ 001 0.30 = 002 0.29 £ 002
8 AF 045 £ 001 087 + 0.01 0.82 £ 0.06 31 5130 096 +0.1 167 + 002 0.82 £ 006
E] AG 026 £ 001 | 0.20 £ 0005 0.05 = 0.02 32 515D 0.63 + 002 0.80 = 002 0.77 £ 001
10 AH 0.67 £ 0.03 059 + 0.01 042 =003 33 515H 05002 061 + 007 | 0.34 £ 0.005
11 AH1 0.32 + 0.01 015 + 0.01 0.14 £ 0.01 34 5166 0.58 + 0.04 0.65 + 0.01 0.51 £ 0.03
12 Al 0.34 + 0.01 075 + 0.01 0.50 + 0.005 35 T11C 0.53 +0.02 0.69 + 0.05 0.78 = 0.02
13 Al 0.33 £+ 0.01 040 + 0.01 0.37 # 0.005 36 T12C 0.37 + 0.04 0.50 # 0.01 0.41 £ 0.03
14 AK 0.15 + 0.01 0.24 + 0.04 017 £ 0.05 37 Ti3D 0.76 + 0.06 0.90 = 0.04 0.74 £ 0.03
15 AL 0.71 + 0.03 084 + 0.06 0.57 = 0.05 38 714A 0.2 +0.03 048 + 0.05 0.21 = 003
16 AM 0.35 + 0.03 041 + 0.02 0.21 £ 0.02 39 Z14A 021 + 0.4 0.51 + 0.02 0.31 # D.02
17 AD 0.61 + 0.001 0.56 + 0.1 0.37 £ 0.03 40 Z15D 0.79 + 0.03 0.79 + 0.01 0.59 £ 0.02
18 AQL 0.29 =003 022 + 0.08 035 +02 41 Z15E 0.55 + 0.09 0.68 + 0.01 0.44 = 001
19 AQ 0.68 x0.04 039 + 0.06 0.20 # 0.001 42 Z15E2 0.25 + 0.04 0.45 + 0.05 0.20 £ 0.03
20 A5 0.16 + 0.06 034 + 0.03 0.16 = 0.03 43 Z30C 062 +0.04 0.58 * 0.01 0.40 £ 0.2

21 AT 040+ 0.02 088 + 0.01 0.72 £ 0.03 44 Z5A 055201 0.85 + 0.01 0.72 £ 0.01
22 Al 0.42 + 0.01 069 + 0.02 0.63 £ 0.01 45 Z9A 071 + 0.001 0.45 + 0.01 0.31 £ 0.01
23 AV 0.18 + 0.05 021 + 0.05 0.21 = 0.02 46 9D 0.4 #0.06 0.52 + 0.01 | 032 £ 0.001
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TABLE -2 — BIOCHEMICAL TEST RESULTS OF BACTERIA SCREENED FOR L-ASPARAGINASE PRODUCTION

ANALVTICAL TEST

EESTULTS

CULTURE
CODE

ATAXAD,
AQAHLAH
ADABAA

ACALA
LAJA
AMLAGA

513D,,515
H,5I6G.51
3D

Z15D,I13E,
FAREW.L LW
3A,

Z13E1.1%
D, Z30C. 71
44
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Fig-3 Phylogenetic tree of Pseudomonas proteolytica strain S13D

—"

—| Pseudomonas trivialis

Pseudomonas poae

Pseudomonas lurida

Pseudomonas costantinii

Pseudomonas orientalis

Pseudomonas antarctica

—

-

Pseudomonas brenneri

Pseudomonas meridiana

Pseudomonas veronii

Pseudomonas rhodesiae

Pseudomonas cedrina

Pseudomonas gessardii

Pseudomonas libanensis

Pseudomonas migulae

Pseudomonas proteolytica

Pseudomonas panacis

aooz

669

Pseudomonas synxantha

Pseudomonas mucidolens

Pseudomonas proteolytica S13D




Int.J.Curr.Microbiol.App.Sci (2014) 3(5): 665-672

L-Asparaginase production from microbial
sources through fermentation has been a
unigue 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 prompted to utilize newer
microbial sources for L-Asparaginase
production. In the present study, 67
different strains were isolated from soil
and screened for  L-Asparaginase
production. Out of them 46 were found to
be positive. Their ability to metabolize L-
Asparagine, present in the culture medium,
was selected as the criteria for the
secretion of L-Asparaginase enzyme. After
gualitative and quantitative estimation, 46
different bacteria were identified as
asparaginase producer, which belong to
eight different genera (table 2). After
generating 16S rDNA sequence from
efficient L-Asparaginase producer
bacterial isolate, using an automatic
sequencer, the sequence obtained (1476
nucleotides) was compared with known
sequences from one of the number of
databases available on the internet, viz.
the Ribosomal Database Project or NCBI
(National Center for Biotechnology
Information). The query sequence was
submitted to NCBI BLAST (Basic Local
Alignment Search Tool) for nearest
homologue. = BLAST  search  gave
sequences with their percentage of match
between each member (fig 4). Sequences
obtained from Blastn (nucleotide blast)
were obtained in FASTA format and
relation between each sequence could be
known by multiple sequence alignment
using a software CLUSTAL agorithm.
BLAST search for this isolate result in
production of 44 related sequences with
the closest match to Pseudomonas group.
The output file of this alignment was saved
in the PHYLIP file format. The
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phylogenetic affiliation of different
sequences recovered could be determined
by placing them into a phylogenetic tree
using one of a variety of software
packages designed for this purpose. The
methods used in phylogeny included
distance matrix, parsmony and likelihood
methods. The phylogenetic programs were
controlled through a menu, which allowed
us to set different options, and start the
computation. TREEVIEW software was
used to generate a phylogenetic tree for the
L-Asparaginase producing bacterial isolate
(fig 5). This resulted in placing the 16S
rDNA sequence of this bacterium in a
range of Pseudomonas group those
comprised of Pseudomonas proteolytica
strain CMS 64, Pseudomonas gessardii
strain  CIP 105469, Pseudomonas
libanensis strain CIP and some other
unidentified Pseudomonas Species.
However, till date there are no reports on
Pseudomonas proteolytica for its activity
of hydrolysing asparaginase. Thus, the
Pseudomonas proteolytica strain S13D
obtained during this study is a novel of its
type with unique characteristics of
hydrolysing asparaginase. Therefore a new
strain name Pseudomonas proteolytica
strain S13D was assigned to this efficient
L-Asparagine  hydrolysing  bacterial
isolate. Pseudomonas proteolytica strain
S13D to be a good producer of L-
asparaginase. A further exploration on the
regulation of physico-chemical parameters
to increase the L-Asparaginase production
potential is underway.

Based on plate assay protocol, 67 bacterial
isolates were initialy screened for the
enzyme production. After quantitative
estimation, 46 were found to produce
asparaginase, were categorized to eight
different genera. Among them maximum
activity was shown by Strain S13D, which
was identified as  Pseudomonas
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proteolytica on the basis of 16s-rDNA. It
is envisaged that further work on
purification and characterization of
enzyme must be done from the potential
isolates. Experiments in cell culture and
animal model may also be required to
determine their therapeutic efficacy and
safety.

Acknowledgment

The authors deeply acknowledge
University Grants Commission for
providing the financial support; Dr. Manoj
Upreti, Indian Oil Corporation Ltd.
Faridabaad, for the facility of molecular
study, and College of Life Sciences,
Cancer Hospital & Research Institute,
Gwalior, India for providing laboratory
and technical support.

References

Aghaiypour ,K,; Wlodowes A and L ubkowski,
J .(2001) Structura basis for the activity
and substrate specificity of Erwinia
chrysanthemi L-asparaginase. Biochem.,
40:5655-5664.

Asslin, B.L.; Lorenson, M.Y. and Whitin,
J.C.(1993).Comparative
pharmacokinetic  studies of three
asparaginase  preparations.  J.  Clin.
Oncal., 11: 1780-1786.

Boyd JwW, Phillips AW (1971) Purification
and properties of L-Agparaginase from
Serratia marcescens. J Bacteriol., 106:
578-587.

Broome J D(1961) Evidence that the L-
Asparaginase activity of guinea pig
serum is responsible for its anti
lymphoma effects. Nature.191:1114-
1115.

Bryant TN (2004) PIBWin software for
probabilistic  identification. J Appl.
Microbiol., 97(6):1326 1327.

Cedar H, Schwartz JH (1968)Productionof L-
Asparaginase |l by Escherichia coli. J

671

Bacteriol., 96: 2043-2048.
Dest C, Wehner A, Specht V, Rohm KH.
(1994) States and functions of tyrosine

resdues in Escherichia  coli
asparaginase. Eur J Biochem.; 224: 533-
540.

Eden OB, Shaw MP, Lilleyman JS, Richards
S (1990) Non-randomized study
comparing toxicity of Escherichia Coli
and Erwinia asparaginase in children
with leukaemia. Med. Pediat. Oncal.,
18:497-502.

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

Gulati R, Saxena RK, Gupta RA. (1997)
Rapid plate assay Ofor screening L-
asparaginase producing microorganisms.
Lett Appl Microbiol.; 24, 23-26.

Higgins DG and PM Shap (1988)
CLUSTAL:a package for performing
multiple sequence dignment on a
computer Gene. 73:237-244.

Holt JG, Nod RK(1994) Bergey's manud
of determinative bacteriology, Sth ed.

Williams and Wilkins Co,,
Baltimore, USA |SBN:13-978-0-683-
00603-2.

Imada A, lgaas SNakahama K, Isona

M(1973) Asparaginase and glutaminase
activities of microorganisms. Journa of
Genera Microbiology, 76: 85-99.

IRAC (International Agency for Research on
Cancer).(1994) Some Industria
Chemicals. IRAC Monographs on the
Evaluation of Carcinogenic Risk for
Chemicals to Humans,.val. 60 (p. 435).
IRAC Lyon, France.

Jukes TH and Contor CR (1969) Evolution
Of Protien molecule.Mammalian protein
metabolism , New York Academic
press,| SBN:0-87893-312-3.vol 3:pp:21-
132.

Kotzia GA, Lairou NE (2007) L-
Asparaginase from Erwinia
chrysanthemi 3937: Cloning, expression



Int.J.Curr.Microbiol.App.Sci (2014) 3(5): 665-672

and characterization. J Biotechnol.,127:

657—6609.
Kumar S, Tamura K, (1993) MEGA
Moleculer Evolutionary genetic

Andysis version 1.0.The Ponnsylvania
State university,University park.

Lee SM, Wroble MH, Ross JT (1989) L-
Asparaginase from Erwinia carotovora
an improved recovery and purification
process using affinity chromatography.
Appl Biochem Biotechnol., 22: 1-11.

Lindssy RC, Jang S. (2005) Chemica
intervention strategies for substantia
suppression of acrylamide formation in
fried potato products. Adv Exptl Med
Biol.,561: 393- 404.

Lowry OH, Rosebrough NJ, Farr AL, Randall
RJ(1951) Protein measurement with the
Folin phenol reagent. JBiol Chem., 193:
265-275.

Lubkowski J, Palm GJ, Gilliland GL, Derst C,
Rohm KH, Wlodawer A(1996) Crystal
Structure and Amino Acid Sequence of

Wolindla Succinogenes L-
Asparaginase. Eur J Biochem., 241:
201-207.

Manna S, Sinha A, Sadhukhan R,
Chakrabarty SL. (1995) Purification,
Characterization and Antitumor
Activity of L-Asparaginase |solated
from Pseudomonas stutzeri MB-405.
Curr Microbiol., 30: 291-298.

Mashburn LT, Wriston JC. (1964) Tumor
inhibitory effect of L-Asparaginase from

Escherichia coli. Arch Biochem
Biophys.,105: 450.
Mottram DS, Wedzicha BL, Dodson

AT(2002) Acrylamide is formed in the
Maillard reaction. Nature.,419: 448-449.
Mukherjee J, Joeris K, Riechd P, Scheper
T(1999) A Simple Method for the
Isolation and Purification of L-
Asparaginase  from Enterobacter
aerogenes. FoliaMicrobiol., 44: 15-18.
Peterson RE, Ciegler A. (1969) L-
Asparaginase Production by Erwinia
aroideae. Appl microbiol., 18: 64-67.
Prakasham RS, Subba Rao Ch, Sreenivas Rao
R, Suvarna Lakshmi G, Sarma PN.

672

(2007) L-Asparaginase production by
isolated Staphylococcus sp. — 6A:
design of experiment considering
interaction effect for process parameter
optimization. J Appl Microbiol., 102:
1382-1391.

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

Saitou N and Ne (1987) The neighbour
joining method: A new method for
reconstruction ~ Phylogenetic  tree.
Moleculer Biology,4:406-425.

Stadler RH, Blank |, Varga N, Robert F, Hau
J, Guy PA, Robert MC, RiedikerS(2002)
Acrylamide from Maillard reaction
products. Nature., 419: 449-450.

Tereke E, Rydberg P, Eriksson S, Tornqvist
M. (2002) Andysis of Acrylamide, a
carcinogen formed in heated stuffs. J
Agricultural Food Chem.; 50: 4998
5006.

Tosa T, Sano R, Yamamoto K, Nakamura M,
Chibata 1(1972) L-Asparaginase from
Proteus vulgaris: Purification,
crystallization, and enzymic properties.
Biochem,, 11: 217-222.

Vema N, Kumar K, Kaur G, Anand S.
(2007) L-Asparaginase. A promising
chemothergpeutic  agent.Crit  Rev
Biotechol., 27: 45-62.

Yellin TO, Wriston JC. (1966) Antagonism of

purified asparaginase from guinea pig

serum toward lymphoma. Science., 151:

998 - 999.

JH. and KangSS. (2000)
Rhodococcus pyrinivorus sp. nov,. A
pyridine degrading bacterium int. J.
Systemic and Evolutionary
Microbiology., 50:2173-2180.

Y oon,



