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Abstract L-Asparaginase is used as a therapeutic molecule
for the treatment of acute lymphoblastic leukaemia (ALL). It
is also used in the food industry to remove acrylamide from
fried starch-based foods. In an attempt to identify novel
organisms as sources of this enzyme, 32 different actinomy-
cetes isolates were obtained from soil samples near Vallabh
Vidyanagar, India. From these 32 isolates, 11 L-asparaginase-
positive isolates were obtained with a rapid plate assay method.
The maximum L-asparaginase producing strain was identified
as Streptomyces sp. by 16S r-RNA sequencing. The effect of
inoculum size, pH and L-asparagine concentration on L-aspar-
aginase production was also checked. An increase in L-aspar-
aginase activity from 12.5 TU/mL to 18.8 IU/mL was found.
The gene coding for L-asparaginase (~800 bp) was isolated
from Streptomyces sp. ABR2.

Keywords Actinomycetes - L-Asparaginase activity -
16S rRNA analysis - Streptomyces sp. - Gene amplification

Introduction

L-Asparaginase (EC 3.5.1.1) is an effective antineoplastic
agent used in the chemotherapy of acute lymphoblastic
leukemia (ALL) (Azmi et al. 2007) for eliminating it from
the extraneous cell environment. The enzyme catalyses the
hydrolytic conversion of L-asparagine to L-aspartic acid and
ammonia. Many investigators have reported that L-aspara-
ginase inhibits tumour growth in mouse, rat, dog and human
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through the inhibition of tumour-specific cells (Broome 1961,
1965; Mashburn and Wriston 1964; Berenbaum 1970). Bac-
terial L-asparaginase has been the subject of considerable
medical interest and is being employed in the therapy of
ALL (Peterson and Ciegler 1969). Escherichia coli and Erwi-
nia chrysanthemi asparaginases have been used successfully
in the treatment of leukemia for the last 40 years (Fu and
Sakamoto 2007), and L-asparaginase from E. coli and E.
carotovora is currently in clinical use for the treatment of
ALL (Savitri and Azmi 2003). However, L-asparaginase from
bacterial sources often causes hypersensitivity in long-term
use, leading to allergic reactions and anaphylaxis. Like bacte-
ria, actinomycetes are also a good source for the production of
L-asparaginase (Dhevendaran and Annie 1999; Narayana et
al. 2008). Among the actinomycetes, several Streptomyces
species such as S. karnatakensis, S. venezualae, S. longispo-
rusflavus and a marine Streptomyces sp. PDK2 have been
explored for L-asparaginase production (Narayana et al.
2008). There are also reports of L-asparaginase production
from some Streptomyces sp. isolated from the gut of
the fish Therapon jarbua and Villorita cyprinoides, Strepto-
myces gulbargensis and Streptomyces noursei MTCC 10469
(Dhevendaran and Anithakumari 2002; Amena et al. 2010;
Dharmaraj 2011). Among the various sources of L-asparagi-
nase, actinomycetes are the least studied organisms. Much
research is being done on these organisms for they have
gained attention as rich sources of antibiotics, anti-tumour
drugs and other bioactive molecules.

As a result, the search for novel sources of L-asparaginase,
with low toxicity is of great current scientific interest. Aspar-
aginases were introduced in food technology after Swedish
studies revealed the ubiquitous occurrence of acrylamide in
commonly consumed starch-based foods that were baked,
roasted or fried (Tareke et al. 2002). Asparaginase promises
to be a potential way to reduce the amount of free asparagine
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in the starting materials of food production, thus reducing the
imminent risk of generating acrylamide, a potentially carcino-
genic and neurotoxic compound (Friedman 2003).

Materials and methods
Sample collection

Various soil samples were collected from different places in
and around Vallabh Vidyanagar with the help of a sterile
scalpel at 10 cm depth from the soil surface. These soil samples
were collected in sterile polythene bags.

Isolation and screening

Different soil samples were serially diluted in sterile dis-
tilled water under aseptic conditions. These were then plated
on actinomycete isolation agar (AIA) (Himedia, Mumbeai,
India) plates and incubated at 30°C for 7 days. After 7 days,
suspected actinomycete colonies were selected based on
their morphological characteristics. The actinomycetes thus
obtained were grown and preserved on starch casein agar
(SCA) and yeast malt extract agar (YMA) slants. Screening
of potential L-asparaginase producing actinomycetes was
carried out with the use of asparagine dextrose salts Agar
(ADS Agar) (asparagine 1.0%, dextrose 0.2%, K,HPO,
0.1%, MgS0,4 0.05%, agar 1.5%) containing 0.009% phenol
red as a pH indicator (Gulati et al. 1997). Isolates exhibiting
L-asparaginase activity were selected for further study on the
basis of a change in the colour of the medium.

Submerged fermentation method

Isolates found to be positive for asparaginase were inocu-
lated separately in 100 mL tryptone glucose yeast extract
(TGY) broth (pH 7) (Basha et al. 2009) comprising of
glucose, 0.1 g; KoHPO,, 0.1 g; yeast extract, 0.5 g; tryptone,
0.5 g; contained in a 250 mL Erlenmeyer flask and incubat-
ed at 30°C in a shaker-incubator oscillating at 120 rpm.
Daily assays were carried out in a submerged culture for
5-days to determine the change in the enzyme activity every
24 h. The isolate showing maximum L-asparaginase activity
was subjected to further studies using the submerged culture
technique.

Determination of enzyme activity

Crude enzyme preparation was used for dertermination of
enzyme activity. The crude enzyme was prepared by centri-
fuging the broth at 10,000 rpm for 20 min (Davidson et al.
1977). The cell-free supernatant was taken as the crude
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enzyme. The enzyme activity was determined in culture
broth by asparaginase assay (Imada et al. 1973) using Nessler’s
reagent. One international unit (IU) of L-asparaginase is the
amount of enzyme that liberates one micromole of ammonia in
1 min at 37°C.

Strain identification of selected organism

The selected strain was identified by sequencing the 16S
r-RNA gene.

Isolation of total genomic DNA

Total genomic DNA was extracted using a modified cetryltri-
methylammonium bromide (CTAB)-NaCl protocol (Kieser
et al. 2000).

16S r-RNA amplification by polymerase chain reaction

The genomic DNA was subjected to PCR using universal
primers 8 F (5-AGAGTTTGATCCTGGCTCAG- 3') and
reverse primer 1492 R (5'-GGTTACCTTGTTACGACTT-
3") specific for the 16S r-RNA gene sequence. The final
volume of the reaction was 12.5 uL, which comprised
1.3 uL 10x buffer (2.5 mM), 1.0 uL dNTPs, 0.3 uL Tag
polymerase (3U/uL), 1.0 pL template DNA, 1.0 uL forward
primer (10 pM), 1.0 puL reverse primer (10 pM), 6.9 uL
Milli Q water. All the reagents used were procured from
(Merck, Mumbeai, India).

Template denaturation was carried out at 94°C for 1 min;
primer annealing was carried out for 1 min at 55°C and
extension was carried out at 72°C for 2 min for 35 cycles.
The initial template denaturation was carried out at 94°C for
2 min while the final extension cycle was carried out at 72°C
for 10 min. The annealing temperature was selected according
to the primer pair.

The amplified product was separated in a 1.2% agarose
gel by electrophoresis. The amplicon so obtained was eluted
with the help of Gel Extraction Kit, (Merck). The amplified
16S r-RNA product was sequenced. The sequences obtained
were used as query for Nucleotide BLAST (http://blast.ncbi.
nlm.nih.gov/) in order to identify the strain. Sequences were
aligned to the representative actinomycete 16S r-RNA and
neighbour joining tree was constructed using Molecular
Evolution Genetic Analysis (MEGA, version 4).

PCR amplification of L-asparaginase gene

The gene for L-asparaginase was amplified using different
primer pairs generated on the basis of the sequences of L-
asparaginase gene of the same genus. All these primer pairs
were supplied by Integrated DNA Technologies (http://eu.
idtdna.com).
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Good quality genomic DNA was used as the template for
PCR. The final volume of the reaction was 12.5 uL, which
comprised of 1.3 puL 10x buffer (2.5 mM), 1.0 uL of 2.5 mM
dNTPs, 0.3 uL. Tag polymerase (3U/uL), 1.0 puL template
DNA, 1.0 uL forward primer (10 pM), 1.0 uL reverse primer
(10 pM), 6.9 ul Milli Q water. All reagents used were from
Merck Genei, Bangalore, India. The PCR conditions were
same as used for amplification of 16S r-RNA.

The amplified product was separated using 1.2% agarose
gel electrophoresis.

Gel elution of PCR product

A Merck Gel extraction kit was used for the elution of PCR
product from the agarose gel. The product so obtained was
rechecked on an agarose gel by loading a minimum amount
of the eluted product. The eluted PCR product was sent for
sequencing.

Optimisation of inoculum size

Autoclaved detergent suspension of Triton X-100 was used
to scrape off the colonies grown on AIA slants. The spore
suspension obtained was diluted in sterile distilled water to a
manageable level and spores were counted using a Neubauer’s
chamber under 40X magnification with a light microscope.
10%, 107, 10® and 10° spores were then inoculated into the
TGY broth for submerged culture.

Optimisation of pH

TGY broths of pH 6.0, 7.0, 8.0 and 9.0 were prepared to
check the effect of pH on asparaginase production. They
were inoculated with the optimum inoculum size by the
spore count method.

Effect of L-asparagine concentration on L-asparaginase
production

TGY broths incorporating different concentrations of L-aspar-
agine (0.5, 1.0, 1.5 and 2.0 %) as an N source were used to
check for stimulation of L-asparaginase production.

Results and discussion
Isolation

A total of 32 different actinomycete isolates were obtained
from the various soil samples collected from in and around
Vallabh Vidyanagar. The isolates were selected on the basis
of their peculiar morphology on solid agar media and cor-
roboration was provided by performing Gram’s staining of

the suspected actinomycetes. These were then screened for L-
asparaginase production.

Screening

Each isolate was subjected to screening on ADS agar con-
taining 0.009% phenol red dye as an indicator. Phenol red at
acidic pH has a yellow colour and at alkaline pH turns pink
(Gulati et al. 1997). The colour of phenol red exhibits a
gradual transition from yellow to red over the pH range 6.8
to 8.2. As a result of the ammonia produced due to the
breakdown of L-asparagine, medium containing phenol red
turns pink in the presence of L-asparaginase-producing
organisms. Isolates exhibiting L-asparaginase activity were
selected for further study on the basis of a change in the
colour of the medium. They were subjected to further studies
using a submerged culture technique.

Determination of enzyme activity

Of the 32 isolates obtained, 11 were found to produce L-
asparaginase by the primary screening method. These acti-
nomycete isolates were inoculated in TGY broth by the agar
plug technique. The enzyme activity was determined in
culture broth using Nessler’s reagent (Imada et al. 1973).
One international unit (IU) of L-asparaginase is the amount
of enzyme that liberates 1 umol ammonia min~' at 37°C.
Isolate 5 showed maximum L-asparginase activity (Fig. 1).
The annotated L-asparaginases of S. coelicolor, S. avermitilis
and S. griseus are distributed within cells and possess no
signal sequences for secretion. Hatanaka et al. (2008)
reported that amino peptidases were secreted at high levels
into the medium even though they lacked signal peptides for
secretion. It was observed in the present study also that L-
asparaginase activity was higher in the medium, which
supports the observations of Hatanaka et al. (2008).

Identification of selected organism

The quality and quantity of DNA was checked by agarose
gel electrophoresis and UV absorption method, respectively.

14 O Activity IU/ml

THI I TH

L 2 @ 2
. A . e @
A 3‘0 A 3@ S:b- s.'b 3’& N g 2 &
\90 R \‘90 R N & NG \90 \‘1& \(9@ \g}(}

@ @
Isolates

.
{1 ®

Asparaginase activity (IU/ml)
oM & D ®©
¢ I

Fig. 1 L-Asparaginase activity of the screened isolates

@ Springer



1612

Ann Microbiol (2012) 62:1609-1614

1.5kb —>

@ (b ©

Fig. 2 PCR amplification of 16S r-RNA from genomic DNA of
selected organism. Lanes: a, b 1.5 kb gene amplified band; ¢ molecular
weight markers (1 kb step up marker)

Genomic DNA thus obtained was used for the 16S r-RNA
amplification by PCR using universal primers.

The amplified product was found to be 1.5 kb in size
(Fig. 2). Stackebrandt et al. (1991) reported the molecular
identification of several Streptomyces species by 16S r-RNA
gene amplification. The amplified product was eluted from
the agarose gel successfully and sequenced at Xcelris Labs
(Ahmedabad, India). The sequences thus obtained were
used as a query for Nucleotide BLAST (http://blast.ncbi.
nlm.nih.gov/). This was used to compare the homology
between the 16S r-RNA sequences of various already char-
acterised organisms and our query sequences (Fig. 3). Iso-
late 5 was found to have maximum sequence homology
with Streptomyces A310 Ydz-XM, showing 99% identity.
The sequence thus obtained was submitted to GenBank as
Streptomyces ABR2 with accession number JN256028.1
and GI: 343126488.

Optimisation parameters
Effect of inoculum size on L-asparaginase production

Amena et al. (2010) reported maximum L-asparaginase pro-
duction with an inoculum size of 1x10% spores of Strepto-
myces gulbargensis. The inoculum size in the current study
was varied by the use of the spore count method. The broths
were inoculated with 10°, 107, 10® and 10° spores, respectively.
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Fig. 3 Phylogenetic tree produced using the 16S r-RNA gene sequen-
ces corresponding to isolate 5 and other members of the genus Strep-
tomyces showing that isolate 5 falls within the Streptomyces genus.
Escherichia coli was used as outgroup in the neighbour-joining method
of MEGA 4
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Fig. 4 Effect of inoculum size on L-asparaginase production

The optimum inoculum size was found to be 10® spores
(Fig. 4), yielding maximum L-asparaginase activity of
12.5 ITU/mL.

Effect of pH on L-asparaginase production

The Streptomyces strain under study was subjected to a wide
pH range of culture media (pH 6.0, 7.0, 8.0 and 9.0). It was
found that the strain grows well at a neutral pH of 7.0 and
any sharp increase or decrease in the pH leads to an inhibi-
tion of the growth of the organism and thus of production of
L-asparaginase (Fig. 5). Khamna et al. (2009) showed max-
imum L-asparaginase production by actinomycete strain
CMU HO002 at pH 7.0. Cedar and Schwartz (1968) reported
E. coli giving maximum L-asparaginase production between
pH 7 and pH 8.

Effect of L-asparagine on L-asparaginase production

This study was carried out based on the earlier reports that
synthetic medium with asparagine as an N source stimulated
more enzyme production than natural medium by Strepto-
myces (Mostafa and Salama 1979). Thus, media containing
different concentrations (0.5-2.0%) of L-asparagine were
used in the study. At a concentration of 1.0% of L-aspara-
gine in the culture medium, the isolate Streptomyces ABR2
showed maximum L-asparaginase activity of 18.8 TU/mL

(Fig. 6).
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Fig. 5 Effect of pH on L-asparaginase production
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Fig. 6 Effect of L-asparagine concentration on L-asparaginase production

Amplification of L-asparaginase gene

The gene for L-asparaginase in E. coli was reported by Wang
et al. (2001) to be 1,044 base pairs long. The L-asparaginase
genes from Streptomyces griseus, Streptomyces coelicolor
and Streptomyces avermitilis have already been sequenced.

The gene for L-asparaginase was amplified using differ-
ent primer pairs generated on the basis of the sequences of
the L-asparaginase gene from S. griseus, S. avermitilis and S.
coelicolor. Sequence details of the L-asparaginase genes
from the above Streptomyces strains were obtained from
NCBI GenBank. Using these sequences, different primer
pairs were designed manually as well as with the help of
the primer generation tool PRIMER3 (Table 1). Manual
primers were generated in order to cover the full length of
the L-asparaginase gene from the L-asparaginase gene
sequences of the respective Streptomyces sp., as full gene
length primer pairs for L-asparaginase could not be generat-
ed with the primer generation tool PRIMER3. Thus, primer
pairs designed with the help of PRIMER3 tool that covered

Fig. 7 Amplification of L-asparaginase gene. The expected product
size of 800 bp was confirmed by agarose gel electrophoresis. Lanes: a
1 kb step up marker, b 800 bp amplicon

the maximum possible gene length were selected for L-
asparaginase gene amplification.

One of the primer pairs designed with the help of
PRIMER3 from Streptomyces coelicolor showed amplifica-
tion of the L-asparaginase gene in Streptomyces ABR2. This
set of primers gave specific amplification, producing a sharp
band on an agarose gel, while the other primer pairs were
found to be non-specific as they either amplified the desired
product too inefficiently, or they gave non-specific amplifica-
tion. The expected product size for this primer pair was 808

Table 1 Primer pairs designed

Method used for
primer design

Forward and
reverse sequence

Primer sequence (5’ to 3')

using L-asparaginase gene Sequence P ri.mer
sequences of Streptomyces source pair no.
coelicor, Streptomyces avermiti-
lis and Streptomyces griseus. S. coelicolor 1
The primer pairs were designed
manuall){ and With tl}e help ) Primer3
of the primer designing tool
PRIMERS3. Sequences of
L-asparaginase genes were S. avermitilis 3
obtained from NCBI GenBank.
All primer pairs were useq for 4 Primer3
L-asparaginase gene amplifica-
tion; primer pair (2) showed
specific amplification S. griseus 5
6 Primer3

Manual

Manual

Manual

F ATGCAGCCGTCACACCCGT
R TCAGAAGGACGCCCGGATCTC
F CCGCGTTCCTCCAACAAG

R AGAAGGACGCCCGGATCT

F ATGTCCGCCCCTGCCACG

R TCAGAACGCCGCCCGGATC
F GAGGTCGTGCGTTCCGGCT
R TCAGAACGCCGCCCGGATC
F ATGACGTCCACCGACGCCCC
R TTCCCCGACCTCGGCCGCC

F CCCGTCCGCCATATCCTC

R GCGAATTTCCCCGACCTC
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base pairs, and nearly 800 base pairs of specific amplification
was obtained, as confirmed by agarose gel electrophoresis
(Fig. 7). The PCR product thus obtained was eluted from the
gel using a Merck gel extraction kit and sequenced. The
sequence thus obtained was fed as a query sequence in
Nucleotide BLAST (http://ncbi.nlm.nih.gov./). The result of
the BLAST query revealed 99% sequence similarity with the
gene sequence from which the Primer pair was generated. The

L-asparaginase gene sequence was submitted to GenBank
under the accession no. JN399994.

Conclusions

Among the various organisms screened for L-asparaginase,
actinomyces are the least studied. The present study thus
focussed on L-asparaginase from actinomycetes. Among the
different isolates, Streptomyces ABR2 showed highest L-
asparaginase activity. Production optimisation parameters like
pH, inoculum size and L-asparagine concentration, were also
checked to enhance L-asparaginase production. Optimum pH
and inoculum size were found to be pH 7 and 10® spores,
respectively. Incorporation of L-asparagine into the medium
also increased L-asparaginase production, and 1.0% L-aspara-
gine showed maximum activity. Isolation of the gene encod-
ing L-asparaginase was attempted using six different primer
pairs designed manually as well as with the help of a primer
generation tool, PRIMER3. An amplicon of 800 bp was
obtained and BLAST results showed 99% sequence homolo-
gy with the L-asparaginase gene of Streptomyces coelicolor.
To the best of our knowledge, there are very few reports
showing L-asparaginase gene amplification from Streptomyces

sp.
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