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Abstract 1-Asparaginase is an anti-neoplastic drug used
in lymphoblastic leukemia chemotherapy. Nowadays, this
enzyme derived from bacterial sources, mostly L-aspara-
ginase II from Escherichia coli and in lesser amount
L-asparaginase of Erwinia sp. has medical utilization. The
long-term usage of these agents leads to allergic reactions
and new asparaginase with new immunological character-
istics is required. Halophilic bacteria might contain
L-asparaginase with novel immunological properties that
can be used in hypersensitive patients. In this experiment,
we have screened moderate Halophilic bacteria for
L-asparaginase production ability and showed that Halophilic
bacteria produce intra- and extracellular L-asparaginase.
Bacillus sp. BCCS 034 was found to produce the highest
L-asparaginase (1.64 IU/ml supernatant) extracellularly.

Keywords L-Asparaginase - Halophile - Bacteria -
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Introduction

L-Asparaginase (L-asparagine amidohydrolase, E.C.3.5.1.1)
is an anti-neoplastic agent, used in the therapy of certain
lymphomas and leukemias in both experimental animals
and humans and has been used in combination with other
agents in the treatment of acute lymphoblastic leukemia
chemotherapy [1, 2]. L-Asparaginase is an amidohydrolase
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that catalyzes the hydrolysis of the amino acid asparagine
to aspartic acid and ammonia. Neoplastic cells cannot
synthesize L-asparagine due the absence of L-asparagine
synthetase and should obtain it from circulating sources.
For this reason, the commonest therapeutic practice is to
inject the enzyme intravenously in order to decrease the
blood concentration of L-asparagine, selectively affecting
the neoplastic cells [1]. Since the observation that L-aspar-
aginase from Escherichia coli has an antitumor activity
similar to that of guinea pig serum, there has been consid-
erable interest in asparaginase from various sources specially
microorganisms [3]. Although other microorganisms such as
Aerobacter, Bacillus, Erwinia, Pseudomonas, Serratia,
Xanthomonas, Photobacterium [1], Streptomyces [4], Pro-
teus [5], Vibrio [6] and Aspergillus [3] have a potential for
asparaginase production, just the purified enzyme from
E. coli and Erwinia sp. [4] has been used as anti-tumor and
anti-leukemia agent.

The medical utilization of asparaginase from these two
mentioned sources was limited because of the immunolog-
ical responses. However, L-asparaginase from bacterial
origin can cause hypersensitivity in the long-term usage,
leading to allergic reactions and anaphylaxis. So, we need
new asparaginase with new immunological characteristics.
For these reasons, considerable efforts have been devoted to
the selection of microorganisms via sophisticated screening
techniques and process methodology for the production
of L-asparaginase with new antigenic properties.

Hypersaline lakes, with salinity ranges at or near satu-
ration are extreme environments; yet, they often maintain
remarkably high microbial cell densities and are biologi-
cally very productive ecosystems [5]. Microorganisms
inhabiting these environments are expected to have pro-
teins with different features than proteins of non-saline
environment organisms. They have halophilic enzymes
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with modified structure that creates tolerance of high salt
concentration and low water activity. Therefore, Halophilic
bacteria may contain L-asparaginase with novel immuno-
logical properties that can be used in hypersensitive
patients.

Moderately halophilic bacteria are a group of halophilic
microorganisms able to grow optimally in the media con-
taining a wide range of NaCl concentrations (3—15%
NaCl). They constitute a heterogeneous group of micro-
organisms including species belonging to different genera,
such as Halomonas, Salinivibrio, Chromohalobacter, and
have been studied with regard to their ecology, physiology,
biochemistry and more recently, their genetics [7]. In this
study, we describe the screening for extra- and intracellular
L-asparaginase producing moderately halophilic bacteria,
isolated from Maharloo hypersaline lake located in the
south of Shiraz, Iran.

Materials and Methods
Isolation of Moderate Halophilic Bacteria

Sediments and water samples were collected from different
parts of Maharloo salt lake in the south of Shiraz, Iran.
Suspensions were prepared by mixing of each sample with
sterile distilled water. After sedimentation, the supernatants
were strictly cultured and serially diluted. 100 pl of the
1072 and 10~ dilution tubes were spread on to saline
nutrient agar containing 7% (w/v) NaCl and incubated at
37°C for 24 h, to obtain single colonies. Some of the col-
onies growing on the plates were purified by streaking on
saline nutrient agar plates.

Identification of Bacterial Isolates

Different morphological, cultural and physiological char-
acteristics of the bacterial isolates were studied for iden-
tification purpose and compared with standard description
of Bergey’s Manual of Determinative Bacteriology [8].

Analysis of 16S rRNA Gene Sequence

The purified bacterial isolates were cultured in saline
nutrient broth (7% NaCl). After centrifugation at 4500x g,
10 min, at 4°C, and twice washing with distilled water, the
pellets were selected for DNA extraction and PCR ampli-
fication. Bacterial DNA was extracted by heat extraction
method. The 16S rRNA gene was amplified by PCR, using
the universal prokaryotic primers 5'-ACGGGCGGTGTG-
TAC-3" and 5'-CAGCCGCGGTAATAC-3’, which amplify
a ~800-bp region of the 16S rRNA gene. PCR was per-
formed in a final volume of 50 pl containing PCR
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amplification buffer (1x), Tag DNA polymerase (2.5 U),
dNTPs (4 mM), primers (0.4 pM) and template DNA
(4 ng). Amplification conditions were initial denaturation
at 94°C for 5 min, 10 cycles at; 94°C for 30 s, 50°C for
30 s and 72°C for 2 min. 20 cycles at; 92°C for 30 s, 50°C
for 30 s, and 72°C for 2.5 min with a final extension of
72°C for 5 min. Tag polymerase was added to the reaction
after initial denaturation. The lower denaturation temper-
ature (92°C) during the 20 cycle step was used to avoid loss
of enzyme activity [9] The samples were electrophoresed
in a 1% (w/v) agarose gel, using TBE buffer containing
ethidium bromide (1 pg/ml). A single ~800 bp DNA
fragment was cut and extracted from the gel, using a Core
Bio Gel Extraction Kit. The sequence was determined by
the CinnaGen Company. The sequence similarity searches
were done using the BLAST program that is available from
the National Centre for Biotechnology Information (NCBI)
(http://blast.ncbi.nlm.nih.gov/Blast.cgi), and GeneDoc soft-
ware, version 2.6.002.

Enzyme Solution Preparation

The isolated colonies were transferred to 250 ml Erlen-
meyer flasks with 50 ml broth medium containing in 1 1;
KH,PO, (0.75 g), NaCl (0.5 g), L-asparagine (10 g), and
glucose (1 g) [10] and incubated in a shaker incubator
(150 rpm, 37°C) for 48 h.

After incubation, the cells were removed by centrifu-
gation at 4000 x g for 5 min. The supernatant was used to
assay extracellular L-asparaginase activity. For determina-
tion of the intracellular L-asparaginase, bacterial pellets
were freeze-dried and 0.1 g of dry cell weight was resus-
pended in 80 pl sonication buffer (50 mm Tris and 10 mM
EDTA, pH 7.5). The suspension was transferred to a 1.5 ml
thin wall micro tube. Then, the tube was placed in water
and ice mixture and treated with sonicator. Six treatments
of one min each at an amplitude setting for Gram-negative
bacteria and 10 for Gram-positive bacteria were performed.
The disrupted cells were then brought down to the bottom
of the tube by centrifugation at 13000x g for 20 min. The
supernatant was used as enzyme solution for intracellular
L-asparaginase activity assay [11].

L-Asparaginase Assay

L-Asparaginase activity was measured by Nessler’s reac-
tion. The assay procedure is based on direct Nesslerization
of ammonia. Enzyme solution (30 pl) was added to Tris—
HCI (pH 8.5, 50 mM) in a final volume of 1.5 ml. The
reaction was started with addition of 0.5 ml L-asparagine
solution (10 mM, in 50 mM Tris—HCI, pH 8.5) and incu-
bation in 37°C water bath for 20 min. The reaction was
terminated with addition of 0.5 ml trichloroacetic acid 15%
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(w/v) and the volume was adjusted to 4.5 ml with distilled
water. Nessler’s reagent (0.5 ml, 45.5 g Hgl, and 35.0 g KI
in 1 liter distilled water containing 112 g of KOH) was
added and the tubes were incubated at room temperature
for 15 min. After vortexing, the absorbance was measured
at 500 nm, using visible spectrophotometer [12, 13].
A standard curve was drawn with various concentrations of
ammonia.

Results
Isolated Bacterial Strains

Totally, 32 bacterial isolates were obtained from sediment
and water samples, of which 23 isolates (71.9%) were
identified as Bacillus species. They were Bacillus subtilis,
Bacillus endophyticus, Bacillus thuringiensis, Bacillus
pumilus, Bacillus simplex, Bacillus amyloliquefaciens,
Bacillus vallismortis, and Bacillus aquimaris. Other Gram-
positive strains were one strain of Paenibacillus sp. and
two strains of Staphylococcus epidermidis. Just three
Gram-negative bacterial strains were obtained, two strains
of Aeromonas veroni and one strain of Chryseobacterium
taeanese. Also, two archaeal strains, Halobacterium sp.,
were isolated.

L-Asparaginase Activity

Among 32 isolated bacterial strains, 11 (34.4%) showed
L-asparaginase activity, from which nine strains (81.8%)
had both intra- and extracellular asparaginase and two
strains (18.2%) just had intracellular asparaginase activity.
Bacillus sp. BCCS 034 was found to produce the most
L-asparaginase, 1.64 IU/ml supernatant (Table 1).

16S rRNA Gene Sequence Analysis

The PCR amplification of 16S rRNA gene revealed effi-
cient amplification; a single band of amplified DNA
product of ~800-bp was recorded. The DNA sequences
were published in the NCBI databases under the specific
accession numbers (Table 1). The result of PCR blasted
with other sequenced bacteria in NCBI showed similarity
to the 16S small subunit rRNA of other bacteria. Edited
sequences were used as queries in BLASTN searches
(http://blast.ncbi.nlm.nih.gov/Blast.cgi), to determine the
nearest identifiable match present in the complete GenBank
nucleotide database. A bioinformatic tool, GeneDoc soft-
ware, version 2.6.002, was used for more 16S rRNA gene
sequence investigation of the most L-asparaginase pro-
ducing strain Bacillus sp. BCCS 034. A total of 802
nucleotides of the partial sequence of Bacillus sp. BCCS
034 were 99% similar to the 16S ribosomal rRNA genes in
other recorded strains of Bacillus sp. in National Centre for
Biotechnology Information (NCBI) (Fig. 1).

Discussion

The largest saline body of water, hypersaline environ-
ments, are generally defined as those containing salt con-
centrations in excess of sea water (3.5% total dissolved
salts). A great diversity of microbial life is observed in
brine from marine salinity up to about 3-3.5 mol/l NaCl, at
which point only halophiles can grow. Halophiles are salt-
loving organisms that inhabit hypersaline environments.
They include mainly prokaryotic and eukaryotic microor-
ganisms with the capacity to balance the osmotic pressure
of the environment and resist the denaturing effects of
salts. Among halophilic microorganisms are a variety of
heterotrophic and methanogenic archaea; photosynthetic

Table 1 The intra and extracellular L-asparaginase activity of various strains of moderate halophilic bacteria, the accession numbers and the

length base pair of DNA published sequences at the NCBI

Bacterial strain Accession number

Length (bp) IU/ml cell extract IU/ml supernatant

Bacillus sp. BCCS 036 FJ619744
Bacillus sp. BCCS 034 FJ607328
Bacillus subtilis BCCS 027 FJ517538
Bacillus subtilis BCCS 028 FJ517539
Bacillus sp. BCCS 029 FJ517540
Halobacterium sp. BCCS 030 FJ529204
Bacillus endophyticus BCCS 031 FJ426405
Bacillus sp. BCCS 040 FJ645730
Aeromonas sp. BCCS 037 FJ619745
Bacillus thuringiensis FJ624483
Chryseobacterium taeanese BCCS 016 FJ422574

802 1.10 1.16
802 1.07 1.64
832 1.23 1.07
784 1.28 1.01
683 1.14 1.16
821 1.21 1.30
702 1.30 1.39
787 0.17 1.50
802 1.03 0.00
804 0.2 0.00
800 0.20 0.30
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* 20 * 40 * &0 * B0 * 100 *
B.sp. BCCS 034 : tctgatgtgaa cacggct gtggagggtcat ggggaacttgagt g ggaaagtggaattccaagtgtagcggtgaaatgcogtagatat @ 110
B.sp. 99 : tctgatgtgaa ct g ggngggtcnttggaalctgggglacttqagtgcagaagagglnngtgglattccaagtgtlgcggtglmgcgtagltlt : 707
B.sp. 83-4 H t.ct.qatqt.qaaagcccacgqctcnccqtqgagggtcat’ g9 ct cttgagtgcag gtggaattccaagtgtagcggtgaaatgcgtagatat @ 684
B.sp. 122004 : tctgatgt ggct gtggagggtcatty ggggaacttgagt g ggaaagtggaattccaagtgtagcggtgaaatgogtagatat @ 669
B.sp. JC1076 H tl:tgatgl:gnagl:l:cacgg:tcn::gtggagggtcattggnal:tggggucttgagtgl:agalgagglnsgtgglattccnagl:qtlgcggtglaatgcgtagltlt : 693
TCTGATGTGAAAGCCCACGGCTCAACCGTGGAGGGT CATTGEAAACT GEGGAACT TGAGT GCAGAAGAGGAAAGT GGAAT TCCAAGT GTAGCGGT GAAATGCGTAGATAT
120 * 140 % 160 * 180 = 200 * 220
B.sp. BCCS 034 : £t gt gactttctggtctgtaact ct gt aggattagataccctggtagtccacgccgtaaac @ 220
B.sp. 99 H ttggaggaacaccagtg'gcgaaqg‘cgactttctggtctgtaecl:gacact.gaggcgcgaaegcg‘tggggagceaacaggattaqetaccctgg‘tag’l:ocacgc:cgtaaac : 817
B.sp. 53-4 H gt gcgactttctggtctgtaactg gt gtggggagcaaacaggattagataccctggtagtccacgoccgtaaac @ 794
B.sp. 122004 - - gtggcgaaggegactttctggtetgt oty ct gtggggag ggattagataccctggtagt gccgtaaac : 779
B.sp. JC1076 H ttggaggeacaccagtgchaaqg‘cgactttctggtctgtaactgacact.gaggcgcgaaag‘cgtggggageaaacaggattag&taccct'.ggtagtocacqccgtaaac :  BO3
TTGGAGGAACACCAGT GECGAAGECGACTTTCT GETCT GTAACT GACACT GAGGCGCGAAAGCGT GEEGAGCAAACAGGAT TAGAT ACCCTGETAGT CCACGCCGTARALD
" 240 » 260 ol 280 ol 300 * 320 *
B.sp. BCCS 034 : gatgagtgctaagtgttagggggtttoctccccttagtgctgoagetaceg .,gm,-,g'gggag't.acgg't.cgcasgactgaeac:!:aug‘gaat,tgacgg : 330
B.sp. 99 : gatgagtgctaagtgttagggggtttco coccttagtgctgocaget cattalgcactccgcctgggg&gtmggf g g ttgacgg : 927
B.sp. 8§3-4 : gatgagtgctaagtgttagggagtttc cccttagtgctgcoaget g ggggag gg ct ctca ttgacgg : 904
B.sp. 122004 : gatgagtgctaagtgttagggggttte cccttagtgctgcaget cattaagcactccgcct ggggagtacggt ngcasgactgaeac:caaag‘gaat,tgecgg : B89
B.sp. JC1l076 : gatgagtgctaagtgttagggggttteo: gtgct al catt ggggagtacggt ctcaaaggaatt : 913
GATGAGTGCTAAGTGTT TTTCCgCCCCTTAGTGCTGCAGCTAACGCAT TAAGCACT CCGCCTGEGGAGTACGGT CGCAAGACT GAAACT CAAAGGAATTGACGG
340 * 360 * 380 * 400 * 4120 * 440
B.sp. BCCS 034 : gggcccgcacaagcggtggagcatgtggtttaattcgaag gcg cttaccaggtcttg toctet ct ggg gocccttogggg @ 440
B.sp. 99 : gggcccgcacaagcggtggagcatgtggtttaattcgaag gcgaag ‘*Pnﬂﬂaﬂﬂrcttgacatcctc:gacaaccctaqagatagggctt ccttegggg : 1037
B.sp. 83-4 + 999 2] ggrggag tgtggtttaattcgaagcaacgcgaag g ‘9990'5"‘ gggg : 1014
B.sp. 122004 : ggg g ggtggagcatgtggtttaattcgaag gcg ctt gtctt atcctct ot ggg cttcgggg : 999
B.sp. JC1076 : gggeccgcacaagceggtggagcatgtggtttaattegaag "'H‘ﬂ"'-"a-‘,!f,rfcttg‘acatcctct.gac&accctagagataggqctt ccttegggg @ 1023
GGECCCGCACAAGCGET GGAGCAT GTEGTTTAATTCGAAGCAACGCGARGAACCT TACCAGGTCTT GACATCCTCTGACAACCCTAGAGAT AGEGCTTECOCCTTCGEGE
» 460 i 480 & 500 = 520 »* 540 o3
B.sp. BCCS 034 : gacagagtgacaggtggtgcatggttgtogtcagctcgtgtcogtgagatgttgggttaagt g cttgatcttagttgoccagcattcagttggge @ 550
B.zp. 99 . gacagagtgacaggtggtqcatqgttgtcgtcagctcgtqtcgtgagatgttqggtteagtcccgcaacgagcgcaacccttgetcttagttgccegcattcagttgqgc 1147
B.sp. §3-4 : gacagagtgacaggtggtgcatggttgtcogtcagctegtgtogtgagatgttgggttaagtcoccgcaacgagogcaacecttgatcttagttgocageattcagttggge @ 1124
B.sp. 122004 : gacagagtgacaggtggtgcatggttgtocgtcagctocgtgtogtgagatgttgggttaagtocccgcaacgagecgecaacccttgatcttagttgoccageattcagttggge @ 1109
B.sp. JC1076 : gacagagtgacaggtggtgcatggttgtogtcagctogtgtogtgagatgttgggttaagtcoccgecaacgagogoaacocttgatcttagttgocagecattcagttggge @ 1133
GACAGAGTGACAGGTGETGCATGETTGT CGT CAGCTCGTGT CETGAGAT GTTGEET TAAGT COCGCAACGAGCGCAACCCTTGATCTTAGT TGCCAGCAT TCAGT TGGGD
560 i 580 * 600 » 620 * 640 [ 660
B.sp. BCCS 034 : act.ct.aagatgactgcoggtgacaaaccggaggaagg‘:ggggat.gacgtcaa,atcatcetgccccttatgacctgggctscacecgtgctacmggacqgtacaaaggg 1 660
B.sp. 99 : actct ggggatgacgtcaaatcatcatgoccocttatgacctggget agt + 1257
B.sp. $3-4 : acr.cr.amatqactgccggtqacaaaccqgagqaagqtggqqatgacgtr.-aaatcatcatgccccttatgacctgggctacecacqtgctacaatggacgqtacaaaggg 3 1234
B.sp. 122004 : actctaagatgactgccggtgacaaaccggaggaaggtggggatgacgtcaaatcatcatgococttatgacctgggctacacacgtgctacaatggacggtacaaaggg @ 1219
B.sp. JC1076 : actct tgactgee ggagg gtggggatgacgtcaaatcatcatgoccccttatgacctgggctacacacgtgctacaatggacggtacaaaggg @ 1243
MTC'IMGATGACTGCCGGTGMMACCGGAGGMGGI‘GGGG.M.‘GM'."GTCM&TCJ\,TCATGCCCCTTA‘.I‘GACCTGGGCTACMMGTGCTMMTGGMGG’!‘MWGGG
* 6B80 * 700 & 720 * 740 * 760 *
B.sp. BCCs 034 : g g gogaggtttag it at gttctcagttegg gtaggctgcaactocgoctacatgaagoctggaatcgctagtaatcgocggatcageatg @0 770
B.sp. 99 : cagcaagaccgcgaggtttag cccataa gttctcagttcggattgtaggctgcaactegoctacatgaagoctggaatcgctagtaatcgeggatcageatg @ 1367
B.sp. 53-4 H g gaccgcgagg g cccat gttctcagttoggattgtaggctgocaactegoctacatgaagotggaatogotagtaatcgeggatcageatg @ 1344
B.sp. 122004 H ggtttag i at gttctcagttcgg gtaggctgcaactcgoctacatgaagctggaatcgctagtaatcgecggatcageatg @0 1329
B.sp. JC1076 : cagcaagaccchaggtttagccaatcccataaaaccgttctcagttcggattgtagqccgcaactcqcctacatgaagctqgeatcgctaqtaatcgcgqatcagcatg : 1353
CAGCAAGACCGCGAGETTTAGCCAAT CCCAT AAAACCGTTCTCAGT T CGGAT TGTAGGCT GCAACT CGCCTACAT GAAGCTGEAAT CGCTAGTAATCGCGGAT CAGCAT G
780 * 800
B.sp. BCCS 034 : ccgeggtgaatacgttoccgggecttgtacac--- @0 802
B.sp. 99 ccgcggtgaatacgttoccgggecttgtacac—-- @ 1399
B.sp. 53-4 : ccgcggtgaatacgttcccgggcocttgtacac--- @ 1376
B.sp. 122004 : ecgcggtgaatacgtteccgggecttgtacac--- @ 1361
B.sp. JC1076 : ccgcggtgaatacgttcccgggecttgtacac—-- @0 1385

CCGCGETGAATACGTTCCCGGGCCTTGTACAC

Fig. 1 16S rRNA gene sequence investigation of Bacillus sp. BCCS 034 by bioinformatic tool, GeneDoc software, version 2.6.002

and heterotrophic

eukaryotes; and photosynthetic,

these dormant spores probably explains the occurrence of

lithotrophic, and heterotrophic bacteria. So far, many
moderately halophilic, heterotrophic Gram-negative and
Gram-positive bacteria were founded and isolated from
hypersaline environments. They belong to genus; Arhodo-
monas, Dichotomicrobium, Pseudomonas, Flavobacterium,
Alcaligenes, Alteromonas, Acinetobacter, Spirochaeta,
Halomonas, Chromohalobacter, Marinococcus, Salino-
coccus, Nesterenkonia, Tetragenococcus, Halobacillus and
Bacillus. Bacillus strains were isolated from hypersaline
environments around the world, for example; B. diposauri,
from the nasal cavity of a desert iguana, B. haloalkaliphi-
lus, from Wadi Natrun, and B. halodenitrificans, from a
solar saltern in southern France [14]. Endospore formation
universally found in the genus and aerial distribution of
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Bacillus in most habitats examined.

In this experiment as other studies, the most bacterial
isolates were Bacillus. From 32 bacterial strains isolated,
23 strains (71.9%) were Bacillus spp. Also, Paenibacillus
that has been isolated is originally included within Bacillus
genera. Rohban and his associates isolated 231 moderate
halophilic and 49 extremely halophilic bacteria from a
hypersaline Howz Soltan Lake in the middle of Iran,
among which there were 172 isolates (61.5%) Gram-posi-
tive rods, 52 isolates (18.5%) Gram-positive cocci and 56
isolates (20%) Gram-negative rods [15]. Olajuigbe and
Ajele have isolated 25 bacterial isolates from soil, of which
nine isolates (36%) were identified as Bacillus. They were
Bacillus brevis, B. licheniformis, B. subtilis, B. macerans,
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B. mycoides, B. coagulans, B. polymyxa, B. cereus, and
B. megaterium. In another study, Waksman identified 29
isolates as B. megaterium and 24 isolates as B. subtilis out
of 306 soil samples [16]. These findings agree with the
results of our study that Bacillus genera are widespread in
hypersaline and soil habitats.

Two kinds of L-asparaginase have been known to be
produced by microorganisms; however, only one of these
possesses antitumor activity. This activity has been known
to vary with strains or culture condition of microorganisms.
For example, Mycobacterium tuberculosis produces two
kinds of L-asparaginase in the cell, but only one of them is
effective against animal tumors. E. coli L-asparaginase I
and II were produced simultaneously in the cells, but only
the latter showed antitumor activity [3]. This different
activity is due to differences in a number of properties,
such as pH activity profile, sensitivity to thermal inacti-
vation, clearance rate (half life in serum) and most sig-
nificantly their affinity for r-asparagine [17, 18]. Genus
Bacillus produces two L-asparaginases too. During B. sub-
tilis genome sequencing project, the ansZ gene (previously
called yccC) was identified to encode a functional
L-asparaginase. The deduced amino acid sequence of ansZ
shows 59% identity to the L-asparaginase from Erwinia
chrysanthemi and 53% identity to L-asparaginase II from
Escherichia coli. In addition, B. subtilis has another gene
(ansA gene) that encodes L-asparaginase [17]. More
investigations should be done to find out if these L-aspar-
aginases are active against tumors. Gram-positive bacteria
secrete enzymes to the medium and eliminates the cost of
enzyme extraction.

Conclusion

Hypersaline environments, with salinity at or near satura-
tion, are active environments which inhabited by a vast
variety of microbial communities. These environments
contain novel microbial strains with novel properties of
biotechnological interest. The results of this work indicate
that the bacterium, Bacillus sp. BCCS 034 displays a
potential for asparaginase production that warrants further
investigation.

Acknowledgment This work was supported by a grant from the
Research Council of Shiraz University of Medical Sciences, Shiraz
University of Medical Sciences, Shiraz, Iran.

References

1. Peterson RE, Ciegler A (1969) L-Asparaginase production by
various bacteria. Appl Environ Microbiol 17:929-930
2. Gulati R, Saxena RK, Gupta R (1997) A rapid plate assay for
screening L-asparaginase producing micro-organisms. Lett Appl
Microbiol 24:23-26
3. Sarquis M, Oliveira E, Santos A, Costa G (2004) Production of L-
asparaginase by filamentous fungi. Mem Inst Oswaldo Cruz
99:489-492
4. Dejong PJ (1972) L-Asparaginase production by Streptomyces
griseus. Appl Environ Microbiol 23:1163-1164
5. Tosa T, Sano R, Yamamoto K, Nakamura M, Ando K, Chibata I
(1971) L-Asparaginase from Proteus vulgaris. Appl Environ
Microbiol 22:387-392
6. Kaftkewitz D, Goodman D (1974) L-Asparaginase production by
the rumen anaerobe Vibrio succinogenes. Appl Environ Micro-
biol 27:206-209
7. Cedar H, Schwartz JH (1968) Production of L-Asparaginase Il by
Escherichia coli. ] Bacteriol 96:2043-2048
8. Sharmin S, Hossain MT, Anwar MN (2005) Isolation and char-
acterization of a protease producing bacteria Bacillus amovivorus
and optimization of some factors of culture condition for protease
production. J Biol Sci 5(3):358-362
9. Fiore MF, Moon DH, Tsai SM, Lee H, Trevors JT (2000)
Miniprep DNA isolation from unicellular and filamentous cya-
nobacteria. J Microbiol Methods 39:159-169
10. Ghasemi Y, Ebrahiminezhad A, Rasoul-Amini S, Zarrini G,
Ghoshoon M, Raee M, Morowvat M, Kafilzadeh F, Kazemi A
(2008) An optimized medium for screening of L-asparaginase
production by Escherichia coli. Am J Biochem Biotechnol
4(4):422-424
11. Zhang L, Foxman B, Gilsdorf JR, Marrs CF (2005) Bacterial
genomic DNA isolation for microarray analysis. BioTechniques
39:640-644
12. Willis RC, Woolfolk CA (1974) Asparaginase utilization in
Escherichia coli. J Bacteriol 118(1):231-241
13. Baran ET, Ozer N, Hasirci V (2002) In vivo half life of nanoen-
capsulated L-asparaginase. ] Mater Sci Mater Med 13:1113-1121
14. Dassarma S, Arora P (2001) Halophiles. In: Encyclopedia of life
sciences. Nature Publishing Group, London, pp 1-9
15. Rohban R, Amoozegar MA, Ventosa A (2009) Screening and
isolation of halophilic bacteria producing extracellular hydrolyses
from Howz Soltan Lake, Iran. J Ind Microbiol Biotechnol 36:
333-340
16. Olajuyigbe FM, Ajele JO (2005) Production dynamics of extra-
cellular protease from Bacillus species. Afr J Biotechnol
4(8):776-779
17. Schwartz JH, Reeves JY, Broome JD (1966) Two L-Asparaginase
from E. coli and their action against tumors. Biochemistry
26:1516-1519
18. Cornea CP, Lupescu I, Vatafu I, Caraiani T, Savoiu VG, Cam-
peanu GH, Grebenisan I, Negulescu GH, Constantinescu D
(2002) Production of r-asparaginase II by recombinant Esche-
richia coli cells. Roum Biotechnol Lett 7(3):717-722

@ Springer



	l-Asparaginase Production by Moderate Halophilic Bacteria Isolated from Maharloo Salt Lake
	Abstract
	Introduction
	Materials and Methods
	Isolation of Moderate Halophilic Bacteria
	Identification of Bacterial Isolates
	Analysis of 16S rRNA Gene Sequence
	Enzyme Solution Preparation
	l-Asparaginase Assay

	Results
	Isolated Bacterial Strains
	l-Asparaginase Activity
	16S rRNA Gene Sequence Analysis

	Discussion
	Conclusion
	Acknowledgment
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


