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ABSTRACT

Objective: To screen endophytes isolated from mangroves for their potential to produce glutaminase free L-asparaginase.

Methods: Endophytes were isolated from leaves and stems of three mangrove plants using surface sterilization technique followed by inoculation
of the plant parts in nutrient media. Bacterial and fungal endophytes isolated were tested for production of glutaminase free L-asparaginase by
inoculating them in modified M9 and modified czapek dox media, respectively, supplemented with asparagine/glutamine. L-asparaginase activity in
glutaminase free L-asparaginase producers was measured by Nesslerization method.

Results: Six bacterial endophytes and one fungal endophyte were found to produce glutaminase free L-asparaginase. The highest L-asparaginase
activity was shown by bacterial endophytes of the mangrove Sonneratia caseolaris.
Conclusion: Endophytes isolated in the present study hold the potential to produce glutaminase free L-asparaginase, and they need to be considered
further in the search of L-asparaginase with high therapeutic index.
Keywords: L-asparaginase, Anticancer drug, Endophytes, Mangroves.

L-asparaginase is an anticancer drug which has revolutionized the
therapy for blood cells related cancers such as acute lymphoblastic
leukemia (ALL). The presence of L-asparaginase depletes the levels
of serum L-asparagine; it takes asparagine and removes its amine,
releasing aspartate and ammonia [1]. Most cells in our body use the
enzyme asparagine synthetase to make their own asparagine. Leukemic
lymphoblasts and certain other tumor cells lack or have very low levels
of asparagine synthetase and hence rely on L-asparagine present in the
serum for their proliferation and survival [2].

Bacterial sources have been widely used in the production of
L-asparaginase. Eukaryotic microorganisms, such as yeast and
filamentous fungi, are also reported to produce L-asparaginase.
Although this enzyme was found to be very prominent in treating
ALL, its use is limited by serious side effects such as liver dysfunction,
pancreatitis, leukopenia, neurological seizures, and coagulation
abnormalities due to the accompanying glutaminase activity [3].
Glutaminase activity was found to be observed in the majority of
the sources that produce L-asparaginase [4]. On the other hand, the
anticancer activity of L-asparaginase has also been attributed by some
workers to glutaminase activity, especially in asparagine synthetase
positive cells [5]. Based on the studies conducted in a glutaminasefree mutant L-asparaginase (Q59L) [6], it was found that glutaminasenegative variants of L-asparaginase would provide larger therapeutic
indices than wild type for asparagine synthetase negative cancers and
glutaminase activity of L-asparaginase is necessary for anticancer
activity only against cancer cells that express significant asparagine
synthetase. Hence, much emphasis was given on the production of
glutaminase free L-asparaginase enzyme, and many attempts are in
progress to produce the enzyme that does not involve the metabolism
of glutamine. Protein level modifications in L-asparaginase sourced
from Erwinia chrysanthemi [7] and Escherichia coli [8] were found
to yield enzyme with reduced glutaminase activity. As the enzyme’s
biochemical and kinetic properties vary with the genetic nature of
the microbial strain used [9,10], newer organisms are also being
explored to identify an enzyme with less adverse effect. Glutaminase

free L-asparaginase from bacterial sources, such as Pectobacterium
carotovorum MTCC 1428 [11,12], Bacillus licheniformis [13], and
Pseudomonas plecoglossicida RS1 [14], have been reported and their
production parameters were optimized.
Endophytes or microbes that colonize living, internal tissues of plants
without causing any immediate, overt negative effects [15], are an
underexplored group of microorganisms. Recent studies have shown
that secondary metabolites obtained from endophytic microbes
possess antimicrobial, antineoplastic, antioxidant, antidiabetic,
immunosuppressive, antithrombotic, anti-inflammatory, and antiAlzheimer’s activity [16]. The present study screened endophytes
in mangrove plants for their potential to produce glutaminase free
L-asparaginase.
Leaves and stems of three mangrove species Rhizophora mucronata,
Excoecaria agallocha, and Sonneratia caseolaris were collected from
ayiramthengu mangrove forest in the southwest coast of Kerala. Plants
were identified based on the records maintained by Aquaculture
Development Authority of Kerala, Ayiramthengu mangrove forest. Plant
parts were washed in running tap water and were surface sterilized by
dipping in 70% ethanol for 3 minutes, 4% sodium hypochlorite for
3 mintues followed by rinsing in sterile distilled water for 2 mintues.
Efficacy of the surface sterilization procedure was validated by
imprinting the surface sterilized plant part onto nutrient media and
was maintained as a control.

The surface sterilized plant parts were cut into small pieces of about
1 cm and were inoculated onto nutrient agar and potato dextrose agar.
The bacterial and fungal endophytes growing out from the cut ends
were isolated and subcultured. Pure cultures were prepared from
isolates with distinct colony morphology. These isolates were tested for
their ability to produce glutaminase free L-asparaginase.
Modified M9 (MM9) broth and modified czapek dox (MCD) agar
supplemented with L-asparagine and 0.009% phenol red dye
(pH 6.2) were used to screen L-asparaginase production by bacterial
and fungal isolates, respectively [17]. To check the glutaminase free
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form of L-asparaginase, the asparaginase positive isolates were
grown in the same media supplemented with L-glutamine instead of
L-asparagine [18]. Isolates showing a change in color of the asparaginecontaining medium from yellow to pink but maintaining the yellow
color of glutamine containing medium were considered as those
producing glutaminase free L-asparaginase.

The glutaminase free L-asparaginase producers were taken for
L-asparaginase production in shake flasks. Bacteria were inoculated
into 100 ml MM9 broth supplemented with asparagine and were
incubated in at 35°C at 150 rpm for 48 h. Fungi were inoculated in
100 ml MCD broth supplemented with asparagine and were incubated
at 28°C at 150 rpm for 72 h. The bacterial cultures were centrifuged
at 10000 rpm for 10 mintues, and fungal cultures were filtered using
Whatman No.1 filter paper to separate the cells. L-asparaginase activity
in the supernatants was measured by Nesslerization method [19].

Total 8 bacterial endophytes and 8 fungal endophytes were isolated
from the different parts of the mangroves under study. They were
numbered based on the plant parts from which they were isolated.
Seven bacterial endophytes produced L-asparaginase, of which six
were glutaminase free L-asparaginase. Out of three L-asparaginase
producing fungal endophytes, only one was found to be producing
glutaminase free L-asparaginase (Table 1). Phenol red is yellow at acidic
pH and turns pink at alkaline pH. The pink in the medium indicates pH
alteration originated from ammonia accumulation in the medium as a
result of asparaginase/glutaminase production (Figs. 1 and 2).
Shake flask production of L-asparaginase using glutaminase free
L-asparaginase strains showed high enzyme activity with bacterial
Table 1: Production of L‑asparaginase/glutaminase free
L‑asparaginase by endophytes

Isolate code Plant part
Bacteria
RM.S.01

+

+

+

+

Rhizophora
mucronata‑stem
RM.S.02(a) Rhizophora
mucronata‑stem
RM.S.02(b) Rhizophora
mucronata‑stem
RM.L.01
Rhizophora
mucronata‑leaf
EA.S.02(a) Excoecaria
agallocha‑stem
EA.S.02(b) Excoecaria
agallocha‑stem
EA.L.02
Excoecaria
agallocha‑leaf
SC.S.02
Sonneratia
caseolaris‑stem

+

−

+

+

RM.S.02

RM.L.01
EA.S.02

EA.L.01
SC.S.01

SC.L.01
SC.L.02

Fungi
RM.S.01

isolates compared to fungal isolate. The highest enzyme activity was
shown by bacterial isolates from S. caseolaris (Fig. 3).

The results of the present study reveal the potential of several
endophytes isolated from mangroves to produce glutaminase free
L-asparaginase. Fungal endophytes isolated from seaweeds have also
been reported to produce glutaminase free L-asparaginase [18]. There
is also a report of endophytic fungi isolated from plants of Western
Ghats and Rono hills producing glutaminase free L-asparaginase [20].
In our study, bacterial endophytes producing glutaminase free
L-asparaginase was more prevalent than fungal endophytes.
Further research is needed for optimization of enzyme production,
characterization of the isolates, and to study the cytotoxic properties
of the enzyme.
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Fig. 1: Bacteria positive for glutaminase free L-asparaginase
(a) Modified M9 (MM9) broth supplemented with asparagine
(b) MM9 broth supplemented with glutamine
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Fig. 2: Fungus positive for glutaminase free L-asparaginase
(a) Modified czapek dox (MCD) agar supplemented with
asparagine (b) MCD agar supplemented with glutamine
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Fig. 3: L-asparaginase activity of bacterial and fungal endophytes
positive for glutaminase free L-asparaginase production
361

Salini et al.

REFERENCES
1.

Goodsell DS. The molecular perspective: L-asparaginase. Oncologist
2005;10:238-9.
2. Prager MD, Bachynsky N. Asparagine synthetase in asparaginase
resistant and susceptible mouse lymphomas. Biochem Biophys Res
Commun 1968;31(1):43-7.
3. Duval M, Suciu S, Ferster A, Rialland X, Nelken B, Lutz P,
et al. Comparison of Escherichia coli-Asparaginase with Erwiniaasparaginase in the treatment of childhood lymphoid malignancies:
Results of a randomized European Organisation for Research and
Treatment of Cancer-Children’s Leukemia Group phase 3 trial. Blood
2002;99(8):2734-9.
4. Ramya LN, Doble M, Rekha VP, Pulicherla KK. L-Asparaginase as
potent anti-leukemic agent and its significance of having reduced
glutaminase side activity for better treatment of acute lymphoblastic
leukaemia. Appl Biochem Biotechnol 2012;167(8):2144-59.
5. Offman MN, Krol M, Patel N, Krishnan S, Liu J, Saha V, et al. Rational
engineering of L-asparaginase reveals importance of dual activity for
cancer cell toxicity. Blood 2011;117(5):1614-21.
6. Chan WK, Lorenzi PL, Anishkin A, Purwaha P, Rogers DM,
Sukharev S, et al. The glutaminase activity of L-asparaginase is not
required for anticancer activity against ASNS-negative cells. Blood
2014;123(23):3596-606.
7. Aghaiypour K, Wlodawer A, Lubkowski J. Structural basis for
the activity and substrate specificity of Erwinia chrysanthemi
L-asparaginase. Biochemistry 2001;40(19):5655-64.
8. Derst C, Henseling J, Röhm KH. Engineering the substrate specificity
of Escherichia coli Asparaginase. II. Selective reduction of glutaminase
activity by amino acid replacements at position 248. Protein Sci
2000;9(10):2009-17.
9. Eden OB, Shaw MP, Lilleyman JS, Richards S. Non-randomised study
comparing toxicity of Escherichia coli and Erwinia asparaginase in
children with leukaemia. Med Pediatr Oncol 1990;18(6):497-502.
10. Asselin BL, Whitin JC, Coppola DJ, Rupp IP, Sallan SE, Cohen HJ.

11.

12.
13.

14.

15.
16.

17.
18.
19.
20.

Asian J Pharm Clin Res, Vol 9, Issue 1, 2016, 360-362

Comparative pharmacokinetic studies of three asparaginase
preparations. J Clin Oncol 1993;11(9):1780-6.
Kumar S, Veeranki VD, Pakshirajan K. Assessment of physical
process conditions for enhanced production of novel glutaminase-free
L-asparaginase from Pectobacterium carotovorum MTCC 1428. Appl
Biochem Biotechnol 2011;163(3):327-37.
Devi S, Azmi W. One step purification of glutaminase free
l-asparaginase from Erwinia carotovora with anticancerous activty. Int
J Life Sci Pharm Res 2012;2:36-45.
Mahajan RV, Saran S, Kameswaran K, Kumar V, Saxena RK.
Efficient production of L-asparaginase from Bacillus licheniformis
with low-glutaminase activity: Optimization, scale up and acrylamide
degradation studies. Bioresour Technol 2012;125:11-6.
Shakambari G, Sumi BM, Ashokkumar B, Palanivelu P, Varalakshmi P.
Industrial effluent as a substrate for glutaminase free l-asparaginase
production from Pseudomonas plecoglossicida strain RS1; media
optimization, enzyme purification and its characterization. RSC Adv
2015;5:48729-38.
Bacon CW, White JF. Microbial Endophytes. New York: Marcel
Dekker, Inc.; 2000.
Shukla ST, Habbu PV, Kulkarni VH, Jagadish KS, Pandey AR,
Sutariya VN. Endophytic microbes: A novel source for biologically/
pharmacologically active secondary metabolites. Asian J Pharmacol
Toxicol 2014;2(3):1-16.
Gulati R, Saxena RK, Gupta R. A rapid plate assay for screening
L-asparaginase producing micro-organisms. Lett Appl Microbiol
1997;24(1):23-6.
Thangavel A, Krishnamoorthy G, Subramanian M, Maruthamuthu M.
Seaweed endophytic fungi: A potential source for glutaminase Free
L-asparaginase. Chem Sci Rev Lett 2013;2(5):348-54.
Imada A, Igarasi S, Nakahama K, Isono M. Asparaginase and glutaminase
activities of micro-organisms. J Gen Microbiol 1973;76(1):85-99.
Nagarajan A, Thirunavukkarasu N, Suryanarayanan TS, Gummadi SN.
Screening and isolation of novel glutaminase free L-asparaginase from
fungal endophytes. Res J Microbiol 2014;9:163-76.

362

