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ABSTRACT

L-asparaginase (EC 3.5.1.1) has gained prominence as an industrial enzyme in the recent decades. It is
notable for its use as an anticancer drug and an acrylamide mitigator in the food industry. The screening of
L-asparaginase from new microbial sources, with greater yield and fewer drawbacks is greatly appreciated.
The present work attempts to screen and identify L-asparaginase producing bacteria from soil, as well as
to optimize the bioprocess parameters for higher yield of extracellular L-asparaginase. For this purpose,
fifteen isolates were screened by rapid plate assay. The two microbial colonies representing widest pink
zone around them were identified as Rossellomorea marisflavi and Bacillus cereus,based on 16S ribosomal
RNA gene sequencing results. B. cereus and R. marisflavi produced maximum L-asparaginase at neutral
pH and pH 8 respectively, when cultured for 36 h using 1.5% inoculum size. For optimal L-asparaginase
production, R. marisflavi required 40°C while B. cereus preferred 37°C temperature. Best liquid media
was Czapek 2 for R. marisflavi that produced 583 U/mg enzyme and TSB for B. cereus that gave 250 U/
mg L-asparaginase; while Corn cob as solid substrate facilitated L-asparaginase production maximally by
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both strains. The supplementation of metal ions altered L-asparaginase production differently. However,
addition of Mg™ under optimized fermentation conditions magnified L-asparaginase production to
882.35 U/mg by R. marisflavi and to 414.47 U/mg by B. cereus. Therefore, this study served to provide
two isolates from Bacillaceae family that can utilize inexpensive substrates and Mg™ to give enhanced
L-asparaginase production under optimized fermentation conditions for future commercial applications.

INTRODUCTION in processed foods as well (Gokmen and Palazogulu, 2008;
Mottram et al., 2002).

L-asparaginase is abundant in nature and can be found
in microorganisms, higher plants (Sphagnum fallax), and

animals (Borek ef al., 1999; Sinha ef al., 2013). It is an

L—asparaginase (EC 3.5.1.1) is an amidohydrolase
enzyme that catalyses the removal of the amino group
from L-asparagine, resulting in the formation of L-aspartic

acid and ammonia (Hill et al., 1967). This enzyme in
addition to being a cancer-fighting agent (Miiller and Boos,
1998; Narta et al., 2007) inhibits acrylamide formation
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oncolytic enzyme which is used to treat acute myelocytic
leukemia, chronic lymphocytic leukemia, Hodgkin’s
disease, melanosarcomas and Lymphosarcomas (Kidd,
1953; Broome, 1961) with or without combination of
drugs (Szymanska et al., 2012). Even complete remission
of acute lymphoblastic leukemia (ALL) has been reported
following L-asparginase therapy (Ashok et al., 2019;
Brumano ef al., 2019). This therapeutic protein catalyzes
the breakdown of circulating L-asparagine in the blood
stream (Kumar and Verma, 2012) and deprives the tumor
cells of an essential nutrient and growth factor. Hence,
RNA and protein synthesis stops and cell cycle arrests in
G1 phase, leading to apoptosis of the tumor cells (Ali et
al., 2016; Rizzari et al., 2000). Normal cells, on the other


https://creativecommons.org/licenses/by/4.0/
https://dx.doi.org/10.17582/journal.pjz/20220804110850
crossmark.crossref.org/dialog/?doi=10.17582/journal.pjz/20220804110850&domain=pdf&date_stamp=2008-08-14

2 1. Javed et al.

hand survive due to the presence of the L-asparagine
synthetase enzyme that resynthesizes L-asparagine from
L-aspartic acid and L-glutamine (Zhang et al., 2014).
Some L-asparaginases have additional L-glutaminase
activity and can catalyze L-glutamine as well (Chan et al.,
2014). However, the presence of this side activity has been
reported to cause side effects in patients, such as bleeding
problems, neurological disorders, hepatic dysfunction and
pancreatic inflammation, among others, thereby leading to
the discontinuation of L-asparaginase treatment (Stams et
al.,2003).

The ability of L-asparaginase to reduce acrylamide
levels make it useful in the food industry. Acrylamide is
a neurotoxin and a suspected carcinogen that is produced
at higher temperatures as a result of the Maillard reaction
between L-asparagine and reducing sugars, particularly
in potato and cereal-based fried food products (Gékmen
Palazuglu, 2008; Mottram et al., 2002). L-asparaginases
from different microbial sources have been used industrially
to mitigate acrylamide levels in several food products
efficiently (Cachumba et al., 2016). L-asparaginases
have recently been used in the development of biosensors
that detect L-asparagine levels in food or in the blood of
leukemic patients. Either whole cells of L-asparaginase
producing microorganisms like E. coli, yeast, Erwinia
sp. or the purified enzyme itself is co-immobilized with
an indicator (phenol red) in an inert support (Tetra methyl
ortho silicate sol-gel) at the tip of an electrode. When
L-asparagine comes in its vicinity, it is degraded into
ammonia and L-aspartate causing change'in pH that alters
the colour of the indicator to pinkish red. This initiates an
electrical signal which is displayed on the screen showing
the amount of L-asparagine in‘the samples (Verma et al.,
2012).

The isolation of intracellular and extracellular
L-asparaginases has been reported from diverse sources
and species showing tremendous variation in their
properties (Sinha ef al., 2013). Bacterial L-asparginases
that are produced extracellularly are of greater choice
amongst several other sources as they can be synthesized
in bulk amount without much difficulty, lesser time and
with easier recovery of the product at the end (Patro et al.,
2011; Amena et al., 2010). To date, Escherichia coli and
Erwinia chrysanthemi L-asparaginases have only been
clinically approved to treat lymphoid system malignancies
but they also possess side effects like shorter half-life,
immunogenic reactions, lesser stability and short half-life
etc. (Batool et al., 2016). Therefore, to screen microbes
with improved L-asparaginase properties, greater yield
and minimal side effects are desirable. Large-scale
production of L-asparaginases is typically accomplished
through submerged and/or solid state fermentation, as

well as by varying physical and chemical parameters
and then selecting the ones that result in increased
production (Lopes et al., 2017). Keeping in mind various
biotechnological prospects of L-asparaginases, the current
study presents screening and identification of extracellular
L-asparaginase producing bacteria from local soil
samples, along with the selection of most suitable physical
and chemical parameters that could improve overall
L-asparaginase yield.

MATERIALS AND METHODS

Analytical grade chemicals, purchased from local
distributers of Thermo Fisher Scientific Inc. (Maryland,
USA), Fluka™ and Sigma (Sigma-Aldrich Co. USA),
were used in the present research. All steps involving the
handling of bacterial isolates/cultures were performed
aseptically.

Sample collection and pretreatment

Soil samples were collected separately in clean, zip-
lock bags from five different garden plots around cafeterias
in University of the Punjab (Quaid-e-Azam Campus), after
digging to a depth of 15 cm with a sterile knife. The soil
samples were spread evenly in trays and incubated at 37°C
after physically eliminating unwanted stones, dried leaves,
grass, branches etc. Dried and sieved soil (5 gm) was
stirred in 50 ml of sterile distilled water and was incubated
for 2 h in a shaker, adjusted to 37°C.

Isolation and screening of L-asparaginase producers

LB agar plates were maintained at 37°C overnight after
streaking filtered, serially diluted supernatants. The rapid
plate assay (Gulati ef al., 1997) for 15 randomly selected
single colonies was performed, to screen extracellular
L-asparginase producing bacteria. The diameter of the
pink zone that appeared around bacterial colonies after
streaking them separately on M9 medium-agar plates was
used to select best producers. (For 1 liter M9 medium
(agar), pH 7.0: Na,HPO,.2H,0 6g; KH,PO, 3g; NaCl
0.5g; L-asparagine 10g; 20% glucose stock 10ml; 1molL"!
MgSO,.7H,0 2ml; 0.1M solution of CaCl,.2H,0 1ml; 2
% agar and 3ml of 2.5% phenol red dye). Streaked plates
were incubated overnight at 37°C.

Production of L-asparaginase

The quantification of extracellular L-asparaginase
of selected microbial colonies was carried out. Freshly
grown single colony of the bacterial strain/s from LB agar
plate was inoculated in 10 ml Luria-Bertani (LB) broth
(pH 7.0) and was incubated at 37 °C in a shaker. Then 1%
of this inoculum was added to a 30 ml sterilized tryptic
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soy broth (TSB) media (pH 7.0) in 250 ml conical flask
and was cultured for 24 h in an orbital shaker (100 rpm)
at 30°C. Following centrifugation (13000 rpm) at room
temperature, the supernatant was saved as crude enzyme
extract/s.

L-asparaginase assay

The crude enzyme supernatants were assayed
for L-asparaginase activity by Nesslerization method
(Campbell Mashbum, 1969). The absorbance was recorded
at 425 nm after mixing the contents thoroughly. The
enzyme activity was quantified using ammonium sulphate
standard graph. One L-asparaginase unit was equivalent to
the amount of enzyme liberating 1pmole of ammonia per
minute at given temperature.

Protein assay

The total protein content in crude enzyme supernatants
was estimated by Bradford assay (Bradford, 1976) at 595
nm. The amount of protein in the samples was quantified
in ug/ml by comparing the absorbance values of standards
in BSA standard graph.

Molecular identification of bacterial isolates

Ribotyping technique (Bouchet et al., 2008) was used
to identify the selected bacterial stains. The whole genomic
DNA was isolated using kit (K0721; Thermo Scientific™).
PCR was run to amplify 16S ribosomal RNA gene.
Universal primers given below of 10 uM stock, template
(1 pg whole genomic DNA) and DreamTaq green mix
(K1081; Thermo Scientific™) were combined and placed
onice. 8F: 5’AGA GTT TGA TCC TGG CTC AG 3’;
1492R: 5 GGT TAC CTT GTTACGACT T 3.

In Bio-Rad Thermocycler, initial denaturation at 95°C
for 4 min followed by 30 amplification cycles at 95°C for 30
sec; 52°C for 30 sec; 72°C for 90 sec and then final extension
at 72°C for 10 min was performed. The amplified gene
product was resolved on 1% agarose gel along with DNA
markers (SM0313; Thermo Scientific™). Bands exhibiting
the desired size were excised and extracted from the gel
using kit (K0692; Thermo Scientific™). The nucleotide
sequence retrieved after sequencing was subjected to
BLAST and the homology-based corresponding 16S
rRNA sequences of different strains were aligned using
Clustal W (online program) (Thompson ef al., 1994). The
phylogenetic tree was designed using neighbor-joining
method through MegAlign software (Clewley and Arnold,
1997).

Optimization of fermentation conditions
To achieve enhanced L-asparaginase production
from selected bacterial isolates, fermentation process

was optimized by altering single parameter at a time. The
enzyme activity and protein content in all crude enzyme
extracts was assayed.
pH

The change in L-asparaginase production at different
pH conditions was studied. 1% inoculum of the selected
bacterial strain/s was added to 10 ml TSB media with
different pH (4.0-10) and left for 24 h at 30°C in an orbital
shaker. The cells were removed by centrifugation at 13,000
rpm at room temperature and the supernatant was saved as
crude enzyme extract.

Temperature

L-asparaginase production by microbes under various
temperatures was observed by adding 1% inoculum of the
selected bacterial strains to 10 ml TSB media of optimal
pH. The cultures were maintained at 30°C, 37°C, 40°C
and 50°C temperatures separately for 24 h, with shaking.
Centrifugation at 13000 rpm (room temperature) removed
the cells from grown culture and the supernatant was saved
as crude enzyme extract.

Incubation time

The impact of incubation time on extracellular
L-asparaginase production was observed by adding 1%
inoculum of selected bacterial strains to 10 ml TSB media
of optimal pH for 12, 24, 36, 48, 60 and 72 h, respectively
under optimal temperature conditions with shaking. The
cells were removed by centrifugation at 13,000 rpm at
room temperature and the supernatant was stocked as
crude enzyme extract.

Inoculum size

Selected bacterial strains were cultured under optimal
physical conditions to record changes in L-asparaginase
production after adding different volumes of freshly grown
inoculum (0.5, 1.0, 1.5, 2.0 and 2.5 %) to 10 ml TSB media.
On completion of incubation, the cells were spinned down
(13,000 rpm; room temperature) and the supernatant was
saved as crude enzyme extract.

Growth media

Alteration  in  extracellular  L-asparaginase
concentration was studied for selected bacterial isolates
by using 10 ml of different growth media (liquid and solid)
under optimized conditions. The liquid media included
Luria-Bertani broth (LB), tryptic soy broth (TSB), M9
media, L-asparagine broth media (ABM), modified
Czapek-Dox’s medium 1 and modified Czapek-Dox’s
medium 2. After completion of submerged fermentation
process, the cells were removed at room temperature by
centrifugation at 13,000 rpm and the supernatant was
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saved as crude enzyme extract. For solid substrates corn
cob, almond seed cake, coconut seed cake, sugar cane
bagasse and wheat bran grounded to 1mm particle size
(10 gm) and moistened with 40 ml L-asparagine broth
medium, were tested. The enzyme was extracted in 0.1 M
Tris HCI buffer (optimal pH) by shaking at 37°C for two
h. Following filtration and centrifugation (13,000 rpm),
the supernatant obtained was saved as crude enzyme
extract.

Metal ions effect

To study the effect of metal ions on L-asparaginase
production, 10 ml of optimal growth media were separately
topped up with divalent ions like Zn*", Mg?*, Fe'?, Ni"
, Co? , Cu™, Mn*"? and Ca" (ImM final concentration)
and 5 mM EDTA. After completion of incubation under
optimal fermentation parameters, the cells were excluded
by centrifugation (13000 rpm; room temperature) and the
supernatant was stored as crude enzyme extract.

RESULTS

Characteristics of isolated L-asparaginase producers

Fifteen randomly selected colonies were subjected
to rapid plate assay. On the basis of the diameter of pink
zone formed around the colonies, 9 bacterial isolates
did not produce suffient extracellular L-asparaginase,
4 bacterial isolates produced it moderatly while two
strains (Strain a and Strain b) were selected, as the pink
zones around their colonies displayed 2.7 cm and 3.3
cm diameters (Fig. 1). The Strain_a‘and Strain b were
cultured and the clear supernatant after centrifugation
gave specific activity of 125 Units/mg for Strain a and
191 Units/mg for Strain b.

Fig. 1. Selected L-asparaginase producers on M9 agar
plates. a, Strain_a showing 2.7 cm pink zone. b, Strain_b
showing 3.3 cm pink zone.
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Fig. 2. Phylogenetic tree analysis. A. For Strain a a
phylogenetic tree was constructed through neighborjoining
methodusing following closelyrelated strains: MF948300.1
(Bacillus  sp.), MF062978.1 (Bacillus marisflavi),
MF351833.1  (Bacillus  marisflavi), ~ MF537093.1
(Bacillus sp.), MG309379.1 (Bacillus sp.), MG309382.1
(Bacillus sp.), MK757929.1 (Bacillus sp.), MK129310.1
(Bacillus marisflavi), MG025780.1 (Bacillus marisflavi),
MGO049773.1 (Bacillus marisflavi), KR085889.1 (Bacillus
marisflavi), LM655317.1 (Bacillus sp.), MH445024.1
(Uncultured bacterium clone JSP_105), MH445024.1
(Bacillus sp.), MF537085.1 (Bacillus sp.), KY785320.1
(Bacillus  aquimaris), KF956699.1 (Bacillus sp.),
MK391969.1 (Bacillus marisflavi), MF321816.1 (Bacillus
marisflavi), KF956688.1 (Bacillus sp.) and KF956589.1
(Bacillus sp.) Strain_a showed closest homology to
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MGO025780.1 strain and was identified as Bacillus
marisflavi, preferably written as Rossellomorea marisflavi.
B. For strain b a phylogenetic tree was constructed
through neighborjoining method using following closely
related strains: MH683113.1 (Bacillus sp.), KY609479.1
(Uncultured bacterium clone), MG386505.1 (Bacillus
cereus), KF641827.1 (Bacillus cereus), MG027636.1
(Bacillus cereus), IN942136.1 (Bacillus sp.), MK064179.1
(Bacillus  cereus), HM752769.1 (Bacillus cereus),
JF901710.1 (Bacillus sp.), MF967274.1 (Bacillus sp.),
JX544748.1 (Bacillus cereus), MK696376.1 (Bacillus sp.),
KT259192.1 (Bacillus cereus), MK064179.1 (Bacillus
cereus), KM289183.1 (Bacillus Sp.), KY773595.1
(Bacillus cereus) and JF833090.2 (Bacillus cereus).
Strain_b showed closest homology to MK064179.1strain
and was identified as Bacillus cereus.

Molecular identification and phylogenetic analysis

== B. cereus

== R marisflavi

Thel6S rRNA gene of 1500 base pairs (bp) size,
was successfully amplified by using PCR technique, from
both selected strains (Fig. 2). Its sequence was subjected
to BLAST and the nucleotide sequences showing greatest
homology to the amplified gene were aligned using
ClustalW software. A phylogenetic tree was designed
by using neighbor-joining method through MegAlign
software. Strain a was 98.16% similar to Bacillus
marisflavi strain LQ1 (GenBank: MG025780.1) (Fig. 2A),
preferably written as Rossellomorea marisflavi (Gupta et
al.,2020) while Strain_b showed 99% similarity to Bacillus
cereus strain R2 (GenBank: MK064179.1) (Fig. 2B). The
16S rRNA nucleotide sequences have been received by
GenBank and given accession numbers: SUB11884202
Strain_a OP117229 and SUB11884202 Strain_b OP117230,
respectively.
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Fig. 3. L-asparaginase production. A, At different pH conditions. L-asparaginase production by Bacillus cereus and Rossellomorea
marisflavi was observed to be optimal at neutral pH and pH 8 respectively under suitable temperature conditions. B, At different
temperatures (°C). R. marisflavi optimally produced L-asparaginase at 40°C while B. cereus produced it maximally at 37°C
under optimal pH conditions. C, Under different incubation times (h). L-asparaginase activity was highest in both strains on
the completion of 36 h, under optimal temperature and pH conditions. D, Using different inoculum sizes (%). L-asparaginase
production was greatest with 1.5% inoculum size on the completion of 36 h, under optimal by both strains.



Relative erzyme activity (%)

Relative erzyme activity (%)

BR. marisflavi EB. cereus

250
g
S
-@-OO
=
2 150
©
g
E 100
)
o
=
s 50
2

o - . . - =

C FeCl; CaClz MnClz ZnCl; CoClz; CuClz NiCly

80 -

60 -

: ﬂ
20

i =N | |
B

1. Javed et al.

8B. cereus

B R, marisflavi

80 -

40 -

Czapek 2 LB M9 TSB
Liquid growth media

ABM Czapek 1

WR. marisflavi OB. cereus

N

Almond seed Corn cob Coconut seed Sugarcane bagass Wheat bran
cake cake
Solid substrates for growth

Metal Ions (1 mM)

Fig. 4. Change in L-asparaginase production in the presence
of different liquid growth media (A), solid substrate (B)
and metal ions (C). A, R. marisflavi maximally produced
L-asparaginase when grown in modified Czapek-Dox’s
medium 2, while TSB proved to be the most suitable media
for L-asparginase production by B. cereus. Experiment was
performed under optimal conditions. B, strains gave highest
L-asparaginase activity when grown on corn cob under
optimal conditions. C, the effect of metal ions (0.1 mM
final concentration) and EDTA (5 mM final concentration)
on L-asparaginase production by both strains showed
variable results. Mg?* was the best L-asparaginase inducer
that enhanced the activity to 195.8% (882.35 U/mg) in R.
marisflavi and to 148.02% (414.47 U/mg) in B. cereus in
contrast to No-salt control (100% L-asparaginase activity).

Optimum fermentation conditions

pH

The effect of pH (4.0-10) on L-asparaginase
production by both R. marisflavi and B.cereus was observed
(Fig. 3A). The results suggested that R. marisflavi seemed
to give greater specific activity of L-asparaginase over a
wide range of pH (6.0-10) as compared to B. cereus, giving
maximum value of 406.7 U/mg compared to 214.3 U/mg
L-asparaginase produced by B. cereus.

Temperature

The change in extracellular L-asparaginase production
by both strains was observed at different temperatures.
An increase in temperature from 30°C also increased the
enzyme production that started to decline after 40°C (Fig.
3B). However, R. marisflavi L-asparaginase seemed to be
more heat tolerant in contrast to B. cereus L-asparaginase.

Incubation time

The L-asparaginase synthesis by both strains spiked
after 24 h. It was greatest on the completion of 36 h under
optimal ' temperature and pH conditions (Fig. 3C). R.
marisflavi produced 444.4 U/mg whereas B. cereus gave
244 U/mg L-asparaginase concentration in crude extract.
However, after 36 h the enzyme relative activity started
to reduce. It was decreased from 40.2% to 25.2% in R.
marisflavi between 48 to 72 h and in case of B. cereus,
only 6.91% L-asparaginase relative activity was recorded
after 72 h.

Inoculum size

Freshly prepared inoculum (0.5-2.5%) was added
to 10 ml TSB media and cultivated under optimal
physical conditions to monitor changes in L-asparaginase
production. With an increase in inoculum size, extracellular
L-asparaginase production was enhanced by both strains.
Addition of 1.5 % inoculum proved to be optimal for
highest L-asparaginase synthesis by both R. marisflavi
and B. cereus strains, giving 446.67 U/mg and 279.17 U/
mg L-asparaginase specific activities, respectively (Fig.
3D). Interestingly, B. cereus produced significant amount
of L-asparaginase i.e., ~87% even at lowest inoculum
size (0.5%) in contrast to 52.49% L-asparginase that was
produced by R. marisflavi under same conditions.

Growth media

L-asparaginase production by both selected strains was
analyzed in liquid media as well as with solid substrates.
The results showed that R. marisflavi maximally produced
L-asparaginase when it was grown in modified Czapek-
Dox’s medium 2 giving 583 U/mg enzyme, respectively. On
the other hand, TSB was the best media for L-asparginase
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production by B. cereus, giving 250 U/mg L-asparaginase
(Fig. 3). Interestingly, both B. cereus and R. marisflavi gave
highest L-asparaginase activity when cultured on corn cob
under optimal fermentation conditions producing 138 U/
mg and 121.87 U/mg L-asparaginase in crude extract (Fig.
4A). Comparatively, overall production of extracellular
L-asparaginase using solid substrates by both strains was
relatively lower as compared to the liquid growth media.
Hence, Czapek-Dox’s medium 2 for R. marisflavi and TSB
medium for B. cereus were selected for cultivation using
submerged fermentation.

Effect of metal ions

The effect of metal ions (0.1 mM final concentration)
and EDTA (5 mM final concentration) on L-asparaginase
production by both strains showed variable results under
optimal physical and chemical conditions (Fig. 4B). The
change in L-asparaginase production was monitored by
taking “No-salt” crude enzyme extract as control (100
% L-asparaginase activity). In case of R. marisflavi,
EDTA slightly enhanced the L-asparaginase activity to
104% while it was inhibited to 78.9% in B. cereus. R.
marisflavi’s L-asparaginase activity remained unchanged
on the addition of Ni*?but it was inhibited in the presence
of Zn>" and Ca™to 46.2% and 38.83% while Fe?, Co'?,
Cu™and Mn** increased the enzyme activity. Mg?" was the
best L-asparaginase inducer, spiking the activity to 195.8%
(882.35 U/mg) in R. marisflavi and to 148.02% (414.47
U/mg) in B. cereus. The L-asparaginase synthesis by B.
cereus was not inhibited by metal ions_ rather Fe™2, Ni*?,
Co*™?, Cu', Mn", Zn*" and Ca" acted as L-asparaginase
activity boosters.

DISCUSSION

In an ambition to isolate extracellular L-asparaginase
producing bacteria from soil and to gain greatest
L-asparginase production from them, current study was
undertaken. Microbial colonies were randomly chosen
after rapid plate assay technique which is being practiced
even today (Gulati et al., 1997), owing to its usefulness
(Nour et al., 2019; Fatima et al., 2019). The two microbial
isolates, Strain_a and Strain_b with largest pink zones were
identified as Rossellomorea marisflavi and Bacillus cereus
by ribotyping (Bouchet et al., 2008). Similar strategy
for the screening and identification of L-asparaginase
producing Bacillus strains from soil have been previously
practiced (Wakil et al., 2015). Earlier, the term Bacillus
marisflavi was used for Rossellomorea marisflavi however
presently Bacillus species only encompass species of
Bacillus cereus and Bacillus subtilis (Gupta et al., 2020).

Various fermentation parameters such as pH,

temperature, incubation time, inoculum size, growth
media, solid substrates and metal ions concentration were
optimized for maximum extracellular L-asparaginase
production by both strains. R. marisflavi was more active
over a wide range of pH (6.0-10) as compared to B.
cereus. There was a gradual increase in L-asparaginase
activity from pH 4.0-7.0 that got maximum at pH 8.0
in R. marisflavi. This finding is similar to the optimal
pH for L-asparaginase production by Citrobacter sp.
(Shah et al., 2010). However, B. cereus showed greatest
L-asparaginase activity at pH 7.0 which coincided to the
optimal pH for L-asparaginase production by Streptomyces
tendae (Kavitha ef al., 2010). On the contrary, in previous
reports L-asparaginase production was highest at pH 6 by
Aspergillus terreus (Farag ef al., 2015) and at pH 8.6 by
Bacillus licheniformis (Abdelrazek et al., 2019).

The L-asparaginase production was tested between
30-50°C temperatures. An increase in temperature from
30°C also increased the enzyme production. At 40°C
maximum production was shown by R. marisflavi while B.
cereus optimally produced L-asparaginase at 37°C. Hence,
thermophilic profile of R. marisflavi L-asparaginase was
better than B. cereus and could be tested for its potential
in acrylamide reduction in food materials in future.
L-asparaginase was previously observed to be optimally
produced by Bacillus licheniformis at 40°C (Abdelrazek
et al., 2019) and at 37°C by Citrobacter sp. (Shah et
al., 2010) which is in harmony with our findings but
opposing to Streptomyces tendae that showed highest
L-asparaginase activity at 30°C (Kavitha et al., 2010)
and Bacillus firmus and Bacillus circulans that optimally
produced L-asparaginase at 45°C (Wakil and Adelegan,
2015), respectively.

The study displayed that 36 h were required for
maximal L-asparaginase production by both strains and
led to decrease in enzyme activity after 72 h, probably
owing to the consumption of essential nutrients and
accumulation of waste products in the medium. This
finding is not in accordance with previously reported
Bacillus halotolerans L-asparaginase that was optimally
produced within 28 h (Orabi et al., 2018) and to Bacillus
Sp. BCCS 034 whose optimal incubation time was 48 h
(Ebrahiminezhad et al., 2011). Since, optimization of
inoculum size is important for greater enzyme yield so
different volumes of freshly grown inoculum were tested
and addition of 1.5% inoculum proved to be optimal for
highest L-asparaginase production by both R. marisflavi
and B. cereus, respectively. This finding was in contrast to
the already reported 1% inoculum size that was sufficient
for highest L-asparaginase production by Aspergillus
terreus (Baskar and Sahadevan, 2012).

Media and substrates are a source of essential
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carbon and nitrogen nutrients that are vital for microbial
cellular activities. Hence, various liquid media and
solid substrates were tested in this study for optimal
L-asparaginase production. A report showed that maximum
L-asparaginase activity in Streptomyces spp. was achieved
by modified Czapek Dox’s media (El-Hadi ez al., 2019)
which is in accordance with our findings for R. marisflavi
L-asparaginase. Similarly, TSB media was previously
utilized to produce L-asparaginase extracellularly from
Corynebacterium glutamicum (Mesas et al., 1990) which
is the optimal growth media for B. cereus in our study.
Results proposed Corn cob to be the most suitable solid
substrate for both strains which is contrary to the earlier
findings from Bacillus halotolerans that utilized sugarcane
bagasse for best L-asparaginase production and corn bran
as second choice (Orabi et al., 2018).

Variable changes in L-asparaginase production were
observed when EDTA and metal ions were supplemented
in the growth media. Only slight increase in enzyme
production was induced by EDTA in R. marisflavi,
comparable to the findings that reported 105% increase
in Nocardia levis L-asparaginase activity in the presence
of EDTA (Kavitha and Vijayalakshmi, 2012). However,
L-asparaginase activity was inhibited by EDTA in B. cereus
which is in accordance with a previous report showing
inhibitory effects of EDTA on L-asparaginase production
by Bacillus sp. (Moorthy et al., 2010). While studying the
effect of metal ions, L-asparaginase synthesis remained
unchanged by R. marisflavi’s on the addition of Ni*?> which
is analogous to the behaviour of previously documented
Bacillus sp. (Mohapatra et al., 1995). However, inhibition
of enzyme production by R. marisflavi was observed upon
the addition of Zn*" and Ca*?, similar to the former findings
that displayed the inhibitory effects of Zn** and Ca*? on
L-asparaginase activity in Bacillus sp. GH5 (Gholamian et
al., 2013). Moreover, present study supports retardation in
L-asparaginase synthesis with Ni*2, Zn** and Ca** ions by
B. cereus. Yet, in another study accelerated effects of Fe*?,
Co*?, Cuand Mn" on L-asparaginase activity in Erwinia
sp. were reported (Borkotaky and Bezbaruah, 2002) that
are comparable to our results reported for both R. marisflavi
and B. cereus. Mg** was the best activator amongst all
metal ions in both strains, similar to its previously reported
enhanced effects on the Aspergillus terreus (Farag et
al., 2015) and Bacillus sp. L-asparaginases (Moorthy et
al., 2010). Nonetheless Mg** supplementation reduced
L-asparaginase activity in Fusarium equiseti in a previous
study (Hosamani and Kaliwal, 2011).

The present study was found to be useful in designing
the optimal fermentation conditions for enhanced
extracellular L-asparaginase production by both R.
marisflavi and B. cereus. The specific activity of enzyme

enhanced to 583 U/mg from 125 U/mg in R. marisflavi
and to 250 U/mg from 191 U/mg in B. cereus, respectively
(without supplementation of Mg** ions). Increase in
L-asparaginase production after optimization studies has
been previously reported in Fusarium equiseti (Hosamani
and Kaliwal, 2011) and Aspergillus terreus (Varalakshmi
and Raju, 2013; Farag et al., 2015) among others.

CONCLUSION

Soil is home to many important microbes that can
synthesize metabolites and byproducts of commercial
importance. The present study was conducted to isolate
extracellular L-asparaginase producing bacterial strains
from the soil that were identified as Rossellomorea
marisflaviand Bacillus cereusbyribotyping. They displayed
significant L-asparaginase activity at physiological pH and
temperature. They exhibited marked increase in enzyme
production when growth media was supplemented with
Mg". Moreover, greater L-asparaginase quantities with
less inoculum size and simpler fermentation conditions
were achieved. Hence, it is proposed that application of
L-asparaginases from locally screened R. marisflavi and
B. cereus strains as therapeutic agents and as acrylamide
reducers in food industry shall be explored.
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