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L-Asparaginase (ASNase) is used in medicine for neoplasms treatment and in food
industry for mitigation of acrylamide in high-temperature processed food. In medicine,
commercial ASNases have exhibited side effects and L-glutaminase (GLNase) activity
affecting the clinical treatment. The aim of this work was to study a novel ASNase from
Enterobacter sp. M55 isolated from Maras Salters in Peru, which was purified and bio-
chemically characterised. This ASNase exhibited a Km of 5.71 mM and a /max of 0.16
umol mL™" min™', as well as an optimum temperature and pH of 37 °C and 6, respectively.
Moreover, a good activity (80 %) was observed at physiological pH. Likewise, the
enzyme increased its activity by around 50% in presence of urea, glutathione, and
glucose. Whilst in presence of serum compounds, it kept more that 60 % of activity. In
addition, this ASNase showed low GLNase activity.
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Introduction

L-Asparaginase (ASNase) (E.C. 3.5.1.1), spe-
cially from bacteria, is being widely studied owing
to its potential applications in medicine and food
industry'2. In medicine, it is used for the treatment
of non-Hodgkin lymphoma, acute lymphoblastic
leukaemia (ALL), and other malignant tumours.
ASNase catalyses the breakdown of the circulating
L-asparagine, a fundamental amino acid for most
malignant cells, in L-aspartate and ammonia. In food
industry, this enzyme inhibits acrylamide formation
in a variety of starch-rich products after grilling,
baking, or frying®=.

ASNase is also included in the World Health
Organization's List of Essential Medicines®. Medi-
cal ASNase formulations from Escherichia coli and
Erwinia chrysanthemi are available on the market.
However, they have caused clinical hypersensitivity
in treated patients’. Other side effects such as pan-
creatitis, aphasia, liver disorders, deep vein throm-
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bosis, hyperglycaemia, and neurological crisis have
been also reported in cases of long-term administra-
tion of this drug. Additionally, these commercial
ASNases have presented L-glutaminase (GLNase)
activity, the deamination of L-glutamine to L-glu-
tamic acid and ammonia®'°. The clinical importance
of GLNase activity in ASNases is still under debate,
with opposite reports in the literature about its ef-
fect in neoplasms treatment. Some studies have re-
ported that GLNase activity contributes to the cyto-
toxicity of ASNase on neoplastic cells. However,
other reports have indicated that GLNase activity is
not essential for anticancer activity. What is clear is
that low GLNase activity has been correlated with a
significant reduction in toxicity in patients' -3,

To overcome the problems previously descri-
bed, research is focused on looking for novel ASN-
ases from extreme environments with low GLNase
activity to be used as potentially safer drugs. Thus,
saline environments represent a valuable source of
bacterial strains with potential biotechnological ap-
plications in pharmaceutical industry"'*. Halophilic
and halotolerant bacteria have exhibited great po-
tential for the production of ASNase with enhanced
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properties such as activity and stability in either
acid or alkaline conditions, as well as absence of
GLNase activity’®. Bacteria including Bacillus,
Staphylococcus, Pseudomonas, Halomonas and Idi-
omarina isolated from saline environments have
been reported as L-asparaginase producers’!¢-18,

The aim of this study was to study a novel L-as-
paraginase from Enterococcus sp. strain M55, iso-
lated from Maras Salterns in Peru. The enzyme was
purified and biochemically characterised by deter-
mining its kinetic parameters, the effect of tempera-
ture, pH, ions, and serum components on ASNase
activity as well as substrate specificity. Our findings
have demonstrated that this ASNase presents poten-
tial for biotechnological applications in medicine.

Materials and methods

Bacterial strain and L-asparaginase production

Enterobacter sp. strain M55 was isolated from
Maras Salterns in Peru by members of the Labora-
torio de Biologia Molecular, Facultad de Farmacia
y Bioquimica, Universidad Nacional Mayor de San
Marcos. The strain was grown from a glycerol stock
on Luria Bertani (LB) broth at 37 °C for 24 h. The
culture was then centrifuged at 5000%g for 5 min,
and the pellet was transferred into LB broth supple-
mented with 10 g L' glucose. The culture was incu-
bated at 37 °C and 160 rpm for 24 h. The cells were
centrifuged, washed twice with 145 mM NaCl, and
the final pellet was transferred into the ASNase pro-
duction medium. ASNase was produced by sub-
merged fermentation in a modified medium contai-
ning, in g L' 1%%: 10, glucose; 10, yeast extract; 1,
L-asparagine; 3, Na,HPO,; 6, NaH,PO,; 0.5, NaCl;
0.012, CaCl,2H,0O; and 0.12, MgSO,7H,0O, at pH
7.0. The starting culture presented an initial OD600
of 0.2, and was incubated at 37 °C and 160 rpm for
24 h. After this time, cells were harvested by cen-
trifugation (5000xg for 20 min), washed twice with
145 mM NacCl, and resuspended in lysis buffer con-
taining 50 mM Tris-HCI and 1 mM EDTA, pH 7.0.
Sonication was carried out at 4 °C for 2 min at
30 % amplitude with 5 s ON and 30 s OFF. The
clarified lysate was obtained by centrifugation at
11200%g for 40 min at 4 °C.

L-Asparaginase activity assay

The ASNase activity was determined using two
methods. Although Nessler assay based on ammo-
nia quantification is the most used, it might have
some interferences. In this assay, potassium, mercu-
ry, and iodine reacted in proportion to ammonia
concentration giving a coloured compound that was
quantified spectrophotometrically. Thus, for in-

stance, the presence of compounds such as potassi-
um phosphate could be an interference. Therefore,
the L-aspartic acid B-hydroxamate (AHA) assay was
also used*'.

L-Aspartic acid B-hydroxamate (AHA) assay

L-Aspartic acid B-hydroxamate (AHA) colori-
metric assay for the determination of ASNase activ-
ity was carried out following the method reported
by Magri et al.?* with some modifications. The reac-
tion consisted of 700 pL of 50 mM Tris-HCI (pH
7.5), 100 pL of 100 mM of L-asparagine, 100 pL of
1 M hydroxylamine (pH 7), and 100 pL of clarified
lysate. The mixture was incubated at 37 °C for 30
min. The reaction was then stopped by adding 250
uL of a solution containing 0.62 M ferric chloride,
0.306 M trichloroacetic acid, and 0.33 M HCI. The
supernatant was separated by centrifugation at
2800xg for 5 min, and the product was quantified at
500 nm (Genesys® 10 UV spectrophotometer,
Thermo®). A standard curve using different AHA
concentrations was carried out. One unit of ASNase
activity (U) was defined as the amount of the en-
zyme that produces 1 pmol of AHA per minute at
pH 7.5 and 37 °C. The specific activity (U mg™') was
defined as the ratio between the ASNase activity
(U mL") and total protein concentration (mg mL™1).

Nessler assay

Nessler assay quantifies the ammonia released
after ASNase catalysis. The realised ammonia re-
acts with Nessler reagent to produce a coloured
solution measured at 436 nm***. The reaction in-
cluded 100 pL of clarified lysate, 100 pL of 189
mM L-asparagine and 400 pL of 50 mM Bis-Tris-
HCI, pH 6.0. The mixture was incubated at 37 °C
for 30 min. After this time, 250 pL of Nessler re-
agent was added, and the coloured solution was
measured spectrophotometrically. A standard cali-
bration curve using different ammonium sulphate
concentrations was performed. One unit of ASNase
activity (U) was defined as the amount of enzyme
that produces 1 umol of ammonia per minute at pH
6 and 37 °C.

Protein quantification

Protein was quantified by bicinchoninic acid
protein assay reported by Smith et al** with some
modifications. The reaction consisted of 200 pL of
bicinchoninic acid in copper sulphate (50:1 v/v) and
25 pL of sample. The mixture was incubated at
37 °C for 25 min, and the absorbance was measured
at 562 nm. Protein concentration (mg mL™") was de-
termined based on a calibration curve using bovine
serum albumin.
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Purification of L-asparaginase from
Enterobacter sp. strain M55

ASNase purification was carried out by ion ex-
change and size exclusion chromatography using an
AKTA® AVANT 25 FPLC (GE Healthcare) system
equipped with Unicorn software. For ion-exchange
chromatography, the clarified lysate was loaded
onto a DEAE Sepharose column (Sigma-Aldrich)
(CV 5 mL), previously equilibrated with 25 mM
Bis-Tris buffer, pH 6.0. The column was washed with
the same buffer, and the ASNase was eluted with a
salt gradient from 0 to 0.5 M NaCl at a 1 mL min™
flow rate. Fractions were collected and tested for
ASNase activity. Those exhibiting ASNase activity
were concentrated for further purification via size
exclusion chromatography. Size exclusion chroma-
tography was performed using a Superdex 200
10/300 GL column (GE Healthcare), equilibrated
with 10 mM phosphate buffer containing 140 mM
NaCl, pH 7.4, at a flow rate of 0.5 mL min'. The
flow-through was collected in fractions of 13.6 mL.
The clarified lysate and the collected fractions from
both purification steps were run in an SDS-PAGE
gel according to the Laemmli protocol®.

Characterisation of L-asparaginase from
Enterobacter sp. strain M55

Enzyme characterisation included kinetic as-
say, as well as effect of pH, temperature, ions, in-
hibitors, and serum components on enzyme activity.
Substrate specificity assays were also tested. ASN-
ase kinetic parameters were determined at 37 °C
using L-asparagine as substrate at a concentration
ranging from 2 to 20 mM. The effect of pH on
ASNase activity was evaluated at 37 °C and pH val-
ues ranging between 4 and 9 using the following 50
mM buffers: sodium acetate (pH 4-5.5), potassium
phosphate (pH 6-7.5), Tris—HCI (pH 8 and 9). The
effect of temperature on enzyme activity was tested
at pH 7.5 between 10 °C and 70 °C. For testing the
effect of pH and temperature on the enzyme, activ-
ity was measured by the AHA assay, and expressed
as residual ASNase activity (%) from the optimum.

To determine the effect of ions on enzyme ac-
tivity, ASNase was pre-incubated with several ions
(chloride forms) such as Mg?*, Ca?, Ba*", Mn*,
Cu?", Co?", Na" and K* at 100 mM for 2 h at 4 °C.
Similarly, the effect of inhibitors such as urea,
PMSF (phenylmethylsulphonyl fluoride), EDTA,
EGTA, 2-mercaptoethanol, pL-dithiothreitol, SDS
(all at 10 mM), and glutathione (0.5 mM) were test-
ed. In the same way, the effect of serum compo-
nents (10 mM) including glucose, galactose, arabi-
nose, citrate, haemoglobin, lactate, and pyruvate
was evaluated. ASNase activity was determined by
the Nessler and AHA assays and expressed as rela-
tive activity (%) from a control without the pres-
ence of ion, inhibitor or serum component.

Substrate specificity was evaluated by measur-
ing enzyme activity using several amino acids and
other compounds at 10 mM, including L-asparagine,
L-glutamine, L-histidine, L-glutamate, L-aspartate,
D-aspartate, and urea as described by Husain et. al.’
For this study, enzyme activity was determined by
the Nessler assay, and expressed as residual activity
(%) from the activity using L-asparagine.

Results and discussion

Purification of L-asparaginase

The clarified lysate of ASNase from Entero-
bacter sp. strain M55 was purified, and a molecular
weight of around 140 kDa was observed in Na-
tive-PAGE. In SDS-PAGE, a molecular weight of
around 35 kDa was observed, indicating that this
enzyme is tetrameric (data not shown). ASNases
from different sources have been reported as mono-
meric, dimeric, tetrameric, and hexameric, and mi-
crobial ASNases have exhibited a molecular weight
ranging from 32 to 205 kDa?.

Purification results of ASNase from Entero-
bacter sp. strain M55 are summarised in Table 1.
The final purification factor was 16-fold with
around 36 % recovery yield and a specific activity
of 0.7 U mg ..

Table 1 — Purification of L-asparaginase from Enterobacter sp. strain M55

ASNase ASNase
St Total activity activit Total protein Specific Yield Fold
P (0)) Y (mg mL™") activity (%) purification
(UmL™M) O
(Umg™)
Clarified lysate 2.85 0.20 4.55 0.04 100 1.0
Anion Exchange chromatography
1.45 1.45 7.28 0.2 51.01 4.53
(DEAE)
Size exclusion chromatography
1.03 0.92 1.32 0.7 36.26 15.94

(Superdex 200)
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L-Asparaginase kinetic assay

The enzyme exhibited Michaelis-Menten kinet-
ics, and the kinetic parameters were a Km of 5.71
Mm, and a Vmax of 0.16 umol mL™' min! (Fig. 1).
Previous studies have reported close Km values for
ASNases from Escherichia coli and Erwinia**®.

Effect of temperature and pH on L-asparaginase
activity

The effect of temperature on ASNase activity is
shown in Fig. 2. The enzyme exhibited maximum
activity at 37 °C, and maintained around 50 % of its
activity at 30 and 45 °C. Likewise, Fig. 3 illustrates
the effect of pH. The optimum activity of ASNase
was observed in a pH range of 6 and 6.5. In addi-
tion, the enzyme kept more than 50 % of its opti-
mum activity at pH from 7 to 9. It is important to
mention that at physiological pH, the enzyme con-
served around 80 % of the optimum.
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Effect of ions, inhibitors, and serum components
on L-asparaginase activity

As shown in Fig. 4, the enzyme kept 100 % of
its activity in presence of Na”and K*. However, the
other ions caused enzyme inhibition with a residual
activity less than 20 %. Variable results have been
reported about the effect of ions on bacterial ASNas-
es activity. In some of those, ions such as Na*, K*,
Mg, Mn** and Co?** enhanced the enzymatic activi-
ty 29,30‘

Results on the effect of inhibitors are presented
in Fig. 5. Compounds such as urea and glutathione
increased the activity by around 50 %, whilst no
significant loss of activity was observed in presence
of PMSF (serine protease inhibitor) as well as
EDTA and EGTA (chelating agents). In contrast, the
enzyme was completely inhibited by 2-mercap-
toethanol, pL-dithiothreitol and SDS. Some studies
of ASNases from Enterobacter have reported that
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Fig. 1 — Michaelis-Menten kinetics of r-asparaginase from Enterobacter sp. strain M55
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Fig. 2 — Effect of temperature on L-asparaginase from Enterobacter sp. strain M55
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Fig. 3 — Effect of pH on L-asparaginase from Enterobacter
sp. strain M55
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Fig. 4 — Effect of ions on L-asparaginase from Enterobacter
sp. strain M55
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Fig. 5 — Effect of inhibitors on L-asparaginase from Entero-
bacter sp. strain M55

2-mercaptoethanol, pL-dithiothreitol, and SDS had
no significant effect on the enzyme activity”.

Regarding the effect of serum compounds on
ASNase activity (Fig. 6), it was observed that glu-
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Fig. 6 — Effect of serum components on L-asparaginase from
Enterobacter sp. strain M55
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Fig. 7 — Substrate specificity of L-asparaginase from Entero-
bacter sp. strain M55

cose increased the activity by around 50 %. In pres-
ence of the other tested compounds, the enzyme
kept more than 60 % of its activity. Since glucose is
the most abundant sugar in the blood serum, its pos-
itive effect on this ASNase is relevant for a subse-
quent potential therapeutic application of the en-
zyme.

L-Asparaginase substrate specificity

ASNase activity was measured in presence of
various compounds to determine substrate specif-
icity (Fig. 7). It is fundamental to mention that
GLNase activity of the ASNase from this study was
1.8 %. ASNases from Escherichia coli and Erwinia
chrysanthemi approved by the Food and Drug Ad-
ministration (FDA), have shown GLNase activities
of 2 and 10 %, respectively. These ASNases have
been implicated in side effects related to the disrup-
tion of protein synthesis induced by GLNase activi-
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ty of ASNase drugs. In addition, some patients tend
to discontinue the treatment due to such toxicity!'* 3.
These findings are promising for subsequent
ASNase clinical applications in neoplasms treat-
ment such as AAL.

Conclusions

This work contributes to the knowledge of
ASNases providing information on a novel enzyme
isolated from a bacterium from an extreme environ-
ment. Characterisation studies are fundamental for
subsequent studies and application of the enzymes.
This ASNase demonstrated good activity at physio-
logical conditions as well as low GLNase activity.
These findings support the potential application of
this ASNase in medical treatment.
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