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Abstract

column chromatography. Among the four strains, the

L-Asparaginase (ASNase; EC 3.5.1.1) is an enzyme that

purified recombinant ASNase from S. thermophilus

catalyzes the hydrolysis of L-asparagine to L-aspartic

exhibited the highest specific activity of 113.0 U/mg

acid

and

and

ammonia.

Generally,

ASNases

from

specificity

for

L-asparagine.

The

pH

and

Escherichia coli and Erwinia chrysanthemi are used for

temperature ranges for S. thermophilus ASNase were

the

leukemia.

pH 8.0-9.0 and 30°C-50°C, respectively. The activity of

However, few studies focusing on ASNase from lactic

the enzyme was significantly inhibited by Ni2+. Km and

acid bacteria (LAB) have been reported. The aim of this

kcat values were 2.91 mM and 1.53 × 10 2 s–1,

study is to characterize ASNase genes from four LAB

respectively. In this study, we described the biochemical

strains:

Lactobacillus

properties of ASNases from four LAB and demonstrated

plantarum, L. acidophilus, and L. sakei. ASNase genes

that ASNase from S. thermophilus has potential

from each strain amplified by polymerase chain reaction

applications in food processing.

treatment

of

acute

Streptococcus

lymphoblastic

thermophiles,

PCR were inserted into NdeI and XhoI sites of pET28a(+) and cloned in E. coli BL21(DE3). Recombinant

Keywords: L-asparaginase; Lactic acid bacteria;

ASNases were purified using nickel-nitrilotriacetic acid

Characterization; Cloning
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1. Introduction

niger or A. oryzae [12]. Nevertheless, the present

L-Asparaginase (ASNase; EC 3.5.1.1.) is an enzyme

commercial applications of ASNase are still limited.

that catalyzes the hydrolysis of L-asparagine to Laspartic acid and ammonia. Over the past 30 years,

Lactic acid bacteria (LAB) represent some of the most

bacterial ASNases have received considerable attention

extensively studied microorganisms and have been

for their anticancer activity in the treatment of acute

widely used in food fermentation worldwide. During

lymphoblastic leukemia and lymphosarcoma after the

fermentation, the metabolic activity of LAB can change

first report was published in 1967 by Hill JM et al. [1].

the nutritional properties of food matrices [14] with

This therapy is based on the ability of ASNase to

possible

catalyze the conversion of L-asparagine to L-aspartic

Particularly, LAB may be used as probiotics, which can

acid. Absence of L- asparagine causes tumor cells to die

help maintain good health and counteract diseases [15].

[2]. Among the bacterial ASNase resources, ASNases

Fermentation using LAB can offer one or more

from Pseudomonas pseudoalcaligenes JHS-71 [3],

organoleptic, nutritional, or health advantages because

Bacillus sp. [4], Staphylococcus [5] and Serratia

of the formation of pleasant substrates and bioactive

marcescens [6] have been studied. However, their

end-products [16]. However, there is little information

intrinsic glutaminase activity, which could cause serious

regarding ASNases from LAB. Obtaining biochemical

side effects like neurotoxicity, hepatitis and other

and structural information about ASNases from LAB

dysfunctions, restricts their clinical applications [7]. In

will help promote the development of potential

contrast, enzymes from E. coli [8] and E. carotovora [9]

applications in the food industry. The aim of the present

the most effective for this purpose. This is because

study is to comparatively investigate the expression and

ASNases from these species acquire a strong preference

biochemical properties of ASNases from the following

to asparagine over glutamine, leading to less severe

four strains of LAB: S. thermophilus, L. plantarum, L.

immunoreactive side effects.

acidophilus, and L. sakei.

Apart from the significant role of ASNases in the

2. Materials and Methods

healthcare sector, ASNases have attracted the attention

2.1 Bacterial strains

of the food processing industry for reducing acrylamide

LAB were selected based on their potential applications

[10]. Acrylamide is a carcinogenic substance that is

in the food industry and phylogenetic data from the

synthesized in large quantities during the Maillard

Kyoto Encyclopedia of Genes and Genomes database

reaction, occurring during normal food processing [11].

(KEGG). Once the four strains of LAB were selected,

The accumulation of acrylamide during the Maillard

the ASNase activity of the each selected strain was

reaction is especially problematic during the processing

examined. The genetic information regarding ASNases

of cereals and potato-based products that are fried,

from LAB was obtained from the KEGG. The

baked, or roasted [12]. ASNase selectively hydrolyzes

phylogenetic tree analyses of ASNase sequences were

L-asparagine, which is an essential precursor for the

conducted using a robust online software program

formation of acrylamide [13]. The available commercial

(http://www.phylogeny.fr/).

preparations of ASNase in the food industry are based

alignment was performed using BioEdit version 7.2.5.

on enzymes from recombinant strains of Aspergillus

All LAB used in the present study (S. thermophilus

beneficial

NBRC 13957,
Journal of Biotechnology and Biomedicine
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acidophilus NBRC 13951, and L. sakei NBRC 15893)

Cells were disrupted by sonication and precipitation was

were obtained from the National Institute of Technology

removed by centrifugation. The supernatant was

and Evaluation (NBRC), Japan. E. coli JM109 and E.

collected as crude extract and loaded into a nickel-

coli BL21(DE3) were used for plasmid amplification

nitrilotriacetic acid column. The column was washed

and expression, respectively.

with the buffer (20 mM Tris-HCl (pH 8.0), 150-200
mM NaCl, and –400 mM imidazole). The bound protein
was eluted with 200 mM imidazole. The proteins in the

2.2 Cloning and expression of ASNase genes
The

genomic

DNAs

from

S.

thermophilus,

L.

eluted fractions were detected using SDS-PAGE, and

plantarum, L. acidophilus, and L. sakei were prepared

protein concentrations were determined using a Lowry

for templates for the polymerase chain reaction (PCR)

protein assay with bovine serum albumin as the

according to the general method [17]. The oligo primers

standard.

were designed based on the nucleotide sequences of

ASNases were determined using ProteoSEC 11/30 6-

ASNases obtained from KEGG and synthesized by

600 HR SEC Gel filtration columns (ProteinArk-The

FASMAC Co., Japan. These primers contained NdeI

Innovation Centre, Sheffield, UK). The column was pre-

and Xhol restriction sites, respectively. All the primer

equilibrated with a buffer containing 20 mM sodium

sequences are shown in Table 1 of Supplementary Data.

phosphate (pH 8.0) and 150 mM sodium chloride. The

The open reading frame of each ASNase was amplified

standard curve was constructed using the following

by PCR using KOD-Plus-Neo Kit (TOYOBO CO., LTD

standard molecular mass proteins: thyroglobulin (669

(Osaka, Japan)) under the following conditions; initial

kDa), γ-globulin (440 kDa), IgG (158 kDa), and

denaturation at 94°C for 2 min, denaturation at 94°C for

Ovalbumin (44 kDa).

Molecular

masses

of

the

recombinant

10 s, annealing for 30 s, and the optimal temperature for
all primers and extension at 68°C for 60 s for 35 cycles.

2.4 Enzyme activity assay

The PCR fragment (approximately 1,000 bp) was

ASNase activity was evaluated by measuring the

digested with NdeI and Xhol (Takara Bio Inc.), and then

quantity of ammonia released during the ASNase

cloned into the same sites of pET-28a(+). The

reaction. The standard reaction mixture contained 100

expression

using

mM potassium phosphate buffer (pH 7.0), 30 mM of L-

FastGene Plasmid Mini Kits (NIPPON GENE CO.,

asparagine, and enzyme for a final volume of 0.5 ml.

LTD.) from the transformed E. coli JM109. E. coli

After incubation at 30°C for 30 min, the reaction

BL21(DE3) was transformed by the expression plasmid

mixture was boiled for 4 min to quell the reaction. The

for production of ASNase.

supernatant was collected by centrifugation at 10,000

plasmid

was

extracted

by

®

rpm for 4 min. Glutamate dehydrogenase (GlDH) was
2.3 Purification of the recombinant ASNases

used to determine the quantity of released ammonia in

All cultivations were conducted in Luria-Bertani (LB)

the ASNase reaction mixture [18]. The reaction mixture

broth containing 20 g/ml kanamycin. At OD600 of 0.4-

contained 100 mM Tris-HCl buffer (pH 8.0), 10 mM 2-

0.6, 0.4 mM of isopropyl β-D-thiogalactopyranoside

oxoglutarate,

(IPTG) was added to the main culture and incubated for

dinucleotide (NADH), 5 U GlDH, and 200 µl of the

20 h to induce gene expression. The cells were collected

supernatant of ASNase reaction for a final volume of 1

by centrifugation at 10,000 rpm at 4°C for 10 min. The

ml. The change of absorbance at 340 nm was measured

pellets were re-suspended in 20 mM Tris-HCl (pH 8.0).

for the quantification of ammonia. One unit of enzyme
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activity (1 U) was defined as the amount of an enzyme

and succinic acid. The supernatant from the enzyme

required to release 1 µmol of ammonia per minute.

mixture was used for the quantification of ammonia by

Protein concentrations were determined using the

using

Lowry method using crystalline bovine serum albumin

conducted in triplicate. The reaction mixtures without

as the standard [19].

substrate and without enzyme were prepared as controls.

Nessler’s

reagent.

The

experiments

were

Km and Vmax values for each recombinant ASNase
2.5 Characterization of the recombinant ASNases

toward L-asparagine were determined by measuring the

Properties of the purified recombinant enzymes were

rate of ammonia released during the hydrolysis reaction

investigated. For the optimum temperature, the enzyme

using GlDH assay. The experimental data were

activity was measured at temperatures ranging from

calculated using Lineweaver-Burk plot at substrate

30°C to 60°C. For thermal stability, the purified enzyme

concentration ranging from 1 to 150 mM in tris

was incubated at temperatures varying from 20°C to

hydrochloride buffer (pH 8.0).

60°C for 15 min prior to performing the enzyme activity
assay. For the determination of the optimum pH and pH

3. Results

stability of the enzymes, the following buffers were

3.1 Selection of bacterial strains

used; citrate-NaOH (pH 5.0-6.0), potassium phosphate

Thus, 16 genera of LAB were selected by considering

(pH 6.0-8.0), Tris-HCl (pH 8.0-9.0), and n-cyclohexyl-

their potential application in food processing and

2-aminoethanesulfonic acid (CHES) (pH 9.0-10.0). The

phylogenetic data from the KEGG. Phylogenetic

enzyme activity was examined after incubating the

analysis using the amino acid sequences of ASNases

enzyme reaction mixture in these buffers at 4°C for 20 h

from the selected LAB strains was performed using the

before performing the enzyme assay. All data are

KEGG databases (Figure 1). ASNase activities from

cexpressed as the average results of at least three

each strain were examined (data not shown). In the

independent experiments. The effects of metal ions,

present study, ASNases from four strains were based on

EDTA, and DTT on ASNase activity were examined in

the phylogenetic relation and ASNase activities of the

the presence of 1 mM of the following: KCl, NaCl,

original strain: S. thermophilus, L. plantarum, L.

CaCl2, NiCl2, CuSO4, CoCl2, MgCl2, FeSO4, FeCl3,

acidophilus, and L. sakei. The compared alignments of

ZnCl2, MnCl2, EDTA and DTT. After incubation for 15

deduced amino acid sequences of ASNases from the

min at 30°C, the enzyme reaction was terminated by

four strains are shown in Figure 2. The productivity of

adding 0.4 M trichloroacetic acid solution. The

ASNases from the selected strains was evaluated (Table

supernatant solution was separated by centrifugation

1). The results showed that the supernatant from S.

and

was

thermophilus (St-ASNase) had the highest specific

spectrophotometrically detected at 480 nm using

activity for ASNase (1.29 × 10-2 U/mg). ASNase

Nessler’s reagent.

activity was detected only in the precipitate from St-

the

amount

of

released

ammonia

ASNase (1.00 × 10-2 U/mg) and La-ASNase (3.00 × 10-2
2.6 Substrate specificity and kinetic parameters

U/mg).

To investigate the substrate specificity of each ASNase,
the following substrates were added to the reaction

3.2 Cloning of the ASNase genes and protein

mixture and incubated for 15 min at 30°C: L-

expression from four strains of LAB

asparagine, D-asparagine, L-glutamine, D-glutamine,

The

approximately

1,000-bp

DNA

fragments

corresponding to ASNase genes from the four strains
Journal of Biotechnology and Biomedicine
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were obtained and cloned into the pET28a (+) vector

ASNase, Lp-ASNase, and Ls-ASNase were obtained at

and expressed into E. coli BL21(DE3) cells. The

40°C. However, the optimal temperature of St-ASNase

overexpression of recombinant ASNase was induced by

was 50°C. No enzymes showed activity at 70°C. The

adding 0.4 mM IPTG and this mixture was incubated

temperature stability of the purified ASNase indicated

for 20 h at 37°C. All the recombinant ASNases were

that all enzymes except for Ls-ASNase were stable

attached with a 6 × His-tag at the C and N-terminals to

between 30°C and 50°C, while Ls-ASNase began to

facilitate purification using nickel column affinity

show decreased activity at 40°C, when the percentage of

chromatography. The recombinant protein was eluted

relative activity was 84% (Figure 4B). These enzymes

with 0.2 M imidazole. The purification process for the

were most active between pH 8.0 and 9.0 (Figure 4C).

four ASNases is summarized in Table 2 ((a)-(d)). After

The pH profiles of enzyme stability are shown in Figure

active fractions were collected and dialyzed, the purified

4D. All enzymes were stable within the range of pH 8.0-

enzymes were subjected to SDS-PAGE. SDS-PAGE

9.0. Interestingly, the activity of La-ASNase was lower

showed

in the acidic range while compared with the other

that

all

the

purified

enzymes

were

approximately 37 kDa in size (Supplementary Data in

ASNases.

Figure 1). Molecular masses of the enzymes estimated
by size exclusion chromatography were as follows: 122

3.5 Substrate specificity and kinetic parameters

kDa (St-ASNase), 137 kDa (Lp-ASNase), 89 kDa (La-

The substrate specificities for ASNases from the four

ASNase), and 159 kDa (Ls-ASNase). These results

strains of LAB were assessed. The activity toward the

indicated that St-ASNase, Lp-ASNase, and Ls-ASNase

L-asparagine was considered as 100% activity (Figure

consisted of four identical subunits while La-ASNase

5). All the purified recombinant ASNases showed very

was dimeric. The specific activities of St-ASNase, La-

low activity toward D-asparagine, L-glutamine, D-

ASNase, Ls-ASNase, and Lp-ASNase were 113.0,

glutamine, and succinic acid. The kinetic parameters

13.50, 4.71, and 1.14 U/mg, respectively (Table 2). The

were calculated based on the constructed Lineweaver-

specific activity of recombinant St-ASNase was

Burk plots using the purified recombinant ASNases.

significantly higher than the others.

The Km and Vmax values are shown in Table 3. Km values
were not very different among the four enzymes, but

3.3 Effect of metal ions on enzyme activity

Vmax values varied between the four ASNases. The Km

Enzyme activities were inhibited by some of the metal

and Vmax values for St-ASNase were 2.34 mM and

ion strongly

1.74×102 mM/min, respectively. St-ASNase had the

inhibited St-ASNase and Lp-ASNase activities and

high catalytic efficiency and a slightly higher affinity

reduced the relative activities up to 35% and 32%,

toward L-Asn compared with the other purified

ions in Figure 3. Conspicuously, Ni

respectively. In contrast, Zn

2+

2+

ion inhibited Ls-ASNase

enzymes. Moreover, the Vm values for Lp-ASNase, La-

2+

reduced the La-ASNase

ASNase, and Ls-ASNase were significantly lower than

activity up to 71% and Co
activity by 76%.

those of St-ASNase (Table 3).

3.4 Effect of temperature and pH on enzyme activity
The effect of temperature on the enzyme activity was
examined at different temperatures ranging from 20°C
to 70°C (Figure 4A). The maximum activities for LaJournal of Biotechnology and Biomedicine
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Cell-free extract

Strain

Cell debris

Cell weight*

Total protein

Specific activity

Total Protein

Specific activity

(mg)

(mg)

(U/mg)

(mg)

(U/mg)

1.26 ± 0.12

1.61

1.29 × 10-2

1.39

1.00 × 10-3

1.39 ± 0.01

2.54

3.33 × 10-3

5.74

n.d.**

1.36 ± 0.32

5.98

2.78 × 10-3

2.29

3.00 × 10-3

1.50 ± 0.25

2.05

3.49 × 10-3

7.43

n.d.**

Streptococcus
thermophilus
Lactobacillus
plantarum
Lactobacillus
acidophilus
Lactobacillus
sakei

One unit of enzyme activity (1 U) was defined as the amount of an enzyme required to release 1 µmol of ammonia
per min; *per 100 mL of MRS medium; **n.d.; non-detected

Table 1: Comparison of ASNases from four selected lactic acid bacterial strains.

Purification steps

Total protein
(mg)

Total activity
(U)

Specific activity
-1

(U mg )

Yield

Purification

(%)

(fold)

Purification of the recombinant ASNase from S. thermophilus (St-ASNase)
Crude extract

82.9

168

2.03

100

1.0

Ni-Sepharose 6 FF

1.03

117

113

69.5

56.0

Purification of the recombinant ASNase from L. acidophilus (La-ASNase)
Crude extract

109.0

625.72

5.74

100.0

1.0

Ni-Sepharose 6 FF

2.52

14.05

13.50

5.44

2.35

Purification of the recombinant ASNase from L. sakei (Ls-ASNase)
Crude extract
165.86
135.05
0.81

100.0

1.0

Ni-Sepharose 6 FF

11.9

5.80

Purification of the recombinant ASNase from L. plantarum (Lp-ASNase)
Crude extract
250
17.4
0.07

100

1

Ni-Sepharose 6 FF

12.6

16.4

3.40

1.92

16.03

2.20

4.71

1.14

Table 2: Purification of recombinant ASNases from four lactic acid bacteria.
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Km

Vmax

kcat
-1

kcat/Km
-1

(mM)

(mM min )

(sec )

(mM-1sec-1)

St-ASNase

2.34

1.74 × 102

1.01 × 102

43.0

Lp-ASNase

7.85

0.406

2.33

0.30

La-ASNase

6.23

0.651

0.51

8.27×10-2

Ls-ASNase

7.64

7.10

4.09

0.54

One unit of enzyme activity (1 U) was defined as the amount of an enzyme required to release 1 µmol of ammonia
per min.
Table 3: Comparison of kinetic parameters of recombinant ASNase from four lactic acid bacteria.

Figure 1: Phylogenetic tree of L-asparaginases from lactic acid bacteria. Phylogenetic tree was constructed based on
the phylogenetic analysis of ASNase sequences of selected lactic acid bacteria by using a robust online software
(http://www.phylogeny.fr/).

Complete

amino

acid

sequences

deposited

in

KEGG

database

(https://www.genome.jp/kegg/kegg_ja.html) were used.

Figure 2: Comparative multiple sequence alignment of amino acid sequences from ASNases from four lactic acid
bacteria at 70% of shade threshold based on KEGG database; (1) Streptococcus thermophilus CNRZ1066: str1724;
(2) Lactobacillus acidophilus 30S: LAC30SC_09125; (3) Lactobacillus sakei LCA_0347; (4) Lactobacillus
plantarum WCFS1: lp_2738, using BioEdit sequence alignment editor ver 7.2.5.
Journal of Biotechnology and Biomedicine
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Figure 3: The effect of metal ions on ASNases activity from four lactic acid bacteria.

Figure 4: Effects of pH and temperature on enzyme activity and stability. (A) Optimum temperature; (B)
Thermostability; (C) Optimum pH; (D) Stability of pH of the enzyme. The symbols used are as follows: St-ASNase
(filled squares), Lp-ASNase (filled circles), La-ASNase (no filled squares), and Ls-ASNase (filled triangles)
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Figure 5: Comparison of substrate specificities of ASNases from four lactic acid bacteria.

4. Discussion

beneficial source of ASNases for industrial applications,

ASNases could be derived from various resources such

especially in food processing. In the present study, we

as eukaryotic and prokaryotic organisms. Microbial

cloned ASNase genes from four strains of LAB and

ASNases, especially those derived from E. coli [20] or

characterized the recombinant enzymes to determine the

E. carotovora [21] have been effectively used in

properties of ASNases. LAB strains were selected based

the

on their phylogenetic analysis and activities of the

hypersensitivity reactions have been observed because

ASNase in the original strains. Because of the selected

of the production of anti-asparaginase antibody.

bacterial strains, only activities specificcally from St-

Antibody production has been observed in up to 60% of

ASNase and La-ASNase were slightly detected in the

patients at some time during ASNase therapy [22]. In

precipitate. ASNase is presumably located in the

the food industry, commercially used ASNase products

periplasmic region or cytosol [26]. The detected activity

for acrylamide reduction are obtained from A. niger and

may be derived from the intact cells, which may have

pharmaceutical

industries.

Nevertheless,

A. oryzae under the brand names PreventASe

TM

and

remained due to incomplete sonication.

Acrylaway®, respectively [23]. Interestingly, LAB also
play an important role in the food, agricultural and

Because the expression plasmid contained the gene for

pharmaceutical industries. The EFSA’s “Panel on

ASNase fused to N- and C-terminal His-6 tag, the

Biological Hazards” has reported that LAB, which are

purification was completed in a one-step procedure

associated with fermented food, are not associated with

using affinity chromatography. All the ASNase genes

any clinical problems [24]. This may be because of their

have been expressed using the exactly same regulation

safe metabolic activity in foods and production of

system for expression, i.e. inserting the coding region of

organic

metabolites.

ASNase into NdeI and XhoI sites of pET-28a(+) in E.

Moreover, their general occurrence in foods along with

coli BL21(DE3). However, the productivity of the

widespread use

means that they are Generally

enzyme varied according to the strains. A moderate

Recognized as Safe for human consumption [25].

amount of St-ASNase and Lp-ASNase proteina was

Therefore, LAB may become the new safe and

observed in the soluble fraction. However, in the case of

acids

and

other

beneficial

Journal of Biotechnology and Biomedicine

120

J Biotechnol Biomed 2019; 2 (3): 112-124

DOI: 10.26502/jbb.2642-91280015

Ls-ASNase, a small amount of protein was found in the

in the pH range of 8.0-9.0. The range of the pH value is

soluble fraction. La-ASNase was highly detected in the

closer to that of Thermococcus kodakarensis KOD1

soluble as well as insoluble fraction. Because the size of

[31], Enterobacter cloacae [32], P. aeruginosa [33] and

each subunit is approximately 40 kDa, the difference in

E. coli [34] which had ASNases with optimal activity at

productivity of the enzyme may not be derived from the

pH 8.0. For the ASNases studied in the present study,

size of the enzyme, but from the other factors such as

no remarkable effect of most metal ions on enzyme

amino acid composition and sequence. In the present

activity was observed. However, all the enzymes from

study, most of these recombinant ASNases had a

LAB described here were inhibited by Ni2+.

tetrameric structure, which is probably classified into
type II ASNase group, which includes the such as

The recombinant ASNases from four LAB underwent

periplasmic enzyme from E. coli. In contrast, the

the reaction using L-asparagine as a substrate according

molecular mass of La-ASNase was approximately 89

to Michaelis-Menten kinetics. The kinetic parameters

kDa. La-ASNase presumably has a dimeric structure

were calculated using Lineweaver-Burk plots. As shown

that puts it in the type I ASNase group, which contains

in Table 3, the Km value of St-ASNase was apparently

the cytosolic enzyme from E. coli [26].

lower than that of the other LAB strains. The K m value
was also lower than that of the ASNases from

The biochemical properties of the recombinant of

thermophilic

ASNases from four LAB strains were comparatively

Thermus thermophilus, which showed Km values of 12.0

evaluated. The effect of temperature on the activities of

mM and 2.8 mM, respectively [35, 36]. The result

the enzymes was observed from 20°C to 70°C. Among

indicated that St-ASNase could be a good candidate for

the ASNases studied, St-ASNase showed a maximum

food production because of the high thermal stability

activity at 50°C. This value is higher than the reported

and affinity for L-asparagine [37]. Recently, the

optimum temperature ASNase from L. reuteri DSM

recombinant ASNase from B. subtilis was characterized

20016, which showed a reduction in activity after 40°C

and showed the similar biochemical properties to St-

and no activity above this temperature [27]. St-ASNase

ASNase [28, 38]. This enzyme was stable over a wide

showed almost the same thermal stability as the

pH range (6.0-9.0), and stable up to 40°C, and

recombinant ASNase from B. subtilis (BsAIID49M)

significantly reduced the acrylamide content of potato

[28] and type II ASNase from E. coil EcAII [29]. The

chips [10]. Therefore, St-ASNase is likely to be a

thermal stabilities of St-ASNase, La-ASNase, and Lp-

suitable, safe, and effective LAB-derived ASNase that

ASNase were in the range of 40°C to 50°C. These

may be used for food processing.

enzymes

can

maintain

stability

at

the

microbes,

Pyrococcus

furiosus

and

higher

temperatures compared with the recombinant ASNase

5. Conclusion

from Rhizomucor miehei [29] which showed no activity

ASNases

following incubation at 45°C and P. fluorescens, which

microorganisms but ASNases from LAB have not been

was stable at 37°C [30].

widely studied. This study examines and characterizes

are

widely

distributed

across

various

the biochemical properties of ASNases from four
The effect of pH on enzyme activity and stability was

different LAB strains. Among them, St-ASNase may be

analyzed in the range of 5.0-10.0. All the enzymes

a good candidate for food processing, specifically for

showed similar pH dependency in activity and stability

reducing acrylamide in food products. However, this
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study on ASNase from LAB merely a preliminary step.

fermented seafood. Journal of Microbiology

There is still little information on the biochemical

and Biotechnology 24 (2014): 1096-1104.

properties and functions of ASNases in LAB. Much

6.

John WB, Arthur WP. Purification and

information regarding ASNase from LAB will increase

properties of L-asparaginase from Serratia

the feasibility of the application of this enzyme in

marcescens. Journal of Bacteriology 106

human health and food industries.

(1971): 578-587.
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