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Abstract
L-Asparaginase has remarkable properties which make it useful in dual pharmaceutical and food
industries.In this study, simple and advantageous methods have been validated for rapid and precise
determination of intracellular L-Asparaginasein bacterial species. A suspension of bacterial cells was used
instead of cell extract and incubated by substrate (asparagine) after simple wash and centrifugation steps. Due to
loss of enzyme activity which could be caused by cell distruption methods such as sonication or enzymatic
treatment, cell suspension was used instead of the cell extract. Thus, this method not only is cost effective but
also speeds up the screening process and leasd to higher measurement accuracy. To validate this method, two
species of bacteria; E.coli ATCC 8739 and Halomonas H28 were used. After cultivation, the cells were
harvested and washed. Then, 5 serial dilutions were prepared from each bacterium, and the asparaginase activity
in each of them was measured by methods including sonication, enzymatic lyses, and the cell suspension. The
results have showed that the changes in asparaginase activity in all 5 serial dilutions are linear and there is good
agreement between the sonication and the cell suspension methods. Also, it was shown that activities measured
by the enzymatic method were significantly higher than the other two methods.
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during the process and the measured activity is
not valid enough in point of precision and
reproducibility. This is case especially for
production optimization process, and scale up
projects.
Hence, it is desirable to use ameasurement
method for asparaginase activity which bypass
the cell disruption and enzyme extraction

1. Introduction

steps. In the present study, a simple, precise

L-Asparaginase (E.C.3.5.1.1) catalyzes the

and reproducible method has been validated

conversion of L-asparagine to L-aspartate and

for measurement of intracellular asparaginase

ammonia. It has remarkable properties which

activity in two strains of bacteria.

make it useful in dual pharmaceutical and food
industries. In the medicine field, it has been
used

as

a

main

treatment

of

2. Materials and Methods

acute

lymphoblastic leukemia (ALL) [1-3] and in

2.1. Strains and Culture Condition

food industry as an agent to prevent the
formation

of

potential

Dr.Oshaghi (IUMS) and Halomonas H28 was

neurotoxin and carcinogenic agent) in fried

isolated from salt marsh of Iran in last study

and

Nowadays,

[14]. The 50 mL of overnight E. coliculture

asparaginase for medical applications is only

was used to inoculatea 500 mL LB medium in

prepared from Escherichia coliand Erwinia

shake

carotovora[9, 10]. L-Asparaginase activity

asparagine was used for bacteria cultivation,

also has been reported from wide variety of

except Halomonas H28 which had an extra 1.5

microorganisms [10-13] and researchers are

M NaCl in medium. Incubation condition for

investigating these organisms to find a better

both strains was set at 37◦C and 180 rpm

and more efficient asparaginase for treatment

shaking for overnight.

heated

acrylamide

foods

(a

E.coli ATCC 8739 was kindly gifted by

[4-8].

flask.

LB

medium

with

10g/L

of patients.
Although various screeningand enzyme

2.2. Enzyme Extraction and L-Asparaginase

assay techniques have been developed for Lasparaginase
microorganisms,

quantification
the

measurement

Assay

in

After overnight incubation, the bacterial

of

cells

were

harvested

from

medium

by

intracellular asparaginase in bacteria is a time

centrifugation at 8,000×g for 10 min. The cell

consuming and labor work because of steps for

pellet was washed twice by Tris-HCl buffer

sonication or enzymatic disruption of bacterial

(50 mM, pH 8) and serially diluted in 2-fold

cell wall. Also, due to the harsh condition of

order by the same buffer at 5 different
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concentrations. After this, the cells from each

cell suspension method, for measuring the

concentrations were harvested in 1.5 mL micro

bacterial

tube by centrifugation (8,000×g for 10 min)

methods, which use ultrasonic waves and

and cells pellets were resuspended in 300 µL

chemical and enzymatic treatments for cell

Tris-HCl buffer (50 mM, pH 8) for sonication

disruption and enzyme extraction, these

and

buffer

methods were compared by linear regression,

(Invitrogen) for enzymatic lyses. In suspension

Passing-Bablok regression and Bland-Altman

method,

difference plot methods [16, 17].

300

µL

the

Bug

cells

Buster

pellet

lysis

was

simply

asparaginase,

by

conventional

resuspended in 300 µL Tris-HCl buffer (50
3. Results and Discussion

mM, pH 8).

In most projects in which bacterial species

In sonication method, cell disruption was

are used to produce a specific product, one of

carried out on ice with 30 s pulse and 15 s

the most difficult steps is screening and

pauses for total of 5 run using probe ultrasonic

product optimization. At these processes, in

(Sonics, VC 130). Enzymatic cell disruption

order to identify the best producing species or

performed in room temperature by incubation

the best manufacturing condition, the product

of microtube containing cells and bugbuster

should be measured carefully. Since, these

reagent on 50 rpm rotator for 10 minute.

measurements often need to be repeated in

Prolonged time for sonication and enzymatic

large numbers, hence, measurement methods

incubation has been tested for increasing the

in addition to having highly precision and

recovery of enzyme (Data not include). After
sonication
bacteria,

and
cell

enzymatic
debris

were

treatment

of

removed

by

accuracy need to be fast enough, easy to use
and

economically

cost

benefit.

Routine

methods require destroying the bacterial cell

centrifugation at 16000 ×g for 20 minute and

wall and used the cell extract in the next steps.

the supernatant fluid was used for assay of

The most common way to do this, involves

asparaginase activity by Nessler‘s method

using of ultrasonic waves or use of chemical

[15].

and enzymatic agents for cell disruption. Some

In cell suspension method, simply the cell

challenges of sonication methods include noise

suspension without any extra procedure is

pollution in the environment as well as the use

used instead of bacterial cell extract in

of special equipment and also the requirement

Nessler‘s method.

of optimization of intensity and duration of
sonication in different cell concentrations.

2.3 Statistical Aanalysis

Also, due to the heat generated during the

The linearity of each method was at least

process, sonication can lead to protein

studied in 5 different concentrations by linear

denaturation and lose of enzyme activity.

regression method. All tests were done on two

The enzymatic method, in addition to

species of gram negative bacteria and three

being time-consuming (because incubation

replications. To evaluate the equality of the
35
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time with lysis buffer), is more expensive than

substrate. The hypothesis is that during the

other methods and also requires the addition of

incubation, substrate (asparagine) to penetrate

foreign substance (lysis buffer) to the cell

inside the bacterial cells, where the bacterial

suspension which is remained in cell extract

asparaginase hydrolyzes the asparagine and

and may be interfered with the assay in next

then the released ammonia return to the

steps. According to the above-mentioned

reaction medium.

problems, development and validation of an

It has been shown that the cell suspension

alternative method that bypassed the cell

method,

in

the

process

disruption steps can facilitate the whole

intracellular bacterial asparaginase, is an

project and lead to the saving of time and cost.

acceptable

alternative

to

of

the

measuring

sonication

Common methods measuring asparaginase

method, and in the scope of this study, both

activity of bacteria are usually using the

methods show similar results. Also, it has been

Nessler's reagent. In these methods, after the

shown that the enzymatic lyses method in

destruction of the bacterial cell wall, the cell

comparison with the sonication and the cell

extract

substrate

suspension methods have significantly higher

conditions

efficiency. The results of this study were

(incubation time, temperature and buffer type

greatly consistent with the hypothesis. The

and concentration), the bacterial asparaginase

results of sonication and cell suspension

hydrolyzes asparagine into aspartic acid and

methods were significantly similar. But the

ammonia. The released ammonia reacts with

enzymatic disruption method showed higher

the Nessler's reagent and produces a colored

levels of enzyme activity in the same

agent that its OD in 436nm represents the

condition. It seems that the lower retrieval of

asparaginase activity in bacteria.

asparaginase activity in sonication and cell

is

(asparagine).

incubated
In

with

appropriate

In the suspension method, the first step

suspension methods is related to some

(destruction of bacterial cell wall) has been

destruction of enzyme activity during the

bypassed and bacterial cell suspension has

sonication process and the lack of complete

been incubated instead of cell extract with the

access to intracellular enzymes or completes

Table 1. Test of linearity by linear regression method. Each method was assayed in Halomonas H28 and
E.coli strain. Tests were performed by SPSS 20. R2 and P were presented for each methods and bacteria.

Halomonas H28
2

E.coli
2

R

P

R

P

Sonication

0.914

> 0.001

0.900

> 0.001

Enzymatic

0.906

> 0.001

0.908

> 0.001

Cell Suspension

0.920

> 0.001

0.902

> 0.001
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Figure 1. Analysis of linearity of all three methods in Halomonas H28and E.coli by Linear Regression.

Figure 2. Comparison of methods by Linear Regression. A1 and A2. Comparison of sonication and
enzymatic methods with Cell Suspension method in E.coli. B1 and B2 of sonication and enzymatic methods
with Cell Suspension method in Halomonas H28.
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Figure 3. Comparison of methods by Passing-Bablok regression method. A1. Comparison of Sonication and
Cell Suspension methods in Halomonas H28. The slop of regression line is (solid line) 1.0503 with lower and
upper 95% confidence interval (dashed line) of 0.9984 and 1.1389 respectively. Also the intercept of regression
line is 0.037 with lower and upper 95% confidence interval of -0.023 and 0.061 respectively. The 95%
confidence interval of slop and intercept encompass the 1 and 0 respectively which mean that these two
methods have shown equality for measurement of asparaginase activity. A2. Comparison of Enzymatic and Cell
Suspension methods in Halomonas H28. The slop of regression line is (solid line) 2.2415 with lower and upper
95% confidence interval (dashed line) of 2.1066 and 2.4574 respectively. The intercept of regression line is
0.162 with lower and upper 95% confidence interval of -0.089 and 0.286 respectively. However the 95%
confidence interval of intercept encompasses the 0, the 95% confidence interval of slop does not encompass the
1; that mean, these two methods have not shown equality for measurement of asparaginase activity. B1.
Comparison of Sonication and Cell Suspension methods in E.coli. The slop of regression line is (solid line)
1.0121 with lower and upper 95% confidence interval (dashed line) of 0.9281 and 1.1391 respectively. Also the
intercept of regression line is 0.011 with lower and upper 95% confidence interval of -0.104 and 0.126
respectively. The 95% confidence interval of slop and intercept encompass the 1 and 0 respectively which mean
that these two methods have shown equality for measurement of asparaginase activity. B2. Comparison of
Enzymatic and Cell Suspension methods in E.coli. The slop of regression line is (solid line) 2.3548 with lower
and upper 95% confidence interval (dashed line) of 2.1227 and 2.7434 respectively. Also the intercept of
regression line is 0.670 with lower and upper 95% confidence interval of 0.267 and 1.222 respectively. The
95% confidence interval of slop and intercept do not encompass the 1 and 0 respectively. These two methods
have not shown equality for measurement of asparaginase activity.
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Figure 4. Bland-Altman Relative difference plot examination for calculating percentage difference
between methods.A1 and B1. Comparison of Cell Suspension and Sonication methods in E.coli and
Halomonas H28respectively. 95% confidence interval of percentage difference of two methods encompass
0 and shown there is not statistically significance difference between two methods (P>0.05). A2 and B2.
Comparison of Cell Suspension and Enzymatic methods in E.coli and Halomonas H28 respectively. 95%
confidence interval of percentage difference of two methods do not encompass 0 and shown a statistically
significance difference between two methods (P <0.001).

withdrawal of the ammonia from bacterial

this

cells in cell suspension process.

OD600=0.25~4 and asparaginase activity of

The results have shown that in both studied

experiment

(cell

concentration

of

0.2~15 U/mL) did not show significant

bacteria (E.coli and Halomonas H28), changes

differences (Figure 2, 3 and 4).

in enzyme activities are in a linear relationship

The concentrations of all bacterial samples

with bacteria cell dilution in all the three

were

methods (Figure1 and Table 1). Most of the

absorption at a wavelength of 600 nm. The

asparaginase activity measurements have been

lowest concentration sample (1/16 dilution of

observed in enzymatic method, but sonication

initial concentration) in this study has an

and cell suspension methods in whole range of

average of OD600 of 0.25, and the highest
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determined

using

measuring
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concentration sample (without dilution) has an

[4] Kukurová K, et al. Raising agents strongly

average OD600 of 4. Changes in enzyme

influence acrylamide and HMF formation in cookies
and conditions for asparaginase activity in dough. Eur

activity in this range, in all three methods were

Food Res Technol (2013) 237(1): 1-8.

linear, and there was no significant difference

[5] Hendriksen HV, et al. Evaluating the potential for

between the sonication and cell suspension

enzymatic acrylamide mitigation in a range of food

methods (P>0.001). However, the enzymatic

products using an asparaginase from Aspergillus

method has shown significantly higher activity

oryzae. J Agric Food Chem (2009) 57(10): 4168-

of asparaginase compared to two other

4176.

methods.

[6]

Boegl

ZC.

Impact

of

L-asparaginase

on

acrylamide content in potato products. J Food Nutr
Res (2006) 45(4): 141-146.

4. Conclusion
It

can

be

measurement

[7] Pedreschi FK, aack K and Granby K. The effect of

concluded
process

that

of

in

the

asparaginase on acrylamide formation in French fries.

intracellular

Food Chem (2008) 109(2): 386-392.

asparaginase activity of E.coli and Halomonas

[8] Mottram DS, Wedzicha BL and Dodson AT. Food

H28 species, the cell suspension method is an

chemistry: acrylamide is formed in the Maillard
reaction. Nature (2002) 419(6906): 448-449.

appropriate alternative to sonication method.

[9] Duval M, et al. Comparison of Escherichia coli–

This

approach,

especially

in

production

asparaginase

withErwinia-asparaginase

in

the

optimization projects, there are benefits from

treatment of childhood lymphoid malignancies: results

some advantages such as simplifying the

of a randomized European Organisation for Research

procedure and reducing noise pollution, as

and Treatment of Cancer—Children's Leukemia

well as saving time and costs of the procedure.

Group phase 3 trial. Blood (2002) 99(8): 2734-2739.
[10] Warangkar SC and Khobragade CN. Purification,

Moreover, in cases where there is no
restriction

for

use,

enzymatic

characterization, and effect of thiol compounds on

method

activity of the Erwinia carotovora L-asparaginase.

compared with two other methods has shown

Enzyme Res(2009) 1:2010.

significantly better results.
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Adv Enzymol Relat Areas Mol Biol (1973) 39:185-

References

248.

[1] Ghoshoon MB and Raee MJ. An optimized

[12] Savitri AN and Azmi W. Microbial L-

medium for screening of L-asparaginase production

asparaginase: A potent antitumour enzyme. Indian J

by Escherichia coli. Am J Biochem Biotechnol (2008)

Biotechnol (2003) 2: 184-194.

4(4): 422-424.

[13] Khamna S, Yokota A and Lumyong S. L-

[2] Siddalingeshwara K and Lingappa K. Screening

Asparaginase production by actinomycetes isolated

and

from some Thai medicinal plant rhizosphere soils. Int

optimization

of

L-asparaginase-A

tumour

inhibitor from Aspergillus terreus through solid state

j integr biol (2009) 6(1): 22-26.

fermentation. J Adv Sci Res (2010)1(1):55-60.

[14] Barati, M., et al., L-Asparaginase Activity in Cell

[3] Müller H and Boos J. Use of L-asparaginase in

Lysates and Culture Media of Halophilic Bacterial

childhood ALL. Crit Rev Oncol Hematol (1998)

Isolates. Iranian Journal of Pharmaceutical Research,

28(2): 97-113.

2016. 15(3): p. 435-440.

40

Validation of a Simple Method for Assessment of Bacterial Asparaginase

[15] Imada, A., et al., Asparaginase and glutaminase

studies in clinical chemistry, Part I. Clinical

activities of micro-organisms. Microbiology, 1973.

Chemistry and Laboratory Medicine, 1983. 21(11): p.

76(1): p. 85-99.

709-720.

[16] Passing, H. and W. Bablok, A new biometrical

[17] Altman, D.G. and J.M. Bland, Measurement in

procedure for testing the equality of measurements

medicine: the analysis of method comparison studies.

from two different analytical methods. Application of

The statistician, 1983: p. 307-317.

linear regression procedures for method comparison

41

ONLINE SUBMISSION

www.ijps.ir

