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APRESENTACAO

Avancos Cientificos e Tecnoldgicos em Bioprocessos € uma obra que reune
vinte e trés capitulos com temas em pesquisas cientificas realizadas no campo da
biotecnologia, e que envolve agentes bioldgicos e bioquimicos na geracéo de produtos
ou processos. Nesta obra se concentram diversos avangos descritos nas metodologias
e nos resultados, distribuidos em quatro tdpicos principais, envolvendo: processos
quimicos e biotecnolégicos no aproveitamento de residuos; producédo de metabdlitos
e enzimas; métodos analiticos e de simulacéo; e biotratamentos envolvidos na
geracao de energias. Esta obra foi escrita por jovens pesquisadores brasileiros que
estdo desenvolvendo suas teses e/ou dissertacdes em instituicdes nacionais. Por este
motivo, os aspectos inovadores e o alcance dos resultados apresentados podem ser
um grande estimulo para aqueles que visam conhecer com maior amplitude alguns
dos aspectos biotecnologicos estudados em algumas das instituicdes de nosso pais.

Alberdan Silva Santos
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CAPITULO 4

THE SYSTEMATIC INVESTIGATION OF
L-ASPARAGINASE PRODUCED BY FILAMENTOUS
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ABSTRACT: L-Asparaginase is an anti-
neoplasticenzyme agent, usedinthe treatment of
lymphoblasticleukemia. Various microorganisms
such as bacteria, fungi, plants, and yeasts are
able to produce L-asparaginase. Current, the
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most commonly used L-asparaginase against
leukemia comes from bacteria. However,
L-asparaginase from bacteria can cause
hypersensitivity in the long-term use, leading
to allergic reactions and anaphylaxis. For this
reason, in the last five years our group has
been engaged in discovering L-asparaginase
producing eukaryotic microorganisms, in order
to obtain an enzyme that possibly causes less
adverse effects in humans. To this end it has
been used a simple and rapid assay method
for the detection of L-asparaginase production
from different filamentous fungi using phenol
red as a detector of the activity for this enzyme
by the formation of a pink zone in solid medium,
at different pH and temperature conditions.
In the present study, 10 fungi strains were
analyzed, and 5 were selected and identified as
L-asparaginase producers. The best producer
strains were Peacilomyces variotii, showing
activity reached 17.8 U/mL after 48h at 33 °C
under experimental conditions.

KEYWORDS: Asparaginase. Anti-neoplastic.
Enzyme. Lymphoblastic leucemia.

11 INTRODUCTION

Many enzymes are used in the treatment
of diverse diseases, such as L-asparaginase
(L-asp), an effective therapeutic agent against
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Acute Lymphoid Leukemia and other human cancers. Cancer cells differentiate from
normal cells in decreased expression of L-asparagine. Thus, they are not capable of
producing L-asparagine and depend mainly on the circulating amino acid in plasma.
Tumor cells, more specifically lymphatic tumor cells, requires huge amount of asparagine
to keep up with their rapid malignant growth. Thus the asparagine from the diet as well
as what can be made by themselves (which is limited) is utilized by them to satisfy
their large asparagine demand. Therefore L-asparagine is an essential amino acid for
the growth of tumor cells. These leukemic cells depend on circulating asparagine for
their ample nourishment and diet. Asparaginase, however, catalyzes the conversion of
L-asparagine to aspartic acid and ammonia. This deprives the leukemic cell of circulating
asparagine and prevents them from the rapid malignant growth (VERMA et al. 2007).
This clinical action of the enzyme is attributed to the reduction of L-asparagine, since
tumor cells incapable of synthesizing these amino acids suffer apoptosis due to the
deprivation of L-asparagine. The enzyme is widely distributed in animal, microbial and
plant sources. Clinically used L-asp formulations are prepared from bacterial sources,
which have been causing allergic reactions in patients. It has been observed that
eukaryotic microorganisms, such as yeasts and fungi, have potential for the production
of asparaginase. This paper approaches the production of L-asp from endophytic fungi
from Culture Collection of Filamentous Fungi, Oswaldo Cruz Institute — FIOCRUZ,
through of semi-solid fermentation. L-asparaginase is an extracellular enzyme that has
been used as an important anticancer agent. The commercial enzyme is obtained from
Escherichia coli and Erwinia carotova. Although, L-asparaginase from bacterial can
cause hypersensitivity, allergic and anaphylactic reactions in leukemia’s patients. Fungi
have been reported as potential producers of L-asp compared to bacteria (GRAHAM et
al, 2003) and can be an alternative to patients with cancer for perhaps presenting low
intensity of allergic reactions. The post-translational properties that occur in fungi and
are absent in bacteria may be responsible for this (SARQUIS et al, 2004).

2| MATERIALS AND METHODS

2.1.1 Microorganism strains

The enzyme L-Asp was routinely screened in culture filtrates by using Nessler’s
reagent but the procedure is lengthy and time consuming, that’s why the use of rapid
plate assay for screening L— asparaginase producing microorganisms can be use which
is sensitive and rapid procedure that may directly give potential asparaginase activity.
the microorganisms used were Aspergillus tamari IOC184, A. terreus, A. niger |OC200,
A. japonicas MIBA00OO6, A. giganteus 10C2155, A. oryzae 10C154, Phanerochaete
chrysosporium (I0C4165), Paecilomyces variotii IOC5191, Penicillium chysogenium
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CFA002 (I10C234) and Fusarium oxysporum I0C4375.

2.1.2 Inoculum preparation and L-asparaginase induction

The microorganism strains were grown in plates with Czapek-Doxs semisolid
medium (2 % (w/v) KH2PO4, 6 % (w/v) asparagine, 1 % (w/v) MgSO,.7H,0O, 1 % (w/v)
CaCl,.2H,0, 3 % (w/v) glucose and 1.2 % (w/v) agar) at 28°C for 10 days, pH 7.2. Ten
round pieces of micelial agar plate with 5 mm of diameter were added in 250 mL glass
conical flask contend 50 ml of the Czapek-Doxs medium, without agar. For induction
of the fungi L-asparaginase production, was added 1% of asparagine as substrate-
inducer in medium and incubated at 37°C at 120 rpm for 96 h. An aliquot of 1mL from
supernatant was withdraw each 24 hours and L-asparaginase activity was quantified
(SOUZA, 2013).

2.1.3 The effect of pH and temperature on enzyme activity:

The activity of L-asparaginase was evaluated at different pH and temperature
values. The crude enzyme was incubated at 0.05 M buffers with a pH range of 3-11,
under the assay conditions, and the amount of liberated ammonia was determined by
Nesslerization’s method. The Buffers used were potassium phosphate (pH 3.0 - 7.0),
Tris-HCI (pH 8.0 - 9.0) and glycine-NaOH (pH 10 - 11). The pre-incubation for the
L-asp activity determination was carried out for 30 min. The optimum temperature was
selected by incubating the mixture at 27 °C, 32 °C, 33 °C, 34 °C and 40°C. Extracellular
L-asparaginase activity was assayed according to the modified method of Imada (1972),
using L-asparagine as substrate. 350 yL ml of buffer 0.5 M (pH 3-11), 125 pL of 0.04
M L-asparagine and 25 uL of crude enzyme were all mixed, and incubated at different
temperatures for 30 min. The reaction was stoped by the addition of 250 yL of 1.5 M
of trichloroacetic acid (TCA). The ammonia liberated was quantified colorimetrically
by adding 0.050 mL of Nessler’s reagent to the mixture of 12.5 yL filtrated and 937
uyL of distilled water was added. The absorbance was recorded at 450 nm with a
UVspectrophotometer (Genesis 10 UV). The blank was prepared as above, except
that the enzyme was added after the TCA addition. The amount of ammonia liberated
by the test sample was calculated using the ammonium sulfate standard curve. One
unit of L-asparaginase is defined as the amount of enzyme which liberated 1 mmol of
ammonia per min per mL under the assay conditions.

3 | RESULTS AND DISCUSSION

In the present study, 10 fungi strains were investigated for the production of the
enzyme L-asparaginase using the test method in plate (qualitative method). Of these,
only 5 fungi strains - A. tamatrii, A. terreus, F. oxysporum, P. variottiand P. chrysosporium
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- were selected and identified as L-asp producing by the formation of the pink zone in
medium containing phenol red (exemplified In Figure 1).

Asp Ctr1 Ctr2

Figure 1. Effect of phenol red (0,005%) by P. variotiion Czapek Dox’s medium. Asp (substrate
1% Asparagine and phenol red); Ctr1 (Control without phenol red); Ctr2 (Control with phenol red
and without Asparagine).

The cultures with positive tests were subjected to quantification of enzymatic
activity under pH 9 at 33°C. Among the 5 selected cultures, P. variotti presented the
highest values reached for the enzyme activity: 17.8 U/ mL , (Table 1).

A. tamatrii 10.4

A. terreus 1.2

F. oxysporum 6.8
P. variotii 17.8

P. chrysosporium 12.7

Table 1. Screening of fungi producers of L-aspaginase Czapek-Dox medium with 48h culture
incubation (pH 9.0, 33°C)

In order to investigate the optimum L-asparaginase production temperature by P.
variotti, a screening of the enzymatic activity under various temperatures at pH 9 was
performed. The best temperature for this was 33 ° C (Table 2). In a similar work with
Fusarium equiseta, Hosamani et al (2011) incubated the microorganism at various
temperatures in specifics experimental conditionns and the results indicated that 45 °
C was the optimum temperature for the production of L-asparaginase (6.85 U/mL).

27°C  30°C  33°C 375G 40°C

Table 2. Effect of incubation temperature in the enzyme production

104 151 178 455 20
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by P. variotii

It appears that any temperature beyond the optimum range has an adverse effect
on metabolic activities of microorganisms and it is reported that the metabolic activities
become more slowly at lower temperatures (CARRIZALES and JAFFE, 1986). As this
fungal isolate exhibited prodution L-asparaginase activity, further experimentation is
needed on nutritional and cultural amendments in order to confirm its potential for
enzyme. From the observations, clearly, was indicated that P. variotii has high ability to
produce significant amount of L-asparaginase at specific temperature and pH and that
the process of solid state fermentation is efficient and possibly viable for the production
of this enzyme in scale industrial. However, further experiments are needed to assess
whether the use of L-asparaginase produced by P. variotti will have fewer adverse in
leukemic patients.
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