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ABSTRACT

The enzyme L-asparaginase (EC3.5.1.1) can be applied as agent for reducing
acrylamide concentration in foods processed at high temperatures and as antileukemic drug.
The present work evaluated the influence of different carbon and nitrogen sources in the
production of extracellular L-asparaginase through solid-state fermentation (SSF) by
Aspergillus terreus CCT7693. Supplemented sugarcane bagasse was used as support for SSF.
Four carbon sources were tested: starch, xylose, glucose and maltose, as well as four
nitrogen sources: asparagine, proline, glutamine and urea were evaluated. The highest
enzymatic activities were found in the test containing starch (1%) and L-asparagine (2%),
reaching around of 33.02 U/g of starch after 96 hours. Considering the periplasmic nature of
fungal L-asparaginase, extracellular production of this enzyme could be important to make
further purification steps easier.
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INTRODUCTION

The enzyme L-asparaginase catalyzes the hydrolysis of L-asparagine into L-aspartic
acid and ammonia. Among different uses, L-asparaginase has two main important
applications. The first one as an alternative for treating some types of cancer such as acute
lymphoblastic leukemia, lymphoid system malignant and Hodgkin's lymphomas (Appel et al.,
2007; Broome, 1961; Duval, 2002). However, most of the treatments with this enzyme may
lead to immunological sensitivity and immune inactivation (Narta et al., 2007). The second
one is preventing the acrylamide formation, a carcinogenic substance, in fried and baked
foods (Anese et al., 2011; Mohan Kumar et al., 2013; Medeiros Vinci, Mestdagh, & De
Meulenaer, 2012).

Actually, the production of L-asparaginase is usually performed by submerged
fermentation; however, this technique has many disadvantages that make the process highly
expensive, with low production yield and generates large volumes of wastewater (El-
Bessoumy et al., 2004). Talking this into account, one interesting alternative is the solid-state
fermentation (SSF), a simple and effective technique that can increase the production yield
with a lower costs and energy consumption (Couto & Sanroman, 2006; Thomas et al., 2013).
One of the mains advantages of SSF is the possibility to use agricultural residues as the main
component of the fermentation (Martinello et al., 2006).

Moreover, L-asparagine production is influenced by multiple factors such as the
composition of the fermentation medium, temperature, pH, incubation time, etc. (Hymavathi
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et al.,, 2009; Wei & Liu, 1998). Few investigators have reported studies about carbon and
nitrogen sources for optimization process (Kumar et al., 2010). Therefore, in order to
investigate and understand better this process, this study aims to evaluate the influence of four
different carbon (starch, xylose, glucose and maltose) and nitrogen source (asparagine,
proline, glutamine and urea) on the production of extracellular L-asparaginase through solid-
state fermentation, using the filamentous fungus Aspergillus terreus CCT7693.

MATERIAL AND METHODS

For the reactivation stage, A. terreus CCT7693 (kindly provided by Colegdo de
Culturas Tropical Fundacdo André Tosello) was placed in solid PDA medium during 7 days
at 30°C. Subsequently, spores were collected in a solution of 0.9% NaCl and 0.1% Tween 80.
Finally, the obtained solution was standardized by counting spores, until concentration of 107-
108 spores/mL. Sugarcane bagasse was first milled and washed in water, both warm and cold,
in order to remove any residual sugar from the material. The material was dried until,
approximately, 8% moisture and its particle size was standardized using a 20 Mesh sieve.

For the production of L-asparaginase extracellular by SSF, the sugarcane bagasse was
used as support, supplemented with modified Czapek-Dox medium. The influence of different
carbon (starch, xylose, glucose and maltose) and nitrogen (asparagine, proline, glutamine and
urea) sources in the production of extracellular L-asparaginase was evaluated using 1% and
2% for carbon and nitrogen source, respectively. The culture was performed in 50 mL
Erlenmeyer flasks having 2 g of bagasse and 9 mL of culture medium containing the
corresponding nitrogen and carbon source for each experiment. 1 mL of standardized
inoculum was added in each of the treatments except blank tests. The culture was incubated at
25°C, with initial relative moisture of 80% for 96.

In the enzymatic extraction was used buffer solution Tris-HCI 50 mM (pH 7.6)
containing 0.5% of Tween 80. The extracting solution was added in each flask and this
suspension was remained on agitation (180 rpm) at 25°C for 2 hours. Thus, the extracts were
filtered with gauze and tested for enzymatic activity assay using hydroxamate method.

RESULTS AND DISCUSSION

This work evaluated 16 experiments in duplicates. The figure 1 shows the average of
enzyme activity measurements by hydroxamate method, performed for each experiments. The
blanks are not shown in the figure, however, as expected; they showed 0.0 U/g of carbon
source of enzyme activity.

According to the Figure 1, the highest enzymatic activities were observed in the
medium containing 1% starch and 2% L-asparagine (A-Asp), reaching 37,49 and 28,54 U/g of
starch after 96 hours. In the others experiments, only that with maltose and L-glutamine (M-
Glut) or L-asparagine (M-Asp) also showed positive results, reaching an average of the
enzymatic activity of 20,86 and 3,31 U/g of maltose, respectively. Currently, there are few
reported studies regarding the optimization of L- asparaginase by FES, despite its advantages.
On the other hand, several studies showed proline as the best inductor of the production of L-
asparaginase, however all these works were performed by submerged fermentation (Baskar;
Renganathan, 2009; Tippani; Sivadevuni, 2012). Thus, probably metabolism in these two
fermentation processes are different once according to results shown in this work, the best
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inductor was L-asparagine followed by L-glutamine and for proline the enzyme activity was
nil. Contradicted results also occurred related to carbon sources once in the enzyme
production process by submerged fermentation, the most widely used source is glucose
(Baskar; Renganathan, 2009; Tippani; Sivadevuni, 2012). In addition, Akilandeswari, et al.
(2012) evaluated different carbon sources (glucose, sucrose and starch) in the production of
L-asparaginase from Aspergillus niger by submerged fermentation. In this work, authors
verified that the starch was the best substrate presenting enzymatic activity of 3.60 U/mL.
However, in another similar study, Farag et al., (2015) investigated seven different substrates,
such as soluble starch, fructose, maltose, dextrose, lactose and sucrose, in the production of L-
asparaginase by Aspergillus terreus. Among these different substrates, the starch presented
lower enzyme activity (1.98 U/mg protein).

Figure 1 — Enzymatic activity of L-asparaginase for each treatment at 96 hours.

By this work, it is possible to mention that the use of sugarcane bagasse as support in
SSF for producing extracellular L-asparaginase, would make the process sustainable and
could reduce significantly its costs.

CONCLUSIONS

It was possible to produce a significant amount (33,02 U/ g starch) of extracellular L-
asparaginase from the culture of A. terreus in solid-state fermentation using sugarcane
bagasse as support, 1% starch as carbon source and 2% L-asparagina as nitrogen source.
These results are relevant because of its contribution to the optimization process for producing
this important enzyme. Also, this work showed SSF as an interesting alternative for the
production of extracellular L-asparaginase, that currently is produced by bacteria in industrial
scale and its periplasmic nature difficult extraction and purification phase.
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