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Production of L-asparaginase by Filamentous Fungi
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L-asparaginase production was investigated in the filamentous fungi Aspergillustamarii and Aspergillusterreus.
The fungi were cultivated in medium containing different nitrogen sources. A. terreus showed the highest L-aspara-
ginase (activity) production level (58 U/L) when cultivated in a 2% proline medium. Both fungi presented the lowest
level of L-asparaginase production in the presence of glutamine and urea as nitrogen sources. These results suggest
that L-asparaginase production by of filamentous fungi is under nitrogen regulation.
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Asparaginase (L-asparagine amido hydrolase, E.C.
3.5.1.1) is an anti-neoplastic agent, used in the lympho-
blastic |eukaemia chemotherapy. Neoplastic cells cannot
synthetase L -asparagine due the absence of L-asparagine
synthetase (Keating et al. 1993). For thisreason the com-
monest therapeutic practiceisto inject intravenously free
enzymein order to decrease the blood concentration of L-
asparagine affecting selectively the neoplastic cells
(Mitchell et al. 1994). However, L -asparaginase from bac-
terial origin can cause hypersensitivity in the long-term
used, leading to allergic reactions and anaphylaxis
(Reynolds & Taylor 1993). The search for other asparagi-
nase sources, like eucaryotic microorganisms, can lead to
an enzyme with less adverse effects. The importance of
microorganisms as L-asparaginase sources has been fo-
cused since the time it was obtained from Escherichia
coli and itsantineoplastic activity demonstrated in guinea
pig serum (Broome 1961, Mashburn & Wriston 1964, Rob-
ertset al. 1966, Schawartz et al. 1966, Boyseet a. 1967).
TheE. coli and Erwinia enzymeswereisolated, purified,
and experimentally used as an anti-leukaemic agent in
human patients (Clavell et al. 1986, Story et a. 1993). It de-
monstrated high potential against children’s acute lym-
phoblastic leukaemia (Hill etal. 1967, Oettgen et a. 1967).
Several research groups have studied asparaginase pro-
duction and purification in attempt to minimizeimpurities
that produceallergenic reations (Campbell et a. 1967, Boss
1997, Gallagher et al. 1999).

It has been observed that eukaryote microorganisms
like yeast and filamentous fungi have a potential for as-
paraginase production (Wadeet al. 1971, Wiameet al.1985,
Pinheiro et a. 2001). For example, the mitosporic fungi
genera such as Aspergillus, Penicillium, and Fusarium,
are commonly reported in scientific literature to produce
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asparaginase (De-Angeli et al. 1970, Arimaet a. 1972,
Imadaet a. 1973, Nakahamaet al. 1973, Curran et a. 1985).

L -asparaginase belongsto an amidase group that pro-
duces aspartic acid and anmonia by asparagine hydroly-
sis(Wriston & Yellin 1973, Capizzi et al. 1984). Herewe
present asimple and rapid assay method for the detection
of asparaginase from different strains of Aspergillum,
Penicillium, and Fusarium genera of fungi using the
Gulati et a. (1997) method. After aninitial screening,
strains presenting high asparaginase activity were culti-
vated in submerged fermentation in order to determine
the production of thisenzymein the presence of different
nitrogen sources. Moreover the question whether aspara-
ginasefromfilamentousfungi is nitrogen regul ated asthe
enzyme produced by Saccharomyces cerevisae was also
investigated (Oliveiraet al. 2003).

MATERIALSAND METHODS

Chemical - Chemicals were of analytical grade and
purchased from Difco (Michigan US). Analytical determi-
nations were carried out at Laboratério de Colegdo de
Culturas de Fungos do I nstituto Oswaldo Cruz and L abo-
ratorio de Tecnol ogia Enziméaticado Instituto de Quimica,
Universidade Federal do Rio de Janeiro, Brasil.

Selection of filamentous fungi - The genera of As-
pergillus, Penicillium, and Fusarium were previously
selected by literature reports and 26 fungal species were
used in this study. All of them were obtained from our
departamental stock culture collection. The tested spe-
cies had been preserved between 6 and 35 yearsin min-
eral oil. The sporeand mycelial fragments of strainswere
cultivated in modified Czapek Dox medium as used for
fungi (Saxena& Sinha1981) which contained (gl 1 of dis-
tilled water): glucose, 2.0; L-asparagine,10.0; K,PO, 1.52;
KCI, 0.52; MgSO, .7H,0 0.52; CuNOg. 3H,0, trace;
Zn30,. 7H,0, trace FeSO,,.7H,0trace; agar 18.0, pH 6.2.

Assay for screening of L-asparaginase - The method-
ology was based on Gulati et al. (1997) with theincorpora-
tion of phenol red in astock solution prepared in ethanol
with L-asparagineincorporated in the medium for the se-
lection of the microorganism with the ability to produce
L -asparaginase.
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Production of conidial suspension in submerged fer-
mentation - A. tamarii and A. terreus strain were culti-
vated in Czapek agar platesat 26°C for 7 days. From these
cultures, conidial suspensions were prepared with con-
centrations of 107 to 108 conidiaml-1. These suspensions
weretransferred to Erlenmeyer flaskswith 200 ml of liquid
Czapek-Dox modified with different nitrogen sourcessuch
as L-asparagine 1%, proline 0.2% or 2%, urea 0.2% and
glutamine 0.1%, 0.2% or glutamine 1% (Merck) and sub-
mitted to an orbital shaker at 160 revolution min“1, at 30°C
for 96 h.

Determination of biomass production - Each culture
was filtered each 24 h, on Whatman 2 paper filter. The
growth curve was plotted with the cell dry weight versus
time. The cell pelletswere brought to 150°C for drying.

Glucose residual determination - The supernatant
from the culture was submitted to the Glucose-Oxidase-
Peroxidase method (Beckman Glucose Analyzer, Kadish,
1968) for glucose determination. This analysis was car-
ried out each 24 h, in order to monitor the glucose con-
sumption in relation to biomass.

Determination of L-asparaginase activity - Thiswas
performed by quantifying ammoniaformation in a spec-
trophotometric analysis at 340 nm, using a Boering
Mannhein Kit (Biopharm E1112732). Enzyme activities
were determined in the culture filtrates at regular inter-
valsof 24 hupto 96 h.

Determination of protease activity - A volume of 0.5
ml of 10% azocasein were added in 0.5 ml of each 24 h
culture filtrate was incubated at 30°C/30 min; 0.5 ml of
10% TCA wasthen added and the culture stored at —20°C
for 5min. The suspension was centrifuged at 3000 rpm for
10 min. The supernatant was analyzed by UV-vis spectro-
photometer at 428 nm after addition of 0.5 ml of KOH 5N.
Thereaction blank was carried out by enzyme denaturing
through incubating culture filtrate with 10% TCA for 5
min. After this time, the substrate 10% azocasein was
added.

RESULTS AND DISCUSSION

This screening of filamentous fungi is based on the
semi-qualitative method described by Gulati et al. (1997).
Twenty-six strains belonging to Aspergillus, Penicillium,
and Fusarium genera were submitted to this systematic
investigation. In our screening the optimal chromogenic
substrate concentration was 0.04%(V/V).

This preliminary selection showed that only strains
from Asper gillus genera presented asparaginase produc-
tion. We select A. tamarii (strain IOC 186) and A. terreus
(strain 10C 217) for further study. These 2 strains had
been preserved during 23 years, showing that the viabil-
ity and genetic stability remained unaltered. The L-as-
paraginase activity of A. terreus has been described in
theliterature (De-Angeli etd. 1970, Gulati et a. 1997, Zurita
etal. 1971). The experimentswere carried out asdescribed
asakinetic study of biomassand L -asparaginase produc-
tion using different nitrogen sources. Biomass produc-
tion of A. tamarii with different nitrogen sourcesis shown
at Fig. 1. The highest amount of biomass was obtained
with urea 0.2% and glutamine 1% as nitrogen source, with
proline 2% presenting the second best nitrogen source
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for growth. An unusual growth was obtained with
glutamine that gave the same final biomass as urea, but
the curve hyperbolic in contrast with that observed with
ureathat presented a parabolic. The biomass production
of A. terreuswith the different nitrogen sources presented
different growth curves when compared with A. tamarii.
In this case, the biomass production of A. terreus pre-
sented an averaged of 1.5 times greater than A. tamarii
and glutamine 0.1% medium revealed itself asagood ni-
trogen source for the A. terreus growth (Fig. 2).

The glucose consumption profiles were presented at
Figs 3, 4. It was observed that glucose was totally con-
sumed after 72 h for both strains.

A. terreuslOC 217 strainin 2% proline medium showed
thehighest enzymeactivity at 48 h, with 58.8 U/L whereas
A. tamarii presented 38 U/L at the same conditions (Figs
5,6).
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Fig. 1: cell dry weight of Aspergillus tamarii IOC 186 with different
nitrogen sources: asparagine 1%, proline 0.2%, proline 2%, urea
0.2%, glutamine 0.1%, glutamine 0.2%, glutamine 1%
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Fig. 2: cell dry weight of Aspegillus terreus IOC 217 with different
nitrogen sources. asparagine 1%, proline 0.2%, proline 2%, urea
0.2%, glutamine 0.1%, glutamine 0.2%, glutamine 1%
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Fig. 3: glucose consuption of Aspergillus tamarii 10C 186 with
different nitrogen sources: asparagine 1%, proline 0.2%, proline
2%, urea 0.2 %, glutamine 0.1%, glutamine 0.2%, glutamine 1%
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Fig. 4: glucose consuption of Aspergillus terreus |IOC 217 with
different nitrogen sources: asparagine 1%, proline 0.2%, proline
2%, urea 0.2 %, glutamine 0.1%, glutamine 0.2%, glutamine 1%

The determination of protease production was per-
formed to explain the decrease of L-asparaginase activity.
After 60 h, it was demonstrated that the protease activity
could be responsible for decrease in L-asparaginase ac-
tivity since proteaselevelsincrease when L -asparaginase
levelsdecrease (Figs 7, 8).

The results suggest that L-asparaginase production
isnitrogen regulated, similar by to enzyme productionin
Saccharomyces cerevisae. As arule, different nitrogen
sources can be used to promote high enzyme production.
Different amino acids were used since microorganisms
can utilize awide variety of nitrogen sources. The nitro-
gen regulation mechanism in filamentous fungi has been
carefully studied. It has been observed that the structural
gene expression isunder GATA factor control asthe acti-
vatorsARE-A and NIT-2, regul ate gene transcription ac-
cording to nitrogen availability (Caddick et al. 1994).
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Fig. 5: L-asparaginase activity of Aspergillus tamarii IOC 186 with

different nitrogen sources: asparagine 1%, proline 0.2%, proline
2%, urea 0.2 %, glutamine 0.1%, glutamine 0.2%, glutamine 1%
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Fig. 6: L-asparaginase activity of Aspergillus terreus |IOC 217 with
different nitrogen sources: asparagine 1%, proline 0.2%, proline
2%, urea 0.2 %, glutamine 0.1%, glutamine 0.2%, glutamine 1%
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Fig. 7: representation of enzyme activities of Aspergillus tamarii
10C 187 grown in a medium with 2% of proline: L-asparaginase
activity, protease activity, and cell dry weight
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Fig. 8: representation of enzyme activities of Aspergillus terreus
10C 217 grown in a medium with 2% of proline: L-asparaginase
activity, protease activity, and cell dry weight

The proline 2% medium was observed to be the best
condition for L- asparaginase production (Figs 5, 6). In-
deed, the highest L-asparaginase activity level was present
by A. terreusat 48 h. However, these activity levelscould
be improved with the utilization of protease inhibitors.

ACKNOWLEDGEMENTS

To Dr ElbaPinto da SilvaBon from the Universidade Fede-
ral do Rio de Janeiro for making availabl e the equipment for this
analyse.

REFERENCES

ArimaK, Sakamoto T, Araki C, Tamura G 1972. Production of
extracellular L-asparaginasesby microorganisms. Agric Biol
Chem 36: 356-361.

Boss J 1997. Pharmacokinetics and drug monitoring of L-as-
paraginase treatment. Int J Clin Pharm Therap 35: 96-98.

Boyse AE, Old LJ, Campbell HA, Mashburn LT 1967. Sup-
pression of murine leukaemia of various types. compara-
tiveinhibition activities of guineapig serum L-asparaginase
and E. coli. JExpl Med 125: 17-31.

Broome JD 1961. Evidence that the L-asparaginase activity of
guinea pig serum is responsible for its antilymphoma ef-
fects. Nature 191: 1114-1115.

Caddick MX, Peters D, Platt A 1994. Nitrogen regulation in
fungi. Antoine van Leeuwenhoek 65: 169-177.

Campbell HA, Marshburn TL, Boyse EA, Old LJ 1967. Two
L -asparaginases from Escherichia coli their separation pu-
rification and antitumor activity. Biochem Genet 8: 721-
730.

Clavell LA, Gelber, RD, COHEN HJ, Hitchcock-Bryans S,
Cassady JR, Tarbell NJ, Blattner SR, Tantravahi R, Tarbell
NJ, Blatner SR, Tantravahi R, Leavit P, Sallan SE 1986.
Four agent induction and intensive asparaginase therapy
for treatment of childhood acute lyphobalastic leukemia.
New Engl J Med 315: 657-663.

Capizzi RL, Poole M, Cooper MR, Richards F, Stuart JJ, Jakson
DV, White DR, Spurr CL, Hopkins JO, Muss HB 1984.
Treatment of poor risk acuteleukaemiawith sequential hig-
done ARA-C and asparaginase. Blood 63: 649-700.

Curran MP, Daniel RM, Guy RG, Morgan HW 1985. L-as-

and glutaminase activities of micro-organisms. J Gen
Microbiol 76: 85-99.

Keating MJ, HolmesR, Lerner S, Ho DH 1993. L -asparaginase
and PEG asparaginase— Past, present and future. Leuk Lym-
phoma 10: 153-157.

Mashburn LT, Wriston JC 1964. Tumor inhibitory effect of L-
asparaginase from Escherichia coli. Arch Biochem Biophys
105: 450-452.

Mitchell 1, Hoogendoorn H, GilesAR 1994. Increased endog-
enous thrombin generation in children with acute lympho-
blastic leukemia: risk of thrombotic complications in L-
asparaginase induced antithrombin 111 deficiency. Blood 83:
386-391.

NakahamakK, ImadaA, lgarasi S, Tubaki K 1973. Formation of
L -asparaginase by Fusarium species. J Gen Microbiol 75:
269-276.

Oettgen HF, Old LJ, Boyse EA, Campbell HA, Bayard D,
Clarkson BD, Tallal L, Leeper RD, Schwartz MK 1967.
Inhibition of leukemiasin man by L -asparaginase. Cancer
Res 27: 2619-2631.

Oliveira EMM, Martins AS, Carvajal E, Bon EPS 2003. The
role of the GATA factors GLn3p, DAL80 and the Ure2p on
Asp3 regulation in Saccharomyces cerevisae. Yeast 20: 31-
37.

Pinheiro 10, Araujo JM, Ximenes ECPA, Pinto JCS, Alves
TLM 2001.Production of L-asparaginase by Zymomonas
mobilisstrain CP4. Biomaterial and Diagnostic BD 06: 243-
244,

Reynolds DR, Taylor JW 1993. The Fungal Holomorph: A
Consideration of Mitotic Meiotic and Pleomor phic Specia-
tion, CAB International, Wallingford, UK.

Roberts J, Prager MD, Bachynsky N 1966. The antitumor ac-
tivity of E. coli L-asparaginase. Cancer Res 26: 2213-2217.

SaxenaRK, SinhaU 1981. L -asparaginase and glutaminase ac-
tivities in the culture filtrates of Aspergillus nidulans. Cur
Sci 50: 218-219.

Schwartz JH, Reeves JY, Broome JD 1966. Two L-asparaginases
from E. coli and their action against tumors. Proc Natl Acad
Sci USA 56: 1516-1519.

Story MD, Voehring DW, Stephens LC, Mern RE 1993. L-
asparaginase kills lymphoma cells by apoptosis. Cancer
Chemother Pharmacol 32: 129-133.

Wade HE, Robinson HK, Philips BW 1971. Asparaginase and
glutaminase activities of bacteria. J Gen Microbiol 69: 299-
312.

Wiame JM, Grenson M, Arst NH Jr 1985. Nitrogen catabolite
repression in yeasts and filamentous fungi. Adv Microbiol
Physiol 26: 1-88.

Wriston JC, Yellin T 1973. L-asparaginase: A review. Adv
Enzimol 39: 185.

ZuritaVE, De-Angeli LC, CamposanoAT 1971. Produzione di
L-asparaginasi daAspergillusterreus. Ann Inst Super Sanita
7: 594-596.



