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SOME EXTRACELLULAR GLYCOSIDASES OF ASPERGILLUS FLAVIPES

ASPERGILLUS FLAVIPES’IN BAZI EKSTRASELULER GLIKOZIDAZLARI
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Aspergillus flavipes was studied for the pro-
duction of some glycosidases. The highest yield of
and  pglucosidases, o
galactosidase and a-amylase was obtained using
maltose, cellobiose, melibiose and starch, respec-
tively as a sole carbon source, with an incubation
at 30°C for 11 days, 12 days, 13 days and 6 days,
respectively. An initial pH of culture medium of 6
for a- and fglucosidases; 5 for a-galactosidase;
and 6.5 for a-amylase was found to be optimum.
These conditions gave a yield of 9.1 U/ml for o
glucosidase, 112,5 U/ml for pglucosidase, 88
U/ml for o-galactosidase and 3.5 U/ml for o-
amylase. The results reported in this study indicate
that Aspergillus flavipes is indeed an active source
of several glycosidases.

extracellular  a-

Aspergillus  flavipes'ten bazi  ekstraseluler
glikozidazlarin elde edilmeleri  incelendi. En
yiiksek ekstraseluler o~ ve pfglukozidaz, o
galaktozidaz ve a-amilaz verimi besiyerine
sirasiyla maltoz, sellobioz, melibioz ve nisasta
ilavesi ile elde edildi ve o glukozidazin 11. giinde,
Fglukozidazin 12, giinde, o-galaktozidazin 13.
giinde, a~amilazin 6. giinde, 30°C’de sirasiyla 9.1
Uiml, 112,5 U/ml, 88 U/ml 3.5 U/ml maksimum
aktivite degerleri gdsterdikleri saptand:. Besiyer-
lerinin  optimum pH'larint saptamak amaciyla
yapilan ¢alismalarda o- ve fglukozidaz pH 6, a-
galaktozidaz pH 5, a~amilazin ise pH’st 6.5 olan
besiyerlerinde en yiksek aktivite gdsterdikleri
belirlendi. Sonuglar, Aspergillus flavipes'in bazi
glikozidazlar igin zengin  bir kaynak oldugunu
gostermektedir.

Keywords: Aspergillus  flavipes,  extracellular
glycosidases, culture conditions

Anrahtar kelimeler: Aspergillus Slavipes,

ekstraseluler glikozidazlar, besiyeri kosuliart

Introduction
Glycosidases, such as a- and (-
glucosidases (EC 3.2.1.20 and EC

3.2.1.21), a- and - galactosidases (EC
3.2.1.22 and EC 3.2.1.23) and a-amylase
(EC 3.2.1.1) are important enzymes in
scientific research and industrial proce-
dures because of their ability to degrade
polymers such as cellulose (20), polyga-
lacturonate (16), galactomannans of leg-
ume seeds (11) or starch (14) and sugars
such as maltose, cellobiose, lactose or
raffinose (6). Some of their major indus-
trial applications include production of
high fructose corn syrups, baking, brew-
ing, beverage clarification (12), produc-
tion of low-lactose milk (13), reducing the

content of raffinose in beat sugar molasses
(19) and oligosaccharides of raffinose
family in soybean milk (10). Industrial
application of these enzymes, however,
would only be feasible if they were avail-
able in large quantities at a competitive
price. These glycosidases are also capable
of hydrolyzing appropriate nonreducing
terminal monosaccharide residues of car-
bohydrate units in glycoproteins and gly-
colipids (5) and may have an extensive
application in the study of complex mac-
romolecules (3). Studies on glycosidases
are also of interest in medicine. It has been
shown that in-vivo lactase replacement
therapy improves lactose absorbtion and
reduces gas production in the colon. In
order to prevent the symptoms of lactose
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intolerance in persons deficient in the en-
dogenous enzyme, lactase has been added
to milk and milk products, or taken by
mouth before a meal containing dairy
products. o-Galactosidase has also been
added to legumes and other vegetables to
reduce flatulance (15) caused by microbial
fermentation of olygosaccharides such as
raffinose and stachyose in the large intes-
tine due to the lack of a-galactosidase in
the human intestinal tract (10).

Glycosidases are produced by a number
of filamentous fungi, such as Aspergillus
oryzae (4,17), Aspergillus niger (5,23),
Aspergillus flavus (1), Aspergillus nidu-
lans (22), Aspergillus ficuum (28), Asper-
gillus ornatus (27), Aspergillus fumigatus
(25), Penicillium funiculosum (20), Peni-
cillium brevicompactum (16), Penicillium
notatum (7). Altough glycosidases from
some members of Aspergillus species
have been intensively studied, enzymes
produced by Aspergillus flavipes have
received comperatively little attention.

The aim of the present study was to
identify cultural conditions for production
of extracellular o.- and B-glucosidases, o-
and [-galactosidases and o-amylase by
Aspergillus flavipes.

Materials and Methods

Chemicals

Melibiose (Fluka 63630), cellobiose (Fluka
22150), raffinose (Fluka 83400), maltose (Merck
5911) and starch (Merck 1252) were used as car-
bon source. For enzyme assays p-nitrophenyl-a-D-
galactopyranoside (Fluka 73653), p-nitrophenyl-f3-
D-galactopyranoside (Fluka 73670), p-
nitrophenyl-a-D-glucopyranoside (Fluka 73673),
p-nitrophenyl-B-D-glucopyranoside (Fluka 73674)
were used as substrate. p-Nitrophenol (Fluka
73560) was used as standard for enzyme activity
tests. All other chemicals were of analytical grade.

Microorganism and Culture Conditions

The microorganism used in this study was a
strain of Aspergillus flavipes ACTT 11013 pro-
vided by Department of Microbiology, Faculty of
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Medicine, Istanbul University, Turkey. The fungal
strain was maintained on Sabouraud dextrose agar
plates, incubated at 22°C for 7 days, and then
stored at 4°C. Spor suspansion was prepared by
adding sterile distilled water to the culture plates
and scraping the surface gently with a sterilized
wire loop. The suspension was diluted in water to
give a final inoculum of 5 x 10* spores/ml.

In order to determine the optimum conditions
for mycelial growth and enzyme production, the
effect of some parameters such as incubation time,
initial pH of the medium, and different carbon
sources on the enzyme activity were investigated.

Effect of initial pH: The initial pH of culture
medium was adjusted to different values using 1N
hydrochloric acid or IN sodium hydroxyde
solution. Sampling was carried out every 24 h by
aseptically withdrawing 1 ml of culture medium.

Effect of carbon sources: Carbon sources were
added to the culture medium separately, and their
effects on the production of glycosidases were
investigated.

Production of enzymes at different induction
times: 1 ml of the culture medium was pipetted out
and the enzyme activity at standard assay
conditions was examined at 24 h intervals during
growth of the microorganism.

Composition of media and cultivation of
microorganism: This experiment was done with
the medium of various concentration of peptone,
KH,PO,, (NH,),HPO,, MgSO, x 7H,0 and KCl. a-
Glucosidase and B-glucosidase production were
induced by adding 10 g of maltose and 4 g of
cellobiose, respectively to the media consistent of
(per liter) 5 g of peptone, 8 g of KH,PO,, 2 g of
(NH,),HPO,, 0.5 g of MgSO, x 7H,0. The
medium used for the a-galactosidase production
contained (per liter): 15 g of peptone, 15 g of
KH,PO,, 5 g of MgSO, x 7TH,0, 5 g of KCI;
supplemented with 2 g of melibiose as a carbon
source. a-Amylase was produced using a medium
with the following composition (per liter): 5 g
peptone, 7 g KH,PO,, 0.5 g MgSO, x 7H,0, 3 g
(NH,),HPO,, and 10 g starch. After a volume of
100 ml of each medium was poured in 250 ml
Erlenmeyer flasks, they were sterilized by
autoclaving at 120°C for 30 minutes. The media
were cooled to room temperature and inoculated
with 1 ml of the spore suspansion, then incubated
at30°C.

Enzyme Assays

a-Galactosidase, B-galactosidase, o-
glucosidase and p-glucosidase activities were
assayed by measuring the amount of p-nitrofenol
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released from p-nitrophenyl-a-D-galacto-pyra-
noside, p-nitrophenyl-f3-D-galactopyranoside, p-
nitrophenyl-a-D-glucopyranoside, p-nitropi-henyl-
B-D-glucopyranoside, respectively. 100 ul of en-
zyme solution was incubated with 100 pl of 20
mM p-nitrophenyl D-glycopyranoside and 100 pl
of Mc Ilvaine buffer (pH 4.8) at 37°C for 30 min-
utes. The reaction was stopped by adding 3 ml of
0.2 M Na,CO, solution. The extinction of the solu-
tion was measured at 420 nm by using a Shima-
dzu UV-1208 spectrophotometer. One unit of
enzyme activity was defined as the amount of
enzyme which liberated 1 pmol of p-nitrophenol
per minute under assay conditions described.

o-Amylase activity was determined by using
the method of Somogyi (18) and Nelson (24). A
200ul of enzyme sample was added to 200 pl of
substrate solution which was prepared freshly by
diluting 1% starch solution to 1:1 proportion with
phosphate buffer (pH 5.9) and the mixture was
incubated at 37 °C for 10 min. The enzymic reac-
tion was stopped by adding 1 ml of Somogyi rea-
gent. After an incubation at 100°C in a boiling-
water bath for 20 min., the assay tubes were al-
lowed to cool and 1 ml of Nelson reagent was
added, followed by 10 ml of water. After 10 min
the stabilized blue coloration was read spectro-
photometrically at 520 nm against suitably pre-
pared blancs. The enzyme activity unit was calcu-
lated as the number of umol of 1,4-glycoside link-
age hydrolysed per minute in each ml of the reac-
tion medium.

Results and Discussion

In this study we aimed to find an active
and more readily available source for the
production of some glycosidases. Several
a- and [-galactosidases, c-amylases, o-
and B-glucosidases of mold origin have
been intensively investigated, but most of
the studies described in literature deal
with the isolation and characterization of
intracellular enzymes. Extracellular en-
zyme secretion is important in industrial
applications. The increased number of
recovery steps for intracellular enzymes
including cell disruption, removal of other
cellular debris, and a greater need for ex-
tended purification of the material can
decrease the yield of a desired protein

(21). Extracellular glycosidase production
and purification has been reported for 4s-
pergillus  niger (2,23,26), Aspergillus
oryzae (4,10), Aspergillus tamarii (9),
Penicillium brevicompactum (16), Peni-
cillium notatum (7). From this study, it
was concluded that the o- and f-
glucosidases, a-galactosidase and -
amylase from Aspergillus flavipes are in-
ducible and that is an economical advan-
tage for practical applications. Supernatant
from culture of Aspergillus flavipes grown
on lactose or polygalacturonate had not
any detectable extracellular B-
galactosidase activity. The failure to in-
duce extracellular [-galactosidase pro-
duction during growth on lactose has also
been demonstrated for strains of Asper-
gillus oryzae and Scropulaiopsis sp. (16),
Penicillium brevicompactum and Aureo-
basidium pullulans (17).

In the present study, optimum condi-

tions for Aspergillus flavipes glycosidases
were investigated. In order to determine
the suitable method of cultivation, a pre-
liminary experiment was carried out to
examine the effect of the initial pH of the
medium, the incubation time necessary for
maximal enzymic activity and the compo-
sition of medium.
Figure 1 shows the time course analysis of
culture of Aspergillus flavipes grown on
various carbon substrates. The highest
yield of enzyme was obtained after 6 days
for o-amylase, 13 days for a- galactosi-
dase, 12 days for B-glucosidase and 11
days for a-glucosidase

A medium containing salts, peptone
and yeast extract was found to be the best
for each enzyme production. a- and f-
Glucosidases, a-galactosidase and o-
amylase production was induced by vari-
ous sources of carbon and comparative
experiments were conducted using either
melibiose or raffinose, lactose or
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Fig.1. Time course of culture of Aspergillus flavipes grown on cellobiose —&-; melibiose -
—4&—; raffinose - —*—; maltose - —B@— ; starch - —@—

polygalacturonate, cellobiose or car-
boxymetylcellulose, respectively. Maxi-
mum yield of B-glucosidase (112.5 U/ml),
a-glucosidase (9.1 U/ml) and o-amylase
(3.5 U/ml) was obtained with cellobiose,
maltose and starch, respectively. High a-
galactosidase activity (88 U/ml) was de-
tected in the culture supemnatant when the
mold was grown in a medium containing
melibiose as a sole carbon source. Raffi-
nose was found to be a weak inducer of a-
galactosidase. A value of 26 U/ml of a-
galactosidase activity was found using
raffinose containing media. The enzyme
productivity is higher than the productiv-
ity of Aspergillus niger (25) when this
culture was grown on wheat bran or rice
bran (0.125 U/ml or 0.08 U/ml).When the
strains were compared according to their
a-galactosidase production, Aspergillus
flavipes showed better activity then the
others.

An examination of the initial pH of the
culture medium between 2 and 8 indicated
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that these hydrolytic enzymes had an op-
timal pH of 6 for a- and PB- glucosidases
activities, pH 6.5 for a-amylase activity
and pH 5 for o - galactosidase activity.
Consenquently, the finding of our study
may play a useful role in setting up the
optimal conditions for a large-scale pro-
duction of glycosidases. Extracellular o-
amylase and o-glucosidase reported in this
study showed very low activity, it is clear
that further studies are necessary to opti-
mize the conditions for cultivation of As-
pergillus flavipes to obtain more yield of
these enzymes. o-Galactosidase and fB-
glucosidase obtained from Aspergillus
flavipes seems to have an excellent activ-
ity and could be used in the hydrolysis of
raffinose and cellobiose, respectively.
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