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Aspergillus oryzae KB produces two B-fructofuranosidases (F1 and F2). F1 has high transferring activity
and produces fructooligosaccharides from sucrose. Mycelial growth pellets were altered by the addition
of Tween 20, 40 and 80 (HLB = 16.7, 15.6 and 15.0, respectively) in liquid medium cultures to form small
spherical pellets. The particle size of the pellets decreased with the HLB value, which corresponds to an

increase in surfactant hydrophobicity. Selective F1 production and pellet size were maximized using
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Tween 20. Adding polyoxyethylene oleyl ethers (POEs) with various degrees of polymerization (2, 7,
10,20 and 50: HLB = 7.7, 10.7, 14.7, 17.2 and 18.2, respectively) was investigated. A minimum mean par-
ticle size was obtained using a POE with DP = 10, HLB = 14.7. The POE surfactants had little effect on the
selective production of F1. The formation of filamentous pellets depended on the surfactant HLB value,
and F1 enzymes were produced most efficiently using Tween 20.

© 2016 Elsevier Ltd. All rights reserved.

1. Introduction

Fructooligosaccharides (FOSs)—such as 1-kestose, nystose and
fructosyl-nystose—are used as food ingredients because they have
beneficial health effects, such as improved growth of bifidobacteria
in the intestinal flora. FOSs are produced by B-fructofuranosidases
with high transferring activity (Ut) (Dominguez, Rodrigues, Lima, &
Teixeira, 2014). Many B-fructofuranosidases have both Ut and
hydrolyzing activity (Uh), and the ratio of Ut/Uh varies depending
on the origin of the enzyme. The two types of p-fructofuranosidase
(named F1 and F2) from Aspergillus oryzae KB have been isolated,
and their enzymatic properties were investigated (Kurakake
et al., 2008). F1 produced 1-kestose, nystose and fructosyl-
nystose from sucrose through transfructosylation activity, whereas
F2 hydrolyzed sucrose to mainly glucose and fructose.

The KB strain forms filamentous pellets containing enzymes in
liquid culture. Pellet formation is an advantageous fungal morphol-
ogy for the production and application of enzymes because a pellet
is easy to remove from the reaction mixture and use immediately
as an immobilized enzyme in a flow reactor. Many immobilized
enzymes have been studied for the continuous production of FOSs
(Gongalves, Jorge, & Guimardes, 2015; Kurakake et al., 2010; Lin &
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Lee, 2008; Lorenzoni, Aydos, Klein, Rodrigues, & Hertz, 2014). How-
ever, they needed the processes which isolates enzyme from cul-
ture broth and immobilizes it on carrier. It would be beneficial in
terms of cost to use the filamentous pellet as an immobilized
enzyme.

Ungerminated spores aggregate to form nucleators for pellet
growth at an early stage of a liquid culture. Adherence among
germinated spores and hyphae interactions grow the pellet
structure (Lin, Grimm, Wulkow, Hempel, & Krull, 2008;
Priegnitz et al., 2012). The pellet development is influenced by
various culture conditions, such as the initial pH value, medium
composition, additives and aeration (Grimm, Kelly, Volkerding,
Krull, & Hempel, 2005; Znidarsic, Komel, & Pavko, 2000). Addi-
tion of a nonionic surfactant, such as Tween, in the culture med-
ium influenced fungi pellet formation. Tween 80 enhanced the
mycelial growth and exopolysaccharide production in the sub-
merged fermentation of Pleurotus tuber-regium and stabilized
the structure of the mycelial pellets (Zhang & Cheung, 2011).
The pellet formation of Trichoderma reesei Rut C-30 was inhibited
by the addition of Tween 80 in the fermentation medium, but
improved cellulase production (Domingues, Queiroz, Cabral, &
Fonseca, 2000). In KB strain, it is interesting to investigate an
influence of the pellet size on the selective production of the
F1 enzyme which produces FOSs through the transglycosylation.
F2 enzyme is undesired because the hydrolyzing activity
decreases the production of FOSs.
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In the present study, nonionic surfactants (Tween and poly-
oxyethylene oleyl ethers POEs) were added to the liquid culture
medium of Aspergillus oryzae KB and their effects on pellet forma-
tion and production of F1 and F2 enzymes were investigated. The
HLB (hydrophile lipophile balance) value of nonionic surfactant
was changed for the examinations.

2. Materials and methods
2.1. Materials

1-Kestose, nystose and fructosyl-nystose were purchased from
Wako Pure Chemical Industries Limited (Osaka, Japan). The A. ory-
zae KB strain was separated from malted rice used for the produc-
tion of the traditional Japanese liquor “sake”. Tween 20
(polyoxyethylene sorbitan monolaurate)) Tween 40 (poly-
oxyethylene sorbitan monopalmitate) and Tween 80 (poly-
oxyethylene sorbitan monooleate), which have HLB (hydrophile
lipophile balance) values of 16.7, 15.6 and 15.0, respectively, were
purchased from Sigma-Aldrich (St Louis, MO, USA). Poly-
oxyethylene oleyl ethers, POEs 2, 7, 10, 20 and 50, which have
HLB values of 7.7, 10.7, 14.7, 17.2 and 18.2, respectively, were pur-
chased from Wako Pure Chemical Industries Ltd. (Osaka, Japan).
The numbers indicate the degrees of polymerization of the poly-
oxyethylene. All other chemicals were of reagent grade and com-
mercially available.

2.2. Production of B-fructofuranosidases in liquid culture

A. oryzae KB strain was cultured in a liquid medium (30 ml) con-
taining 1% sucrose, 0.5% yeast extract and 0.2% Na,HPO4-12H,0 in a
100-ml Erlenmeyer flask at 30 °C and 150 rpm for 48 h. Tween and
POE nonionic surfactants were added to the medium at 1.0% and
0.5% concentrations, respectively. Although the inoculum of the
strain spores was 4 x 10° spores for experiments with Tweens, it
was decreased by one tenth (relative to 4 x 10° spores) for those
with POEs in order to observe pellet formation more clearly by pre-
venting an overproduction of pellets. The culture broth was trans-
ferred to a 9-cm petri dish and photographs were taken to
measure the diameter of the mycelial pellets. The mycelial pellets
were separated by decantation in a 50-ml polystyrene conical tube
and squeezed with a spatula. The pellets were washed with distilled
water five times, and 50 mM acetate buffer (pH 5) was added to the
initial volume. The mycelial pellets were homogenized in a 50-ml
tube using a Bio-mixer (Nihonseiki Kaisha Ltd., Tokyo, Japan).
Enzyme activities were determined for the homogenized suspen-
sions in 50 mM acetate buffer (pH 5). Two times of experiments
were done and error values (standard deviation) were calculated.

2.3. Determination of B-fructofuranosidase activity

One percent (w/v) sucrose was incubated with the enzymes at
pH 5 for 10 min at 40 °C. The reaction (volume, 1 ml) was stopped
by the addition of 1 M Na,COs. Glucose produced in the reaction
mixture was determined by the glucose oxidase/peroxidase
method using a Glucose ClI-Test kit (Wako Pure Chemical Indus-
tries Ltd., Osaka, Japan). Enzyme activity was defined as the
amount of enzyme required to produce 1 pumol of glucose from
the sucrose in 1 min.

2.4. Determination of hydrolyzing (Uh) and fructosyl-transferring (Ut)
activities

Uh and Ut were measured at a high concentration of sucrose
(20% w/v). The sucrose was incubated with the enzymes at pH 5
and 40 °C for 2 h. The enzyme sample was diluted to 1 U/ml B-

fructofuranosidase activity and 0.1 ml was used in the reaction
(working volume: 0.5 ml). The reaction was stopped by incubating
for 10 min in boiling water and the reaction mixture subjected to
HPLC analysis after dilution and filtration through a 0.22 pm mem-
brane filter. The two enzymatic activities were calculated from the
amounts of glucose (G) and fructose (F) produced. Total activity
(Utot = Ut + Uh), corresponding to degradation of sucrose, was
defined as the amount of enzyme that could produce 1 pumol of
glucose from the sucrose. Values of Ut and Uh were obtained by
multiplying Utot by the transfer ratio (G—F)/G and the hydrolysis
ratio (F/G), respectively. Ut and Uh were defined as the amount
of enzyme that could hydrolyze 1 pmol of sucrose and transfer
1 umol of fructosyl residues, respectively.

2.5. HPLC analysis of sugars

Glucose and fructose in the reaction mixtures were analyzed by
HPLC using the following conditions: column, 250 mm x 4.6 mm i.
d. NH2P-50 (Asahi Chemical Industry Company, Limited, Kawasaki,
Kanagawa, Japan); mobile phase, acetonitrile-water (70:30 v/v);
flow rate, 1.0 ml/min; pump, Tosoh model CCPS (Tosoh Co., Tokyo,
Japan); detector, Tosoh model RI8020 differential refractive index
monitor (Tosoh Co., Tokyo, Japan).

3. Results and discussion

A. oryzae KB was cultured in 1% sucrose medium with 1% Tween
20, 40 and 80. Mycelial growth pellets were distorted and large
without Tween, and formed small and spherical pellets in the pres-
ence of the surfactants (Fig. 1). The particle size of the pellets was
dependent on the type of Tween. The property of the nonionic sur-
factants was established using the HLB (hydrophile lipophile bal-
ance) value. A higher value means a more hydrophilic and less
hydrophobic property. The HLB is controlled by the alkyl chain
length of the fatty acids bound to the polyoxyethylene chain. The
mean particle size of the mycelial pellets formed in the presence
of Tween 20 was 3.4 + 0.4 mm and larger than those formed with
Tween 40 (3.1+0.7 mm) and 80 (2.4 +0.6 mm) (Table 1). The
mean particle sizes of the pellets corresponded to the HLB values
of the Tween surfactants, and decreased with decreasing HLB
value. Ungerminated spores aggregate and form nucleators for pel-
let growth as an initial period in the formation of pellets (Lin et al.,
2008; Priegnitz et al., 2012). It seems that the Tween surfactant
causes the formation of smaller size pellets because the surfactants
inhibit the aggregation of ungerminated A. oryzae KB spores. The
inclusion of Tween 80 in the culture medium of fungus Cordyceps
sinensis inhibited the aggregation of mycelia and led to the forma-
tion of smaller pellets (Liu & Wu, 2012).

The growth of the mycelium was improved and increased the
pellet mass using a surfactant in the liquid culture because nutri-
tion and air were supplied efficiently in the liquid phase (Table 1).
Tween 80 increases mycelia membrane permeability and enhances
mass transfer of nutrients into the pellets (Znidarsic et al., 2000). It
is also important that the surface area of the pellets is increased by
the formation of small and spherical particles.

A Tween surfactant with a low HLB value, which is highly lipo-
philic, decreases the exposure of hydrophobic ungerminated spore
surfaces to the liquid culture. This action may disturb the aggrega-
tion of spores through hydrophobic interactions and result in
decreased pellet particle size (Dynesen & Nielsen, 2003). The pel-
lets grow to a large size by adherence of germinated spores and
hyphae interactions. The pellets grown on a rotary shaker at
150 rpm were smooth and spherical. Tween surfactants with
greater hydrophobicity (lower HLB values) seemed to disturb the
pellet growth more. This finding suggests that adjustment of the
pellet size is controlled by the HLB value of the nonionic surfactant.



Download English Version:

https://daneshyari.com/en/article/5133552

Download Persian Version:

https://daneshyari.com/article/5133552

Daneshyari.com


https://daneshyari.com/en/article/5133552
https://daneshyari.com/article/5133552
https://daneshyari.com/

