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Abstract The effect of methyl glucoside sesqui-stearate (MGS) on the production of raw
starch degrading enzyme (RSDE) by Aspergillus oryzae F-30 was studied in this paper. The
activity of RSDE formed by Aspergillus oryzae F-30 was enhanced dramatically by the
addition of MGS to the medium. As a result, with the addition of 1.5 g MGS in 1 L basal
medium, RSDE activity and productivity were 107 U mL−1 and 1.49 U mL−1 h−1, 4.3-fold
and 7.1-fold greater than the values obtained in the basal medium, respectively. The effect
of MGS on the synthesis of RSDE by Aspergillus oryzae F-30 was also studied on a
molecular level. It was observed that the regulation of RSDE synthesis in Aspergillus
oryzae F-30 occurs at both transcriptional and translational level and the enzyme synthesis
was provoked by the addition of MGS at transcriptional level.
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Introduction

Starch is the most abundant form of storage polysaccharides in plants and constitutes an
inexpensive source for production of syrups containing glucose, fructose, or maltose, which
are widely used in food industries [1]. In addition to that, the sugars produced from starch
can be fermented to produce bioethanol, amino acids, organic acids, and others [2]. In the
conventional starch processing industry, conversion of starch to glucose and other
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oligosaccharides requires a three-step process namely gelatinization, liquefaction, and
saccharification. This process, although currently used by starch processing industries, is
energy intensive thus increasing the production cost of starch-based products. With the
view of reducing the energy cost, a worldwide interest has been focused on raw starch
degrading enzymes (RSDE) in recent years [3–6]. Microorganisms reported to be good
producers of RSDE include Aspergillus sp. [7], Rhizopus sp. [8], Penicillium sp. [9–11],
Bacillus sp. [12], etc. Much work has been carried out to improve RSDE production such as
screening potential strains, optimization of medium composition, and cultural conditions.
We recently isolated a good RSDE producer, Aspergillus oryzae F-30, which had a high
hydrolyzing activity toward raw starch. It was found that methyl glucoside sesqui-stearate
(MGS) significantly improved RSDE production by Aspergillus oryzae F-30. Methyl
glucoside sesqui-stearate, a kind of chemical material, is generally used in cosmetic
industry. However, there is no description about its application in enhancing RSDE
production until now. This paper describes the improvement in RSDE production by
Aspergillus oryzae F-30 using MGS.

Materials and Methods

Microorganism

Aspergillus oryzae F-30, a RSDE producer, newly isolated from Chinese wheat koji, was
used in the experiment.

Materials

The corn starch and soybean meal were obtained from the local market (commercial grade).
MGS was obtained from Guangzhou Kemeida Company (China). All other chemicals were
purchased from Sigma.

Basal Medium

The basal medium used for the enzyme production containing (g L−1): corn starch 30,
soybean meal 20, K2HPO4 0.5, MgSO4·7H2O 0.5, NaCl 0.5, and KCl 0.5, natural pH. Fifty
milliliters of medium in a 250-mL flask was sterilized at 121 °C for 20 min. The medium in
each flask was inoculated with 1 mL spore suspension (with cell count of 106 mL−1) and
incubated at 30 °C for 144 h on a rotary shaker (140 rpm).

Effect of MGS Concentration on RSDE Production by Aspergillus oryzae F-30

To investigate the effect of MGS concentration on RSDE production by Aspergillus oryzae
F-30, MGS was added to the basal medium at different concentrations in the beginning
of culture. The obtained RSDE activities were compared to search for the optimum
concentration of MGS.

Effect of the Addition Time of MGS on RSDE Production by Aspergillus oryzae F-30

To investigate the effect of addition time of MGS on RSDE production by Aspergillus
oryzae F-30, MGS (separately sterilized) was added to the basal medium at different stages
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of the culture at the optimum concentration determined from the above experiments. The
obtained RSDE activities were compared to determine the optimum addition time.

Regulation Mechanism of RSDE Synthesis by Aspergillus oryzae F-30

To determine whether the regulation of RSDE synthesis in Aspergillus niger F-30 occurs at
transcriptional or translational level, actinomycin D (a repressor of transcription) or
cycloheximide (a repressor of translation) was added in the basal medium after 36 h of
culture with the concentration of 15 and 20 μg mL−1, respectively. The reason for using
these concentrations is that our earlier tests indicated that higher concentrations inhibited
the growth of the organism while lower concentrations had no significant influence on
the synthesis of the enzyme. To investigate the effect of MGS on RSDE synthesis, MGS
(1.5 g L−1) was added in the medium repressed by actinomycin D or cycloheximide at 48 h
of culture. The samples were periodically withdrawn and used for the analysis of the
enzyme activities.

Analytical Methods

The RSDE activity was determined using in a reaction mixture consisting of 0.5 mL of
appropriately diluted enzyme solution and 4.5 mL of 1% (w/v) raw starch in 50 mM acetate
buffer (pH 5.0). The reaction was carried out at 60 °C for 30 min and terminated by heating
in boiling water bath for 5 min. One unit of RSDE activity was defined as the amount of
enzyme that liberated 1 μmol glucose from raw starch per minute under the standard assay
conditions. Glucose released was detected by using the dinitrosalicylic acid method [13].
Biomass was determined by harvesting the mycelia pellets and freeze drying them to a
constant weight; the dry weight was expressed as grams per liter of culture. All the
experiments were repeated three times. All values given are means of three determinations.

Results and Discussion

Effect of MGS Concentration on RSDE Production by Aspergillus oryzae F-30

As shown in Table 1, the addition of MGS into the medium at different concentrations
could improve RSDE production by Aspergillus oryzae F-30 to different levels, while MGS
had no effect on biomass. When 1.5 g L−1 MGS was added, RSDE activity reached the
maximum (107 U mL−1) after 72 h of culture. Compared to the basal medium (25 U mL−1),

Table 1 Effect of MGS concentration on RSDE production by Aspergillus oryzae F-30.

MGS (g L−1) Biomass (g L−1) Peak hour (h) RSDE activity (U mL−1) RSDE productivity (U mL−1 h−1)

0 16.8 120 25 0.21
0.5 16.7 108 49 0.45
1.0 17.1 96 60 0.63
1.5 16.5 72 107 1.49
2.0 16.6 72 63 0.88
2.5 16.8 72 58 0.81
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RSDE activity was enhanced 4.3-fold and the time needed to attain the maximum activity
was shortened from 120 h to 72 h. Correspondingly, RSDE productivity increased by 7.1-
fold. When higher concentration of MGS was used, RSDE activity began to decline. The
possible reason is that higher concentration of MGS influenced the cell metabolism and
RSDE synthesis by Aspergillus oryzae F-30.

Effect of the Addition Time of MGS on RSDE Production by Aspergillus oryzae F-30

The data in Table 2 revealed the effect of varying the time of MGS addition on RSDE
production by Aspergillus oryzae F-30. The best result was (107 U mL−1) obtained when an
optimal concentration (1.5 g L−1) of MGS was added in the beginning of the culture. Under
optimum conditions, RSDE activity and productivity were 107 U mL−1 and 1.49 U mL−1 h−1,
respectively. When 1.5 g L−1 MGS was added after 24 h and 48 h of culture, maximum
RSDE activity was 85 U mL−1 and 55 U mL−1, respectively. MGS supplementation at 60 h
increased RSDE activity to 37 U mL−1, which was only an improvement of 12 U mL−1

compared to the basal medium. These observations indicated that the action of MGS on
RSDE production was mostly complete within 60 h. The later MGS was added, the lower
RSDE activity was obtained.

Comparison of RSDE Production by Aspergillus oryzae F-30 in the Basal and MGS-
Containing Medium

MGS resulted in a 4.3-fold improvement in RSDE activity, while it had no effect on the cell
growth (Fig. 1a,b). It was supposed that MGS stimulated RSDE production by Aspergillus
oryzae F-30 via a special mechanism: MGS (methyl glycoside sesqui-stearate), composed
of a methyl glycoside residue and a stearic acid residue through ester-type linkage. The
ester molecules are amphipathic, containing both hydrophilic methyl glycoside and
hydrophobic stearic acid residues. In aqueous solution, molecules of MGS form themselves
into spherical micellar structures in which the stearic acid residues are hidden inside the
micelle. The methyl glycoside residues interact with the surrounding water molecules. The
surface of lipid bilayers of the microorganism cell membranes is hydrophilic; therefore, it is
easy for the methyl glycoside residues to attach to the cell membrane. Because there are no
covalent bonds between the lipids in the bilayer, the cell membrane is not static but fluid.
Those movements make it possible for the stearic acid region of MSG to approach the
hydrophobic hydrocarbon chains inside the lipid bilayer of the cell membrane. Thereby the
highly ordered packaging of the fatty acid chains of lipid bilayer is disrupted, thus reducing
the interactions between neighboring lipid molecules and enhancing the membrane
permeability for the secretion of enzymes. On the other hand, methyl glycoside residues

Table 2 Effect of the addition time of MGS on RSDE production by Aspergillus oryzae F-30.

Addition time (h) Biomass (g L−1) Peak hour (h) RSDE activity
(U mL−1)

RSDE productivity
(U mL−1 h−1)

0 16.5 72 107 1.49
12 16.9 72 96 1.33
24 16.8 72 85 1.18
36 16.4 72 73 1.01
48 17.1 96 55 0.57
60 17.0 120 37 0.31
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might act as an effective inducer of RSDE because methyl glycoside was a structural
analogue of maltose. It was reported that the productivity of RSDE from Aspergillu sp.
K-27 was doubled by methyl glycoside [14]. Methyl xyloside also proved a good inducer of
xylase from Pullularia pullulans [15]. Therefore, MGS molecules attach on the surface of
fungual cells, acting as a persistent inducer to initiate RSDE production by Aspergillus
oryzae F-30.

Regulation Mechanism of RSDE Synthesis by Aspergillus oryzae F-30

As shown in Fig. 2a, with the addition of actinomycin D (a repressor of transcription) or
cycloheximide (a repressor of translation) in the basal medium after 36 h of culture, RSDE
biosynthesis nearly ceased. These results suggested that the synthesis of RSDE by
Aspergillus oryzae F-30 is regulated at both transcriptional and translational level. When
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MGS was added in the medium repressed by actinomycin D, RSDE biosynthesis started
again. When MGS was added in the medium repressed by cycloheximide, no revival of
RSDE synthesis was observed (Fig. 2b). These results suggested that the enzyme synthesis
was provoked by MGS only at transcriptional level.

Conclusion

With the addition of 1.5 g MGS in 1 L medium, RSDE activity and productivity by
Aspergillus oryzae F-30 were 107 U mL−1 and 1.49 U mL−1 h−1, 4.3-fold and 7.1-fold
greater than the values obtained in the basal medium, respectively. The regulation of RSDE
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synthesis in Aspergillus oryzae F-30 occurs at both transcriptional and translational level.
RSDE synthesis is provoked by MGS only at transcriptional level.
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