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Susceptibility of Amylose-Lipid Complexes to Hydrolysis by Glucoamylase
from Rhizopus niveus
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ABSTRACT

The amylose-lipid complexes were prepared from potato amylose with
fatty acids (FA) and lysophosphatidylcholine (LPC), and their suscepti-
bilities to hydrolysis by glucoamylase (Rhizopus niveus) were examined.
The prepared complexes had the respective amount of lipid in them,
depending on the sort of lipid (0.91-2.93 pmol/10 mg of amylose), and
showed no typical peaks of the crystallized V-form on X-ray diffracto-
grams. The complexes showed the extent of hydrolysis ranging from
4.8% for LPC to 22.0% for linolenic acid by 83.4 nkat of the enzyme for
72 hr, which was lower than the hydrolytic extents of cereal starches.
When the complexes in excess water were treated by heating at not more
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than the respective melting temperature for 2 hr, no change in the X-ray
diffractogram was observed, but the extent of hydrolysis was decreased
to 3.2-16.5%. During the hydrolysis of the heat-treated complexes, it was
found that the complexed lipids were hardly released from them, except
for unsaturated FA. Also, the ability of adsorption of the glucoamylase on
the complex was determined. It was found that the residues after gluco-
amylase hydrolysis, glucoamylase-resistant complex, showed decreased
ability of enzyme adsorption compared with the intact complex. These
results indicate the complex-forming portion itself is strongly resistant to
the action of glucoamylase.

It is known that the glucoamylase (EC 3.2.1.3, 1,4-a--glucan
glucohydrolase) is an exo-splitting enzyme that catalyzes hydroly-
sis of both a-1,4- and o-1,6-glucosidic linkages of starch and
consecutively liberates the glucose units from the nonreducing
end, but its action is blocked by a phosphorylated residue (Abe et
al 1982). Although many reports on the susceptibility of amylose-
lipid complex by amylolytic enzyme, especially a-amylases, have
been reported (Vieweg and de Fekete 1976, de Fekete and Vieweg
1978, Hizukuri et al 1979, Holm et al 1983, Jane and Robyt 1984,
Eliasson and Krog 1985, Biliaderis and Galloway 1989, Galloway
et al 1989, Seneviratne and Biliaderis 1991), there are few reports
concerning that by glucoamylases.

Cereal starches usually have lipids bound firmly in the granules
(Morrison 1988). It has been generally considered that the bound
lipids are firmly complexed with amylose in native starch gran-
ules. Previously, we examined loss of the bound free fatty acids
(FFA) in corn starch upon hydrolysis by crude glucoamylase
(Kitahara et al 1994). Contrary to our prediction that the amylose-
lipid complexes resisted amylolysis, the result revealed that the
bound FFA in corn starch were scarcely resistant to release from
granules upon the hydrolysis. If the bound FFA exist as complexes
with amylose in the native granules, the FFA would be resistant to
being released from granules. It is, therefore, necessary to exam-
ine the resistance of model amylose-lipid complexes to hydrolysis
by glucoamylase.

In this study, amylose-lipid complexes were prepared as an
insoluble substrate, and their susceptibilities to hydrolysis by
practically pure glucoamylase from Rhizopus niveus were examined.

MATERIALS AND METHODS

Amylose and Reagents

Amylose was prepared from potato starch according to the
method of Hizukuri et al (1981). The amylose was recrystallized
six times from 10% aqueous 1-butanol, and the final amylose was
dehydrated in ethanol, followed by vacuum drying.
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In this study, we used two glucoamylase preparations originated
from R. niveus. One was highly purified glucoamylase (glucoamylase
activity: 1.22 Kat/kg) purchased from Seikagaku Kogyo Co., Ltd.
(Tokyo). When y-cyclodextrin was used as a substrate at 50-fold the
usual enzyme concentration for assay, no increase of reducing power
during 12 hr was detected. Also, no phosphatase activity using p-
nitrophenylphosphoric acid as a substrate was detected, thus it
was used without further purification. The other enzyme was a
crude preparation (glucoamylase activity: 0.47 Kat/kg, total
amylase activity: 0.63 Kat/kg) from Nagase Biochemicals., Ltd.
(Kyoto). The activities of glucoamylase and total amylase were
estimated based on the amount of liberated sugar measured by the
glucose oxidase-catalase method (Ikawa and Obara 1965) and the
Somogyi-Nelson method (Nelson 1944, Somogyi 1952), respect-
ively. The reaction used 0.5% soluble starch, pH 5.0, as a substrate
at 35°C.

All reagents and solvents, unless otherwise specified, were ob-
tained from Wako Pure Chemical Industries (Osaka) and were of
the highest grade commercially available.

Preparation of Amylose-Lipid Complex

The amylose-lipid complexes were prepared by complexation
of the amylose with five kinds of fatty acids (FA) (palmitic,
stearic, oleic, linoleic, and linolenic acids, >99%, Nacalai Tesque
Inc., Kyoto) and lysophosphatidylcholine (LPC) (>99%, from egg
yolk, fatty acid composition: 16:0 69%, 18:0 25%, 18:1 4%, 18:2
1%, 18:3 trace, Nacalai Tesque Inc.), fundamentally according to
the method of Karkalas and Raphaelides (1986).

Amylose (10 mg, dwb) was dissolved by adding 0.2 ml of 1M
potassium hydroxide, and then 1.6 ml of distilled water in a
screw-cap tube at 4°C, while the respective FA (15.6 pmol/ml)
was dispersed in 0.01M potassium hydroxide with the aid of
heating and sonication. FA solution (1 ml) was gradually added to
the dissolved amylose under vortex-mixing. After letting it stand
for a few minutes, the amylose-FA solution was neutralized by
adding 0.21 ml of 1M hydrochloric acid dropwise under vortex-
mixing. Finally, 3 ml of 50 mM sodium acetate buffer (pH 5.0)
containing 0.02% sodium azide was added to the solution, and the
precipitated complex stood overnight.

The LPC dispersed in water (15.6 umol/ml) was added to the
amylose solution after neutralization. In each case, more than 99%
of amylose was precipitated as the complex. According to the
experiments, the complex in the test tube was successively treated



with heating for 2 hr at 90°C for those with palmitic acid, stearic
acid, oleic acid, and LPC; at 80°C for that with linoleic acid; at
70°C for that with linolenic acid, in which no melting of the
complexes at the respective temperature was observed. The
prepared complex is referred to as the heat-treated complex.

The preparation of the complexes and the following determina-
tions were performed in triplicate.

Hydrolysis of Amylose-Lipid Complex by Glucoamylase

The required unit of glucoamylase in 50 mM sodium acetate
buffer (pH 5.0) containing 0.02% sodium azide was added to the
complex prepared as above, and it was finally increased to 7.5 ml
with the same buffer. The reaction was kept at 35°C for various
times with gentle stirring on a culture tube rotator at 8 rpm. After
the reaction, the residual complex was collected by centrifugation
at 4,500 x g for 10 min, and the glucose liberated in the super-
natant was determined by the glucose oxidase-catalase method
(Ikawa and Obara 1965). In the case of crude glucoamylase
hydrolysis, the soluble carbohydrates in the supernatant was
determined by the phenol-sulfuric acid method (Dubois et al
1956), the value of which agreed with that by the glucose oxidase-
catalase method.

On the other hand, the collected residue was washed with diethyl
ether for FA or with chloroform for LPC with vigorous stirring, and
recollected by centrifugation. The residue was washed three times.
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Fig. 1. X-ray diffractograms of amylose-lipid complexes. Samples
include: annealed 16:0 complex, 16:0 complex, heat-treated 16:0 complex,
18:2 complex, heat-treated 18:2 complex, LPC complex and heat-treated
LPC complex.

Determination of Complexed FA and LPC with Amylose

The complexed FA with amylose was determined by a NEFA-C
test kit after liquefaction of the complex by thermostable o-amylase
at 100°C as described previously (Kitahara et al 1994). The
complexed LPC was converted into inorganic phosphate by wet
ashing of the whole complex with 60% perchloric acid (1 ml) and
with the aid of four drops of nitric acid. The phosphate was
determined by the Fiske-Subbarow method (Fiske and Subbarow
1925).

Adsorption of Glucoamylase on Amylose-Lipid Complex

The heat-treated complexes prepared in a scale of 25 mg of
amylose were lyophilized and used for this experiment. The com-
plex was incubated with 83.4 nkat of the pure glucoamylase in 1 ml
of 50 mM sodium acetate buffer (pH 5.0) at 5°C for 20 min. After
centrifugation at 7,000 x g, 5°C for 5 min, the adsorption of the
enzyme (%) was calculated on the basis of the residual activity in
the supernatant.

The residues after glucoamylase hydrolysis, glucoamylase-
resistant complex, were prepared, and the adsorption experiment was
also performed. The glucoamylase-resistant complex was prepared
as follows. The heat-treated complex was hydrolyzed by 167 nkat of
the pure glucoamylase at 35°C for 48 hr. The glucoamylase-resistant
complex was washed successively with diethyl ether for FA or with
chloroform for LPC, 1M sodium chloride and then with distilled
water three times each, and then lyophilized.

X-Ray Diffraction Analysis

The amylose-lipid complexes were collected by centrifugation
at 4,500 x g for 10 min. After removing the supernatant, the wet
precipitate was deposited 1 mm thick on aluminum holder. X-ray
diffraction pattern was obtained using an X-ray diffractometer
(RIGAKUDENKI RAD-RB) under the following conditions. Radia-
tion: CuKo. (counter monochromator), voltage: 40 kV, current:
100 mA, angle (20): 3°~32°, scan speed: 1°/min.

RESULTS AND DISCUSSION

Preparation of Amylose-Lipid Complex

Several structurally distinct forms for the amylose-lipid com-
plexes in the aggregated structure have been identified and char-
acterized by differential scanning calorimetry, X-ray diffractometry,
and solid-state nuclear magnetic resonance analysis (Biliaderis et
al 1985; Biliaderis et al 1986; Raphaelides and Karkalas 1988;
Biliaderis and Galloway 1989; Galloway et al 1989; Biliaderis
and Seneviratne 1990a,b; Karkalas et al 1995). The suscep-
tibilities of the complexes in polymorphic forms to o-amylase
were different from one another, in which highly crystallized
complex showed lower extent of hydrolysis (Seneviratne and
Biliaderis 1991).

Figure 1 shows X-ray diffractograms of the prepared complexes
for palmitic acid, linoleic acid, and LPC. For the comparison, the
complex with palmitic acid was annealed at a water content of
25%, 120°C, for 2 hr. The diffractogram is shown topmost in Fig-

TABLE I
Amount of Lipid in Complex and Molar Ratio of Lipid to Amylose
Complexed Lipid® Molar Ratio
Complex pmol/10 mg amylose  Lipid/Amylose®
Palmitic acid (16:0) 2.00 + 0.06 0.032
Stearic acid (18:0) 2.47 +0.04 0.040
Oleic acid (18:1) 2.24 +0.04 0.036
Linoleic acid (18:2) 1.23 +£0.07 0.020
Linolenic acid (18:3) 0.91 +0.08 0.015
Lysophosphatidylcholine (LPC) 2.93 +0.08 0.047

2 Mean + standard deviation, n = 3.
® Using 162 as the molecular weight of amylose.
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