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A soluble viscous protein was purified from yam (Dioscorea opposita Thunb.) tuber muci-
lage tororo by chromatographic steps, and its functional properties were estimated. The puri-
fied dioscorin having the molecular weight of about 200 kDa exhibited high scavenging activ-
ities against hydroxyl radicals (ICsy = 195.1 ug/ml) and superoxide anion radicals (ICs, =
92.7 ug/ml). Moreover, it showed extremely high angiotensin I-converting enzyme inhibitory
activity (ICsy = 41.1 ug/ml). The results suggested that yam D. opposita tuber has a wide
spectrum of strong antioxidative and antihypertensive activities and it could be utilized as a

source of natural antioxidant.
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Introduction

Yam species is a member of the monocotyledon-
ous family and belongs to the order Dioscorea-
ceae. Yams are cultivated all over the world and
their number amounts to about six to seven hun-
dred species (Satin, 1998). In China, yam tubers of
Dioscorea spp. are widely consumed and are used
as an ingredient of traditional herbal medicines.
The Japanese have generally consumed yam tuber
and yam as grated yam “tororo” is the main art of
cooking in Japan. Although it is well-known that
yam tuber mucilage tororo possesses distinctive
properties such as viscosity, it is of great impor-
tance to characterize the viscous substance from
it. However, there is few information about the
functional properties of the viscous substance
from yam tuber mucilage to date. The present
study aims to purify the soluble viscous protein,
dioscorin, from Japanese yam (D. opposita
Thunb.) tuber mucilage and characterize the func-
tional properties such as antioxidative activity,
scavenging activities against active oxygen species,
and angiotensin I-converting enzyme (ACE) in-
hibitory activity. It should be recognized as one of
the health foods to prevent or improve lifestyle-
related diseases such as cancer, diabetes, and hy-
pertension by the effects of antioxidative activities,
scavenging activities against active oxygen species,
and antihypertensive activity.
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Experimental
Samples

Fresh yam (Dioscorea opposita Thunb.) tubers
were purchased from a local wholesale market
(Abashiri, Hokkaido, Japan).

Preparation of soluble viscous protein from yam
tuber mucilage tororo

After cleaning with water, yam tubers were
peeled and immediately ground using a grater.
After the extraction by gentle strring at 4 °C for
1d, the viscous extracts were centrifuged at
50,000 x g for 1 h. The supernatants were brought
to 40% solid ammonium sulfate saturation, and
this solution was centrifuged at 28,500 x g for
30 min. The supernatants were pooled and applied
to a Phenyl-Toyopearl 650M column (1.0 x 5.0 cm)
previously equilibrated with 10 mm sodium phos-
phate buffer (pH 7.0) containing 1.8 M ammonium
sulfate. The column was washed with the same
buffer and the viscous protein was eluted with a
linear gradient of 1.8—0 M ammonium sulfate in
the same buffer (Fig. 1A). The pool of the viscous
protein was dialyzed against 10 mm sodium phos-
phate buffer (pH 7.0) and this fraction was applied
to a DEAE-Toyopearl 650M column (1.0 x 5.0 cm)
equilibrated with the same buffer. The column was
washed with the same buffer and the viscous pro-
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Fig. 1. Purification of the viscous protein from yam
(Dioscorea opposita Thunb.) tuber mucilage tororo. (A)
Phenyl-Toyopearl 650M column chromatography. The
extracts (302.4 mg of protein) were put on a column
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tein was eluated with a linear gradient of 0-0.5 m
NaCl in the same buffer (Fig. 1B). After the sam-
ple was dialyzed against 10 mm sodium phosphate
buffer (pH 6.0), the viscous solution was applied
to a CM-Toyopearl 650 M column (1.0 x 3.0 cm)
equilibrated with the same buffer. After washing
with the same buffer, the viscous protein was elu-
ated with a linear gradient of 0—0.5 M NaCl in the
same buffer (Fig. 1C). The purified viscous protein
was dialyzed against distilled water and used in the
following tests.

Molecular weight determination

The molecular weight of the purified viscous
protein was estimated by Toyopearl HW-55F
(1.5 x 70 cm) gel filtration and polyacrylamide gel
electrophoresis (Davis, 1964). Ferritin (450 kDa),
catalase (240 kDa), aldolase (158 kDa), and albu-
min (68 kDa) were used as the standard markers
for gel filtration and thyroglobulin (669 kDa), fer-
ritin (440 kDa), catalase (232 kDa), lactate dehy-
drogenase (140 kDa), and albumin (66 kDa) were
used as the standard markers for Native-PAGE.
Sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) was performed by the
method of Laemmli (1970) using a 12.5% gel. My-
osin (205 kDa), f3-galactosidase (116 kDa), phos-
phorylase (97.4kDa), bovine serum albumin
(66 kDa), ovalbumin (45 kDa), glyceraldehyde-3-
phosphate dehydrogenase (36 kDa), carbonic an-
hydrase (29 kDa), bovine pancreas trypsinogen

(1.0x5.0cm) equilibrated with 10 mm sodium phos-
phate buffer (pH 7.0) containing 1.8 M ammonium sul-
fate, and eluted with a linear gradient of 1.8—0 M ammo-
nium sulfate in the same buffer at a flow rate of 1.0 ml/
min. 2.5 ml fractions were collected. (B) DEAE-Toyo-
pearl 650M column chromatography of the Phenyl-To-
yopearl 650M fraction. The viscous solution (103.1 mg
of protein) was applied on a column (1.0 x 5.0 cm) equi-
librated with 10 mm sodium phoshate buffer (pH 7.0),
and eluted with a linear gradient of 0—0.5 M NaCl in the
same buffer at a flow rate of 1.0 ml/min. 2.0 ml fractions
were collected. (C) CM-Toyopearl 650M column chro-
matography of the DEAE-Toyopearl 650M fraction. The
eluate (17.8 mg of protein) was put on a column (1.0 x
3.0 cm) previously equilibrated with 10 mm sodium phos-
phate buffer (pH 6.0), and eluted with a linear gradient
of 0-0.5M NaCl in the same buffer at a flow rate of
1.0 ml/min. 2.0 ml fractions were collected. Insert: SDS-
PAGE of molecular weight markers and purified viscous
protein from yam (D. opposita Thunb.) tuber mucilage
tororo. (a) Low molecular weight markers; (b) purified
protein without reducing reagent; (c) purified protein
with reducing reagent.
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(24 kDa), soybean trypsin inhibitor (20.1 kDa),
and bovine milk a-lactoalbumin (14.2 kDa) were
used as standards.

Protein concentration

Protein concentration was measured as by the
method of Lowry et al. (1951) using bovine serum
albumin as standard.

Glycoprotein staining

Glycoprotein was stained using periodic acid/
Schiff staining.

Kinematic viscosity measurements

These were made on 5 ml sample solution in dis-
tilled water using a Cannon-Fenske type viscome-
ter (SIBATA Scientific Technology Ltd., Tokyo,
Japan) with a viscosity constant of 2.88 x 10~3 cSt/s.
The kinematic viscosity of sample solution was ob-
tained by measuring its viscosity at 25 °C The kin-
ematic viscosity was calculated according to the
following equation:

v=Ct=V/d, (D

where v is the kinematic viscosity (in cSt), C the
viscosity constant, ¢ the flowing time (in s), V' the
viscosity (in cP: mPa-s), and d the density (in
g/cm?).

Antioxidative activity

The antioxidative activity was assayed as de-
scribed by Nagai et al. (2005). 0.083 ml of sample
solution and 0.208 ml of 0.2 M sodium phosphate
buffer (pH 7.0) were mixed with 0.208 ml of 2.5%
(w/v) linoleic acid in ethanol. The peroxidation
was initiated by the addition of 20.8 ul of 0.1 m
2,2'-azobis(2-amidinopropane)  dihydrochloride
and carried out at 37 °C for 200 min in the dark.
The degree of oxidation was measured for measur-
ing peroxides by reading the absorbance at 500 nm
after colouring with FeCl, and ammonium thiocy-
anate. Ascorbic acid (1 and 5 mm) and a-tocophe-
rol (1 mm) were used as positive control. Distilled
water was used as negative control.

Hydroxyl radical scavenging activity

2-Deoxyribose is oxidized by ‘OH that was pro-
duced by the Fenton reaction and degraded to ma-
lonaldehyde. The reaction mixture contained
0.45 ml of 0.2 M sodium phosphate buffer (pH 7.0),
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0.15 ml of 10 mm 2-deoxyribose, 0.15 ml of 10 mm
FeSO, - ethylenediaminetetraacetic acid disodium
salt (EDTA), 0.15 ml of 10 mm H,0,, 0.525 ml of
H,O, and 0.075 ml of sample solution in an Eppen-
dorf tube. The reaction was started by the addition
of H,O,. After incubation at 37 °C for 4 h, the re-
action was stopped by adding 0.75 ml of 2.8% (w/
v) trichloroacetic acid and 0.75 ml of 1.0% (w/v)
TBA in 50 mm NaOH. The solution was boiled for
10 min, and then cooled in water. The absorbance
of the solution was measured at 520 nm. Hydroxyl
radical scavenging activity was evaluated as the in-
hibition rate of 2-deoxyribose oxidation by hy-
droxyl radicals (Chung et al., 1997). Ascorbic acid
(1 and 5 mm) and a-tocopherol (1 mm) were used
as positive control. Distilled water was used as
negative control. Moreover, the ICs, value was de-
fined as the concentration of inhibitor required to
inhibit 50% of the hydroxyl radical scavenging ac-
tivity.

Superoxide anion radical scavenging activity

Superoxide anion radical scavenging activity
was evaluated as described by Nagai er al. (2005).
The reaction mixture contained 0.48 ml of 0.05 m
sodium carbonate buffer (pH 10.5), 0.02 ml of
3 mMm xanthine, 0.02 ml of 3 mm (EDTA), 0.02 ml
of 0.15% bovine serum albumin, 0.02ml of
0.75mm NBT, and 0.02ml of sample solution.
After preincubation at 25 °C for 10 min, the reac-
tion was started by addition of 6 mU XOD and
carried out at 25 °C for 20 min. After 20 min the
reaction was stopped by addition of 0.02 ml 6 mm
CuCl. The absorbance of the reaction mixture was
measured at 560 nm and the inhibition rate was
calculated by measuring the amount of formazan
that was reduced from NBT by superoxide. Ascor-
bic acid (1 and 5mm) and a-tocopherol (1 mm)
were used as positive control. Distilled water was
used as negative control. Moreover, the ICs, value
was defined as the concentration of inhibitor re-
quired to inhibit 50% of the superoxide anion rad-
ical scavenging activity.

DPPH radical scavenging activity

DPPH radical scavenging activity was evaluated
by the method of Okada and Okada (1998) with a
slight modification. The assay mixture contained
0.1 ml of 1.0 mm DPPH radical solution in ethanol,
0.8 ml of 99% ethanol, and 0.1 ml of sample solu-
tion. The solution was rapidly mixed and after
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30 min the scavenging activity was measured spec-
trophotometrically by the decrease in absorbance
at 517 nm. Ascorbic acid (0.1 and 1.0 mm) and a-
tocopherol (1 mm) were used as positive control.
Distilled water was used as negative control.

ACE inhibitory activity

The ACE inhibitory activity was measured as
descrived by Nagai et al. (2005). 25 ul of sample
solution and 75 ul of 0.1 M sodium borate (pH 8.3)
containing 5.83 mm hippuryl-L-histidyl-L-leucine
and 1.0 m NaCl were preincubated at 37 °C for
5 min, and then incubated with 25 ul of 0.1 m so-
dium borate buffer (pH 8.3) containing 1 mU
ACE and 1.0 m NaCl at 37 °C for 60 min. The reac-
tion was stopped by the addition of 125 ul of 1.0 m
HCI. The resulting hippuric acid was extracted
with 750 ul of ethyl acetate by mixing for 15 s.
After centrifugation at 6,000 rpm for 3 min, 500 ul
of the upper layer were transported into the tube
and evaporated at 40 °C for 2 h. The hippuric acid
was dissolved in 500 ul of distilled water, and the
absorbance was measured at 228 nm using a Per-
kinElmer model Lambda 11 (PerkinElmer, Tokyo,
Japan) UV/VIS spectrometer. The ICs, value was
defined as the concentration of inhibitor required
to inhibit 50% of the ACE inhibitory activity.

Results and Discussion

Preparation of soluble viscous protein from yam
tuber mucilage tororo

The purification of the viscous protein is sum-
marized in Table I. Finally, the specific kinematic
viscosity of 0.18 cSt/mg protein and 3.6-fold purifi-
cation with a recovery rate of 12.4% compared
with the crude extract were attained. The protein
content of the purified viscous protein was about
0.90 mg/ml.
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Molecular weight determination of purified
protein

The molecular weight of the purified viscous
protein was about 200 kDa, estimated by Native-
PAGE and Toyopearl HW-55F gel filtration
(Fig. 2). According to SDS-PAGE, purified viscous
protein appeared as a single protein band of mo-
lecular weight of about 32 kDa, either without or
with 2-mercaptoethanol (2-ME), respectively
(Fig. 1C). This suggests that this protein may be a
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Fig. 2. Estimation of molecular weight of the purified
viscous protein from yam (D. opposita Thunb.) tuber
mucilage fororo by gel filtration on a Toyopearl HW-55F
column (1.5x70cm). The column was eluted with
10 mm sodium phosphate buffer (pH 6.0). The standard
proteins used were as indicated. Insert: Nondenaturating
polyacrylamide gel electrophoresis of the purified vis-
cous protein from yam (D. opposita Thunb.) tuber muci-
lage tororo. (A) Molecular weight markers; (B) purified
viscous protein.

Table 1. Purification of the soluble viscous protein from yam tuber mucilage fororo.

Fraction Volume Total protein Kinematic viscosity — Specific kinematic ~ Yield® Purification®

[ml] [mg] [cSt] viscosity (%) (fold)
[cSt/mg protein]

Crude extract 160.0 302.4 15.3 0.05 100 1

Phenyl-Toyopearl 21.0 103.1 3.1 0.03 20.3 0.6

650M

DEAE-Toyopearl 152 17.8 1.9 0.11 12.4 2.1

650M

CM-Toyopearl 650M 11.6 10.4 1.9 0.18 12.4 3.6

2 Yield against kinematic viscosity. ® Purification against specific kinematic viscosity.
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hexamer of identical subunits of molecular weight
of about 32 kDa. Moreover, the purified viscous
protein was glycoprotein which was stained using
periodic acid/Schiff staining (data not shown). This
suggests that this protein was dioscorin, the stor-
age protein of yam (D. opposita Thunb.) tuber. It
was reported that a major group of proteins ac-
counted for about 85% of the total protein content
of the tuber of D. rotundata, and the major protein
comprised a number of isoforms with a molecular
weight of about 31 kDa and was not glycosylated
(Harvey and Boulter, 1983). The molecular weight
of dioscorin from D. opposita tuber was similar to
that of dioscorin from D. rotundata tuber, but the
dioscorin from D. opposita was a glycoprotein dif-
ferent from that from D. rotundata. The dioscorin
from D. opposita does not contain a disulfide bond
having a single protein band of molecular weight
of about 32 kDa, either without or with 2-ME. On
the other hand, Harvey and Boulter (1983) re-
ported that dioscorins usually contain a single di-
sulfide bond, but Conlan et al. (1998) subsequently
showed that the presence or absence of an intra-
chain disulfide bond could be used to discriminate
between the major groups of components.

Functional properties of dioscorin from yam tuber
mucilage

Antioxidative activity

The products of the lipid peroxidation (such as
malondialdehyde) could cause damage to proteins
and DNA. To evaluate the inhibition effects at the
initiation stage of lipid peroxidation, the antioxi-
dative activity was investigated in vitro. As a re-
sult, the antioxidative activity increased with in-
creasing the content of sample solution (Table IT).

Table II. Antioxidative activity of the soluble viscous
protein from yam (Dioscorea opposita Thunb.) tuber
mucilage tororo.

Absorbance at 500 nm

Sample

Time [min] A B CcC D E F CN

0 0.00 0.00 0.00 0.00 0.00 0.00 0.00
50 0.18 0.16 0.09 0.02 0.02 0.01 0.38
100 0.60 034 0.19 0.14 0.03 0.03 0.72
200 0.74 043 035 047 0.09 0.03 1.41

A, 1% sample solution; B, 10% sample solution; C,
100% sample solution; D, 1 mm ascorbic acid; E, 5 mm
ascorbic acid; F, 1 mm a-tocopherol; CN, control.
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For 1% sample solution the activity was lower
than that of 1 mm ascorbic acid. The activity for
10% sample solution was similar or slightly higher
than that of 1 mm ascorbic acid. For 100% sample
solution the activity was higher than that of 1 mm
ascorbic acid, although it did not amount to those
of 5 mM ascorbic acid and 1 mm a-tocopherol.

Hydroxyl radical scavenging activity

The hydroxyl radical scavenging activity was in-
vestigated using the Fenton reaction system. For
1 and 10% sample solutions these activities were
slightly higher than those of 1 and 5 mm ascorbic
acid (Table IIT). Moreover, the sample solution for
100% showed extremely higher activity in compar-
ison to 1 and 5 mm ascorbic acid, and the activity
was much higher than that of 1 mm a-tocopherol.
The activity tended to increase with an increasing
degree of the content of the sample. The ICsq
value was calculated as 195.1 ug/ml. The hydroxyl
radicals are fearsomely reactive, and can be
formed by transition of metal ion catalysis (iron,
copper, as Fenton reaction). Our results suggest
that this dioscorin may render the process of metal
ion-dependent hydroxyl radical formation inactive
or poorly active, thus, reduce the dangers of hy-
droxyl radicals toward the cells.

Table III. Hydroxyl radical, superoxide anion radical,
and DPPH radical scavenging activities of the soluble
viscous protein from yam (Dioscorea opposita Thunb.)
tuber mucilage tororo.

Scavenging activity (%)

Sample?® Hydroxyl Superoxide DPPH
radical anion radical radical
A 8.2 3.0 5.4
B 25.6 53.9 10.7
C 89.4 92.1 18.6
D 13.2 14.7 5.6°
E 16.1 89.9 94.7¢
F 67.3 52.6 94.7
CN 0.0 0.0 0.0

2 See sample nomenclature in Table II.
® (0.1 mm ascorbic acid.
¢ 1.0 mm ascorbic acid.

Superoxide anion radical scavenging activity
Superoxide anion radical scavenging activity of
dioscorin was measured using the xanthine/xan-
thine oxidase system (NBT method). For 1% sam-
ple solution the activity was very low, about 3%
(Table III). On the other hand, the 10% sample
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solution exhibited higher activity, about 54%, and
this activity was similar to that of 1 mm a-tocophe-
rol. For 100% sample solution the activity was ex-
tremely high, about 92%, and was higher than that
of 5 mMm ascorbic acid. The scavenging activities of
these sample solutions increased with an increas-
ing degree of the sample content. The ICsy value
was calculated as 92.7 ug/ml.

DPPH radical scavenging activity

DPPH radicals were widely used in the model
system to investigate the scavenging activities of
several natural compounds. As the DPPH radical
is scavenged by antioxidants through the donation
of a hydrogen atom, it forms the reduced DPPH-
H. The colour changes from purple to yellow, and
its absorbance at 517 nm decreases. DPPH radical
scavenging activity was investigated and the re-
sults were indicated as relative activity against a
negative control. Most of these sample solutions
hardly exhibited DPPH radical scavenging activi-
ties (data not shown).

ACE inhibitory activity

ACE inhibitory activity of dioscorin was meas-
ured and the result was indicated as ICs, value. As
a result, the activity was extremely high and was
about 41.1 ug/ml.

It is known that yam tuber contains relatively
high contents of vitamins B; (0.08—0.15 mg/100 g
edible portion) and C (4-17 mg/100 g edible por-
tion), different micro and macro elements such as
potassium (430-590 mg/100 g edible portion), iron
(0.4-0.8 mg/100 g edible portion), zinc (0.3—
0.7 mg/100 g edible portion), and enzymes such as
amylase, urease, oxidase. Moreover, yam tuber is
rich in dietary fibers as water-soluble (0.2-0.7 g/
100 g edible portion) and -insoluble (0.8-1.8 g/
100 g edible portion) ones. For this reason it is

Chang S.-J., Lee Y.-C., Liu S.-Y., and Chang T.-W. (2004),
Chinese yam (Dioscorea alata cv. Tainung No. 2) feed-
ing exhibited antioxidative effects in hyperhomo-
cysteinemia rats). J. Agric. Food Chem. 52, 1720—
1725.

Chen P-Y., Tu Y.-X., Wu C.-T., Jong T.-T., and Chang
C.-M. J. (2004), Continuous hot pressurized solvent
extraction of 1,1-diphenyl-2-picrylhydrazyl free radi-
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considered that yam tuber is a more attractive
food as well as natural one. The Japanese have
consumed yam tuber as yam rice boiled with bar-
ley, grated yam soup, fried food, food in sweetened
vinegar, Japanese sweets, food made from fish
paste, and a thickener for buckwheat flour. It is
believed from old times that sticky foods such as
okra, Abelmoschus esculentus (L.) Moench, and
taro, Colocasis esculenta (L.) Schott, as well as
yam are beneficial to the health.

In the present study we tried to isolate and par-
tially characterize dioscorin, the soluble viscous
protein in representative Japanese yam (D. oppos-
ita Thunb.) tuber mucilage tororo. The purified di-
oscorin possessed high antioxidative activity and
scavenging activities against active oxygen species
such as a superoxide anion radical and hydroxyl
radical. Moreover, dioscorin exhibited highest an-
giotensin I-converting enzyme inhibitory activity.
It is reported that the mucilage contained in yam
(Dioscorea alata Linn.) tubers is a mamnan-pro-
tein complex (Tsai and Tai, 1984). Recently, it is
also reported that antioxidative activity is exhib-
ited in compounds from Taiwan yams D. alata tu-
bers (Chen et al., 2004), a freeze-dried powder of
Chinese yam D. alata cv. Tainung No. 2 (Chang
et al., 2004), mucilage (Hou et al., 2002) and dios-
corin (Hou et al., 2001) from yam (D. batatas
Decne). Moreover, Hsu et al. (2002) demonstrated
that dioscorin of yam (D. alata cv. Tainong No. 1)
and its peptic hydrolysates were capable of inhibit-
ing ACE using N-[3-(2-furyl)acryloyl]-Phe-Gly-
Gly (FAPGG) as substrate, that is a target for
pharmacological agents used in the treatment of
hypertension. Recently Lee et al. (2003) reported
that the tuber mucilage of yam (D. batatas Decne)
(YTM) was extracted and purified. This purified
YTM appearing as a single protein band with mo-
lecular weight of above 250 kDa by SDS-PAGE
inhibited ACE using FAPGG as substrate.
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