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Dioscorin, the tuber storage protein of yam (Dioscorea alata cv. Tainong No. 1), was purified to
homogeneity by DE-52 ion-exchange chromatography. This purified dioscorin was shown by
spectrophotometric methods to inhibit angiotensin converting enzyme (ACE) in a dose-dependent
manner (12.5-750 µg, respectively, 20.83-62.5% inhibitions) using N-[3-(2-furyl)acryloyl]-Phe-Gly-
Gly (FAPGG) as substrates. The 50% inhibition (IC50) of ACE activity was 6.404 µM dioscorin (250
µg corresponding to 7.81 nmol) compared to that of 0.00781 µM (0.0095 nmol) for captopril. The
commercial bovine serum albumin and casein (bovine milk) showed less ACE inhibitory activity. The
use of qualitative TLC also showed dioscorin as ACE inhibitors. Dioscorin showed mixed noncompeti-
tive inhibitions against ACE; when 31.25 µg of dioscorin (0.8 µM) was added, the apparent inhibition
constant (Ki) was 2.738 µM. Pepsin was used for dioscorin hydrolysis at 37 °C for different times. It
was found that the ACE inhibitory activity was increased from 51.32% to about 75% during 32 h
hydrolysis. The smaller peptides were increased with increasing pepsin hydrolytic times. Dioscorin
and its hydrolysates might be a potential for hypertension control when people consume yam tuber.
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INTRODUCTION

Several risk factors are associated with stroke, including age,
gender, elevated cholesterol, smoking, alcohol, excessive weight,
race, family history, and hypertension (1). Although some of
these risk factors cannot be modified, one factor that can be
controlled and has the greatest impact on etiology of stroke is
high blood pressure (2). Hypertension is considered to be the
central factor in stroke with approximately 33% of deaths due
to stroke attributed to untreated high blood pressure (1). There
are several classes of pharmacological agents which have been
used in the treatment of hypertension (1); one class of antihy-
pertensive drugs known as angiotensin I converting enzyme
(ACE) inhibitors (i.e., a peptidase inhibitor) is associated with
a low rate of adverse side effects and is the preferred class of
antihypertensive agents when treating patients with concurrent
secondary diseases (3).

ACE (peptidyldipeptide hydrolyase, EC 3.4.15.1) is a dipep-
tide-liberating exopeptidase which has been classically associ-
ated with the renin-angiotensin system regulating peripheral
blood pressure (4). ACE, which removes a dipeptide from the
C-terminus of angiotensin I to form angiotensin II, is a very
hypertensive compound. Several endogenous peptides such as
enkephalins,â-endorphin, and substance P were reported to be
competitive substrates and inhibitors of ACE (4). Several food-
derived peptides inhibited ACE (5), which were hydrolyzed by
pepsin, trypsin, or chymotrypsin, includingR-lactalbumin and
â-lactoglobulin (4, 6-8), casein (9-11), zein (12, 13), and
gelatin (14, 15). Fermented milk was also reported to exhibit
ACE inhibitory activity (16).

Dioscorin, the storage protein of yam tuber, accounted for
about 90% of extractable water-soluble proteins from different
yam species (Dioscorea batatas, Dioscorea alata, Dioscorea
pseudojaponica) estimated by the immunostaining method (17),
and all of them exhibited carbonic anhydrase and trypsin
inhibitor activities (17, 18). We also proved that dioscorin
exhibited both dehydroascorbate reductase and monodehy-
droascorbate reductase activities and might respond to envi-
ronmental stresses (19). In our recent report, the 32 kDa
dioscorin from yam (Dioscorea batatasDecne) exhibited
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antioxidant activities against different radicals (20). The dried
slices of yam tuber were frequently used as Chinese medicinal
plants, and the fresh tuber was also a staple food in West Africa,
Southern Asia, and the Caribbean. In this work we report for
the first time that 32 kDa dioscorin, the major storage protein
of yam (D. alata cv. Tainong No. 1) tuber, exhibited dose-
dependent ACE inhibitory activities when captopril was used
as a positive control. Commercial proteins of bovine serum
albumin (BSA), casein (bovine milk), and gelatin (bovine skin)
were chosen for comparisons, which were frequently found in
the literature as the peptide resources of ACE inhibitors. The
Ki values of dioscorin against ACE were also calculated. We
also used pepsin for dioscorin hydrolysis at different times, and
the changes of ACE inhibitory activities were determined.

MATERIALS AND METHODS

Materials. Tris, gelatin (bovine skin), electrophoretic reagents, and
silica gel 60 F254 were purchased from E. Merck Inc. (Darmstadt,
Germany). Captopril was purchased from Calbiochem (CA). Sephadex
G-50 (F) was purchased from Pharmacia Biotech AB (Uppsala,
Sweden). Seeblue prestained markers for SDS-PAGE including myosin
(250 kDa), BSA (98 kDa), glutamic dehydrogenase (64 kDa), alcohol
dehydrogenase (50 kDa), carbonic anhydrase (36 kDa), myoglobin (30
kDa), and lysozyme (16 kDa) were from Invitrogen (Groningen, The
Netherlands). Pepsin (3460 units/mg of solid, P-6887), FAPGG, ACE
(1 unit, rabbit lung), casein (bovine milk), BSA (A-2153, fraction V),
and Coomassie brilliant blue R-250 were purchased from Sigma
Chemical Co. (St. Louis, MO). Other chemicals and reagents were from
Sigma Chemical Co. (St. Louis, MO).

Dioscorin Purified from Yam Tuber. Fresh yam (D. alata cv.
Tainong No. 1) tubers were purchased from a wholesaler for immediate
dioscorin extraction. After being washed and peeled, the tubers were
cut into strips for dioscorin extraction and purification according to
the method of Hou et al. (17-20). Samples were homogenized with 4
volumes (w/v) of 50 mM Tris-HCl buffer (pH 8.3). After centrifugation
at 12500g for 30 min, the supernatants were saved and loaded directly
onto a DE-52 ion-exchange column. After being washed with 3 column
volumes of 50 mM Tris-HCl buffer (pH 8.3), the adsorbed dioscorins
were eluted batchwise with the same washing buffer containing 150
mM NaCl. The eluted fraction was collected and concentrated with
Ultrafree-4 (molecular mass cutoff is 5 kDa; Millipore Co., Bedford,
MA). The concentrated dioscorin solution was dialyzed against
deionized water overnight and lyophilized for further use.

Protein Staining on SDS-PAGE Gels.The 80µL samples were
mixed with 20µL of sample buffer, namely, 60 mM Tris-HCl buffer
(pH 6.8) containing 2% SDS, 25% glycerol, and 0.1% bromophenol
blue with or without 2-mercaptoethanol, heated at boiling water
temperature for 5 min, and cooled to ambient temperature, followed
by electrophoresis according to the method of Laemmli (21). Coomassie
brilliant blue R-250 was used for protein staining (22).

Determination of ACE Inhibitory Activity by Spectrophotometry.
The ACE inhibitory activity was measured according to the method of
Holmquist et al. (23) with some modifications. Twenty microliters (20
microunits) of commercial ACE (1 unit/mL, rabbit lung; Sigma
Chemical Co.) was mixed with 200µL of different amounts of dioscorin
(12.5, 31.25, 125, 250, 375, and 750µg corresponding to 0.32, 0.8,
3.202, 6.404, 9.61, and 19.21µM, respectively), commercial casein
(125, 250, and 375µg corresponding to 4.34, 8.68, and 13.02µM,
respectively), and BSA (125, 250, 375, and 750µg corresponding to
1.55, 3.10, 4.66, and 9.31µM, respectively), and then 1 mL of 5×
10-4 M N-[3-(2-furyl)acryloyl]-Phe-Gly-Gly [FAPGG, dissolved in 50
mM Tris-HCl buffer (pH 7.5) containing 0.3 M NaCl] was added. The
decreased absorbance at 345 nm (∆Ainhibitor) was recorded during 5 min
at room temperature. Deionized water was used instead of sample
solution for blank experiments (∆Ablank). Captopril (molecular mass
217.3 Da) was used as a positive control for ACE inhibitors (0.00075,
0.00189, 0.00377, 0.00566, 0.00754, 0.0188, and 0.0754µM). The ACE
activity was expressed as∆A 345 nm, and the ACE inhibition (percent)
was calculated as follows: [1- (∆Ainhibitor ÷ ∆Acontrol)] × 100. Means

of triplicates were determined. The 50% inhibition (IC50) of ACE
activity was calculated as the concentrations of samples that inhibited
50% of ACE activity under these conditions.

Determination of ACE Inhibitory Activity by TLC. The ACE
inhibitory activity of dioscorin was determined by the TLC method
(23). The reactions between dioscorins and ACE or BSA and ACE
were according to the methods of Anzenbacherova et al. (24) with some
modifications. Each 100µL of dioscorin and BSA (250µg) was
premixed with 15 microunits ACE for 1 min, and then 200µL of 5 ×
10-4 M FAPGG was added and allowed to react at room temperature
for 10 min. Then 800µL of methanol was added to stop the reaction.
The blank experiment contained FAPGG only; in the control experi-
ment, ACE reacted with FAPGG under the same conditions. Each was
dried under reduced pressure and redissolved with 400µL of methanol,
and 50µL was spotted on a silica gel 60 F254 by the CAMAG Linomat
IV spray-on technique (CAMAG, Switzerland). The FAPGG and FAP
(ACE hydrolyzed products) were separated by TLC in butanol-acetic
acid-water, 4:1:1 (v/v/v), and observed under UV light (19).

Determination of the Kinetic Properties of ACE Inhibition by
Dioscorin. The kinetic properties of ACE (20 microunits) without or
with dioscorin (31.25µg corresponding to 0.8µM) were determined
using different concentrations of FAPGG as substrate (1× 10-3 -1×
10-4 M). TheKm (without dioscorin) was calculated from Lineweaver-
Burk plots, and theKi (with dioscorin) was calculated using the equation
Ki ) [I]/( Km′/Km) - 1, where [I] is the concentration of dioscorin added
and Km′ is the Michaelis constant in the presence of inhibitor at
concentration [I].

Determination of the ACE Inhibitory Activity of Dioscorin
Hydrolysates by Pepsin.The 7 mg of dioscorin was dissolved in 1
mL of 0.1 M KCl buffer (pH 2.0). Then 0.1 mL of 14 mg of pepsin
was added for hydrolysis at 37°C for 8, 12, 24, and 32 h. After
hydrolysis, 0.5 mL of 0.5 M Tris-HCl buffer (pH 8.3) was added, and
the solution was heated at 100°C for 5 min to stop hydrolysis. The
pepsin was heated before dioscorin hydrolysis for the 0 h reaction.
Each of the 60µL dioscorin hydrolysates (about 6.724µM) was used
for determinations of ACE inhibitions by spectrophotometry.

Chromatograms of Dioscorin Peptic Hydrolysates on a Sephadex
G-50 Column. The unhydrolyzed dioscorin and peptic dioscorin
hydrolysates of 8 and 32 h were lyophilized and separated by Sephadex
G-50 chromatography (1× 75 cm). The column was eluted with 20
mM Tris-HCl buffer (pH 7.9). The flow rate was 30 mL/h, and each
fraction contained 2 mL. Each fraction was determined at the absor-
bance of 230 nm.

RESULTS AND DISCUSSION

Determination of ACE Inhibitory Activity of Dioscorin
by Spectrophotometry.Dioscorin was purified from yam (D.
alata cv. Tainong No. 1) tubers according to the method of
Hou et al. (17-20). The inset ofFigure 1 shows protein
stainings of purified dioscorin without (lane 1) and with (lane
2) 2-mercaptoethanol treatments on a 12.5% SDS-PAGE gel.
Two bands (lane 1) without 2-mercaptoethanol treatments and
a single band (lane 2) with a molecular mass of 32 kDa were
found after 2-mercaptoethanol treatments which were the same
as those of Hou et al. (17, 18). The purified dioscorin was used
for determinations of ACE inhibitory activities.Figure 1 shows
the effect of the different amounts of dioscorin (12.5, 31.25,
125, 250, 375, and 750µg) on the ACE activity (∆A 345 nm).
Each lane (second regression) shows the positive correlation
between∆A 345 nm and reaction time. Compared with the ACE
only (control), it was found that the higher the amount of
dioscorin added, the lower the∆A 345 nm found during 5 min
reaction. This meant that dioscorin could inhibit ACE activity.

Effects of Dioscorin, BSA, Casein, and Captopril on ACE
Activity by Spectrophotometry. FromFigure 1, it was found
that dioscorin exhibited ACE inhibitory activity. It was interest-
ing to know if commercial proteins of BSA and casein (bovine
milk) also exhibited the same ACE inhibitory activity.Figure
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2 shows the effect of dioscorin (0.32, 0.8, 3.202, 6.404, 9.61,
19.21µM), casein (4.34, 8.68, 13.02µM, respectively), bovine
serum albumin (1.55, 3.10, 4.66, 9.31µM), and captopril
(0.00075, 0.00189, 0.00377, 0.00566, 0.00754, 0.0188, and
0.0754µM) on ACE activity. It was found that BSA and casein
(bovine milk) showed less ACE inhibitory activity (less than
20% inhibition) and without dose-dependent inhibition patterns.
However, dioscorin exhibited dose-dependent ACE inhibitory
activities (0.32-19.21µM, respectively, 20.83-62.5% inhibi-
tions). From calculations, the 50% inhibition (IC50) of ACE
activity was 6.404µM dioscorin (7.81 nmol) compared to that

of 0.00781µM (0.0095 nmol) for captopril, which was similar
to the reports (0.007µM) of Pihlanto-Leppa¨lä et al. (6).

The IC50 of dioscorin was 6.404µM, which was much less
than that of the synthetic peptidesâ-lactorphin (YLLF, 171.8
µM), R-lactorphin (YGLF, 733.3µM), andâ-lactotensin (HIRL,
1153 µM) (4). Several identified peptide fragments (7) of
R-lactalbumin hydrolysates (such as VGINYWLAHK, 327µM,
and WLAHK, 77µM) and â-lactoglobulin hydrolysates (such
as LAMA, 556µM, and LDAQSAPLR, 635µM) also exhibited
much higher IC50 values than that of dioscorin. However,
dioscorin showed IC50 values similar to those of the identified
peptides of bovine skin gelatin hydrolysates (GPL, 2.55µM,
and GPV, 4.67µM) (15) or ovalbumin peptic hydrolysates
(FGRCVSP, 6.2µM) (25).

Determinations of ACE Inhibitory Activity of Dioscorin
by TLC. Figure 3 shows the qualitative results of TLC
chromatograms of a silica gel 60 F254 on the effects of 250µg
of BSA (lane 3) or dioscorin (lane 4) on 15 microunits of ACE.
Compared to the control test (lane 2), it was found that dioscorin
(lane 4) inhibited ACE hydrolysis for less amounts of FAP
productions under UV light observations. However, similar FAP
productions were found between the control test (lane 2) and
BSA (lane 3). This result demonstrated again that dioscorin
exhibited ACE inhibitory activities.

Determination of the Kinetic Properties of ACE Inhibition
by Dioscorin. Figure 4 shows the Lineweaver-Burk plots of
ACE (20 microunits) without or with dioscorin (31.25µg
corresponding 0.8µM) in different concentrations of FAPGG.
The results indicated that dioscorin acted as mixed noncompeti-

Figure 1. Different amounts of dioscorin (12.5, 31.25, 125, 250, 375,
and 750 µg) on the ACE activity (∆A 345 nm). Each of the second
regressions was plotted between the ∆A 345 nm and reaction time. The
inset shows protein stainings of purified dioscorin without (lane 1) and
with (lane 2) 2-mercaptoethanol treatments on a 12.5% SDS−PAGE gel.
M indicates the Seeblue prestained markers of SDS−PAGE. 5 µg of
protein was loaded in each well.

Figure 2. Effects of dioscorin (0.32, 0.8, 3.202, 6.404, 9.61, and 19.21
µM), casein (4.34, 8.68, and 13.02 µM), bovine serum albumin (1.55,
3.10, 4.66, and 9.31 µM), and captopril (0.00075, 0.00189, 0.00377,
0.00566, 0.00754, 0.0188, and 0.0754 µM) on ACE activity by spectro-
photometry. The ACE inhibition (%) was calculated according to the
equation [1 − (∆Ainhibitor ÷ ∆Acontrol)] × 100.

Figure 3. TLC chromatograms of a silica gel 60 F254 on the effects of
250 µg of BSA (lane 3) or dioscorin (lane 4) on 15 microunits of ACE.
Lanes: 1, blank test (FAPGG only); 2, control test (ACE hydrolyzed
FAPGG to produce FAP). Each solution was dried under reduced pressure
and redissolved with 400 µL of methanol. Each 50 µL was spotted on a
silica gel 60 F254 by the CAMAG Linomat IV spray-on technique (CAMAG,
Switzerland). The FAPGG and FAP were separated by butanol−acetic
acid−water, 4:1:1 (v/v/v).

Figure 4. Lineweaver−Burk plots of ACE (20 microunits) without or with
dioscorin (31.25 µg corresponding to 0.8 µM) in different concentrations
of FAPGG (1 × 10-3 −1 × 10-4 M).
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tive inhibitors with respect to the substrates (FAPGG). Without
dioscorin, the calculatedKm was 2.546× 10-4 M FAPGG for
ACE, which was closest to the result (3× 10-4 M) of Holmquist
et al. (23). In the presence of dioscorin (0.8µM), the calculated
Km′ was 3.29× 10-4 M. From the equationKi ) [I]/( Km′/Km)
- 1, the calculatedKi was 2.738µM for FAPGG.

Determination of the ACE Inhibitory Activity of Dioscorin
Hydrolysates by Pepsin and Their Peptide Distributions.The
pepsin was frequently used for protein hydrolysis to purify the
potency of ACE inhibitory peptides (6-8, 25). Therefore, pepsin
was chosen for dioscorin hydrolysis.Figure 5 shows the ACE
inhibitory activity (∆A 345 nm) of dioscorin peptic hydrolysates.
Figure 5A (inset) shows the ACE inhibition (percent) of
dioscorin hydrolysates at different pepsin hydrolysis times. From
the results ofFigure 5, it was found that the ACE inhibitory
activity was increased from 51.32% (0 h) to about 75% (32 h).
Figure 5B shows the chromatograms of unhydrolyzed dioscorin
and peptic dioscorin hydrolysates of 8 and 32 h on Sephadex
G-50 chromatography. It was found that the smaller peptides
were increased with increasing pepsin hydrolytic time. The
purifications of potential peptides of ACE inhibitors needed
further investigations.

In conclusion, the tuber storage protein of yam, dioscorin,
exhibited dose-dependent ACE inhibitory activities. The IC50

of dioscorin was 6.404µM and acted as mixed noncompetitive
inhibitors toward ACE. Its peptic hydrolysates also showed ACE
inhibitory activities. Some peptides derived from food proteins
were demonstrated to have antihypertensive activities against
spontaneously hypertensive rats (25, 26). It might be a potential

for hypertension control when people consume yam tuber and
needs further investigations.
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