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A peptide fraction having activity against angiotensin I-converting enzyme (ACE) was separated from the peptic
digest of protein prepared from wakame(Undaria pinnatifida)by ion-exchange chromatographies and
gel-filtration. Fractions with high ACE inhibitory activity were combined and further chromatographed on a
reverse-phase column to yield four tetrapeptides with ACE inhibitory properties. These tetrapeptides were
identified by sequence analysis and fast atom bombardment mass spectrometry as Ala-Ile-Tyr-Lys (IC50: 213
mM), Tyr-Lys-Tyr-Tyr (64.2mM), Lys-Phe-Tyr-Gly (90.5mM), and Tyr-Asn-Lys-Leu (21mM). Each tetrapeptide
was synthesized and its antihypertensive activity was determined after oral administration in spontaneously
hypertensive rats. The blood pressure significantly decreased after tetrapeptide ingestion. The present study
demonstrated that dietary wakame may have beneficial effects on hypertension.(J. Nutr. Biochem. 11:
450–454, 2000)© Elsevier Science Inc. 2000. All rights reserved.
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Introduction
The angiotensin I-converting enzyme (ACE) participates in
regulating blood pressure in the renin–angiotensin system,
and inhibitors such as captopril1–3 and enalapril4 have been
used as antihypertensive drugs. The ACE inhibitory activity
of foods has been studied, and some ACE inhibitory peptides
were produced by the enzymatic digests of various food
materials including casein,5,6 zein,7,8 gelatin,9 sake,10 sour
milk,11 sardine muscle,12,13tuna muscle,14 dried salted fish,15

dried bonito,16 fish sauce,17 Porphyra yezoensis,18 andHijikia
fusiformis.19 The ACE inhibitory peptides of sour milk have
been found to decrease blood pressure in humans.20

Several studies suggest that dietary ingestion of wakame
has been shown to decrease blood pressure in humans.21–23

Wakame contains large quantities of alginate and minerals.
Alginate has been reported to reduce blood pressure, and
calcium and magnesium also reduced blood pressure in inter-
vention trials. However, alginate and minerals in wakame are

far lower than the effective dose needed to lower blood
pressure.24–27 Therefore, the blood pressure-lowering effects
of wakame may not be attributed to alginate and minerals.

In this article, we describe the identification of ACE
inhibitory peptides derived from wakame, their structures,
and hypotensive action of orally administered peptides on
spontaneously hypertensive rats (SHRs).

Materials and methods

Materials

Wakame was collected from the cultivation ground Kitagami-cyo
of Miyagi Prefecture, Japan during February and March 1996.
After washing with water and heat air drying, wakame was
powdered by using an ultracentrifuge mill. Pepsin was obtained
from porcine stomach mucosa (Wako Pure Chemical Industries,
Osaka, Japan). Hip-his-leu was obtained from the Peptide Institute
(Osaka, Japan), and ACE from rabbit-lung acetone powder was
obtained from Sigma Chemical Co. (St. Louis, MO USA).

Assay for ACE inhibitory activity

The extent of ACE inhibition was assayed by a modification of the
method of Cheung and Cushman.28 Fifty microliters of a sample
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solution was mixed with 100mL of a 12.5-mM hip-his-leu solution
in 1.0 M NaCl-borate buffer at pH 8.3. After incubation at 37°C for
1 hr, the reaction was stopped by adding 250mL of 0.5N HCl. The
liberated hippuric acid was extracted with 1.5 mL of ethylacetate,
and absorbance at 228 nm was determined to evaluate ACE
inhibitory activity. The inhibition was shown as equal to ([Ec2
Es]/[Ec 2 Eb]) 3 100, where Es is absorbance with test sample
added to the reaction mixture, Ec is absorbance with buffer added
(instead of the test sample), and Eb is absorbance when the stop
solution was added before the reaction occured. The activity of an
ACE inhibitory peptide was defined as the amount needed to
inhibit 50% of the ACE activity (IC50) under these conditions.

Purification of the peptides from digest of wakame

Wakame powder (23.6 g) was immersed in 700 mL of distilled
water and then homogenized. The homogenate was adjusted to pH
2 with HCl. Seven hundred eight milligrams of pepsin was added
to the homogenate at 45°C, and then enzymatic digestion was done
for 5 hr. The pepsin digest was adjusted to pH 7 with sodium
hydroxide. The digest was boiled for 10 min to inactive the
enzyme, and then filtered.

The filtrate of enzymatic digest was dialyzed against 10 L of
deionized water in seamless cellulose tubing (36 inches, Wako
Pure Chemical Industries, Osaka, Japan) for 2 days. The outer
solution was applied to a Dowex 50W column (2.63 20 cm,
50–100 mesh, H1form, Dow Chemical Co., Midland, MI USA)
equilibrated with deionized water. The column was washed suffi-
ciently with deionized water to remove some impurities, and then
peptides eluted with 300 mL of 3.7% ammonia solution. After being
evaporated under vacuum, the concentrate was applied to a SP-
Sephvadex C-25 (23 50 cm, H1form, Pharmacia LKB Biotechnol-
ogy, Uppsala, Sweden) equilibrated with deionized water. The eluate
was chromatographed using a linear gradient with 500 mL each of
deionized water and 1.5% sodium chloride solution at a flow rate of
70 mL/hr, and each fraction of 10 mL was obtained. The active
fractions were collected and lyophilized to prepare a peptide powder
(SP fraction).

The peptides in the most potent SP fraction were further
purified by reverse-phase high performance liquid chromatogra-
phy (HPLC) with Develosil octadecylsilano (ODS-5) column
(4.6 3 250 cm, Nomura Chemical, Ltd., Nagoya, Japan), using a
gradient of acetonitrile (MeCN) from 0% to 25% in 0.05%
trifuruoroacetic acid (TFA) for 2 hr at a flow rate of 1.0 mL/min,
and the eluate was monitored at 220 nm.

Amino acid sequence analyses and peptide synthesis

Amino acid analysis of peptide was carried out in 6N hydrochloric
acid containing 0.1% phenol at 110°C for 24 hr using a PICO-
TAG™ amino acid analyzer (Waters Ltd., Milford, MA USA).
Sequence analysis was done by stepwise Edman degradation using
a 477A gas-phase automated sequencer (Applied Biosystems, Inc.,
Foster, CA USA) coupled to HPLC, and identification of the
resulting phenylthiohydantoin amino acid compounds.

The molecular formula of each peptide was confirmed from its
fast atom bombardment mass spectrum (FAB-MS) obtained with a
JEOL DX-300 spectrometer (Nihondenshi Co., Tokyo, Japan).

Peptides were synthesized by a solid-phase method using a
433A automated peptide synthesizer (Applied Biosystems, Inc.,
Foster, CA USA), followed by treatment with hydrogen fluoride to
cut off the support resin and to remove all of the protecting groups.
The final products were homogeneous on high-resolution reverse-
phase (RP-HPLC) with a Develosil ODS column (4.63 150 mm),
using a gradient of MeCN from 83% to 53% in 0.1% TFA for 40
min at a flow rate of 1.3 mL/min, and the elute was monitored at

215 nm. The results of amino acid analyses and sequence analyses
agreed well with expected values.

Antihypertensive effect on SHRs

Male SHRs were purchased from Saitama Animal Facility Center
(Saitama, Japan) and fed laboratory chow (CE-2, Clea Japan,
Tokyo, Japan). The systolic blood pressure (SBP) of 15-week-old
SHRs (280–330 g of body weight) was measured. Six SHRs that
had been given synthetic peptides (50 mg/kg body weight) and
captopril (10 mg/kg body weight) dissolved in 0.9% saline by
gastric incubation were kept at 40°C for 10 min, and the SBP was
measured by the tailcuff with a UR-5000 programmed electro-
sphygmomanometer (Ueda Co. Ltd., Tokyo, Japan). At least five
readings were recorded, the maximum and minimum values were
discarded, and average SBP was calculated from the remaining
three values. The significance of differences of SBP before and
after administration was analyzed using the Student’st-test.

Results

Identification of ACE inhibitory peptides

Peptides having potent ACE inhibitory activity were iso-
lated from peptic digestion of Wakame usiong a Dowex
50W(H1), Sephadex G-25, and SP-Sephadex C-25 column
as discribed previously.29 The fractions having a molecular
weight of 300 to 1,000 were collected and concentrated to
dryness to give a peptide powder at 0.234 mg/mL of
reaction mixture concentration that provided 50% inhibition
against ACE activity. The yield of the peptide powder from
23.6 g of wakame powder was 3.7 g.

The peptide fractions were purified further by RP-HPLC
(Figure 1). Although approximately 100 peaks were de-
tected by this chromatography, potent inhibitory peptides
were obtained in four peaks. Retention times were 32.0,
80.7, 96.1, and 99.6 min, and IC50 values were 213, 64.2,
90.5, and 21 mM, respectively. Amino acid analysis of the
peptide after 6N HCl hydrolysis found the amino acids
listed in Table 1. The ion peak (MH1) of each inhibitor
appeared at m/z of the theoretical value in the FAB-MS.
Using protein sequencing, primary structures of the individ-
ual peptides were identified. Thus, the amino acid se-
quences of the peptides were Ala-Ile-Tyr-Lys, Tyr-Lys-Tyr-
Tyr, Lys-Phe-Tyr-Gly, and Tyr-Asn-Lys-Leu. All of the
active peptides had a tyrosine and lysine residue in the
structure.

Hypotensive effect of the identified peptides on SHRs

Hypotensive activity of each tetrapeptide was evaluated by
measuring the change SBP at 1, 2, 3, 4, and 6 hr after oral
administration of 50 mg of chemically synthesized tetrapep-
tides per kg of body weight (Figure 2). SBP did not change
in control rats during the study period (6 hr). Captopril (10
mg/kg) lowered SBP significantly from 1 to 4 hr after
administration of the drug. A single dose (50 mg/kg) of the
various tetrapeptides significantly reduced 40–50 mmHg in
SBP.
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Discussion

In this study, we identified four ACE inhibitory tetrapep-
tides from the peptic digest of wakame. These four tetrapep-
tides were the first found to have this activity. It is known
that some peptides with potent ACE inhibitory activityin
vitro or intravenously are inactive in oral administration.
These inactive peptides are only used as substrates of ACE
and do not decrease the blood pressurein vivo.30 Therefore,
the ACE inhibitory activity of the peptides did not correlate
with antihypertensive activity found in SHRs.31 We con-
firmed that four tetrapeptides showed the antihypertensive
activity by oral administration in SHRs. Oral administration
of the four synthesized tetrapeptides showed blood pres-
sure-reducing activity qualitatively similar to that of capto-
pril. Although each ACE inhibitory activity of tetrapeptides
derived from wakame have different IC50 values, the blood
pressure-lowering effect in SHRs (50 mg/kg) was almost
the same level, except for Ala-Ile-Tyr-Lys. It was assumed

that these four tetrapeptides themselves might have potent
value as ACE inhibitory peptides, or might be digested in
the body as shorter fragments; di- or tripeptides are easily
absorbed in the intestine. Fujita and Yoshikawa32 reported
that Leu-Lys-Pro-Asn-Met derived from fish protein was
found to be hydrolyzed to produce Leu-Lys-Pro with 8-fold
higher ACE inhibitory activity relative to the parent peptide,
suggesting that a parent peptide can be regarded as a
prodrug-type ACE inhibitory peptide. The value of IC50 in
the fragments of tetrapeptides derived from wakame are
listed in Table 2. There are high potent ACE inhibitory
activity di- or tripeptides to the parent tetrapeptides. An
antihypertensive effect in SHRs may attribute to these
shorter peptides.

Recently, the antihypertensive effect of wakame was

Table 2 ACE inhibitory activity of synthetic tetrapeptides

Peptide IC50 (mM)

Ala-Ile-Tyr-Lys 213
Ile-Tyr-Lys 177
Tyr-Lys 610
Ile-Tyr 2.65

Tyr-Lys-Tyr-Tyr 64.2
Tyr-Lys-Tyr 43.5
Lys-Tyr-Tyr 79
Lys-Tyr 13

Lys-Phe-Tyr-Gly 90.5
Lys-Phe-Tyr 45
Lys-Phe 28.3
Phe-Tyr 3.74

Tyr-Asn-Lys-Leu 21
Tyr-Asn-Lys 125
Asn-Lys-Leu 88
Asn-Lys 810
Lys-Leu 50.2

All amino acids are of the L-configuration.
ACE–angiotensin I-converting enzyme.

Figure 1 A chromatogram on reverse-phase De-
velosil octadecylsilano-5 column of the active fraction
isolated from the SP Sephadex C-25 column. For
column conditions, see the Materials and methods
section. The peaks marked ALYK, YKYY, KFYG, and
YNKL, representing the tetrapeptides Ala-Ile-Tyr-Lys,
Tyr-Lys-Tyr-tyr, Lys-Phe-Tyr-Gly, and Tyr-Asn-Lys-
Leu, were found to have ACE inhibitory activity.

Table 1 Analytical data (for tetrapeptides isolated from wakame) and
ACE inhibitor activity (of synthetic tetrapeptides)

Peptide
Amino acid ratio in
HCl hydrolysatea

FAB-MS
(MH1)

IC50
(mM)b

Ala-Ile-Tyr-Lys Ala 1.11, Ile 1.08, Tyr 0.93,
Lys 1.16

494 213

Tyr-Lys-Tyr-Tyr Tyr 2.94, Lys 1.02 636 64.2
Lys-Phe-Tyr-Gly Lys 1.05, Phe 0.91, Tyr 0.94,

Gly 0.89
514 90.5

Tyr-Asn-Lys-Leu Tyr 1.01, Asn 0.96, Lys 1.10,
Leu 1.07

537 21

All amino acids are of the L-configuration.
aEach peptide was hydrolyzed with 6N hydrochloric acid (HCl) at 110°C
for 24 hr.
bThe concentration of peptide needed to inhibit 50% of the ACE activity.
ACE–angiotensin I-converting enzyme. FAB-MS–fast atom bombard-
ment mass spectrum.
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shown in hypertensive patients.22 The systolic blood pres-
sure of patients decreased significantly, by 146 3 mmHg,
after daily oral administration of 3.3 g of dried wakame after
4 weeks. Diastolic pressure also decreased fiber and min-
erals. However, these fiber and minerals are far lower than
the effective dose needed to lower the blood pressure. The
presence of these ACE inhibitory tetrapeptides in peptic
digest of wakame suggests that they could be responsible, at
least partly, for the observed blood pressure-lowering ef-
fects of wakame.22

Wakame is the most popular edible seaweed in Japan since
ancient times, so that its safety is established. Daily use of a

food that has some peptides with potent ACE inhibitory activity
could be effective in keeping blood pressure in good condition.
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