Plant Foods for Human Nutrition 47: 39-47, 1995.
© 1995 Kluwer Academic Publishers. Printed in the Netherlands.

Anti-hypertensive substances in fermented soybean, natto
AKIKO OKAMOTO 1, HIROSHI HANAGATA 1, YUKIO KAWAMURA2 &
FUJIHARU YANAGIDA 1
1Department of Brewin9 and Fermentation, Tokyo University of Agriculture, Sakuragaoka , Setagaya,
Tokyo 156, Japan; 2National Food Research Institute, Ministry of Agriculture, Forestry and Fishery,
Kannondai, Tsukuba, Ibaraki 305, Japan
Received 29 October 1993; accepted in revised form 25 October 1994

Key words: Angiotensin converting enzyme (ACE), Fermented foods, Hypertension, Natto, Reninangiotensin system
Abstract. Natto is a traditional Japenese fermented food made by fermenting boiled soy beans with
Bacillus natto. Its contents of inhibitors against the angiotensin converting enzyme (ACE,
EC3.4.15.1) were investigated. Relatively strong inhibitory activity (ICs0:0.4 mg/ml, l 1.8 inhibition
units/g natto) was detected in natto extracts and the inhibitory activity observed in the viscous
fraction was more potent than in the bean extract. Two groups of inhibitors in the viscous material,
high and low molecular weight inhibitors, were resolved by dialysis test. The inhibitor of high
molecular weight was a protein with low ICs0 value (0.12 mg/ml). The two types of low molecular
weight inhibitors were detected in ethanol extracts (ICs0:0.53 mg/ml and 0.95 mg/ml) and they
were found to be stable over a wide range of pH and temperature up to 100 °C. They were different
in the mode of ACE inhibition. One is competitive, and the other noncompetitive against the
hydrolysis of Bz-Gly-His-Leu by ACE.

Introduction
Recently, new aspects of food functions other than nutrition or taste have been
drawing considerable attention. Among them are the physiological functions of
some food components in relation to certain ailments. One of the representatives is the epidemiological relationship between foods and hypertension [1, 2].
Some foods are known to be effective in suppressing the development of
hypertension [3], which suggests the existence of some components having
medicine-like action on the regulation systems of blood pressure.
The renin-angiotensin system is considered to be a blood pressure regulation
system which is apt to be affected by food components [4]. The system
starts by the conversion of angiotensinogen to a pre-hypertensive hormone
angiotensin I (DRVYIHPFHL) by the action of renin which is secreted
by the kidney. The angiotensin I is further converted to angiotensin II
(DRVYIHPF), the active form of the hormone, by the action of angiotensin
converting enzyme (ACE, EC3.4.15.1). Angiotensin II raises blood pressure
by acting directly to blood vessels, sympathetic nerves and adrenal glands.
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Therefore, food components which inhibit ACE have the possibility to suppress
hypertension by decreasing the formation of angiotensin II. In fact, oral
dose of synthetic ACE inhibitor like captopril to hypertensive patients becomes
the first choice for the medical treatment.
From this point of view, we investigated natto, a Japanese traditional
fermented food. Natto is produced by the fermentation of boiled soy beans
with Bacillus natto, and is characterized by the viscous material covering the
beans. The relationship between natto and blood pressure was studied by
Hayashi et al. [5], who observed the suppression of blood pressure of rats
when fed with natto. In the present study, we detected the ACE inhibitory
activity in natto, and suggested that the inhibitor's hypotensive effect is due to
the interception of the renin-angiotensin system. Some information about the
ACE inhibitory substances contained in natto were also mentioned.

Materials and methods

Materials. Natto was obtained from Takano Foods Co., Ibaraki, Japan. It was
principally made by the fermentation of boiled soy beans with Bacillus natto
at 40 °C for 18 hours under the highly humid condition. Highly fermented
natto is a natto with strong viscous intensity (The details of the manufacturing
procedure are not given by Takano Foods Co.). All the chemicals used in this
experiment were the analytical grade.
Preparation of ACE. ACE was prepared from porcine lung acetone powder by
the following procedure. Fresh lung was cut into small pieces after removing
the bronchus and tracheas, and then roughly homogenized with 5-10 volumes
of cold acetone using Wahting blendor. The homogenate was filtered with
suction and the resulting residue was used for the extraction of ACE after
completely removing acetone. A total of 46.4 g of acetone powder was obtained
from 259.2 g of the fresh lung. The prepared acetone powder was stable when
stored at - 2 0 °C, and more than 90% of the ACE activity remained after 1
year of storage under this condition.
ACE was extracted from the acetone powder as follows: the acetone powder
was suspended in 10 volumes of 125 mM Tris-HC1 buffer (pH 8.3) containing
1M NaC1 and homogenized with polytron type homogenizer (Kinematica mbH,
Switzerland). The homogenate was stirred overnight at 4 °C, and then centrifuged (30,000 x g, 20 min). The resulting supernatant contained the ACE activity
which could be completely inhibited by ethylenediamine tetraacetic acid
(EDTA), but not by diisopropyl fluorophosphate (DFP), N-ethylmaleimide
(NEM) and pepstatin. The cleavage products from Bz-Gly-His-Leu were only
Bz-Gly and His-Leu, indicating that this activity is attributed to ACE. Therefore, the extract was used in the subsequent experiments as a ACE solution. One
unit of ACE was defined as the amount of the enzyme that produce 1 #mol of
Bz-Gly per minute from Bz-Gly-His-Leu under the assay condition.
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Assay procedure of ACE inhibitory activity. The ACE inhibitory activity was
measured principally according to the method of Cushmen et al. [6]. ACE
solution (50 #1, 4 mU) was preincubated with each sample (50 #1) for 5 min at
37 °C, then the enzyme reaction was started by adding 150 #1 of 8.33 mM of the
substrate, Bz-Gly-His-Leu (Peptide Institute Co., Osaka, Japan) in 125 mM
Tris-HCt buffer (pH 8.3), to the mixture. After incubation for 30 rain at 37 °C,
the reaction was stopped by adding 250 #1 of 1N HC1. Bz-Gly produced by this
reaction was extracted with 1.5 ml ethyl acetate, and then the mixture was
centrifuged to separate the ethyl acetate layer. Exactly 1 ml of the ethyl acetate
layer was transferred to another test tube and evaporated. The extracted
hippuric acid was redissolved in distilled water, and its amount was measured
from the absorbance at 228 rim. The ACE inhibitory activities was expressed in
two ways: (1) ICso; the sample concentration that inhibits 50% of ACE
activity, and (2) inhibition unit; 1 inhibition unit is defined as the activity of a
inhibitor which inhibits 1 unit of ACE activity under the assay condition.

Gel filtration and molecular weight estimation. Bio-Gel P-2 (Bio-Rad Laboratories Co., USA) chromatography was carried out in a column
(Q 1.0 cm x 70 cm) at a flow rate of 5.6 ml/hour. The column was eluted with
distilled water, and 1 ml of the etuate was collected. The molecular weights of
the inhibitors were estimated using this Bio-gel P-2 column with bacitracin
(MW 1,400), oxidized glutathione (MW 600) and reduced glutathione (MW
300) as standard molecular markers.
Kinetic analysis of ACE inhibitor. The mode of inhibition by partially purified
inhibitors and their Ki values were analyzed using Lineweaver-Burk plots [7].
The activity of ACE (4 mU)) on the substrate at various concentration (0.5, 1.0,
2.5, 5.0, 10.0 mM) with and without inhibitors was measured. Inhibitor concentrations used were 0, 0.3 and 0.8 mg/ml in case of Fraction 2 and 0, 0.4 and
0.8 mg/ml in case of Fraction 3.

Results and discussion

ACE inhibitory activity of natto. Ten gram of natto was homogenized with 10
volumes of distilled water and then mixed for 30 min followed by centrifugation
(12,000 x g, 15 min). The supernatant (2.6 g dry weight) showed the ICso value
of 0.4 mg/ml (total inhibitory unit: 118 units), a relatively strong ACE inhibitory activity while the washed precipitate suspended in water showed little
activity. This indicates that natto contains soluble materials that inhibit ACE.
To determine which part of natto has the ACE inhibitory activity, natto (25 g)
was washed with 10 volumes of distilled water with stirring for 1 hour at 4 °C
and then the viscous material was separated from the beans. Two kinds of
natto, namely, normally fermented and highly fermented natto, were used in
this experiment. The residual beans were homogenized with I0 volumes of
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distilled water and stirred for 1 hour at 4 °C followed by centrifugation
(40,000 x g, 15 min). The lyophilized separated viscous material fraction (4.0 g
for normally fermented and 4.5 g for highly fermented natto) and bean extract
fraction (0.9 g for normally fermented and 1.5 g for highly fermented natto)
were subjected to the ACE inhibition assay. Table 1 shows that both viscous
material and bean extract possessed the ACE inhibitory activities. Although
both parts had considerably strong ICsos in both kinds of natto, the viscous
material showed higher ICso value and stronger total inhibition activity than
the bean extract in the both kinds of natto. Therefore, the ACE inhibitory
substances present in the viscous material were investigated in the subsequent
experiments.
Fractionation o f A C E inhibitors in viscous material. The viscous material was
then extracted by both distilled water and ethanol as described in the legend of
Table 2, and subjected to dialysis with a membrane with molecular cut-off of
3,500. Table 2 shows the comparison of ICso of both extracts before and after
dialysis. For both normally and highly fermented natto, ICs0 s of water extracts
of the viscous material decreased after dialysis, while those of ethanol extracts
increased. This indicates that the ACE inhibitory substance in water extracts is
of high molecular weight, and that in ethanol extracts is of low molecular
weight. ACE inhibitory activity of the water extracts was higher than that of
Table i. ACE inhibitory activities of two kinds of natto

Kind of natto

Normally fermented
Highly fermented

Total inhibition activity (unit)

IC5o(mg/ml)
Viscous material

Beans

Viscous material

Beans

0.32
0.27

0.33
0.51

250
333

54.5
60.1

Table 2. Effectof dialysis on ACE inhibition by the viscous substance

Sample

Normally fermented
water extract
ethanol extract
Highly fermented
water extract
ethanol extract

IC5o(mg/ml)
Before dialysis

After dialysis

0.32
0.33

0.15
0.74

0.27
0.52

0.14
1.82

Water extract and ethanol extract were prepared as follows:The viscous
material was extracted with t0 volumes of both water and 80% ethanol
by stirring the mixture for 1 hour at 4 °C, and then the extracts were dried
up by lyophilization and evaporation, respectively. Both extracts were
redissolved in 2 volumes of distilled water and dialysed against distilled
water followedlyophitization.
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the ethanol extracts especially in highly fermented natto both before and after
dialysis.
To obtain the high molecular weight substances in the viscous material,
water extracts of the material were further fractionated by precipitating with
90% saturated ammonium sulfate. To the viscous material (5200 ml) prepared
from 500g of natto with 10 volumes of water was added 3442 g of solid
ammonium sulfate and the mixture was stirred for 1 hour after dissolving the
ammonium sulfate completely, and then stood overnight. The resulting precipitate was collected by centrifugation (35,000 x g, 15 rain) followed by dialysis
(MW cut-off 10,000) against distilled water. All procedures were carried out at
4 °C. The diatysate thus obtained was lyophitized and tentatively named as
Fraction 1 (33.5 g). To obtaining the low molecular weight substances, ethanol
extraction of the viscous material was carried out after centrifugation
(40,000 x g, 15 rain) of the material (4860 ml, prepared from 500 g of natto with
10 volumes of water) because the material was turbid. The resulting supernatant and precipitate were then lyophilized (62.5 g and 11.8 g, respectively)
and refluxed for 1 hour with 10 volumes of 80% ethanol. Extracts of the
supernatant and the precipitate separated from the residue by filtration were
dried up by rotary evaporator and named as Fraction 2 and Fraction 3,
respectively. The yield of Fraction 2 was 26.5 g and that of Fraction 3 was 6.3 g.
The ICso of Fraction 1, 2 and 3 was 0.12, 0.53 and 0.95 mg/ml, respectively and
the total inhibitory activities of them were 5561, t020.5 and 168 units,
respectively, showing the highest inhibition in Fraction 1. Although the total
activities of Fraction 2 and 3 were relatively small compared with that of
Fraction 1, the characterization of both fractions were carried out in the
subsequent experiment since their ICsos were low enough to inhibit ACE and
their low molecular weight nature is favorable for practical use by oral intake.

Characterization of Fraction 1
Effect of temperature. To determine the temperature stability, Fraction 1 was
incubated at various temperatures (0-100 °C) for 1 hour. The inhibitory activity
of Fraction 1 was stable up to 40 °C. It almost disappeared, however, when
incubated above 50 °C, indicating that this substance is not resistant to heating.
This fact and its precipitability by concentrated ammonium sulfate suggest that
the inhibitory substance in Fraction 1 is a proteinaceous one.
Effect of a protease inhibitor. Natto is very rich in a serine protease, subtilisin.
Fraction 1 was then investigated its resistance against phenylmethanesutfonyl
fluoride (PMSF), a serine protease inhibitor. PMSF solution (100raM in
ethanol) was added to Fraction 1 to give final concentrations of 0.5 and
1.0 raM, and the mixtures were incubated at 4 °C for 1 hour. The ACE inhibitory activities before and after the addition of PMSF were measured and compared. The addition of 0.5 and 1.0 mM PMSF resulted in the decrease of ACE
inhibitory activity by 61.3 and 63.5 percent, respectively (these concentrations
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of P M S F and ethanol did not affect ACE), however, 38.7 and 36.5 percent of the
inhibitory activity still remained, respectively. These results suggest that about
two thirds of ACE inhibition by this fraction may be due to the direct action of
coexisting serine protease, and one third due to the inhibitors, or P M S F may
have reacted with and changed the efficiency of the inhibitors.

Characterization of Fraction 2 and 3
Molecular size. Fraction 2 and 3 were subjected to gel filtration using Bio-Gel
P-2 under the same condition (Fig. 1A and B). As shown in these figures, the
ACE inhibitory activities of these two fractions were eluted at the different
elution volumes, indicating that the ACE inhibitors in Fraction 2 and Fraction
3 were different substances. Based on the elution volumes, the molecular
weights of the substances in Fraction 2 and Fraction 3 were estimated roughly
to be 780 and 200 daltons, respectively (Fig. 2).
Effect of pH and temperature. The pH stability of the substances in Fraction 2
and 3 were investigated by incubating them with buffers between pH 2 to pH
10 for 1 hour at 4 °C, after which the remaining inhibitory activities were
measured at the standard assay pH. The ACE inhibitory activities of these two
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fractions were almost the same at any given pH. This indicates that the
inhibitory substances in Fraction 2 and 3 were stable over a wide range of pH.
The fractions were incubated at various temperatures for 1 hour, and the
remaining inhibitory activities were assayed at the standard temperature. The
inhibitory activities of the fractions were found to be stable between 0--100 °C.

Mode of ACE inhibition by Fraction 2 and 3. The modes of inhibition of the
partially purified inhibitors were analyzed using the Lineweaver-Burk plot as
shown in Fig. 3. In the case of Fraction 2, the Km value was not altered by the
change in inhibitor concentration, while the Vmax value varied from
10 nmol/min (no inhibitor) to 2.7 nmol/min (inhibitor concentration: 0.3 mg/mt)
and 1.2nmol/min (inhibitor concentration: 0.8mg/ml), indicating that the
inhibitor in Fraction 2 is a noncompetitive inhibitor. The Ki value of this
fraction was calculated from this result and the estimated molecular weight as
0.14 mM. On the other hand, the inhibitor in Fraction 3 showed a constant
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Vmax and Kms changed from 4.2raM (no inhibitor) to 8.3mM (inhibitor
concentration: 0.4mg/ml) and 50raM (inhibitor concentration: 0.8mg/ml).
This result indicates that the inhibitor in Fraction 3 causes competitive
inhibition. The Ki value of this fraction was 1.4 mM. Thus, inhibitors in
Fraction 2 and Fraction 3 were shown to differ in the mode of inhibition.

Discussion

Natto is a popular traditional Japanese food made by fermentation of boiled
soybean with Bacillus natto [8]. It has been said to be effective in preventing
the so-called adult diseases such as hypertension, hypercholesteromia and
arteriosclerosis.
Hayashi et al. [5] showed that the blood pressure of spontaneous hypertension rat (SHR) decreased when it was fed with natto, but did not when fed with
boiled soybean. This fact suggests that a certain hypotensive material is
produced in natto preparation during fermentation.
In this study, we have found the presence of the inhibitors in natto against
angiotensin-eonverting enzyme (ACE), a key enzyme that catalyzes the production of a hypertensive peptide hormone, angiotensin II, in renin- angiotensin
system, a major blood pressure regulating system. The renin-angiotensin
system is closely related to food components absorbed from digestive ducts to
blood circulation since this system functions in the blood stream of both lung
and endothelium blood vessels. Accordingly, ACE inhibitors in natto detected
in the present study may explain, at least partly, the hypotensive effects of natto
feeding to SHR as reported by Hayashi.
Natto was characterized by its viscous materials covering the surface of the
fermenteA beans. These viscous materials were secondary products of fermentation and have been reported to be complex materials mainly composed of
polymer of D-glutamate and fractan [9, 10]. In this study, the viscous materials were separated from the bean part and were analyzed for ACE
inhibition. Fraction 1 from the viscous materials was of high molecular
weight and is supposed to be a proteinaceous one. About 60-65% of the
inhibition by Fraction 1 was abolished by the addition of PMSF, a serine
protease inhibitor, suggesting the possibility that this ACE inhibition was
largely due to the action of a protease, subtilisin, produced by Bacillus natto.
However, the remaining 35-40% of the inhibitory activity was insensitive to
further PMSF treatment. The fact that the inhibition ratio changed only
slightly with the change of the concentration of PMSF suggests that the effect
of the protease is completely removed by the addition of PMSF and that the
remaining ACE inhibitory activity is due to ACE inhibitor other than subtilisin. Therefore, the real inhibition unit of Fraction 1 is calculated to be
about 2200 units. Taking these facts into consideration, the contributions of
Fraction 1, 2 and 3 to the whole ACE inhibitory activity in natto are about
64.9%, 30.1% and 5.0%, respectively, indicating that Fraction 1 possesses the
highest inhibitory activity. To date, there are very few reports about high
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molecular weight A C E inhibitor. The detailed study of this substance is
currently under way.
The inhibitory substances in Fraction 2 and 3 detected in the ethanol
extracts of the viscous material were of low molecular weight. They are judged
to be different from one another from their estimated molecular weights and
their modes of inhibition. To express any hypotensive effect in the living body,
A C E inhibitory substances must be absorbed into the blood circulation system
from the digestive organs after being eaten. Their stability over wide range of
p H and temperature and their low molecular weight nature are favorable in
this point, therefore, not only Fraction 2 but also Fraction 3 can not be ignored
although the proportions of them to the whole A C E inhibitory activity in natto
were relatively low especially in Fraction 3. In addition, the fact that natto
contains as little a m o u n t of sodium chloride as does Tofu, another traditional
soybean food, makes it favorable to hypertensive patient, too. Further purification of the A C E inhibitors necessary for the structural analysis and the clinical
test is now in progress.
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