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INTRODUCTION

Bacillus subtilis, the species to which natto bacillus belongs, has been reported to
secrete several proteases extracellularly during growth (1-4). Among these proteases,
the physiological activity or clinical applications of antithrombotic substances contained
in natto, such as the peptidase subtilisin, have been reported (5-8). Based on the
results of this research, functional foods have been developed and some thrombolytic
activity assay methods have been proposed for use in quality specifications. One of
these methods is "the standard of natto bacillus culture extract food (January 15,
2003)" distributed to its members by the Japan Health Food & Nutrition Food
Association (Table 1). This standard classifies the products into processed foods,
supplemented foods, and raw materials, according to the activity per reference amount
for one day as measured by the described method.

Classification Fibrinolytic Activity

Containing 2000 FU or more of
Processed Foods | Nattokinase per Reference Amount for
One Day

Containing not less than 1000 FU and
less than 2000 FU of Nattokinase per
Reference Amount for One Day

Supplemented
Foods

Containing 5000 FU/g or more of

Raw Material Nattokinase

Table 1: Food standard classification including fibrinolytic
activity for natto bacillus culture supplementation.

In this assay, fibrinogen and thrombin, extracted from bovine plasma, are reacted to
produce fibrin polymer. The sample is allowed to act on and degrade this polymer; the
obtained acid soluble low-molecular-weight degradation product is measured by its
ultraviolet absorbance at 275 nm. However, the method requires several corrections
since the substrate is from a natural product, and the method requires the difference
in absorbance to measure between 0.04 and 0.08. This range is extremely narrow.
Therefore, the method should be improved to be used as a quantification system.

This method was studied to determine the thrombolytic activity of natto extract, and
was improved. Moreover, this method was compared with the common enzyme activity
assay method of plasmin using a synthetic chromogenic substrate.



METHODS

Plasmin-like activity was measured by the hydrolytic activity on S-2251 (H-D-Val-Leu-
Lys-pNA<2HCI / Daiichi Pure Chemicals). The sample was dissolved and diluted with
0.05 M Tris-HCI buffer (pH 9.0) such that the absorbance at 405 nm would not exceed
1.0. A 0.1 mL aliquot of sample solution and 0.2 mL of 0.1 M Tris-HCI buffer (pH 9.0)
were incubated with 0.2 mL of 5 mM substrate solution (S-2251 dissolved in purified
water), at 37°C for 5 min. The reaction was arrested by adding 0.5 mL of 10%/(v/v)
acetic acid, and the incubated solution was centrifuged at 10,000 g for 5 min. The
absorbance of the obtained supernatant was measured at 405 nm to determine the
concentration of p-nitroanilide (pNA). One unit was defined as the enzyme activity
required to release 1 nmol of pNA per 1 min of reaction.

Fibrinolytic activity was examined in accordance with "the standard of natto bacillus
culture extract food" distributed to its members by the Japan Health Food & Nutrition
Food Association. Fibrinogen solution was prepared by dissolving bovine plasma
fibrinogen (SIGMA) in 0.05 M boric buffer (pH 8.5) at a concentration of 96 mg/L.
Thrombin solution was prepared by dissolving bovine thrombin (SIGMA) in 0.05 M
boric buffer (pH 8.5) at 20 IU/mL. The sample was dissolved in acetic buffer containing
calcium sulfate, sodium chloride, and triton X-100 at a concentration such that the
difference of absorbance at 275 nm would become 0.04 - 0.08 when measured. To
form a fibrin mass, 1.4 mL of 0.05 M boric buffer (pH 8.5) and 0.4 mL of fibrinogen
solution were incubated with 0.1 mL thrombin solution in a test tube at 37°C for 10
min (after agitation). A 0.1 mL aliquot of sample solution was added to this, the
mixture was agitated immediately and again for 5 seconds at 20 and 40 min while
incubating at 37°C for 60 min. After the incubation, 2.0 mL of 1.0 M trichloroacetic
acid was added, and the mixture was agitated. After further incubation at 37°C for 20
min to arrest the reaction, it was centrifuged at 15,000 g for 5 min. The obtained
supernatant was measured for absorbance at 275 nm. As a blank control, another
mixture was prepared by adding the sample solution only after adding trichloroacetic
acid and incubating, and this was measured as well. The difference between the
absorbance of the two mixtures was used as the assay result. One unit (FU) was
defined as the enzyme level required to increase the absorbance by 0.01 per 1 min of
reaction.

In an improved assay of fibrinolytic activity, 96-well flat-bottom microplates were
used. Fibrin polymer was prepared by distributing 0.2 mL of fibrinogen, dissolved in
0.05 M boric buffer (pH 8.5) - 0.15 M NacCl solution (BSB, pH 7.8) at a concentration of
5 mg/mL, and 0.01 mL of thrombin, dissolved in 0.15 M NaCl solution at 50 1U/mL,
into each well, and agitating. 0.03 mL of the sample solution was added to each well
and incubated at 37°C. Subsequently, absorbance at 655 nm was measured against
time. One unit (IFU = improved FU) was defined as the enzyme level required to
decrease absorbency by 0.1 per 60 min of reaction.

RESULTS AND DISCUSSION

To verify plasmin-like activity, the present research was conducted with refined
cultured natto bacillus, NKCP (Daiwa Pharmaceutical, Co., Ltd.). The main active
substance of NKCP was identified as fragments of bacillopeptidase F4) secreted by
natto bacillus. NKCP shows plasmin-like activity, and its antithrombotic activity has
been thoroughly studied; therefore, it was suitable for this study.

In NKCP, plasmin-like activity and reaction time showed a linear relation for over 10
min and no obvious saturation was observed, so a 5 min reaction time was determined
to be suitable for this method (Figure 1). The enzyme level correlated well with the
activity, and was linearly related at low to high doses, verifying that this assay yielded
quantitative results (Figure 2).
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Figure 1: The relation between plasmin-like activity and
reaction time.
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Figure 2: The relation between plasmin-like activity and
reaction time.

Fibrinolytic activity and plasmin-like activity were compared using four commercially
produced enzymes: urokinase (Funakoshi), lumbrokinase (Waki Pharm.), trypsin
(DIFCO), and papain (SIGMA). Urokinase, a serine protease that functions as a tissue
plasminogen activator, is obtained from urine. "The standard of natto bacillus culture
extract food" states that "1 FU is equivalent to about 50 IU of urokinase"; however,
urokinase alone cannot display fibrinolytic activity. Lumbrokinase is obtained from the
earthworm (Lumbricus rubellus), and is reported to have thrombolytic activity, and
trypsin is a protease contained in animal digestive fluid; all of these enzymes have
serine protease-like activity. Papain is a protease obtained from papayas and is
classified as a cysteine protease.

Urokinase (2,000 units) showed only 1.25 FU of fibrinolytic activity, while the other
proteases not obtained from natto were highly active. Enzymes including lumbrokinase
and trypsin were not correlated in terms of their thrombolytic activity and plasmin-like
activity, and the enzymes which showed higher plasmin-like activity had exponentially
low thrombolytic activity. Papain had high fibrinolytic activity (Figure 3).
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Figure 3: Comparison of two assay methods using
various enzymes (double logarithmic plot)

In the assay of fibrinolytic activity, conditions were extremely strictly determined as
"the difference of absorbance should be 0.04 - 0.08 when measured"; however, the
dilution and the measurement conditions used in this study might not conform to this
standard. In addition, fibrinolytic activity could not be converted to plasmin-like
activity. The exponentially lower fibrinolytic activity could be caused by some
physicochemical quality of the substrate. Fibrin polymerization produces
heterogeneous insoluble material with an amorphous surface that would be unlikely to
react quantitatively. During the assay, the polymerized material does not disperse
sufficiently, and the agitation was inadequate to produce smooth and quantitative
reaction with the enzyme. Substances with higher activity may have been more
affected by this tendency.

The difference between fibrinolytic activity and plasmin-like activity may have been
caused by the assay method used and substrates as distinct from fibrin polymers. The
reaction system includes spodogenous fibrinogen and thrombin, and the
fibrinopeptides A and B produced during the reaction of fibrinogen and thrombin; any
of these can be the substrates used to produce acid soluble low-molecular-weight
degradation product. Despite the fact that fibrin degradation products are commonly
assayed with the antigen-antibody reaction in medicine, this study uses absorption at
275 nm, which can measure various carbonyl compounds, to measure the amount of
reaction. Enzymes such as papain showed high activity, possibly owing to their
specificity.

Thus, this represents an improved method to measure fibrinolytic activity. Fibrin
polymerization was used to produce a fibrin film to improve the heterogeneous
reaction, and the degradation of the fibrin film was measured with transmitted light to
improve the assay specificity.

When transmitted light was measured against time at 655 nm using NKCP as the
sample, the activity increased linearly with reaction time at each enzyme level(Figure
4). Nevertheless, the activity was high at low enzyme levels, and saturated at high
enzyme levels (Figures 5 and 6). After applying the improved method, the relation
between the activity and enzyme level was slightly improved, but still not quantitative.
This result was brought about by the underlying principle of the measurement, and
could not be solved technically.
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Figure 4: Improved fibrinolytic activity (absorption) and
reaction time.
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Figure 5: Improved fibrinolytic activity.
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Figure 6: Improved fibrinolytic activity
(single logarithmic plot)

Since the assay method from "The standard of natto bacillus culture extract food" uses
natural substrates, quality varies considerably from lot to lot. The standard requires
that after defining the standard lot of enzyme and substrates, adjustments be made in
activity and measurable range according to the combination of reagents used. The
method requires that the reference standard should be obtained from the Japan Bio
Science Laboratory, but does not provide enough detail to evaluate the suitability of
the reference standard for these corrections. Possibly, the plasmin (Plasmin, Human,
code 97/536) provided by WHO, which is used in the standard to evaluate some
antithrombotic drugs for medical purposes, could be used.

According to Bergey's classification of bacteria, natto bacillus is classified asBacillus



subtilis , and several proteases, which are biosynthesized and secreted extracellularly
by natto bacillus, have been reported (1-4). While any of the proteases can produce
acid soluble low-molecular-weight degradation products, not all the proteases have
been reported to have antithrombogenicity. This study revealed high fibrinolytic
activity in trypsin and papain. In my view, "The standard of natto bacillus culture
extract food" should indicate the quantitative value measured by other quantification
methods such as the antibody method, in addition to activity values for substances
that have already been reported or researched for their antithrombogenicity and
safety. Otherwise, this standard may end in indicating only fibrinolytic activity,
regardless of previously reported research results.

Natto contains Vitamin K in addition to the physiologically active substances having
antithrombogenicity. Vitamin K is one of the essential nutrients, known as a blood
coagulation activator and with osteoplastic activity. It is present in large amounts in
dark-green vegetables, algae, chlorella and so on. According to Japanese nutritional
allowance (sixth edition), the nutritional allowance of Vitamin K in individuals 18-69
years old is 65 m g per day for males and 55 m g per day for females, and the
maximum nutritional intake that poses no risk of adverse effects is 30,000 m g per
day. When 100 g of itohiki-natto (common natto) is taken, the amount of Vitamin K
easily exceeds nutritional requirements; however, even if 1 kg of itohiki-natto were to
be taken, the amount of Vitamin K would still not exceed the maximum nutritional
intake. The liver biosynthesizes Vitamin K dependent blood coagulation factor, and
Vitamin K deficiency causes hemorrhagic disease.

The "standard of natto bacillus culture extract food" classifies the products by
fibrinolytic activity per reference amount for one day. Nonetheless, it is likely that
Vitamin K is mixed into the product by processing. Usually, the reference amount for
one day of functional food has been determined by animal experiment, along with
clinical research and experience with human use of each product. Surprisingly, the
standard does not consider physiologically active substances which can affect activity
and safety when the product is actually taken.

CONCLUSION

In this study, a thrombolytic activity assay system for natto extract was examined. As
a result, some problems were revealed in the "standard of natto bacillus culture extract
food" issued by the Japan Health Food & Nutrition Food Association: homogeneity and
quantification of the reaction, specificity for fibrinolytic activity, reaction of proteases
which are not from natto, and so on. If functional food based on this standard is
scientifically evaluated in terms of activity or safety, the food quality can be ensured.
However, undesirable outcomes such as health hazards could occur in the absence of
thorough scientific evaluation.
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Vitamine K2 voor sterke botten en schone bloedvaten
Vitamine K2 speelt een sleutelrol bij het behoud van sterke botten en gezonde
bloedvaten. Dat blijkt uit onderzoek van de Universiteit Maastricht, waarvan de
resultaten verschijnen in de aprilnummers van de wetenschappelijk gezaghebbende
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tijdschriften Blood en Osteoporosis International.

Hoewel reeds langer bekend was dat vitamine K2 een gunstig effect op botten heeft, is nu ook het
achterliggende mechanisme ontdekt.

In een onderzoek onder 350 vrouwen na de overgang werd gevonden dat bij inname van een vitamine K2
supplement de botten, juist op kritieke plaatsen zoals de heup, dikker worden en dus minder snel breken terwijl in de
placebogroep de botsterkte juist afnam met ongeveer 1% % per jaar.

Ook op verkalkte bloedvaten werd een opzienbarend effect gevonden. Nadat de onderzoekers eerder in een
diermodel hadden aangetoond dat vitamine K2 de verkalking van de bloedvaten remt, is nu ook gevonden dat reeds
gevormde kalkmassa's uit de aderen verdwijnen bij inname van hoge doses vitamine K.

Tevens werd bewezen dat het natuurlijke vitamine K2 (menaquinon-7) de meest effectieve vorm van vitamine K is.
Een probleem is dat er maar weinig voedingsmiddelen zijn waarin deze vorm van vitamine K voorkomt.

In lage doseringen zit het in kaas en kwark, en alleen het Japanse product natto (zie foto) bevat zeer hoge
concentraties menaquinon-7. Daarom is er sinds kort in Nederland een natto-extract verkrijgbaar bij drogist en
apotheker, waarin het natuurlijke menaquinon-7 in geconcentreerde vorm verwerkt is. Ook in andere Europese
landen zal het product dit jaar op de markt komen.

Bron: zorgkrant.nl

www.reformhuissmulders.nl/.../Dossier%2520vitame%2520K2.htm
Nattoconsumptie gerelateerd aan botkwaliteit

Postmenopauzale Japanse vrouwen die veel natto eten, hebben een veel hogere MK-7
serumspiegel en hebben significant minder vaak een heupfractuur dan postmenopauzale
vrouwen die weinig of geen natto eten.(2,14) Ook hebben premenopauzale vrouwen die veel
natto eten een hogere botmineraaldichtheid vergeleken met leeftijdgenoten die dit
voedingsmiddel niet consumeren.(1,15) Dat heupfracturen in Japan significant minder vaak
voorkomen vergeleken met westerse landen, is waarschijnlijk mede te danken aan de
consumptie van natto.(16) Natto bevat circa 10 microgram menachinon-7 per gram en heeft een
grote invloed op de vitamine K-status. Inname van menachinon-7 zorgt vergeleken met een
gelijke hoeveelheid fyllochinon voor een sterkere toename van gecarboxyleerd osteocalcine. In
dierstudies is aangetoond dat menachinon veel beter dan fyllochinon beschermt tegen
leeftijdsgerelateerde afname van de botmassa door remming van botresorptie en stimulering
van botmineralisatie.(14) Suppletie met MK-7 uit natto bracht het proces van botverlies volledig
tot stilstand in een diermodel voor postmenopauzale osteoporose.(1)

Risicogroepen voor een klinische vitamine K-deficiéntie waarbij levensbedreigende bloedingen
kunnen optreden zijn (pasgeboren) baby’'s, mensen die langdurig (breedspectrum)antibiotica,
bloedverdunners (vitamine K-antagonisten) of hoge doses salicylaten gebruiken, mensen met
chronische maagdarmziekten (slechte vitamine K opname) en mensen die parenterale voeding*
krijgen.

Vitamine K in voeding

Vitamine K omvat een groep verbindingen met als gemeenschappelijke structuur 2-methyl-1,4-
naftochinon. Vitamine K1 (fyllochinon) is van plantaardige herkomst en is vooral aanwezig in
groene (blad)groenten, algen en plantaardige olién. Vitamine K2 omvat meerdere


http://www.reformhuissmulders.nl/Nieuws/om_te_lezen/Dossier%2520vitame%2520K2.htm#parenterale�

menachinonen waaronder MK-4 en MK-7 die zich van elkaar onderscheiden door de lengte van
de zijketen. Vitamine K2 is van bacteriéle herkomst en is in kleine hoeveelheden aanwezig in
vlees en eieren (MK-4), (gefermenteerde) zuivelproducten zoals kaas en yoghurt (MK-8 en MK-
9) en wordt ook in beperkte mate door bacterién in de dikke darm geproduceerd; verreweg de
rijkste voedingsbron van vitamine K2 (MK-7) is natto, een Japans gefermenteerd sojaproduct.
Vitamine K in westerse voeding bestaat voor 90% uit slecht opneembaar fyllochinon
(hoofdzakelijk uit groene groenten) en voor 10% uit menachinon, dat uitstekend wordt
opgenomen. Aziaten hebben van oudsher een hogere inname van menachinon, vooral door het
eten van natto.
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Type: Herhal Extract

: Style: Matto
) ?#ﬂi e ez Place of Origin: Japan

Brand RMame: Kurozu Matto

Function: Balances Blood Pressure, anti-
allergy, anti-cancer
Contents:  Kurozu moromi, Matto extract,
Gatlic
Indications:  high blood pressure, hay-fever,

diabetes, fatigue, cancer

Natto is reported to have the following benefits.

& Prevention of Heart Attacks, Strokes and Senility

& Prevention of Osteoporosis

& Prevention of Cancer

¥ Antibiotic Effects

& Improvement in Digestion and Prevention of Intestinal Disorders
¥ Anti-aging Effects and Prevention of Obesity

& Maintaining Your Pet's Health
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