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ABSTRACT

Microorganisms of the genus Bacillus that are capable of reducing
nitrates and contain chitin and/or chitosan in thelr cell walls
are provided. The microorganism of the invention can be used for
improving soil, for treating organic waste by fermentation, for
fermenting soybeans, and for reducing bitterness. The
microorganism of the invention can also be used as a feed additive
or a food additive. Further, the microorganism of the invention

has an anti-microbial effect.
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DESCRTIZPTTION

TITLE: BACILLUS SUBTILIS TAKEMI AND USE THEREOF

TECHNICAL FIELD

Thepresent inventionrelates tomicroorganismsofnovel species
and methods for using the same. More specifically, the present
invention relates to microorganisms of novel species belonging to

the genus Bacillus and methods for using the same.

TECHNICAL BACKGROUND

Mankind has utilized various microorganisms to date. For
example, awide variety of foods such as alcoholic drinks, fermented
seasonings (e.g. soybean paste and soy sauce), fermented dairy
products (e.g. cheese and yogurt) and bread have been produced using
actions of microorganisms. In addition, microorganisms have also
been utilizéd in the manufacturing of pharmaceuticals and
agricultural chemicals, in the production of energy~sources'such
as alcohol and methane, in the treatment of waste and wastewater,
and so forth.

The technology of usi'ng functions of 1iving things (especially
microorganisms) ih industrial processes, which is called
biotechnology, 1is developing remarkably in these days. The
discoveryofnovel, useful microorganisms contributes to the advance
of biotechnology.

Under circumstances, 1t 1s an object of the present invention
to provide novel, useful microorganisms.

It is another object of the present 1invention to provide methods

of use of the microorganisms.
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DISCLOSURE OF THE INVENTION

The present inventors have isolated from soil a microorganism
of a novel species having a smell of coffee. Thus, the present
invention has been achieved. The present invention provides
microorganisms belonging to the genus Bacillus that are capable
of reducing nitrates and contain chitin and/or chitosan in their
cell walls. The microorganism of the invention may have a smell
of coffee. Themicroorganismof theinventionmaybeamicroorganism
belonging toBacillussubtilis. Asoneexampleof themicroorganism
of the invention, Bacillus subtilis takemi (FERM BP-6589) may be
given.

The present invention also provides a method for improving soil
using the microorganism, and a composition for improving soil
comprising the microorganism.

Further, the present invention provides a method for treating
organic waste by fermentation using the microorganism, and a

composition for treating organic waste by fermentation comprising

the microorganism.

Further, the present invention provides amethod for fermenting
soybeans using the microorganism, and soybéans that have been
fermented using the microorganism.

The present invention also provides a method of using the
microorganism as a feed additive, and a feed additive comprising
the microorganism.

The present invention also provides a method of using the
microorganism for reducing bitterness, and a composition for
reducing bitterness comprising the microorganism.

The present invention also provides a method of using the
microorganism as a food additive, and a food additive comprising
the microorganism.

The present invention also provides a method for inhibiting
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bacterial growth using the microorganism, and an anti-microbial
composition comprising the microorganism. Specific examples of
target bacteria of which the growth can be inhibited by the
microorganism of the invention include staphylococci, pathogenic
E. coli 0157 and 0147, dermatophytes, and bacteria of the family
micrococcaceae.

The microorganism of the invention is a bacterium belonging
to the genus Bacillus that is capable of reducing nitrates and
contains chitin and/or chitosan in its cell walls. The
microorganism of the invention may have a smell of coffee. As a
specific example of such a microorganism, Bacillus subtilis takemi
(FERM BP-6589) may be given. This microorganism has been isolated

as described below from a soil sample collected in Siberia.

Briefly, 500 U1 of sterilized distilled water was added to

50 mg of a Siberian soil sample, which was then shaken for 30 min
to prepare a suspension (presenting a brown color). Using this

suspension as a stock solution, 10°°-10"7 dilutions were prepared

by l10-foldserialdilution. Then, 100 L1 ofeachdilutionwas plated

on PDAYC medium (Potato Dextrose Agar medium containing Yeast
Extract and Casion) and spread uniformly with a spreader, followed

by stationary culture under the condition of all day light and at

20C. As a result, formation of white colonies was observed in

10°2-10* dilutions. It was found that these colonies were not
filamentous fungi as a result of microscopic examination. Since
all the colonies were white‘, it was presumed that a single species
was growing there. Formation of no colonies was observed in

dilutions below 10°%.

The characters of the isolatedmicroorganismwere as summarized

below.




Table 1.

Observation Item

Shape and size of cells
Broth agar medium

Broth liquid medium

Presence/absence of

polymorphism

Motility

Spores
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Morphological Characters

Observation Results

‘straight rod-shaped bacteria,

1.2-1.3 Umx 2.5-3.3 Umon overnight culture
at 30C

'straight rod-shaped bacteria,

0.9-1.2 Umx4.6-7.2 ULmon overnight culture
at 30C

‘Polymorphism is not observed.

‘Motility by peritrichous flagella* is

observed.

‘Formation of oval, subcentric spores is

observed.

‘Swelling of sporangia is not observed.
‘The size of the spores is 0.9-1.1 Um X
2.0-2.34mon5daycultureonbrothagarmedium
at 30C.
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Table 2. Culture Characteristics in Individual Media

Medium State of Growth

Broth agar plate 'Colonies present a rough surface, and their
periphery is wave-like or notched.
No luster is observed.

'Production of neither characteristic colony
pigments nor diffusive pigments is observed.

Broth liquid medium °Cells grow in the upper part of the medium:
formation of a surface membrane is observed:

precipitation is not observed.

Broth gelatin puncture °Cell growth is observed in the upper part of
the medium.

Liquefaction 1s observed.

Litmus‘'milk ‘Cell growth in the upper part of the medium and
liquefaction throughout themediumare observed,
but no solidification is observed.

‘Production of acid is not observed.
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Table 3. Physiological Properties: Part I

Test Item Test Results

Denitrification reaction .
Methyl red test +
Production of indole -
Production of hydrogen sulfide

TSI agar -

Lead acetate liquid medium*? +
Assimilation of citrates

Koser medium -

Christensen medium +
Assimilation of inorganic nitrogen sources
Nitrates +
Ammonium salts +
Production of pigments .
Urease +
Oxidase -
Range within which cells can grow*’
pH 4.5-8.5
(good at 5.5-8.0)
Temperature 12-517C
(good at 25-451)
OF (Hugh-Leifson) O

*! Test media were based on the media described in Takeharu Hasegawa
(Ed), “Classification and Identification of Microorganisms (Vol. II)",
(1985), GAKKAI SHUPPAN CENTER.

*2  Instead of adding lead acetate into the medium, a lead acetate test
paper was suspended. |

*>  Tegt was performed using meat broth. pH was tested at intervals
of 0.5, and temperature was tested at intervals of 1T.
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Table 4. Physiological Properties: Part II

Test Item

Acid production*’

L-Arabinose
D-Xvylose
D-Glucose
D-Mannose
D-Fructose
D-Galactose
Maltose
Sucrose
Lactose
Trehalose
D-Sorbitol
D-Mannitol
Inositol
Glycerol
Starch

Gas production**

* 1

R.E., Haynes, W.C. and Pang, C.H.,

L-Arabinose
D-Xylose
D-Glucose
D-Mannose
D-Fructose
D-Galactose
Maltose
sSucrose
Lactose
Trehalose
D-Sorbitol
D-Mannitol
Inositol
Glycerol
Starch

Test Result

+

+ + + + + + + + o+ o+

As the test medium, the acid production medium disclosed in Gordon,

“The Genus Bacillus”

Department of Agriculture was used. |
*2  As the test medium, the gas production medium disclosed in Gordon,

R.E., Haynes, W.C. and Pang, C.H., “The Genus Bacillus”

Department of Agriculture was used.

(1973), U.s.

(1973), U.S.
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Table 5. Chemotaxonomic Properties

Test Item Test Result

Major Qquinone system MK -7

It was also found that the GC content in the intracellular DNA
(as determined by HPLC) was 46% by mol.

Based on the results of the morphological observation,
physiological character tests and the determination of the GC
content intheintracellular DNA so far described, themicroorganism
was 1dentified referring to Gordon, R.E., Haynes, W.C. and Pang,
C.H., “The Genus Bacillus” (1973), U.S. Department of Ag;iculture
and Sneath, P.H.A., Mair, N.S., Sharpe, M.E. and Holt, J.G.,
“Bergey’'sManual of SystematicBacteriology”VvVol. 2, (1986) Williams
& Wilkins. As a result, the soil bacterium was identified as a
bacterial species belonging to Bacillus subtilis. This bacterium
was designated Bacillus subtilis takemi and deposited at the
National Institute of Bioscience and Human-Technology, Agency of
industrial Science and Technology, Ministry of International Trade
and Industry (1-3 Higashi 1-Chome, TSukuba City, Ibaraki Pref.,
Japan) on December 1, 1998 under the accession number FERM BP-6589 .
Bacillus 1s a group of gram-positive, fod-shaped bacteria that form
thermo-stable spores and are distributed widely in common
environment such as soil. Bacillus subtilis is also known as hay
bacillus. Inaddition to the above-described characters, Bacillus
subtilis takemi was confirmed to have a remarkable smell of coffee

when culture plates of B. subtilis takemi cultured as described

above were kept in a refrigerator adjusted at about 5C. Further,
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it was confirmed that Bacillus subtilis takemi contains chitin

and/or chitosan in its cell walls.

It should be noted that, not to mention natural and artificial
mutants of Bacillus subtilis takemi, all of those microorganisms
of the genus Bacillus that are capable of reducing nitrates and
contain chitin and/or chitosan in their cell walls are included
in the present invention.

The microorganism of the invention has preferable properties
asasollmicroorganism. Thatis, themicroorganismof theinvention
can reduce nitrates. Also, thechitinmatter contained in its cell
walls is degraded to chitosan/chitosan oligosaccharides, which in
turn react with toxins generated by harmful microorganisms to
thereby inhibit the transcription of their DNA to RNA. As a result,
the growthof harmful microorganisms is prevented, and damage caused
by continuous cropping is reduced. Further, it is convenient to
use the microorganism of the invention since its concentration can
be judged with its smell of coffee. Therefore, it is possible to
improve so0il using the microorganism of the invention.

Briefly, the microorganism of the invention and optionally
other microorganisms effective for soil improvement are added to
an aqueous solution containing nutrients suitable for the growth
of the microorganiSms. Further, acarrier isadded tothissolution,
which 1s then agitated. By this operation, the microorganism of
the invention is cérried by the carrier. The resultant dispersion
mixture is maintained within the above-described temperature range
appropriate for the growth of the microorganism (e.g. 25-45C) to
thereby grow the microorganism.

Specific examples of nutrients suitable for the growth of the
microorganism of the invention include, but are not limited to,

carbon sources such as starch, dextrin, glycerol, glucose, sucrose,
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galactose, inositol and mannitol; and nitrogen sources such as
peptone, soybeanpowder, meat extract, ricebran, wheat-glutenbread,
urea, cornsteep liquor, ammoniumsalts, nitrates, and other organic
or inorganic nitrogen compounds. Further, inorganic salts such
as table salt, phosphates, metal salts of potassium, calcium, zinc,

manganese, iron, etc. may be appropriately added. If necessary,

animal oil, vegetable o0il, mineral o0il or the like may be added
asadefoamingagent. AcommerciallyavailablemediumsuchasPotato
Dextrose Agar Medium (product name: NISSUI 05707) may be used.

Specific examples of other microorganism effective for soil

improvement include, but are not limited to, hydrolase producing
microorganisms belonging to the genus Bacillus, Lactobacillus or
the like; yeast species belonging to the genus Saccharomyces, Tolura

orthelike; and filamentous fungi belonging to thegenus Aspergillus,
Rhizopus or the like. Specific examples of the carrier on which
the microorganism of the invention is to be carried include, but

are not limited to, porous ceramics, wood pieces, charcoal, straw
pieces, and other porous materials on which the microorganism of

the invention can survive. The appropriate number of the

microorganism cells of the invention per gram of the carrier is

10%2-10'°, preferably 10°-10°.

A carrier carrying themicroorganismof the invention or powder
of such a carrier has a function as a so0il improving material by
itself. However, usually, sucha carrier or powder thereof is mixed
with raw materials of an organic fertilizer and fermented so that
the resultant mixture has both fertilizer effects and soil
improvement effects. The carrier carrying the microorganism of
the invention or powder thereof may bemixed with organic fertilizer
materials at a rate of 2-10 g/kg. For example, powder of a porous

ceramic on which the microorganism of the invention has been grown

10
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is mixed with bark, poultry droppings and other organic fertilizer
materials and then fermented for about 30 days. As the fermentation
of the organic materials proceeds, a composition for soil
improvement with a high fertilizer response property is obtained
which contains microorganisms effective for soil improvement and
vet which is rich in chitin and/or chitosan effective as a
soil-improving material.

In the application of the above-described composition for soil
improvement to soil, 150-600 kg, preferably 220-520 kg of the
composition comprising the microorganism of the invention may be
applied per 10 a. of farmland (1 a.= 100 m*). The composition may
be applied at any time from the early growing stage of plants to
the harvest stage. The frequencyof applicationisnotparticularly

limited. The time and frequency of the application may be

appropriately selected depending on the state of soil and the kind

of crops.

It is also possible to treat organic waste'by fermentation
using themicroorganismof the invention. The term “organic waste”
used herein refers to waste comprising organic matter, which may
be domestic waste, industrial waste or any other waste comprising
organic matter. Pbultry droppings, cattle droppings and food
sludge are also included in this term. Microorganisms are involved
inthe fermentation and degradationof organicmatter. Duringthese
processes, bad smells are generated by degradation and by
putrefactive microorganisms. Further, offensive odor caused by
the growth of putrefactive microorganisms as a result of unbalanced
oxygen supply in the fermentation of domestic organic waste, cattle
droppings, poultry droppings and food sludge by aerobic bacteria
has becomeabigsocial problemthroughout thecountry. Whenorganic

waste 1s treated by fermentation using the microorganism of the

11
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invention, bad smells can be prevented. Thus, the microorganism
of the invention greatly improves the environment. Further, the
organlic waste that has been treated by fermentation using the
microorganism of the invention can be recycled as an organic
fertilizer of a high quality.

Preferably, the microorganism of the invention is used in
combination with conventional microorganisms used in waste
treatment {(mainly, aerobic bacilli).

As described above, a carrier (e.g. wood pieces, porous ceramic
beads, grains or granules) carrying the microorganism of the
invention is prepared and then mixed with organic waste for the
purpose of fermentation treatment. The carrier carrying the
microorganismof the inventionmay beusedat 2-10 grams per kilogram
of organic waste. Specific examples of waste treating
microorganisms that may be used in combination with the
microorganism of the invention include, but are not limited to,
bacteria and filamentous fungi that degrade saccharides contained
inwaste; aerobicactinomycetes that degrade hemicel lulose inwaste;
anaerobic bacteria that degrade cellulose in waste; and aerobic
basidiomycetes that degrade 1lignin. During the fermentation
treatment, it is preferable to provide aeration a rate of 100-200
ml/min per liter of organic waste. Alternatively, air may be

supplied by agitation instead of aeration. The temperature may

be ambient temperature or may be adjusted at 12-51C, preferably

25-45C. 1In order to improve moisture adjustment and aeration

efficiency, auxiliary materials such as wood chips and rice hulls
may be added. Theperiodof fermentation treatment varies depending
on the composition of the waste tobe treated. Usually, this period
isl-30days, preferably6-20days. Itisevenpossibletoannihilate

organic waste when the above-described fermentation is enhanced

12
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by adding a fermentation medium to the waste. If organic waste
is considered as a resource and 1ts recovery as a well-balanced
fertilizer is desired, the composition of the organic waste may
be adjusted by adding thereto cattle droppings, residues from the
processingofanimalmeator fishmeat, etc. Thethustreatedorganic
waste becomes an organic fertilizer of a high quality since it
comprises chitin and/or chitosan contained in microorganisms.
The results of homology analysis between the 16S ribosomal
RNA (16S rRNA) of Bacillus subtilis takemi and that of Bacillus
subtilis nattoh revealed about 93% homology (Fig. 1). Bacillus
subtilis nattoh i1s used in the manufacturing of nattoh (fermented
soybeans). Nattoh (i1.e. fermented soybeans) is known to have an
action of lysing clotted blood and, thus, is highly evaluated as
a health food. Further, chitin, chitosan or chitosan
oligosaccharides, whicharemetabolites of Bacillus subtilisnattoh,
are known to play an important role to enhance immunocompetence.
However, manypeopledislikenattohsinceitemitsanodorofnitrates.
Also, production of nitrates results in deterioration of proteins.
The microorganisms of the invention including Bacillus subtilis
takemi have a nitrate-reducing action. Therefore, when soybeans
are fermented using the microorganism of the invention, generation
of the odor and deterioration of proteins can be prevented.
Conventional nattoh has been served as a side dish to cooked rice
or the like. On the other hand, the nattoh pfepared with the
microorganism of the invention has a smell of coffee, and can be
takenwithbreador used in sandwiches or other westernstyle dishes.
As a result, it will become possible to spread nattoh throughout
the world as a functional food that is highly nutrient and effective

for not only the maintenance of health but also the promotion of

health.

13
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Nattoh can be prepared using themicroorganismof the invention
instead of conventional Bacillus subtilis nattoh. Briefly, the
microorganism of the invention is added to boilled soybeans and
cultured for growth. After the microorganism performed
fermentation action, the soybeans are ripened. Methods for
preparingnattoharewell knownanddescribed, for example, in Susumu
Tsuji, “Food Processing Technology Handbook: Revised Edition”, pp.
138-143, KENKIN-SHA (1971).

As one application of the above-described method, catechin
and ginkgo leaf extract are added to soybeans during the process
of preparation of nattoh using the microorganism of the invention.
Nattohkinase that lyses clotted blood has an effect of preventing
the generation of thrombi or the 1like; catechin that 1is
anti-microbial has an effect of inhibiting viral growth; and ginkgo
leaf extract that is an SOD-like antioxidant has an effect of
preventing the generation of active oxygen and improving blood flow
in the blood capillary. Since the microorganism of the invention
is a nitratejreducing bacterium, the resultant nattoh has only
slight smell of nattoh derived from the odor of ammonium or the
like, and yet this slight smell is camouflaged by a smell of coffee.
Thus, the resultant nattoh is easy to eat. Besides, an effect of
rendering blood vessels strong and an effect of balancing
cholesterols in blood vessels that are attributable to the
above-described effects carf be added to the nattoh. Thus, a
completely novel nattoh can be prepared which is effective in
preventing diseases of adult people and senile dementia. Although
catechin and ginkgo leaf extract have bitterness, the mild taste
of the microorganism of the invention reduces their bitterness.
Further, it is believed that the microorganism emitting a smell

of coffee camouflages their bitterness and the smell peculiar to

14
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nattoh.

It is also possible to use the microorganism of the invention
as a feed additive. Specific examples of feeds to which the
microorganism of the invention may be added include, but are not
limited to, feed for domestic animals, fish feed and pet food. For
example, when the microorganism of the invention is added to feed
for domestic animals, physiological disorders of the animals fed
withsuchfeedcanbealleviatedbytheactionof thenitratereductase

contained in themicroorganism. Besides, the feed conversionratio
in these animals 1s increased to thereby decrease the calorie of
proteins discharged into their droppings. As a result, the
offensive odor of droppings 1s alleviated.

The microorganism of the invention may be added to feed at

a rate of 10°-10° cells/g.

It is also possible to use the microorganism of the invention
to reduce bitterness of foods, pharmaceuticals, cosmetics and the
like. Specific examples of foods having bitterness include, but
are not limited to, citrus fruits such as grapefruit, lemon, and
juice thereof; vegetables such as tomato, green pepper, celery,
and juice thereof; soybean products such as nattoh and soybeanmilk;
fish meat and processed marine products such as ground fish meat;
and meat and processed meat products. Specific examples of
pharmaceuticals having bitterness include, but are not limited to,
catechinz and ginkgo leaf extract. Specific examples of cosmetics
havingbitterness include, but arenot limited to, cosmetics applied
to the face and cosmetics applied to the oral cavity.

It is contemplated that the microorganism of the invention
can be applied in various ways as a food additive. The term “food”
used herein includes any and all foods and drinks. Foods to which

themicroorganismof the invention may be added are not particularly

15
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limited. The microorganismmay be added, for example, to livestock
meat, milk, fishes and shellfishes, and processed products thereof;
and cereals, beans, potatoes, vegetables, fruits, and processed
products thereof. For example, the microorganismof the invention
may be used as a food additive for the preparation of ice cream
or yogurt with a smell of coffee.: The food additive consisting
of the microorganism of the invention has a smell of coffee but
contains no caffeine. Thus, the additive has an advantage that
it does not form a habit. The microorganism of the invention may
be added to food at a rate of 10°-10° cells/g. However, this range
may vary depending on the type of food and other factors.

When the microorganism of the invention is coated on a plastic
wrapping sheet or inner surfaces of a plastic food container, food
wrapped therewith or contained therein can be preserved for a ionger
periodof timewithout harmful effectontheit, becauseputrefaction
and growth of miscellaneous microorganisms are prevented by the
anti-microbial propertyof chitinand chitosan. Themicroorganism
of the invention may be coated at a rate of 10'-10° cells/cm? of
wrapping sheet or food container. For the coating, live or dead
cells of the microorganism of the invention are dispersed in pure
water and disrupted by sonication. Then, the resultant dispersion
liquid is coated thinly on a wrapping sheet or food container.

In inflammatory sites of patients with atopic dermatitis,
staphylococci aregrowing. It is known that when apaste containing
Bacillus subtilis nattoh is applied to these sites, B. subtilis
nattoh eats staphylococci to thereby inhibit the advance of
purulence and/or atopy. When the microorganism of the invention
is used instead of B. subtilis nattoh, the growth of staphylococ¢ci
is inhibited by the effect of chitin and chitosan in addition to

the conventional effect of B. subtilis nattoh. Thus, therapeutic

16
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effect on atopy 1s further enhanced. The microorganism of the
invention may be formulated into various formulations such as
ointment, lotion, cream, paste, gel, emulsionandpack. Thecontent
of the microorganism of the invention in such a formulation is not
particularly limited; it may be containedat 0.0001-0.1% by weight.
The formulation containing the microorganism of the invention may
be applied to inflammatory sites of atopic dermatitis patients in
a dosage of 10°°-10° g (in terms of the microorganism that is the
active ingredient) one to several times a day. In the preparation
of these formulations, hydrocarbons such as squalane, paraffin and
vaseline; oils suchasoliveoil andalmondoil; waxes such as beeswax
and lanolin; fatty acids such as stearic acid and oleic acid; higher
alcohols such as cetahol and stearyl alcohol; synthetic esters such
as glycerol triester; 01l phase components such as silicone o0il;
moisture retentives such as glycerol, propylene glycol, sorbitol
and polyethylene glycol; thickning agents such as quince seed gum,
pectin and cellulose derivatives; alcohols such as ethanol and
isopropyl alcohol; purified water such as deionized water;
surfactants suchasglycerol monostearate, sorbitan fattyacidester,
fatty acid soap and sodium alkylsulfate; alkali such as potassium
hydroxide, sodium hydroxide and triethanolamine; flavoring
agents; pigments; chelating agents; preservatives; anti-oxidants;

buffers; vitamins; UV absorbents; amino acids and the like may be

combined.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows the results of homology analysis between the 168
rRNA of Bacillus subtilis takemi and thatof Bacillussubtilisnattoh.
In this Figure, the upper row of the two juxtaposed sequences shows

the nucleotide sequence from position 1037 to position 1406 of the

17
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16S rRNA of Bacillus subtilis takemi, and the lower row shows the

nucleotide sequence of the corresponding region of the 16S rRNA

of Bacillus subtilis nattoh.

BEST MODES FOR CARRYING OUT THE INVENTION

Hereinbelow, the present invention will be described more
specificallywithreference to the following Examples, which should

not be construed as limiting the scope of the invention.

18
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EXAMPLE 1.

Quantitative Determination of Chitin/Chitosan

1. Samples

1) Bacillus subtilis takemi

2) Bacillus subtilis nattoh

2. Outline of the Test

Each sample was treatedwithalkali as describedbelow toobtain
insoluble matter, which was subjected to acid hydrolysis and then

high performance liquid chromatography to determine the amount of

glucosamine. This amount was converted into the amount of chitin

(or chitosan) .

3. Test Results

The results are shown in Table 6.

Table 6. Test Results

Sample o Chitin/Chitosan (%)
In terms of chitin In terms of chitosan

1) 0.044 0.035

2) Not detected Not detected .

Detection limit: 0.001%

19
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4. Testing Method
1) Alkalili Treatment
About 5 g of the sample was weighed accurately. Five
millilitersof 8% (w/v) sodiumhydroxide solution was added thereto,
and the resultant mixture was heated for 2 hours in boiling water
b‘ath. After cooled to room temperature, the mixture was vacuum
filtered with a membrane filter (0.45 4m). The residue was washed
with water until the filtrate became neutral.
2) Acid Hydrolysis
The residue was dried overnight at 60C together with the
membrane filter. ‘I‘hen, the residue was transferred into a test
tube to be sealed. Five milliliters of 6 mol/L hydrochloric acid

was added to the test tube, which was then sealed under reduced

pressure and placed in a dryer at 100 C for 16 hours for hydrolysis.

After cooled to room temperature, the resultant hydrolysate was
condensed and dried to solid with a rotary evaporator to thereby
remove hydrochloric acid. The residue was dissolved in a small

volume of water and thenneutralizedwithasodiumhydroxide solution.

Water was added thereto tomake the total volume 10ml. This solution

was filteredwith a membrane filter (0.45 Um) toobtainthe filtrate

as a test solution, whichwas then applied tohighperformanceliguid
chromatography after appropriate dilution.

3) Quantitative Determination of Glucosamine

The amount.‘ of glucosamine in the test solution was

quantitatively determined by high performance ligquid
chromatography (absolute calibration curve method, measurement of
peak height).

'4) Calculation

i) When the determined glucosamine was converted into chitin

(N-acetylglucosamine polymer):
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chitin (%) = G x V / W x 10"¢ x 1.1341

G: glucosamine concentration (ui/ml) in ﬁhe test solution
determined from the calibration curve

V: constant volume of the test: solution (ml)

W: amount of the sample used (g)

1.1341: weight conversion factor fromglucosamine to chitosan

ii) When the determined glucosamine was converted into chitosan
(glucosamine polymer):

Chitosan (%) = G x V / W x 10* x 0.8995

G: glucosamine concentration (#£1/ml) in the test solution

determined from the calibration curve
V: constant volume of the test solution (ml)

W: amount of the sample used (g)

0.8995: weight conversion factor from glucosamine to chitin

EXAMPLE 2.

Preparation of a Composition for Soil Improvement

A granule-type inorganic porous ceramic that releases 88 kinds
of anions and cations was provided (trade-mark: Z Gold;

manufactured by Gold Kousan Co., Ltd.). To 1,200 ml of an agqueous
solution containing 120 g of glucose and 60 g of yeast extract,
3 kg of ‘the above inorganic, porous ceramic granules were added and
agitated thoroughly. To thismixture, 300mlofa 1i¢_u-id containing
Bacillus subtilis takemi at‘lxloa cells/ml was added and agitated.
The resultant dispersion mixture was maintained at 25-45C to
thereby grow the microorganism in the pores of the porous ceramic.
The resultant ceramic granules were powdered, and then mixed

with an organic fertilizer material consisting of 200 kg of rape
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seed meals, 200 kg of bone dust, 150 kg of fish cake, 150 kg of
rice bran, 100 kg of soybean powder, 100 kg of poultry droppings
and 100 kg of seaweed compost. This mixture was fermented for about
30 days. As the fermentation of organic matter proceeded, a
composition for soil improvement with a high fertilizer response
property was obtained which contained not only microorganisms
effective for soil improvement but also plenty of chitin and/or

chitosan that are effective as a s0il improving material.

EXAMPLE 3.

Tomato Cultivation using the Composition for Soil Improvement

Tomato is a representative vegetable that dislikes continuous
cropping. Damage by continuous cropping is believed to occur
because of the following reasons. Briefly, as a result of abundant
application of agricultural chemicals and fertilizers, root hairs
of plants are burnt and become incapable of absorbing phosphor and
minerals; useful microorganisms in soil are killed and thus the
food-chain between useful microorganisms and plants is inhibited;
and harmful microorganisms propagate to cause diseases.

Thirty to thirty-five bags of the composition for soil
improvement (prepared in Example 2 above) (15 kg/bag) was applied
per 10 a. of tomato cultivating field.

Asaresult, tomatoplantsgrownup therehadappropriateheights
and were sturdy with short internodes. Usually, flower bud growth
tends tobecomeunfavorableat the3rdandd4thbranchjoints. However,
such a problem was not observed in the tomato plants grown in this
Example. A yvield 20-30% higher than the conventional yield was
achieved. Furthermore, in spite of the fact that occurrence of

diseases and considerable decrease inyield are fregquently observed
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in the second year of continuous cropping, no damage by continuous
cropping was observed for 4 years and a good vield could be secured
in this Example.

When these tomato plants were pulled out from soil, it was

observed that their roots were spreading sufficiently and that root

halrs were grown up well.

EXAMPLE 4.

Preparation of a Fermentation Material to Treat Organic Waste

A granule-type inorganic porous ceramic that releases 88 kinds
of anions and cations was provided (product name: 2 Gold:
manufactured by Gold Kousan, Co., Ltd.). To 1,200 ml of an agqueous
solution containing 120 g of glucose and 60 g of yeast extract,
3 kg of the above inorganic, porous ceramic granules was added and
agitated thoroughly. To thismixture, 300mlofaliquidcontaining
Bacillus subtilis takemi at 1x10° cells/ml was added and aglitated.
This dispersion mixture was maintained at 25-45C to grow the

microorganism in the pores of the porous ceramic.

EXAMPLE 5.

Fermentation Treatment of Organic Waste

Organic waste was treated by fermentationusingavertical-type
garbage (i.e. wet waste from kitchens) fermentation apparatus

(product name: Takemi Type Garbage Fermentation Apparatus Model

6; manufactured by Gold Kousan Co., Ltd.).

This apparatus has a vertical shape and is composed of 3
fermenters piled up, each of them being 600 mm in inside diameter

and 600 mm in height. The top layer is an inlet for garbage, and
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the 2nd and 3rd layers are fermenters. This apparatus can treat
50-100 kg of garbage per day continuously. This apparatus 1s
designed so that the fermenter at each layer can be rotated
independently. Besides, each layer is providedwith a rotary blade
for the purposes of agitation and disruption of garbage. Each
fermenter is designed so that intake/exhaustion of air can be
performed independently. Also, the fermenter is covered with a
heat insulator so that temperature control can be performed
independently.

The fermentation material prepared in Example 4 above was put
in advance in the fermenter at the top layer. Generally, the amount
of the fermentation material put therein is 50 kg, which enables
continuous operation forl to 5 yearswithout supplementation though
some decrease would occur because of abrasion or the like. Garbage
from food industry or households was put into this fermenter from
an inlet provided at the upper part thereof. While rotating the

fermenter, air was fed thereto, and the fermenter was heated to

35-45C. Asaresult, the ferment microorganismin the fermentation

material grew and the fermentation of the garbage started. Prior
to the treatment, the composition of garbage was adjusted by adding
thereto droppings from domest;ic animals, residues from the
processing of animals and fishes, etc.

As time passed on, the garbage moved to the 2nd layer and then
to the 3rd layer with fermentation progressintg. Finally, the
garbage was taken out from the bottom of the 3rd fermenter as a
high quality fertilizer.

Since Bacillus subtilis takemi 1is a nitrate-reducing
microorganism, it does not generate offensive odor attributable
to ammonia, and yet it has a smell of coffee. Besides, discharged

material from this microorganism serves as a fertilizer and, at
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the same time, as a high quality soil-improving material containing

chitin and/or chitosan.

EXAMPLE 6.

Soybeans (1 kg) were washed and dipped in a sufficient volume
of water for half a day. Soybeans that had absorbed enough water
were steamed until they could be easily cruéhed with the thumb and
the index finger.

Two loopfuls of Bacillus subtilis takemi dissolved in 2
tablespoonfuls of hot water was poured over the steamed soybeans
quickly so that the microorganism was distributed uniformly while
the soybeans were still hot.

The soybeans were placed flatly in a dish so that they had a
height of about 2 cm and could contact air.

This dish was put in an incubator adjusted at around 42T and

incubated for one to two days. Then, a white membrane appeared
on the surfaces of the soybeans. Thus, nattoh was obtained. When

this nattoh was cooled in a refrigerator, it was further ripened

and presehted a good taste.

The thus obtained nattéh gave the same touch to the teeth as
conventional..nattoh, but itdidnot havethesmell of ammoniapeculiar
to conventional nattoh since Bacillus subtilis takemi is a
nitrate-reducing microorganism. Besides, this nattoh had a smell
of coffee peculiar to the micr"‘oorganism. As a result, it has become
a food that is acceptable to those who dislike conventional nattoh

and is suitable as a side dish to not only cooked rice but to other

foods.
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EXAMPLE 7.
Preparation of a Feed Additive
Components
Humus soil 30%
Yeast extract 18%
Z Gold 15%
Natural anti-microbial materials 10%

(Hinokitiol, Brazil Pure Propolis)

Natural organic acids (mixture of malic acid, 7%

acetic acid, citric acid and kojic acid)

Emulsified oligosaccharides 5%
Natural vitamin C 5%
Dispersion liquid of useful microorganisms* 10%

(total 10°% cells/L)

* . Enterococcus faecium, Lactobacillus acidophilus,

Bifidobacterium bifidum

Preparation Method

“p.17 Z Gold” (a porous ceramic of which the major component
is naturai calcium; a product manufactured by Gold Kousan Co., Ltd.)
was treated in the same manner as described in Example 4 to thereby
grow Baci"‘llus subtilis takemi. The resultant ceramic was crushed
into powder 1 mm or less in size so that domestic animals could
eat without any trouble. To this powder, the above-described
components were added at the indicated ratios, agitated and then

maintained at 35-45C for fermentation. Fermentation conditions

were adjusted so that 10°-10° cells were contained per gram of the

feed.
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EXAMPLE 8.

Feeding of the Feed Additive

The feed additive prepared in Example 7 above was added to
feeds for domestic animals at the ratios indicated below.

Cattle: 0.4%, Pig: 0.6%, Chicken: 0.3-0.4%

Fifteen ﬁealthy pigs and 15 weak pigs were selected froma group
of young pigs born almost at the same time 1n the_same pig farm.
On day 75 after birth, they began to receive a feed to which the

above feed additive had been added at 0.6%.

On day 75, the average body weight of the weak group was 3 kg
lower than that of the healthy group. On day 175, differenc‘e in
average body weight between the test group and the control group
became zero. At the time of shipment on day 200, the average body

weight of the test group in the weak group was 2.8 kg higher than

that of the control group.

In the internal organs of the pigs in the test groups, neither

jaundice symptoms nor cardiac hypertrophy was observed. The

melting point of their fat was 3.2C higher than that of the control

pigs; their fat was a high quality fat containing less unsaturated
fatty acids that would generate active oxygen. The emission of

of fensive odor from droppings was also reduced in the test groups.

EXAMPLE 9.

Dry soybeans (1 kg) were steamed. Catechin (15-30 g;
manufactured by Ito En, Ltd.) and ginkgo leaf extract (15-30 g;
manufactured by TAMABIOCHEMICALCo., Ltd.) were added to the steamed

soybeans. Then, nattohwas prepared in the samematter as described

in Example 6.
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When compared toconventional nattohsupplementedwithcatechin
and ginkgo leaf extract, the nattoh of this Example prepared in
the same manner as Example 6 with the addition of catechin and ginkgo
leaf extract had a remarkably reduced smell of nattoh. Also, the

bitterness of catechin and ginkgo leaf extract was reduced in the

nattoh of this Example.

EXAMPLE 10.

A formulation containing Bacillus subtilis takemi was prepared

according to the following prescription.

Cream
Bacillus subtilis takemi 10°-10%° cells
Stearyl alcohol 6.0 g
Stearic acid 2.0 g
Hydrogenated lanolin 4.0 g
Squalane 9.0'g
Octyldodecanol 10.0 g
1,3 butylene glycol 6.0 g
PEG 1500 4.0 g
POE (25) cetyl alcohol ether 3.0 g
Glycerol monostearate 2.0 g
Purified water* 54.0 g

* Mineral <<88>> (a solution manufactured by Gold Kousan Co., Ltd.

containing 88 kinds of mineral anions and cations)

EXAMPLE 11.

To 1 L of milk, 15 ml of an ihstant yogurt mix and 1 g of the

inorganic porous ceramic granules (1-10 Um 1in average particle

size) carrying Bacillus subtilis takemi prepared in Example 4 were
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added and mixed thoroughly. The resultant mixture was incubated

at about 30C for 3-6 hours to thereby yield a yogurt.

The thus prepared yogurt was less sour because of the effect
of Bacillus subtilis takemi; more nutritious with chitin and
chitosan oligosaccharides contained therein; and had a smell of

coffee. Thus, it was a yogurt good for health and easy-to-take.

EXAMPLE 12.

A 1liquid containing Bacillus subtilis takemi grown was
centrifuged and the supernatantwas discarded. Purewater was added
to the precipitate, which was subjected to dispersion washing and
then centrifuged again. These operations were repeated 5 times.
The final precipitate was dispersed in pure water to give a
concentration of 1x10°-1x10'' cells/ml.

This dispersion liquid was sonicated to disrupt cells. The
thus prepared liquid containing disrupted cells was put in a sprayer
and sprayed onto a wrapping sheet of vinyl chloride or the like.
After sufficiently dried, the sheet was rolled. One milliliter
of the dispersion liquid was sprayed per m°. These series of
operationswerecarriedout inanasepticroomtoavoidcontamination
with miscellaneous microorganisms.

To the thus prepared wrapping sheet and a commercial wrapping

sheet just unsealed, 0.1 ml of E. coli culture liquid containing

10° cells/ml was dropped and left at 30C for 8 hours. As a result,
E. coli grew and formed colonies on the commercial wrapping sheet.
On the other hand, no colony formation was observed on the wrapping
sheet that had been coated with Bacillus subtilis takemi. Thus,
it was confirmed that this microorganism has anti-microbial
property.

When a water containing anti-microbial titanium ions, silver
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ions, germanium ions, cobalt ions, neodymium ions, etc. is used
as dispersion liquid of disrupted Bacillus subtilis takemi,

anti-microbial property is further enhanced.

INDUSTRIAL APPLICABILITY

The microorganism of the invention is useful since it can be
used for improving soil, for treating organicwaste by fermentation,
for fermenting soybeans, and for reducing bitterness. The
microorganism of the invention can also be used as a feed additive
or a food additive. Further, themicroorganismof the inventionhas

an anti-microbial effect.
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CLAIMS:

1. A microorganism defined as Bacillus subtilis

takemi (FERM BP-6589).

2 . A method for reducing soi1l damage caused by
continuous cropping, improving fertilizer response of soil,
or 1mproving anti-microbial property of soil, which
comprises adding the microorganism of claim 1 to the soil

and fermenting the microorganism.

3. A composition for reducing soil damage caused by

continuous cropping, improving fertilizer response of soil,

*

Oor 1mproving anti-microbial property of soil, which

composition comprises the microorganism of claim 1 and a

porous carrier by which the microorganism is carried.

4, The composition of claim 3, wherein the porous

carrier 1s selected from the group consisting of porous

ceramics, wood pilieces, charcoal and straw pieces.

5. The composition of claim 3, wherein the porous

carrler 1s porous ceramics.

0. The composition of claim 3, 4 or 5, which

comprises 10° to 10'°® microorganisms per gram of the carrier.

7. A mixture for fertilizing soil and reducing damage
of the soil caused by continuous cropping, which mixture

comprises:

(a) the composition as defined 1n any one of

claims 3 to 6 or a powder of the composition; and

(b) an organic fertilizer material obtained by
fermenting a raw material selected from the group consisting
of rape seed meals, bone dust, fish cake, rice bran, soybean

powder, poultry droppings and seaweed compost,
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wherein the ingredient (a) is contained in an

amount of 2 to 10 g per kg of the ingredient (b).

3 . A process for producing the mixture of claim 7,

which comprises:

g~
p—

mixing the composition as defined i1n any one of

claims 3 to 6 or a powder of the composition with the raw

material of the organic fertilizer material, and
fermenting the raw materials.

9. A method of reducing soi1l damage caused by
continuous cropping, 1improving fertilizer response of soil
or improving anti-microbial property of soil, which

po—

comprises applying the composition of any one of claims 3

to 6 or the mixture of claim 7 to a soil in an amount of 150

to 600 kg per 1000 m* of a farmland.

10. A method for treating organic waste, which
comprises adding the microorganism of claim 1 to the organic
waste and fermenting the organic waste, wherein the

microorganism may be carried by a porous carriler.

11. The method of claim 10, wherein the organic waste
comprises at least one member selected from the group
consisting of poultry droppings, cattle droppings and food
sludge.

12. The method of claim 10 or 11, wherein the

microorganism carried by the porous carrier 1s added to the

organic waste in an amount of 2 to 10 grams per kg of the

organic waste.

13. The method of any one of claims 10 to 12, wherein

the fermentation 1s conducted together with another

microorganism selected from the group consisting of:
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(a) bacteria and filamentous fungi that degrade

saccharides 1n the organic waste;

(b) aerobic actinomycetes that degrade

hemicellulose 1n the organic waste;

5 (c) anaerobic bacteria that degrade cellulose 1in

the organic waste; and

(d) aerobic basidiomycetes that degrade lignin 1n

the organic waste,

while aerating or agitating the organic waste at a

10 temperature of 12 to 51°C for 1 to 30 days.

14. A composition for treating an organic waste
through fermentation comprising the microorganism of claim 1

and a porous carriler.

15. The composition of claim 14, wherein the porous

15 <carrier 1s a porous ceramilc.
16. A method for fermenting soybeans, which comprises:

adding the microorganism of claim 1 to steamed

soybeans, and

fermenting the steamed soybean, to produce a

20 fermented soybean product free of an ammonia odor.

17. A fermented soybean product which 1s produced by
using the microorganism of claim 1 and has a smell of coffee

substantially free of an ammonia o0dor.

18. A method of using the microorganism of claim 1 as
25 a feed additive, which comprises adding the microorganism to

a feed.

19. A feed composition which comprises:
33
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(a) a feed, and

(b) the microorganism as defined in claim 1.
20. The feed composition of claim 19, wherein the

microorganism (b) 1s contained 1n an amount of 10° to 10°

cells per gram of the feed.

21. The feed composition of claim 19 or 20, wherein

the feed (a) is a feed for domestic animals, a feed for fish

or a pet food.

22. A method for reducing bitterness of a bitter food
or pharmaceutical, which comprises adding the microorganism

of claim 1 to the bitter food or pharmaceutical.

23. The method of claim 16, wherein catechin or a
ginkgo leaf extract i1s added to the soybeans during the
method; and as a result, bitterness due to the catechin or

ginkgo leaf extract 1s reduced by the microorganismn.

24. The method of claim 22, wherein the microorganism
1s added to the bitter food which 1s selected from the group
consisting of citrus fruits and juices thereof; vegetables
and julces thereof; soybean products; fish meat and
processed marine products; and meat and processed meat

products.

25. The method of claim 22, wherein the microorganism

is added to the bitter pharmaceutical which 1s selected from

the group consisting of catechin and a ginkgo leaf extract.
26. A feed additive which comprises:
(1) the microorganism of claim 1, and

(11) at least one other ingredient selected from

the group consisting of humus soi1l, yeast extract, 1inorganilc
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porous ceramlic granules, natural anti-microbial materials,

-

natural organic acids, oligosaccharides and vitamin C.

27 . The feed additive of claim 26, wherein the other
ingredient (11) comprises humus soll, yeast extract,
inorganicC porous ceramlc granules, a natural anti-microbial
material, a natural organic acid, an oligosaccharilide and

vitamin C.

28 . A method of alleviating an offensive odor of
droppings of an animal, which comprises adding the feed
additive as defined 1in claim 26 or 27 to a feed for the

animal.

29. The method of claim 28, wherein the feed is a feed

for a domestic animal, a fish feed or a pet food.

30. A method for 1mparting a smell of coffee to a food

or drink, which comprises adding the microorganism of

claim 1 to the food or drink.

31. The method of claim 30, wherein the microorganism
1s added to the food which 1s selected from the group
consisting of (1) livestock meat, milk, fish, shellfish or a
processed product of livestock meat, milk, fish or shellfish
and (2) cereal, bean, potato, vegetable, fruit or a
processed product of cereal, bean, potato, vegetable or

fruit.

32. The method of claim 30, wherein the microorganism

1s added to the food which is ice cream or vyogurt.

33. The method of claim 30, 31 or 32, wherein the

microorganism 1s carrled by 1norganlcC porous ceramic

granules.
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34. A method for reducing a sour taste in a food,

which comprises adding the microorganism of claim 1 to the

food.

35. A method for enriching nutritions of a food, which

comprises adding the microorganism of claim 1 to the food.

36. A method of inhibiting bacterial growth in or on a
food, which comprises preserving the food wrapped with a

plastic wrapping sheet or contained in a plastic food

container, whereln a surface of the plastic wrapping sheet
or an 1inner surface of the plastic food container 1s coated
with disrupted cells of the microorganism as defined in

claim 1.

37. The method of claim 36, wherein 10* to 10° cells of

the microorganism are coated per cm? of the surface of the

P

wrapping sheet or the inner surface of the food container.

38. An anti-microbial composition comprising the

microorganism of claim 1 and an anti-microbial ion selected

from the group consisting of titanium ions, silver 1ons,

germanium ions, cobalt i1ons and neodium 1ons.

SMART & BIGGAR
OTTAWA, CANADA

PATENT AGENTS
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FIG. 1

[GENETYX-MAC : Nucleotide Sequence Homology Data)

1st Nucleotide Sequence

File Name . coffee 165 rRNA (positions 1037-140€6 of
Sequence Size : 326 Bacillus subtilis takemi 16S rRN2)

2nd Nucleotide Sequence

File Name : Bacillus subtilis (Accession No.D84213)
Sequence Size . 15467 o
‘Unit Size to Compare = 4
Pick up Location = ]
[02.7% / 331 bpl OPT. Score : < 1117 >

1 GAGATGTT-GGTTAAGTCCCGCGACGAG-GCNACCCTTG-TNTNAGTNGCCAGCAATTCAG-
X XXX EEK FXRRKRXIRRRRRILEREREIEYE YR, RER¥IYXX OP.OX_XEE.EXXEYEE ORREEERRZ

1700 GAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGC-ATTCAGT

59° TNGGCANTNTAAAGTGACTGCC-GTGACAAGCCGGAGGAAAGGTGGGAATGACGTCAAATCA
.0 k3%2%_ %, kt% XXEREEERRE OXABEREYE XRRRREY KXEXEFEEE ORFFETSRBEERREEK

 1761" TGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGG-AAGGTGGGGATGACGTCAAATCA

120° TCATGCCCCTATACGACNTGGGCTACACACGTGCTACCATGGACAGAACAAAGGGCAGCGAA
FE3XF KL 2% %%, KRERRXRRXERIEEERYEEERE: SRXXRFEERERIXEEREXEEXILRXRERGE

1822" TCATGCCCCT-TATGACCTGGGCTACACACGTGCTACAATGGACAGAACAAAGGGCAGCGAA

182° ACCGCGAGGTTAAGCCAATCCCACAAATCTGTTCTCAGTTCGGATCGCAGTNTGCAACTTCG
3388220802222 223 3 2 2 3 3 12223222121 ITIIIET

1883" ACCGCGAGGTTAAGCCAATCCCACAAATCTGTTCTCAGTTCGGATCGCAGTCTGCAAC-TCG

244" ACTGCGTGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCG
R R R R R R R R R R R R R R R R R R R R R RS SSRREY

1944 ACTGCGTGAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCG

305' GGCCTTGTACACACCGCCCGT
PSR SRR E R R E R R R R RS,
2006” GGCCTTGTACACACCGCCCGT
1/1




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - drawings

