For S

PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 5 :

CI2N 11/14 Al

(11) International Publication Number:

(43) International Publication Date:

WO 92/18623
29 October 1992 (29.10.92)

(21) International Application Number: PCT/F191/00120

(22) International Filing Date: 22 April 1991 (22.04.91)

(71) Applicant (for all designated States except US): KEMIRA
OY [FI/FI]; P.O. Box 44, SF-02271 Espoo (FI).

(72) Inventors; and

(75) Inventors/Applicants (for US only) : SEISKARI, Pekka [F1/
FIJ; Vols, SF-02400 Kirkkonummi (FI). PULKKANEN,
Heikki [FI/FI]; Raappavuorenkuja 3 B 34, SF-01620
Vantaa (FI). VAPAAOKSA, Pekka [FI/FI}; Preiviiki,
SF-28600 Pori (FI).

(74) Agent: BERGGREN OY AB; P.O. Box 16, SF-00101 Hel-
sinki (FI).

(81) Designated States: AT (European patent), AU, BE (Euro-
pean patent), CA, CH (European patent), DE (Euro-
pean patent), DK (European patent), ES (European pa-
tent), FI, FR (European patent), GB (European patent),
GR (European patent), IT (European patent), JP, LU
(European patent), NL (European patent), SE (Euro-
pean patent), SU, US.

Published
With international search report.
With amended claims.
In English translation (filed in Finnish).

(54) Title: SOLID SUPPORT MEDIUM FOR MICROBE PREPARATIONS AND A METHOD FOR CULTIVATION OF

MICROBES

(57) Abstract

N

The invention relates to a method for the culture of microbes in a solid culture medium, wherein substantially cation-free
and porous silica frames of silicate particles are treated with a nutrient source, and one or more microbe species are added. The
invention also relates to a product which is made up of substantially cation-free and porous silica frames of silicate particles and

of one or more microbe species.
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Solid support medium for microbe preparations and a method

for cultivation of microbes

The invention relates to a method for the culture of micro-
organisms in a solid nutrient medium, wherein a silicate-based
material is treated with a nutrient source, and one or more
microbial species are added, and the produced mixture is kept
under conditions in which the microbes will propagate. The
invention also relates to a product which is made up of a mix-
ture of a silicate-based material and one or more species of
microbes.

The culture of microbes in solid culture media is an old method
which is conventionally used especially in the food industry,
for example in the production of blue cheeses and oriental
koji-type preparations. These processes have been learned pri-
marily through tradition, at first without any knowledge of
their microbiological and enzymatic character.

In recent years there has been increasing awareness in the bio-
technological industry that solid-state fermentation (SSF)
processes constitute a noteworthy technique alongside submerged
fermentation, which is the most commonly used. In many cases,
SSF is the only possible process for the biotechnological pro-
duction of a certain product, for example owing to the physiol-
ogy of the growth of the microbe used. Often SSF is also a more
economical process than submerged fermentation: the require-
ments of asepsis are not as high in certain applications, the
process is simpler, and the costs of after-treatment are lower
owing to the lower water content in the medium.

The usability of SSF is crucially dependent on the properties
of the culture medium: nutrients, water-binding capacity, and
structure. In conventional SSF, the media used are relatively
complex materials which serve simultaneously as sources of
nutrients, binders of water, and support materials. Examples of
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such materials include cereal grains, chaff, chopped straw, saw
dust, peat, and compost (e.g. US Patent 4,748,021, FI Patent
69390). Sometimes components, such as gypsum or lime, which
improve the structure of the medium are added to these media.

The industrial use of the culture media listed above is based
partly on their economical price and good availability. In the
developing of new biotechnological products, such as microbial
inoculums, it is of primary importance that the properties of
the final product be precisely those desired. For example, when
cellulose-containing biomass is used as a medium in SSF, it is
in practice almost impossible to obtain from a microbial in-
oculum a dry powder usable as a seed-dressing agent or spray

powder.

It is also previously known to use various silicate minerals,
such as vermiculite, bentonite and kaolinite as SSF support
materials, especially in the preparation of inoculums of nitro-
gen bacteria and mycelia (e.g. Appl. Env. Microbiol. 53 (1987)
2138-2140; Curr. Sci. 51 (1982) 430-432).  The possibilities of
formulating such products for end use are, however, limited,
and they are indeed in general used either as such, dried or
most often undried, or in some way granulated.

In formulating preparations which contain live micro-organisms,
efforts are made to bring them into a form as easily applicable
as possible to each given purpose, usually either liquid con-
centrates or powders. For example in agricultural use it is
advantageous if a microbial preparation can be sprayed at the
target or be used for dressing plant seeds. This sets high
requirements on the formulation of the microbial preparation,
especially as regards the viability of the micro-organisms and
the spraying and dressing properties of the preparation. Usual-
ly support materials, various protective substances, moistur-
izers, dispersing agents, and pH control agents are used in the

formulation.
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It is the purpose of the support material not only to protect
the microbe but also to serve as a diluent; these supports are
typically various organic natural materials, their derivatives,
or inorganic minerals. The protective substances may be, for
example, UV-protectants or anti-oxidants. The properties re-
quired of a support material include a suitable specific sur-
face, a good buffering capacity, and a correct pH range.

It is previously known to use as a support material in the
formulation of microbial preparations various inorganic sili-
cate minerals such as vermiculite, kaolinite or montmorillonite
(e.g. Can. J. Microb., Vol. 12 (1966), pp. 1235-1246). The
quality of materials of this type may vary greatly, and fur-
thermore, the microbe-inhibiting components possibly present in
them may cause problems in the formulation of micro-organisms.

From the viewpoint of industrial production of microbial prepa-
rations it is necessary to be able to use in the culture or
formulation an inexpensive, even-quality-support material by
means of which the desired advantageous properties can be ob-
tained for the culture medium and the end product.

Some of the most important requirements set on industrial-scale
SSF culture media are listed below:

Structure of the culture medium: The medium must be porous,
preferably granular, so that the microbes will have a maximal
growth surface per unit volume. A granular structure also en-
sures a sufficient supply of oxygen for the microbes.

Moisture content: The moisture content must be high enough to
enable the microbes to grow in the medium. However, the quan-
tity of free water in the medium should be minimal in order
that water should not block the spaces in which air flows. A
large water content will also increase the costs of drying and
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separation in the after-treatment.

Utilization of nutrients: For the economy of the process it is
preferable that nutrients are present in precisely the gquantity
required by the microbe in order to grow and/or to produce the

desired component at the desired rate.

After-treatment: The culture medium must be easy to introduce
into the fermentor and to remove from it. In the case of micro-
bial inoculums it is also necessary that the medium can be
easily dried so that the microbes or their spores will survive
the drying. After the drying it is often also necessary to be
able to grind the product to a powder gently so that the or-
ganism will not suffer excessively.

Formulation: It is preferable that the medium contains com-
ponents which promote the usability of the product (adhesion to

seeds, non-caking, suspendable).

Price: The price of the culture medium must be reasonable in

proportion to the price of the product.

In the present invention these objectives have been achieved
with a new process and product which are characterized in what
is stated in the characterizing clauses of the independent
patent claims. It has thus been observed that a silica frame
obtained by leaching cations from silicate minerals is excel-
lently applicable as a support material for SSF and for micro-
bial preparations which contain live microbes. By its surface
properties the silica frame is a particle which is hydrophilic
and has a high specific surface. Its pore structure consists
primarily of micro- and mesopore structures with a natural
ability to retain water adsorbed onto its surfaces. The mois-
ture is primarily in the pores, and so the spaces between the

particles will remain dry.
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A silica frame of the correct type is usually obtained from a
silicate mineral by leaching it with an acid. In the silica
frame the space left by cations is filled with hydrogen atoms
and the surface becomes hydrophilic.

The leaching technique is affected by any lattice defects in
the mineral; if use is made of these defects, the acid can be
caused to penetrate into the silicate and to remove the ca-
tions. In Example 1 such a lattice defect is due to the fact
that part of the iron is bivalent and part of it is trivalent.
When the bivalent iron present in the lattice is oxidized to
trivalent iron during the leach, the ion radius of the iron
decreases and there is produced in the lattice more space, in
which the acid has access to the cation structure to leach the
cations without damaging the silicon frame of the silicate. In
almost all natural silicates there are lattice defects with the
help of which the silicate can be leached to produce a silica
frame.

In the production of the product according to the invention,
the starting material consists of silicate particles, such as
particles of phlogopite, biotite, vermiculite, bentonite or
kaolinite. The silicate particles are preferably sedimentary
silicate, particularly phlogopite or biotite. Synthetic mica
can also be used.

When silicate particles are treated with an acid to remove the
cations present in the silicate, the treatment acid is an
aqueous acid solution having a concentration ranging from 0.7
to 70 % by weight, preferably from 4 to 65 % by weight. The
corresponding pH range is in this case 0-7. The temperature
range of the treatment is preferably approximately 0-100 °C at
normal pressure. Some suitable acids are H,SO4, HCl, HNO,, HF,
HBr, HI, HClO3, HBrOj, HC1O,4, HPO4, citric acid, salicylic
acid, tartaric acid, organic acids, oxalic acid, and mixtures
of the above acids. The most preferred acids are sulfuric acid,
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hydrochloric acid and nitric acid.

The acid treatment can, when necessary, be carried out in the
presence of an oxidizing or reducing additive. Examples of
typical oxidizing additives include HNO3, H;O05, MnO, (=),
Cr07(2-), ClO4(-), Cl03, Oy, persulfates, Cl,, Brj. Examples of
usable reducing agents include Sn(II}, Fe(II), 5203(-), cu(Il),
aldehydes, ketones, H2P04(-), sulfites, phosphites, V(II) and
V(III). The amount of the oxidizing or reducing additive is
dependent on the extent of effect it is desired to have on the
solubility of the cations of the silicate. Typical additive
amounts are 0-20 % of the weight of the initial material.

The density of the silica frame material of the product accord-
ing to the present invention drops by approximately 30-50 % as
a result of the acid leach. It can thus be seen that the prod-
uct according to the invention will be considerably lighter in
weight than a product according to the state of the art, based

on unleached silicate particles.

The preferred particle size range of the silica frame material
used in the product varies according to its use. A preferred
particle size range is 1 - 2000 um, the most preferred is 10 -
900 um. The specific surface area is within a range of ap-
proximately 10-1000 mz/g, which makes the material usable for
applications requiring a large specific surface.

The product according to the invention is thus a silica frame
with a microbial inoculum on its surface. The microbe may be,
for example, a fungus, a bacterium, plant cells, or animal
cells. The microbes may either be grown on the surface of the
silica frame by SSF or be mixed with the silica after culture,
in which case the microbes will be grown separately, for ex-

ample by submerged fermentation.

Any nutrient source, soluble or insoluble, for example chitin,
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is usable as a nutrient source in SSF. After culture in a stat-
ic column reactor or mixed solid-state fermentation, and a pos-
sible drying, the product is ready for use. Pre- and after-
treatment of the product (grinding, sterilization) is simple,
since the basic properties of the silica frame are retained
through the treatment.

Owing to the granularity of the medium, the surface area for
the microbial culture is large, and the transport of oxygen to
the microbes is hindrance-free even in large reactors. The
removing of the medium from the fermentor at the end of the
culture is easy also in cases which require asepsis.

The drying of the medium, when necessary, with its microbes
and/or microbe spores after the culture will also not cause
difficulties. The porous structure of the silica will protect
the microbes and, since the silica support has already been
ground to fine powder in advance, gentle grinding of the prod-
uct after the culture will not be detrimental to the microbes.
The product thus obtained is excellent as a seed-dressing or
spray powder.

Owing to its surface properties, the silica frame serves effec-
tively as a protective and support material for the microbes
mixed with it. In addition, it prevents the product from

caking.

The invention is described below in greater detail with the
help of examples.
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Example 1
Preparation of silica frame from phlogopite

a) 700 g phlogopite, particle size
0.01-1500 um
2.5 1 water

2065.36 g H2504 (96 %)
331.33 g H,0,

A slurry is prepared from the mica, water and sulfuric acid,
the slurry is heated to 95 °C, whereafter H,0, is fed under the
surface for approximately 5 hours under constant mixing. The
total leaching time is 7 hours, of which approximately one
hour, before the feeding in of the H,0,, consists only of mix-
ing and heating, and one hour, after the end of the feeding in
of the H50,, consists of mixing. Thereafter the mother liguor
is filtered off and the remainder (the silica frame) is washed
several times, slurrying it between washes, clean of acid and

cation residues.

b) 700 g phlogopite, particle size
0.01-1500 um
2.5 1 water
750 g nitric acid (100 %)

The leach is carried out as above, except that oxidant is not
needed, since nitric acid in itself has an oxidizing effect.

Example 2
The .procedure is in other respects the same as in Example 1,

but anortisite is used instead of phlogopite.
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Example 3
600 g serpentinite
31 ion-exchanged water
1770.31 g HyS04 (96 %)
161.82 ¢ HNO5 (65 %)

The leaching temperature was 95-97 °C and the leaching time was
'7 hours. The temperature was raised to 95 °C, and HNO; was
introduced slowly under the surface for 5 hours. After the
ending of the feed the mixture was mixed for 2 hours before
filtration. The mother ligquor was filtered off, the cake was
slurried ina 1 % Hy80, solution, and was allowed to stand in
it for 1-3 days. The cake was slurried and washed five times
with ion~exchanged water. The pH of the final filtrate was 4.1.

Example 4
The procedure was in other respects as in the previous example,

but the mineral used was vermiculite or wollanstonite.

Example 5 .
Culture of fungicidal fungi in a solid silica medium

1 g of finely-ground chitin was mixed with 9 g of a salt solu-
tion having the following composition:

1 g/l KH,PO,

The mixture was sterilized (20 min, 120 °C), and the cooled
mixture was inoculated with 1 ml of a suspension of spores of
fungicidal Trichoderma sp.; the suspension had been obtained by

scraping the spores from a PDA dish into sterile, distilled
water.

The chitin slurry inoculated with Trichoderma was mixed with

6 g of a finely-ground silica frame prepared according to Ex-
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ample 1 from phlogopite, the culture medium thus becoming gran-
ular. The medium was incubated at room temperature (20 °C) for
7 days, until the medium was covered throughout by fungus myce-

lium and spores.

The medium, spread into a thin layer on a Petri dish, was dried
for one day at room temperature. The dry product was ground
into powder in a mortar. The concentration of spores in the

product was 2.4*109/g.

The concentration of spores in a Gliocladium sp. preparation

prepared in a respective manner was 4.8*108/9.

Example 6
Fungicidal Streptomyces griseoviridis actinomycete was grown in

a solid culture medium the composition of which was:

silica 10 g
condensed starch mash* 3.6 g
dolomite lime 2 g
water 13.4 g

[+

* Oy Alko Ab, Rajamdki, solids content approx. 36 %

The medium was autoclaved and inoculated with 1 ml of an ac-
tinomycete spore suspension. The culture took place at 28 °C
for 7 days. The medium which had grown full was dried at room
temperature. The concentration of spores in the product was

3x109/g.

Example 7
Phlemia gigantea fungus intended for combatting Fomes annosum

was cultured on the same medium as the actinomycete. After 11
days of culture the medium was dried at room temperature. The

concentration of spores in the product was 2.5%10 /g
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Example 8
Culture of insecticidal fungi in a solid silica medium

1l g of finely-ground chitin was mixed with 9 g of a salt solu-
tion having the following composition:

The mixture was sterilized (20 min, 120 °C), and the cooled
mixture was inoculated with 1 ml of a spore suspension of in-
secticidal Beauveria bassiana; the suspension had been obtained
by scraping the spores from a PDA dish into sterile, distilled
water.

The mixing with the silica support, the culture and the drying
were carried out as with Trichoderma in Example 5. The con-

centration of spores in the dried and ground product was
8
3.4*%10°.

The concentration of spores in an insecticidal Metarrhizium
anisopliae preparation cultured in a respective manner was

1.5%108/g.

Example 9
Formulation of a fungicidal actinomycete preparation on silica

Streptomyces griseoviridis actinomycete was cultured in a whey

medium (10 g/l whey protein), and the growth was separated by
centrifugation. 9.0 g of saccharose and 15.0 g of a finely-
ground silica prepared according to Example 1 were mixed with
5.1 g of separated cell dry matter. The mixture was lyophilized
and ground. The viability obtained for the dry product was
5.9*107 CFU/g. After six weeks of storage at 28 °C the viabili-
ty was 1.4*107 CFU/g.
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Example 10
Formulation of a fungicidal Bacillus preparation on silica

Bacillus pumilus was cultured in a medium having the composi-

tion:

glucose 4 g/l
yeast extract 4 g/l
malt extract 1 g/1

The growth was separated by centrifugation, and 2.2 g of sac-
charose and 3.6 g of a finely-ground silica prepared according
to Example 1 were mixed with 1.3 g of the separated cell dry
matter. After lyophilization and grinding the viability was
6*109 CFU/g and after ten weeks of storage at 28 °C it was

2.6*108.

Example 11
Formulation of a fungicidal yeast preparation on silica

Cryptococcus macerans yeast was cultured in a potato dextrose
medium. The growth was separated by centrifugation, and 4.0 g

of saccharose and 11.7 g of a finely-ground silica prepared ac-
cording to Example 1 were mixed with 11.8 g of the separated
cell pulp. The mixture was lyophilized and ground. The viabili-
ty obtained for the product was 9*104 CFU/g.
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Claims _

1. A method for the culture of microbes in a solid culture
medium, wherein a silicate-based material is treated with a
nutrient source, and one or more microbe species are added, and
the produced mixture is kept under conditions in which the
microbes will propagate, characterized in that substantially
cation-free and porous silica frames of silicate particles are
used as the silicate-based material.

2. A method according to Claim 1, characterized in that the
substantially cation-free and porous silica frames have been
prepared by treating phlogopite, biotite, vermiculite, ben-
tonite or kaolinite with an acid, possibly in the presence of
an oxidizing or reducing additive, in order to substantially
eliminate the cations present in the said silicates.

3. A method according to Claim 1 or 2, characterized in
that the substantially cation-free and porous silica frames are
in a gel form.

4. A method according to Claim 1, 2 or 3, characterized in
that the nutrient source is adsorbed onto the substantially
cation-free, porous silica frames.

5. A method according to any of the above claims, charac-
terized in that the microbe species are fungi or bacteria.

6. A product made up of a silicate-based material and one

or more microbe species, characterized in that the silicate-
based material consists of substantially cation-free and porous

silica frames.

7. A product according to Claim 6, characterized in that

the substantially cation-free and porous silica frames are
phlogopite, biotite, vermiculite, bentonite, kaolinite, prefer-
ably in gel form, treated with an acid.
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8. A product according to Claim 6 or 7, characterized in
that the substantially cation-free and porous silica frames are
based on silica particles having a particle size less than 2000

um, preferably less than 900 um.

9. A product according to any of Claims 6-8, characterized
in that the microbe species are fungi or bacteria.
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AMENDED CLAIMS
[received by the International Bureau on 23 January 1992 (23.01.92);
original claims 1 and 6 amended; other claims unchanged (2 pages)]

1. A method for the culture of microbes in a culture
medium, wherein a silicate-based material is treated with

a nutrient source, and one or more microbe species are
added, and the produced mixture is kept under conditions

in which the microbes will propagate, characterized in that
substantially cation-free, porous and hydrophilic silicon
dioxide particles are used as the silicate-based material
and the growth medium containing the silicate-based material
and nutrients is solid.

2. A method according to Claim 1, characterized in that
the substantially cation-free and porous silica frames have
been prepared by treating phlogopite, biotite, vermiculite,
bentonite or kaolinite with an acid, possibly in the pre-
sence of an oxidizing or reducing additive, in order to
substantially eliminate the cations present in the séid
silicates.

3. A method according to Claim 1 or 2, characterized in
that the substantially cation-free and porous silica frames

are in a gel form.

4. A method according to Claim 1, 2 or 3, characterized
in that the nutrient source is adsorbed onto the substan-
tially cation-free, porous silica frames.

5. A method according to any of the above claims, charac-
terized in that the microbe species are fungi or bacteria.

6. A product made up of a silicate-based material and one
Oor more microbe species, characterized in that the silicate-
based material consists of substantially cation-free, porous
and hydrophilic silica frames.

7. A product according to Claim 6, characterized in that
the substantially cation-free and porous silica frames are
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phlogopite, biotite, vermiculite, bentonite, kaolinite,

preferably in gel form, treated with an acid.

8. A product according to Claim 6 or 7, characterized in
that the substantially cation-free and porous silica frames
are based on silica particles having a particle size less

than 2000 pm, preferably less than 900 pm.

9. A product according to any of Claims 6-8, characterized

in that the microbe species are fungi or bacteria.

Lid
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