
EP 0 282 989 B1 Description This invention relates to a process for
producing 5'-inosinic acid (which is hereinafter referred to as "IMP") by
phosphorylating inosine by enzymatic reaction. IMP is used as a seasoning
agent, and thus the present invention pertains to the field of food
industry. So far well known processes for producing IMP include (1) a
process by enzymatically decomposing ribonucleic acid extracted from yeast
cells (Japanese Published Examined Patent Application Nos. 16141/1957,
23698/1957, 7532/1958 and 35914/1958 and Food Technology 29, 287, (1964),
(2) a process by chemically phosphorylating Inosine produced by
fermentation (Agric. Blol Chem., 36, 1511 (1972) and 10 Tetrahedron
Letters, No. 50, 5065-5068 (1967) and (3) a process by culturing a
microorganism capable of producing IMP and recovering the IMP accumulated
in the medium (Agric. Biol. Chem., 46, 2257 (1982), etc. All of these
processes are commercially utilized. IMP is used not oniy in the ordinary
home cooking as a seasoning agent, but also widely in the processed food
such as boiled fish pastes, tubular rolls of boiled fish paste, instant
noodles, various kinds of 15  soup, etc. and the development of a process
for producing IMP at lower cost has been desired. The reaction for
enzymatically phosphorylating inosine into IMP, using inosine and
adenosine-5'- triphosphate (which is hereinafter referred to as ATP) as the
substrate is catalyzed by an activity corresponding to inosine kinase (EC
2.7.1.73) to form IMP and an ATP precursor concurrently as illustrated by
the following equation. Inosine + ATP - IMP + ATP precursor In an
economically practical process for producing IMP, it is necessary to supply
ATP at lower cost. In the phosphorylating reaction of inosine, the terminal
phosphate group of ATP is taken into inosine to form IMP, while the ATP
precursor portion remains  as such. If there is a reaction system in which
the energy necessary for synthesis of ATP is provided from an appropriate
substrate and ATP Is biosynthesized from 25 the ATP precursor using the
energy (the reaction system is hereinafter sometimes referred to as ATP
regeneration system), it may be possible to establish an IMP formation
system capable of repeatedly using the portion corresponding to the ATP
precursor, that is, an IMP production system without supplying any ATP, by
coupling the ATP regeneration system with the phosphorylation reaction of
inosine as illustrated by the following equations. In that case, if the
phosphate donor and the energy donor are cheap, an 30 economically
advantageous process for producing IMP can be established. Inosine + ATP ->
IMP + ATP precursor ATP precursor + phosphate donor + energy donor ->ATP
The present inventors have found that IMP can be practically produced by
using carbohydrates such as glucose as the main raw materialal for the
inosine production, and further using a cheap energy donor and a 35  cheap
phosphate donor for regenerating ATP in place of ATP, when an action of an
Inosine-producing microorganism capable of directly producing inosine from
a carbon source such as carbohydrates, etc. by fermentation (the
microorganism is hereinafter sometimes referred to as inosine
microorganism), an action of a microorganism having an activity to
biosynthesize ATP from an ATP precursor, an energy donor and a phosphate
donor (the microorganism is hereinafter sometimes referred to as
ATP-regenerating microorgan- 40  ism and the activity is hereinafter
sometimes referred to as ATP - regenerating activity) and an action of a
microorganism capable of synthesizing IMP and an ATP precursor from Inosine
and ATP (the microorgan- ism is hereinafter sometimes referred to as
phosphorylating microorganism) are coupled, and further that the
ATP-regenerating activity concurrently possessed by the inosine
microorganism can be utilized in the ATP regeneration system, and thus the
present invention has been established. 45     The present invention
relates to a process for producing. IMP, which comprises bringing inosine
or an inosine-containing culture broth obtained by culturing microorganism
capable of producing inosine in a medium into contact with treated
products. of cells of a microorganism capable of biosynthesizing ATP from a
precursor of ATP, an energy donor and a phosphate donor, and with treated
products of cells of a microorganism capable of forming IMP and a precursor
of ATP from inosine and ATP, in the presence of an 50  energy donor and a
phosphate donor, until IMP is accumulated in a reaction mixture and
recovering IMP therefrom. As the inosine or the inosine-containing culture
broth, any of purified product or roughly purified product of inosine, a
culture broth of inosine fermentation and a concentrate thereof, a
supematant free from the cells or a concentrate of the supematant, etc. can
be used, so long as it does not bar the phosphorylating 55  reaction of
inosine to IMP. A culture broth obtained by culturing the inosine
microorganism is preferably 



used. Any strain can be used as the inosine microorganism, so long as it
can produce inosine in the medium. Specifically, Brevibacterium
ammoniagenes ATCC 21295, Corynebacterium glutamicum ATCC 19185, 2    EP 0
282 989 B1 Bacillus subtilis ATCC 14618, etc. are suitable. A remarkable
amount of inosine can be accumulated in the medium by culturing these
microorganisms according to the ordinary culturing procedure. That is these
microorganisms are cultured in an ordinary medium containing appropriate
carbon source, appropriate nitrogen source, appropriate inorganic
materials, 5  amino acids, vitamins, etc. under aerobic-conditions while
adjusting the temperature, pH, etc. Culturing is carried out under aerobic
conditions, for example, by shaking and by aeration and agitation, at a
temperature of 20 to 40 C, preferably 25 to 35  C usually for 10 to 120
hours, while keeping the pH of the medium around neutral. As the
microorganism capable of biosynthesizing ATP from a precursor of ATP, an
energy donor and a to phosphate donor, any strain can be used, so long as
it has an activity to regenerate ATP from a precursor of ATP, an energy
donor and a phosphate donor. Particularly, Escherichla coil ATCC 33525,
Escherichia coil ATCC 11303, Staphylococcus aureus ATCC 4012 Saccharomyces
sake ATCC 20018, Candida zeylanoldes ATCC 20356, Torulopsis psychrophila
ATCC 22163, etc. can be used, besides the above- mentioned inosine
microorganisms. 15     As the cells having an ATP-regenerating activity, a
culture obtained by culturing these microorganisms according to the
ordinary culturing procedure may be used as it is. Moreover, If desired,
cells obtained by centrifuging the culture may also be used. That is, these
microorganisms are cultured in an ordinary medium containing appropriate
carbon source, appropriate nitrogen source, appropriate Inorganic
materials, amino acids, vitamins, etc. under aerobic conditions, while
adjusting the temperature, pH, etc. 20   Culturing is carried out under
aerobic conditions, for example, by shaking and by aeration and agitation,
at a temperature of 20 to 50  C, preferably 25 to 43 C, usually for 10 to
120 hours, while keeping the pH of the medium around neutral.
Centrifugation is carried out at 5,000 - 10,000 rpm for 10 - 20 minutes. As
the energy donor, any of carbohydrates such as glucose, arabinose, lactose,
maltose, sucrose, mannitol, sorbitol, trehalose. molasses, blackstrap
molasses, starch hydrolyzate, etc.; organic acids such as 25  pyruvic acid,
lactic acid, acetic acid,. [err]-ketoglutaric acid  etc.; and amino acids
such as glycine, alanine, aspartic acid, glutamic acid, glutamine, etc. can
be used, so long as it can be utilized by the ATP- regenerating
microorganisms to be used. Furthermore, phosphorliated compounds such as
acetyl- phosphoric acid, carbamylphosphoric acid, creatine phosphoric acid,
etc. can be used. It is desirable to keep its concentration in a range of
10 g/l to 500 g/l. 30     As the phosphate donor, any of sodium salts,
potassium salts, magnesium salts, etc. of inorganic phosphoric acids such
as orthophosphoric acid, pyrophosphoric acid, polyphosphoric acid, poly-
metaphosphoric acid can be used. Furthermore, organic phosphorilated
compounds such as acetyl- phosphoric acid, carbamylphosphoric acid,
creatine phosphoric acid, fructose-1, 6-bisphosphoric acid, etc. can also
be used. It is desirable to keep its concentration in a range of 10 to 400
mM. 35     As the microorganism capable of forming IMP and a precursor of
ATP from inosine and ATP, any microorganism can be used, so long as it has
an inosine-phosphorylating activity of forming IMP from inosine and ATP.
Preferred microorganisms are Escherichla coli ATCC 14948, Escherichia coli
ATCC 11303, Bacillus subtilis ATCC 14617, Flavobacterium devorans ATCC
10829. Serratla marcescens YT101 FERM BP-l291 is particularly preferred.
Furthermore, strains derived from these microorganisms, whose 40
inosine-phosphorylating activity is increased by a molecular breeding
procedure such as genetic recom- bination, cell fusion, etc. are suitable.
As the cells having an activity of forming IMP from inosine and ATP, a
culture obtained by culturing these microorganisms according to the
ordinary culturing procedure may be used as it is. Moreover, if desired,
cells obtained by centrifuging the culture may also be used. That is, these
microorganisms are 45 cultured in an ordinary medium contasining
appropriate carbon source, appropriate nitrogen source, appro- priate
inorganic materials, amino acids vitamins, etc. under aerobic conditions,
while adjusting the temperature, pH, etc. 



Culturing is carried out under aerobic conditions, for example, by shaking
and by aeration and agitation, at a temperature of 20 to [err], preferably
28 to 43 C, usually for 1 to 48 hours. It is desirable to keep the 50 pH of
the medium around neutral during the culturing. Centrifugation is carried
out at 5,000 - 10,000 rpm for 10 - 20 minutes. The carbon source for use in
the culturing of inosine microorganisms, ATP-regenerating microorgan- isms
and phosphorylating microorganisms includes carbohydrates such as glucose,
fructose, sucrose, maltose, mannitol, sorbitol, etc.; various alcohols and
organic acids such as sugar alcohol, glycerol, pyruvic 55 acid, lactic
acid, citric acid, etc.; and various amino acids such as glutamic acid,
methionine, lysine, etc. Natural organic nutrient sources such as starch
hydrolyzate, molasses, blackstrap molasses, white rice bran, cassava,
bagasse, corn steep liquor, etc. can be used, so long as they can be
assimilated by the microorganisms. 3    EP 0 282 989 B1 The nitrogen source
includes ammonia  various inorganic and organic ammonium salts such as
ammonium chloride, ammonium sulfate, ammonium  carbonate; -ammonium
acetate, etc. various amino acids such as glutamic acid, glutamine,
methionine, etc and nitrogen-containing organic materials such as peptone,
NZ amine, corn steep liquor, meat extract, yeast extract, casein
hydrolyzate, fish meal or its 5  digested product, chrysalis hydrolyzate,
etc. As the inorganic materials, potassium dihydrogen phosphate, sodium
monohydrogen phosphate, mag- nesium sulfate, sodium chloride, calcium
chloride, iron chloride, copper sulfate, manganese chloride, ammonium
molybdate, zinc sulfate, etc. are added to the medium, if necessary.
Vitamins, amino acids, minerals, nucleic acids and other materials
necessary for the growth of the microorganisms are added to 10  the medium,
and if they are naturally supplied by other medium components described
above, it is not necessary to add these specific nutrients separately to
the medium. The treated products of cells of ATP-regenerating
microorganisms and phosphorylating microorganisms include dried residues,
freeze-thawed products and freeze dried products of the cultures;
surfactant- and/or organic solvent-treated culture, acetone-treated culture
and bacteriolytic enzyme-treated culture; frozen 15  cells, dried cells,
freeze-dried cells, freeze-thawed cells, acetone-treated cells, surfactant-
and/or organic solvent-treated cells and bacteriolytic enzyme-treated
cells, immobilized cells thereof, etc. Furthermore, liquids containing
ATP-regenerating enzyme or inosine-phosphorylating enzyme extracted from
the cells, purified preparates and immobilized products of these enzymes,
etc. are appropriate for this purpose. By contacting the inosine or
inosine-containing culture broth, the treated cells of ATP-regenerating
microorganism, and the treated cells of phosphorylating microorganism with
a phosphate donor and an energy donor, IMP is accumulated In the reaction
mixture. If necessary, an ATP precursor may be added in a reaction mixture.
Phosphorylation of inosine to IMP is carried out by adding magnesium ions,
a surfactant and/or an organic solvent to the reaction mixture, if
necessary, while adjusting the pH to 6 - 10, preferably 7 - 8 and 25
keeping the reaction mixture at 20 to 50 C for 1 to 48 hours. It is
desirable that the concentration of inosine is in a range of 1 to 100 mg/ml
in the phosphorylating reaction of inosine to IMP. As the ATP precursor,
any of purified preparates and roughly purified preparates of adenosine 5'-
diphosphate, adenosine 5-monophosphate, adenosine, adenine, etc., and
materials containing these com- pounds can be used, so long as it does not
bar the phosphorylating reaction of inosine to IMP. If the 30  amount of
the ATP precursor to be brought into the reaction system from the cells or
culture is sufficient, its addition is not necessary. As the surfactant ,
any of cationic surfactants such as polyoxyethylene stearylamine (for
example, Nymeen S-215, product of Nihon Oil and Fats Co., Ltd., Japan),
cetyltrimethylammonium bromide, Cation FB, Cation F2-40E (product of Nihon
Oil and Fats Co., Ltd., Japan), etc.; anionic surfactants such as sodium 35
oleylamide sulfate, Nyurekkusu TAB, Rapizoru 80 (product of Nihon Oil and
Fats Co., Ltd., Japan), etc.; amphoteric surfactants such as
polyoxyethylenesorbitan monostearate (for example, Nonion ST 221, product
of Nihon Oil and Fats Co., Ltd., Japan), etc.; and Sankyu amine PB (product
of Nihon Oil and Fats Co., Ltd., Japan), hexadecyidimethylamine, etc. can
be used, so long as It can promote phosphorylation of inosine to IMP. The
surfactant is used at a concentration of usually, 0.1 to 50 mg/ml,
preferably 1 to 20 



40  mg/ml. Furthermore, as the organic solvent, toluene, xylene, aliphatic
alcohols, benzene, ethyl acetate, etc. can be used at a concentration of
0.1 to 50 [err]/ml, preferably 1 to 20 [err]/ml It is desirable to keep a
concentration of magnesium ions in a range of 4 to 400 mM in the
phosphorylating reaction of inosine to IMP. When the amount of magnesium
ions to be brought into the phosphorylation system from the culture or
cells falls within this concentration range it is not necessary to 45  add
these ions, whereas, when these ions are short, they are added thereto so
that the amount may fall within this concentration range. As the magnesium
ion, any of inorganic and organic magnesium salts can be used. Recovery of
IMP from the reaction mixture can be carried out according to an ordinary
procedure using activated carbon, ion exchange resin, etc. so     The
present invention is described below, referring to Examples. Example 1 One
loopful of Brevibacterium ammoniagenes ATCC 21295 was inoculated in a 50
ml-large test tube 55  containing 10 ml of a seed medium (pH 7.2)
comprising 1% polypeptone, 0.5% meat extract, 0.5% yeast extract and 0.25%
sodium chloride, and cultured by reciprocative shaking at 30  C for 24
hours. Then, 2 ml of the seed culture was each inoculated in 300
ml-Erlenmeyer flasks provided with baffles each containing 20 ml  of a
medium comprising 15% glucose, 0.01% casein hydrolyzate, 0.7% yeast
extract, 4    EP 0 282 989 B1 1.0% ammonium sulfate, 0.3% KH2 PQ4, 0.3% K2
HPO4, 0.5% [err] 10[err]/ml each of adenine and guanine and 10 [err] of
biotin, adjusted to pH. 7.2 and autoclaved at [err] for 20 minutes. During
the culture  by rotary shaking at [err] the pH was kept  around neutral by
adding urea to the medium, if necessary, and 21.1 mg/ml inosine was formed
in the medium by culturing for 72 hours. A supematant free 5 from cells of
Inosine microorganism by centrifuge was obtained. Each of three strains,
i.e Saccharomyces sake ATCC 20018, Torulopsis psychrophila ATCC 22163 and
Candida zeylanoides ATCC 20356 was inoculted into a 21-Erlenmeyer flask
containing 300 ml of a seed culture medium comprising 30 g/l glucose, 5 g/l
ammonium sulfate, 1 g/l [err]  0.5 g/l [err] 3 g/l yeast extract and 10 g/l
[err] (pH 6.5 before sterilization) and cultured at [err] for 24 hours.
Then, 10  30 ml of the seed culture was inoculated in a 2 l-Erlenmeyer
flask containing 300 ml of a producing medium comprising 150 g/l glucose,
10 g/l ammonium sulfate, 1 g/l [err] 0.5 g/l [err] and 5 g/l corn steep
liquor (pH 6.5 before sterilization) and cultured by rotary shaking at
[err] for 48 hours, while adjusting the pH to about 6.5 with ammonia during
the culturing. Cells were recovered from the culture by centrifugation. 15
One loopful each of Escherichia coil ATCC 33525, Escherichia coil ATCC
11303, Staphylococcus aureus ATCC 4012, and Serrtia marcescens YT 101 (FERM
BP-1 291) were inoculated in a large test tube containing 10 ml of a seed
medium (pH 7.2) having the same composition as above after the
sterilization and cultured by reciprocative shaking at 30 * C for 20 hours.
Then, 2 ml of the seed culture was inoculated in a 2l-Erlenmeyer flask
containing 300 ml of M9 medium (6 mg/ml [err] 3 mg/ml [err] 5 20  mg/ml
NaCI, 1 mg/ml NH4CI, 4 [err]/ml thiamine HCI, 3 mg/ml glucose and 0.25
mg/ml [err] pH 7.2) and cultured by rotary shaking at [err] for 17 hours.
Cells were recovered from the culture by centrifugation. Saccharomyces sake
ATCC 20018, Torulopsis phychrophla. ATCC 22163, Candida zeylanoides ATCC
20356, Escherichia coli ATCC 33525 Escherichia coli ATCC 11303 or
Staphylcoccus aureus ATCC 4012 25  each having an ATP -regenerating
activity was added the supematant of the inosine fermentation culture of
Brevibacterium ammoniagenes ATCC 21295 to make the concentration of the
strains to be 100 mg/ml - (wet cell weight) ,and also cells of Serratia
marcescens YT 101 (FERM BP-1291) having an activity to phosphorylate
inosine to form IMP was added thereto to make the concentration 100 mg/ml
(wet cell weight). To each the thus obtained respective cell suspensions
were added 50 mg/ml glucose, 8 mg/ml of 30  25% sodium phytate (pH 7.0), 5
mg/ml [err] and 5 mg/ml [err] and further 4 mg/ml Nymin S-215 and 10
[err]/ml xylene were added thereto (in the case of the genera Escherichia
and Staphylococcus), and 1 g/l Sankyu amine PB was added thereto (in the
case of the genera Sac- charomyces, Torulopsis and Candida), and 20 ml of
the thus obtained suspensions were put separately 



into 200 ml -beakers, and reaction was carried out at [err] for 24 hours
with stirring at 900 rpm with a 36  magnetic stirrer while keeping the
suspensions at a pH of about 7.4 with ammonia to conduct phosphorylat- lng.
reaction of inosine to IMP. The results are shown in Table 1. Table. 1 40
Strain                                           IMP*  (mg/ml) 45
Saccharomyces  sake                     ATCC 20018                   5.70
Toluropsis  phychrophils              ATCC 22 163                 4.01
Candida  zeylanoides                   ATCC   20356                  4.30
Escherichia coli                       ATCC 33525                    5.56
Escherichia  coli                      ATCC  11303                   6.82
Staphylococcus  aureus                 ATCC  4012                   3.35 55
* In terms of  [err]  the same basis  is hereinafter applied.    EP 0 282
989 B1 Example 2 One  loopful of Brevibacterrium ammoniagenes ATCC 21295
was  inoculated in a 70 ml-large test tube containing 10 ml of a seed
medium (pH 7.2) comprising 1% polypeptone, 0.5% meat extract, 0.5% yeast 5
extract and 0.25% sodium chloride and cultured by reciprocative shaking at
30 - C for 24 hours. Separately, a medium comprising 15% glucose, 0.01%
casein hydrolyzate, 0.7% yeast extract, 1.0% ammonium sulfate, 0.3% [err]
0.3% [err] 0.5% [err] 10 [err]/ml each of adenine and guanine and 10
[err]/l biotin was adjusted to pH 7.2 and 20 ml of the medium was put into
a 300 ml- Erlenmeyer flask provided with baffles. The medium was autoclaved
at [err] for 20 minutes, and then 2 10  ml of the seed culture was
inoculated therein, and culturing is carried out by rotary shaking at [err]
while keeping the pH around neutral by adding urea thereto, If necessary.
Then, 20.0 mg/ml inosine was formed in the medium by culturing for 76
hours. One loopful of Serratia marcescens YT 101 (FERM BP-1291) was
inoculated in a large test tube containing 10 ml of sterilized seed medium
(pH 7.2) having the same composition as above and cultured 15  by
reciprocative shaking at 30 C for 20 hours, and then 2 ml of the thus
obtained seed culture was inoculated in a 2l-Erlenmeyer flask containing
300 ml of M9 medium and cultured by rotary shaking at 30 * C for 17 hours.
The cells were recovered from the culture by centrifugation and preserved
by freezing at [err]. The frozen of Serratia marcescens YT 101 (FERM
BP-1291) were suspended in water and added to inosine fermentation liquor
to make the concentration 50 mg/ml as wet cell weight, and 50 mg/mt
glucose, 8 mg/ml of 25% sodium phytate (pH 7.0), 5 mg/ml [err] and 5 mg/ml
[err]  were added thereto, and furthermore 4 mg/ml Nymeen S-215 and 10
[err]/ml xylene were added thereto. Then, 20 ml of the suspension was put
into a 200 ml-beaker, and subjected to phosphorylating reaction of inosine
to IMP at 30 * C for 24 hours with stirring at 900 rpm with a magnetic
stirrer while adjusting the pH to about 7.4 26  with ammonia. It was
found-that 8.80 mg/ml IMP, was formed and accumulated in the reaction
mixture, when neither Nymeen S-215 nor xylene was added, 0.6  mg/mL IMP was
accumulated. When the cells of Serratia marcescens were not added, the
amount of accumulated IMP was less than 0.3 mg/ml Example 3 30 Culturing
and reaction were carried out in the same manner as in Example 2 except
that Corynebac- terium glutamicum ATCC 19185 was used as the inosine
microorganism. The amount of inosine formed was 7.35 mg/ml and that of IMP
formed was 3.44 mg/ml. 35  Example 4 Culturing was carried out in the same
manner as in Example 2. The amount of inosine formed was 18.9 mg/ml.
Reaction was carried out in the same manner as in Example 2 by using (A)
the culture obtained above and (B) a supernatant obtained from the inosine
fermentation culture by centrifugation except that the 40  strains shown in
Table 2 were used in place of Serratia marcescens YT 101 (FERM BP-1291).
The results are shown in Table 2. 



Table 2 45 IMP  (mg/ml) Strain                                  (A)
(B) 50 Escherichia coli                      ATCC  39023          3.21
0.22 Escherichia coli                       ATCC  11303          2.33
0.18 55    Bacillus  subtilis                     ATCC 14617           2.29
0.21 Flavobacterium devorans               ATCC 10829           3.41
0.22 6    EP 0 282 989 B1 Example 5 Brevibacterium ammoniagenes ATCC 21295
was cultured for 74 hours in the same manner as in Example 2 and a
fermentation culture containing 18.3 mg/ml inosine was obtained. 5
Separately, Serratia marcescens YT 101, FERM BP-1291 was cultured in the
same manner as in Example 2 and the cells were recovered from the thus
obtained culture by centrifugation. The cells were suspended in a phosphate
buffer solution (pH 7.0) to make the concentration 200 mg/ml as wet cell
weight and intermittently disintegrated in an ultrasonic disintegrator
(type UR-200P, made by Tomy Seiko K.K., Japan) under ice cooling conditions
totally for 10 minutes. Then, 100 ml of the cell-disintegrated 10
suspension was centrifuged at 10,000 rpm for 10 minutes and the resulting
supematant was concentrated to 10 mt by a molecular sleve membrane
(standard cell model 52 of Amicon Co., provided with Dlaflow membrane YM10
of the same company)  The concentrate product was used for reaction. Then,
2 ml of the cell extraction concentrate of Serratia marcescens was added to
18 m  of inosine fermentation culture and 50 mg/ml glucose, 8 mg/ml of 25%
sodium phytate (pH 7.0), 5 mg/ml [err] 15  and 5 mg/ml [err] were added
thereto, and furthermore 4 mg/ml Nymeen S-215 and 10 [err]/ml xylene were
added thereto. Then, 20 ml of the resulting mixture was put into a 200
ml-beaker and subjected to the reaction in the same manner as in Example 2.
It was found that 6.44 mg/ml IMP was formed in the reaction mixture. 20
Example 6 Brevibacterium ammoniagenes ATCC 21295 was cultured in the same
manner as in Example 2, whereby an inosine fermentation culture containing
19.3 mg/ml inosine and cells was obtained. Separately, Serratia marcescens
YT 101, FERM BP-1291 was cultured in the same manner as in 25 Example 2 and
the cells were recovered from the culture by centrifugation. The cells of
Serratia marcescens were suspended in (1) distilled water, (2) 0.4% Nymeen
solution, (3) 1% xylene solution, or (4) 0.4% Nymeen -1% xylene solution,
and each of the suspensions was added to the inosine fermentation culture
to make 50 mg/ml as wet cell weight. Then, 50 mg/ml glucose, 8 mg/ml of 25%
sodium phytate (pH 7.0), 5 mg/ml [err] and 5 mg/ml [err] were added
thereto, and 30 20 ml each of the mixtures was put into 200 ml-beakers and
subjected to IMP formation reaction in the same manner as in Example 2. The
results are shown in Table 3. Table 3 35
Treating conditions    IMP (mg/m l) No treatment          0.3 + N
3.4 + X                  5.4 40                                 +N+X
8.5 N: 0.4% Nymeen S-215 X: 1 % Xylene N+X 0.4% Nymeen + 1% Xylene 45
Claims 1. A process for producing 5'-inosinic acid, which comprises
bringing inosine or a culture broth obtained 50     by culturing a
microorganism belonging to the genus Brevibacterium, Corynebacterium or
Bacillus and 



capable of producing inosine in a medium into contact with treated products
of cells of a microorgan- ism belonging to the genus Escherichia,
Staphylococcus, Saccharomyces, Candida or Torulopsis and capable of
biosynthesizing adenosine-5'-triphosphate from a precursor of
adenosine-5'-triphosphate, an energy donor and a phosphate donor, and with
treated products of cells of a microorganism belonging to the genus
Escherichia, Bacillus, Flavobacterium or Serratia and capable of forming
5'-inosinic acid and a precursor of adenosine-5-triphosphate from inosine
and adenosine-5'-triphosphate, in the presence of an energy donor and a
phosphate donor, until 5'-inosinic acid is accumulated in a reaction
mixture and recovering 5'-inosinic acid therefrom and in which the treated
products of cells are 7    EP 0 282 989 B1 Example 5 Brevibacterium
ammoniagenes ATCC 21295 was cultured for  74 hours in the same manner as in
Example 2 and a fermentation culture containing 18.3  mg/ml inosine was
obtained. 5     Separately, Serratia marcescens. YT 101, FERM BP-1291 was
cultured in the same manner as in Example 2 and the cells were recovered
from the thus obtained culture by centrifugation. The cells were suspended
in a phosphate buffer solution (pH 7.0) to make the concentration 200 mg/ml
as wet cell weight and intermittently disintegrated in an ultrasonic
disintegrator (type UR-200P, made by Tomy Seiko K.K., Japan) under ice
cooling conditions totally for 10 minutes. Then, 100 ml of the
cell-disintegrated 10  suspension was centrifuged at 10,000 rpm for 10
minutes and the resulting supernatant was concentrated to 10 ml by a
molecular sieve membrane (standard cell model 52 of Amicon Co., provided
with Dlaflow membrane YM10 of the same company). The concentrate product
was used for reaction. Then, 2 ml of the cell extraction concentrate of
Serratia marcescens was added to 18 ml of inosine fermentation culture and
50 mg/ml glucose, 8 mg/ml of 25% sodium phytate (pH 7.0), 5 mg/ml [err] 15
and 5 mg/ml [err] were added thereto, and furthermore 4 mg/ml Nymeen S-215
and 10 [err]/ml xylene were added thereto. Then, 20 ml of the resulting
mixture was put into a 200 ml-beaker and subjected to the reaction in the
same manner as in Example 2. It was found that 6.44 mg/ml IMP was formed in
the reaction mixture. 20  Example 6 Brevibacterium ammoniagenes ATCC 21295
was cultured in the same manner as in Example 2, whereby an inosine
fermentation culture containing 19.3 mg/ml inosine and cells was obtained.
Separately, Serratia marcescens YT 101, FERM BP-1291 was cultured in the
same manner as in 25  Example 2 and the cells were  recovered from the
culture by centrifugation. The cells of Serratia marcescens were suspended
in (1) distilled water, (2) 0.4% Nymeen solution, (3) 1% xylene solution,
or (4) 0.4% Nymeen -1% xylene solution, and each of the suspensions was
added to the inosine fermentation culture to make 50 mg/ml as wet cell
weight. Then, 50 mg/ml glucose, 8 mg/ml of 25% sodium phytate (pH 7.0), 5
mg/ml [err] and 5 mg/ml [err]  0 were added thereto, and 30  20 ml each of
the mixtures was put into 200 ml-beakers and subjected to IMP formation
reaction in the same manner as in Example 2. The results are shown in Table
3. Table 3 Treating conditions    IMP (mg/ml) No treatment          0.3 + N
3.4 +X                    5.4 40                                 +N+X
8.5 N 0.4% Nymeen S-215 X: 1% Xylene N + X: 0.4% Nymeen + 1% Xylene 45
Claims 1. A process for producing 5'-inosinic acid, which comprises
bringing inosine or a culture broth obtained 50     by culturing a
microorganism belonging to the genus Brevibacterium, Corynebacterium or
Bacillus and capable of producing inosine in a medium into contact with
treated products of cells of a microorgan- 



Ism belonging to the genus Escherichia, Staphylococcus, Saccharomyces,
Candida or Torulopsis and capable of biosynthesizing
adenosine-5'-triphosphate from a precursor of adenosine-5'-triphosphate, an
energy donor and a phosphate donor, and with treated products of cells of a
microorganism belonging to the genus Escherichia, Bacillus, Flavobacterium
or Serratia and capable of forming 5'-inosinic acid and a precursor of
adenosine-5'-triphosphate from inosine and adenosine-5'-triphosphate, in
the presence of an energy donor and a phosphate donor, until 5'-inosinic
acid is accumulated in a reaction mixture and recovering 5'-inosinic acid
therefrom and in which the treated products of cells are 7    EP 0 282 989
B1 selected from the group consisting of dried residues, freeze-thawed
products and freeze-dried products of cultures; surfactant- and/or organic
solvent-treated cultures, acetone-treated cultures and bacteriolytic
enzyme-treated cultures; and frozeri cells dried cells , freeze-dried
cells, freeze-thawed cells, acetone- treated cells, surfactant- and/or
organic solvent-treated cells and bacteriolytic enzyme-treated cells. 5 2.
The process according to claim 1, wherein the microorganism capable of
producing 5'-inosinic acid is the microorganism capable of blosynthesizing
adenosine-5-triphosphate from the precursor of adenosine-5-triphosphate,
the energy donor and the phosphate donor. 10  3. The process according to
claim 1 or 2, wherein the energy donor is selected from the group
consisting of carbohydrates, organic acids and amino acids. 4. The process
according to any one of claims 1 to 3, wherein the phosphate donor is
selected from the group consisting of inorganic phosphoric acid and salts
thereof, and organic phosphorylated com- 15    pounds. 5. Use of Serratia
marcescens YT 101 FERM BP-1291 for carrying out the process according to
any one of claims 1-4. K,)> PatentansprUohe 1. Verfahren zur Herstellung
von 5-lnosinsaure, umfassend das Inkontaktbringen von Inosin oder einer
durch ZUchtung eines Mikroorganismus, der zur Gattung Brevibacterlum,
Corynebacterfunr oder Bacil- lus gehort und Inosin in elnem Medium
herstellen kann, erhaltenen Kulturbrohe mit behandelten 25     rodukten aus
Zellen eines Mikroorgapismus, der zur Gatlung Escherichla, Staphylococcus,
Saccharo- myces, Candida oder Torulopsis gehort ;;nd
Adenosin-5-triphosptiat aus einer Vorstufe von Adenosin- 5F-triphosphat,
einer Energioquelle sowie elnem Phcsphatdonor biosynthotisch herstellen
kann, und mit behandelten Produkten aus Zellen elnes Mikroorganismus, der
zur Gattung Escherichia, Bacillus, Flavobacterium oder Serratia gehort, und
5'-lnosinsdure und eine Vorstufe von Adenosin-5-triphosphat 30     aus
Inosin und Adenosin-5-triphosphat in Gegenwart elner Energiequelle und
elnes Phosphatdonors erzeugen kann, bis 5-lnosinsaure in einemn
Reaktlonsgemisch angehauft ist, und die Gewinnung von 5'- lnosinsgure
daraus und wobel die behandelten Produkte aus Zellen ausgewdhIt sind, die
aus getrock- neten Resten, durch Einfrieren und Auftauen erhaltenen
Produkten von Kulturen, gefriergetrockneten Produkten von Kulturen, aus mit
grenzfldchenaktlven Mittein und/oder organischen Ldsungsmitteln 35  ,
behandelten Kulturen, mit Aceton behandelten Kulturen, mit
bakteriolytischen Enzymen behandelten Kulturen, aus gefrorenen Zellen,
getrockneten Zellon, gefriergetrockneten Zellen, durch Einfrieren und
Auftauen behandelten Zellen, mit Aceton behandelten Zellen, mit
grenzflachenaktiven Mitteln und/oder organischen L6sungsmitteln behandelten
Zellen oder mit bakteriolytischen Enzymen behandelten Zellen besteht. 40 2.
Verfahren nach Anspruch 1, wobel der zur Herstellung von 5T-Inosinsaure
f~hige Mikroorganismus derjenige ist, der Adenosin-5-triphosphat aus der
Vorstufe von Adenosin-5-triphosphat, der Energie- quelle und dem
Phosphatdonor biosynthetisch herstellen kann. 4S  . Verfahren nach Anspruch
1 odor 2, wobel die Energiequelle ausgewihit ist aus Kohlenhydraten,
organischen Sluren oder Aminosduren. 4. Verfahren na .ch elnem
dor.Anspr~che I- bis : wobei der Phosphatdonor ausgew~hlt Ist aus anorgani-
schen Phosporsduren und Salzen davon oder organichen phosph6rylierten
verbindungen. 60 



5. Verwendung von Serratia marcescens YT 101 FERM BP-1291 zur DurchfUhrung
des Verfahrens nach einem der Ansprlche 1 bis 4. Revendicatlons 55 1.
Proced4 de production de l'acide 5'-inosinique, qui comporte le fait de
mettre de l'inosine, ou un bouillon de culture obtenu par culture d'un
microqrganisme appartenant au genre Brevibacterium, Corynebacterium ou
Bacillus et capable de produire de l'inosine dans un milieu, en contact
avec des .,~~~~~~~~~~~~~~~~~~~~~~~ .    EP 0 282 989 BI produits de
traitement de cellules d'un microorganisme appartenant au genre
Escherichia, Staphylococ- cus, Saccharomyces, Candida ou Torulopsis et
capable de biosynth~tiser de l'adenosine-5'-triphospha- te  partir dun
prcurseur d'ad~qoinie-5'-triphosphate, d'un donneur d'energie et d'un
donneur de phosphate, et avec des produits de tra.ilement d, cellules d'un.
microorganisms appartenant au genre 5      Escherichia, Bacillus,
Flavobacterium ou Serratfiet capable de former de l'acide 5'-inosinique et
un prgcurseur d'ad~nosine-5'-triphosphate a partir dinosine et
d'ad~nosine-5'-triphosphate, en presence d'un donneur d'dnergle et d'un
donneur de phosphate, jusqu'a ce que de l'acide 5-inosinique so solt
accumul6 dans le m~lange r6actionnel, et le fait de recup~rer l'acide
5'-lnosinique a partir de ce melange, proc"d4 dans lequel lee produits de
traltement de cellules sont choisle dans le groupe 10     constitue par des
residus sech~s, des prodults de cong6latlon-d6cong~latlon et des prodults
de lyophilisation de cultures, des cultures tralt6es par un tenslo-actlf
eVou un solvant organique, des cultures trailtes a lacetone et des cultures
trait~es par une enzyme bactdriolytique, et des cellules congel6es, des
cellules s6ch6es, des cellules lyophills6es, des cellules
congel6es-d~congel6es, des cellules traites a l'acetone, des cellules
traitdes par un tenslo-actif et/ou un solvant organique et des 15
..cellules trait6ees par une enzyme bact6rolytique. 2. Proced6 conforme &
la revendication 1, dans lequel le microorganisms capable de produire de
l'acide 5'-lnosinique est le microorganisme capable de biosynthdtiser de
l'addnosine-5'-triphosphate A partir du precurseur
d'ad~nosine-5'-triphosphate, du donneur d'4nergie et du donneur de
phosphate. Y> 20 3. Procdd6 conforme & la revendication 1 ou 2, dans lequel
le donneur d'energie est choisi dans le groupe constitu6 par les hydrates
de carbone, les acides organiques et les acides amrins. 4. Procad4 conforme
& l'une quelconque des revendicatons 1 a 3, dans lequel le donneur de
phosphate 25     est choisi dans le groupe consetut  par les acides
phosphoriques inorganiques, leurs sels et les composes
organiques-phosphoryl6s ., 5. Empiol de Serratia marcescens YT 101, FERM
BP-1291, pour mettre en oeuvre un proc6d6 conforme a l'une quelconque des
revendications 1 a 4. 30 35 40 46 . 50 S5    


