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This invention relates to a process for producing the 

solution containing 5'-nucleotides (adenosine-5'-mono 
phosphate, guanosine - 5' - monophosphate, uridine-5'- 
monophosphate, cytidine-5'-monophosphate, inosine-5'- 
monophosphate, Xanthosine-5'-monophosphate) from 
ribonucleic acid by microbial 5'-phosphodiesterase action, 
and to an application of the 5'-nucleotides as special 
seasonings. The object of this invention is to produce 
favorous 5'-nucleotides, which were so far prepared gen 
erally only by organic synthesis or by extraction from 
tissues of various organisms such as mammalian muscle, 
economically and in good yield from ribonucleic acid, 
using the enzymes of microorganisms. 

This is a division of copending application Serial No. 
756,541, filed August 22, 1958. 

Chemical degradation of ribonucleic acid results in 
formation of 3- and 2'-nucleotides and does not result 
in formation of 5'-nucleotides. Furthermore general 
ribonucleodepolymerases, without distinction of the kind 
of origins, degrade ribonucleic acid into 3’ (or 2')- 
nucleotides but not into 5'-nucleotides. Only so-callied 
unspecific phosphodiesterases from Snake venom or in 
testinal mucosa degrade ribonucleic acid into 5'-nucleo 
tides. However, it is very difficult to obtain a large 
amount of these enzymes. 5'-nucleotides can be pro 
duced by means of organic Synthesis but said process is 
very troublesome and not economical too. Thus, hither 
to, the production of 5'-nucleotides was very difficuit, and 
especially economical mass production thereof was quite 
impossible. 
We have found that some strains of bacteria, yeasts, 

and molds contain 5'-phosphodiesterases which specifical 
ly hydrolyze the 5'-phosphodiester linkages 

in ribonucleic acid and produce four 5’-nucleotides: 
adenosine-5'-monophosphate, guanosine-5'-monophos 
phate, cytidine-5'-monophosphate, and uridine-5'-mono 
phosphate. Especially the several strains which belong 
to the following genuses have been recognized to 
contain strong 5'-phosphodiesterase: Bacillus, Strep 
tomyces, Torula, Zygosaccharomyces, Penicillium and 
Aspergillus. Thus the basis of the production of 5'- 
nucleotides by microorganisms according to the present 
invention has been established for the first time. 

This invention has been accomplished on the basis of 
the above confirmation. Therefore, the present inven 
tion provides a process for the production of 5'-nucleo 
tides which is characterized in this that ribonucleic acid 
is degraded into 5’-nucleotides by 5'-phophodiesterase 
which is contained in living cells, dry cells, culture fil 
trates or cell extracts of microorganisms described above. 
The microorganisms containing 5'-phosphodiesterase are 
able to be grown on either solid media or liquid media. 
For economical mass production, however, liquid media 
are more appropriate. As the components of the culture 
medium, the conventional carbon and nitrogen sources 
and several inorganic Salts may be employed effectively. 
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This invention includes both one step method and two 
step method. In one step method, both growing of micro 
organism and enzymic degradation of ribonucleic acid 
are carried out simultaneously, employing culture medi 
um containing ribonucleic acid. In two step method, 
growing of microorganism and enzymic degradation of 
ribonucleic acid are carried out separately. 
According to the present invention, it is not necessary 

to purify ribonucleic acid before its enzymic degradation. 
Crude solution containing ribonucleic acid, such as yeast 
extracts, may be used as an appropriate starting material. 
Furthermore microbial cells cultivated for producing 5'- 
phosphodiesterase are effectively utilized too as a source 
of nibonucleic acid. 

Free 5'-nucleotides or their alkali salts obtained by the 
processing as described above enhance or increase the 
favor of the foods, beverages, and seasonings in which 
they are placed. This flavoring action is caused by the 
Synergy between 5'-nucleotides and amino acids or organ 
ic acids. According to our discovery, purine and pyrim 
idine bases, their nucleosides, and their 2'- and 3'- 
nucleotides have little flavor, while 5'-nucleotides, es 
pecially inosine-5'-monophosphate, guanosine-5'-mono 
phosphate, and Xanthosine-5'-monophosphate, have very 
agreeable good taste. Furthermore, there is specific 
Synergy in taste between 5'-nucleotides and amino acids 
or organic acids. Among various amino acids, glutamic 
and aspartic acids were recognized to be especially effec 
tive in the synergy with 5'-nucleotides. General foods, 
beverages, and seasonings contain considerable quantity 
of amino acids or organic acids as main flavoring com 
ponents, but scarcely contain 5'-nucleotides. Therefore, 
it seems that the role of 5’-nucleotides in flavoring is very 
important. For example, the good taste of soups or 
meat eXtracts, containing Small quantity of 5'-nucleo 
tides, may be perhaps caused mainly by the synergy be 
tween 5'-nucleotides and amino acids. 

This invention relates also to the application of 5'- 
nucleotides based on the utilization of aforesaid synergy 
between 5'-nucleotides and amino acids or organic acids. 
The application of 5'-nucleotides according to the present 
invention comprises adding one or more of 5'-nucleotides 
to general foods or beverages such as meat products, 
Soups, "roux,'" vinegar, various dressings, sauces, curry 
powder and various drinks including wine, to counteract 
the displeased pungency which spoils the taste qualities 
of foods or beverages, and to enhance or increase the 
flavor Specifically according to the synergy between 5'- 
nucleotides and amino acids or organic acids present in 
the foods or beverages. In case of application for the 
foods or beverages containing no amino acids, it is more 
effective to add monosodium glutamic acid and 5'-nucleo 
tides together. 5'-nucleotides may be also employed to 
enrich specifically the seasonings containing amino acids. 
The bitter substances in the crude preparations of 5’- 
nucleotides can be readily removed by cation exchange 
resin. Both crude and purified preparations of 5'-nucleo 
tides are useful. 

According to the present invention, alkali salts of 5'- 
nucleotides may be also employed similarly as free 5’- 
nucleotides since there is no significant difference between 
their favoring action. 
The invention is illustrated but not limited by the fol 

lowing examples. 
Example 1 

50 ml. of an aqueous culture medium containing 5% 
of glucose, 0.5% of polypeptone, 0.05% of monobasic 
potassium phosphate, 0.05% of dibasic potassium phos 
phate, 0.04% of magnesium sulfate, and 0.04% of cal 
cium chloride were sterilized and inoculated with a pure 
culture of Penicillium citrinum. After surface culture at 
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30° C. for five days the mycelial deck was separated from 
the culture broth, and washed with sterilized water. The 
washed mycelial deck was incubated with 50 ml. of 0.5% 
yeast ribonucleic acid solution containing 0.01 N Sodium 
fluoride at 30° C. After 22.5 hours the deck was re 
moved. The resulting reaction mixture was recognized to 
contain 70-80 mg. of mononucleotides, 80-90 mg. of 
nucleosides, and 70-80 mg. of undepolymerized polynu 
cleotides. The mononucleotides, which are contained in 
above mixture, were identified as cytidine-5'-monophos 
phate, adenosine-5'-monophosphate, inosine-5'-monophos 
phate, uridine-5'-monophosphate, and guanosine-5'-mono 
phosphate. The identification was carried out as follows: 
23 ml. of the reaction mixture were adjusted to pH 8.5 
with strong sodium hydroxide solution. 2.5 ml. of 20% 
barium acetate solution were added thereto. The precipi 
tate of barium phosphate formed was removed. The 
Supernatant was adjusted to pH 5.0 with a small quantity 
of acetic acid. 1 ml. of mercuric acetate solution (20% 
in 2% acetic acid) was added. The precipitate was cen 
trifuged, washed and suspended in water. Into the sus 
pension hydrogen sulfide gas was introduced to separate 
nucleotides. The mixture was filtered and the precipitate 
was washed with hot water. The solution resulting from 
the Washing was combined with the supernatant and a 
portion of the combined solutions was adjusted to pH 
8.5, and charged into anion exchange resin Dowex-1-Cl 
X-4 (200-400 mesh) column with a diameter of 1.0 cm. 
and 23 cm. in height, and was eiuted with 0.003 N (No. 
1-No. 216 test tubes) and 0.010 N hydrogen chloride 
(No. 217-No. 302 test tubes). Each 80 drops of the 
eluate were collected into a test tube and optical density 
at 260 mu of each eluate was read. Five ultraviolet ab 
Sorbing fractions A, B, C, D and E were obtained. The 
properties of these fractions are tabulated as follows: 
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4. 
growth medium was shaken on a reciprocating shaker at 
30° C. After 7 days culture filtrates were concentrated 
in vacuo, and then dialyzed against running Water over 
night. To the dialyzed solution 4 volumes of ethanol 
were added. The resulting precipitate, which was rich in 
5'-phosphodiesterase activity, was dried up in a desiccator 
and was employed as an enzyme preparation. From 1 
litre of culture filtrates about 1 g of the preparation was 
obtained. 1. g. of this preparation was incubated with 
200 ml, of 5% ribonucleic acid at 65° C. and pH 5.0. 
Under these conditions phosphomonoesterase and adenyi 
deaminase were almost inactive, while 5'-phosphodiester 
ase was recognized to be very active. 
The reaction proceeds as described below: 

Incubation time, mini------------------- O 10 30 60 90 

5'-nucleotides formation from ribonucleic 
acid, percent------------------------- O 27 68 96 9 

Inorg. P. formation from 5'-nucleotides, 
percent-------------------------------- O 3.0 3.5 4.5 5. 

In the reaction mixture adenosine-5'-monophosphate, 
guanosine-5'-monophosphate, cytidine-5'-monophosphate 
and uridine-5'-monophosphate were recognized to be ac 
cumulated. 5’-nucleotides accumulated were purified by 
conventional means. The yield of each 5'-nucleotide is 
1300-2000 mg. in free form. Adenosine-5'-monophos 
phate was able to be transformed to inosine-5'-mono 
phosphate chemically or enzymatically. 

Example 3 
100-500 mg. of the crude mixture of adenosine-5'- 

monophosphate, guanosine-5'-monophosphate, cytidine 
5'-monophosphate, and uridine-5'-monophosphate ob 

Standard Substance 

A. B C D E. 
Cyti- Adeno- Adeno- Inosine- Uridino- Guano 
dine- sines Sine- 5'-mono- 3'-mono- sine- Mixture of 3 

No. of test tubes 3'-mono- 3-mono-5'-mono- phos- phos- 3'-mono- nucleotides 
phos- phos- phos- phate plate phos 
plate phate phate phate 

21-24 

Xmax (m).--------------- 275 258 
Percent color, 7 min- 39, 6 
Development, 5 m 2.8 
(Pentose-), 25 min--- 94.7 
(Orcinol),35min- 99.0 
(Reaction), 45 mini---- 100.0 
Carbazole reaction---------------- Purple 
Oistance 3 nigrated from 
origin to anode side by 
electrophoresis, CIm------ 4.9 4.9 12.5 4.7 7.7 4.9 5.0 4.5 2.5 15, O 8.8 14.8, 8.7, 4.7 

NaIO-rosaniline reaction. H -- -- -- -- -- -- mm. x-w 

1 Ultraviolet absorption spectra of standard substances were measured in 0.1 NHCl. 
2 The technique employed was essentially the same as that described by Albaum and Umbreit (J. Biol. Chem, i57, 369, (1947)). 
3 Starting line was at 5 cm. from the end on the cathode side, and 26 cm. from the end on the anode side. 
The results shown in the table indicate that the ultra 

violet absorbing substances which are contained in frac 
tions A, B, C, D and E are cytidine-5'-monophosphate, 
adenosine-5'-monophosphate, inosine-5'-monophosphate, 60 
uridine-5'-monophosphate, and guanosine-5'-monophos 
phate, respectively. It seems very probable that inosine 
5'-monophosphate recognized in this example was pro 
duced secondarily from adenosine-5'-monophosphate by 
the action of Penicillium deaminase. In this example the 65 
formation of xanthosine-5'-monophosphate was not rec 
ognized. However, this compound was easily obtained 
enzymatically or chemically from guanosine-5'-mono 
phosphate. 

Example 2 
For the formation of the strong 5'-phosphodiesterase, 

shaking culture is more effective than surface culture at 
least in case of the strain employed in Example 1. 
The culture medium employed in Example 1 was in 

oculated with Penicillium citrinum. The inoculated 

O 

tained in Example 2 were added to 1 litre of sauce. 
(Practically, 2-10 ml. of reaction mixture were employed 
against 1 litre of Sauce.) By this treatment displeased 
pungency of Sauce was counteracted perfectly, and the 
good flavor was greatly increased. Thus the sauce be 
came flavorous almost beyond recognition. The mixture 
of deaminated 5'-nucleotides containing inosine-5'-mono 
phosphate, Xanthosine-5'-monophosphate, and uridine-5'- 
monophosphate, Was also employed to improve the taste 
of Sauce. The mixture of 5'-nucleotides was able to be 
kept in a form of dry powder for a long time. 

Example 4 
Monosodium glutamate was coated with purified ino 

sine-5'-monophosphate disodium salt or guanosine-5'- 
monophosphoric acid. The ratio of monosodium gluta 
mate to inosine-5'-monophosphate or guanosine-5'-mono 
phosphate was 5-15:1. The resultant superior seasoning 
was recognized to have remarkable flavoring properties 
for all kind of dishes. 
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Example 5 
To 120 g. of soup potage powder (corresponding to 

1800 ml. of final volume) 1 to 2 g. of purified inosine-5'- 
monophosphate disodium salt or guanosine-5'-monophos 
phoric acid were added. From the resultant enriched 
powder, remarkable flavorous soup was prepared. In 
stead of the purified nucleotide preparations each crude 
preparation or mixture of 5'-nucleotides was also em 
ployed Satisfactorily. 

in case of soup consomne being prepared inosine-5'- 
monophosphate, guanosine-5'-monophosphate, and mix 
ture of 5'-nucleotides were employed effectively too. 
What is claimed is: 
1. A process for improving and increasing specifically 

the favor of foods, beverages, and seasonings containing 
amino acids which comprises adding thereto at least one 
compound selected from the group consisting of free 5'- 
nucleotides and their alkali salts. 

2. A process for improving and increasing specifically 
the flavor of foods, beverages, and seasonings containing 
substantially no amino acids which comprises adding 
thereto at least one 5'-nucleotide in addition to mono 
sodium glutamate. 

3. A process for preparing 5'-nucleotides which com 
prises cultivating the microorganism selected from the 
group consisting of Bacillus, Streptomyces, Torula, Zygo 
saccharomyces, Aspergillus and Penicillium which con 
tain 5'-phosphodiesterase, degrading ribonucleic acid to 
5'-nucleotides by 5'-phosphodiesterase which is contained 
in the cultured material selected from the group consist 
ing of living cells, dry cells, culture filtrates and cell ex 
tracts resulting from the cultivation of said microorgan 
ism, and adding said 5'-nucleotides to a material selected 
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from the class consisting of foods, beverages and season 
ings containing amino acids. 

4. A process for preparing 5'-nucleotides which com 
prises cultivating the microorganism selected from the 
group consisting of Bacillus, Streptomyces, Torula, Zygo 
saccharomyces, Aspergillus and Penicillium which con 
tain 5'-phosphodiesterase, degrading ribonucleic acid to 
5'-nucleotides by 5'-phosphodiesterase which is contained 
in the cultured material selected from the group consist 
ing of living cells, dry cells, culture filtrates and cell ex 
tracts resulting from the cultivation of said microorgan 
ism, adding an alkali salt to a solution containing said 
5'-nucleotides and admixing the solution with a material 
selected from the class consisting of foods, beverages and 
seasonings containing amino acids. 

5. A process for preparing 5'-nucleotides which com 
prises cultivating the microorganism selected from the 
group consisting of Bacillus, Streptomyces, Torula, Zygo 
saccharomyces, Aspergillus and Penicillium which con 
tain 5'-phosphodiesterase, degrading ribonucleic acid to . 
5'-nucleotides by 5'-phosphodiesterase which is contained 
in the cultured material selected from the group consist 
ing of living cells, dry cells, culture filtrates and cell ex 
tracts resulting from the cultivation of said microorgan 
ism adding said 5'-nucleotides and monosodium glutamate 
to a material selected from the class consisting of foods, 
beverages and seasonings poor in amino acids. 
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