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[57] ABSTRACT 

Ribonucleic acid is hydrolyzed in an aqueous reaction 
medium into nucleoside 2’, 3’-cyclic phosphates and 
/or nucleoside 3’, 5’-cyclic phosphates with intact 
.cells of microorganisms having a ribonuclease activity. 
The formation ratio of nucleoside 2', 3'-cyc1ic phos 
phates and nucleoside 3’, 5'-cyclic phosphates is se 
lectively altered by varying the concentration of phos 
phate ion in the culture medium. 

19 Claims, 1 Drawing Figure 
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ENZYMATIC HYDROLYSIS OF RIBONUCLEIC 
‘ ACID I 

BACKGROUND OF THE INVENTION 

The present invention relates to enzymatic hydrolysis 
'of ribonucleic acid (hereinafter referred to as RNA), 
and more speci?cally, to the enzymatic hydrolysis of 
RNA into nucleoside 2', 3'-cyclic phosphates and/or 
nucleoside 3', 5’-cyclic phosphates with intact cells of 
microorganisms having a ribonuclease activity. 
Adenosin 2', 3’-cyclic phosphate (hereinafter re‘ 

ferred to as 2', 3’-c AMP), which is a nucleoside 2’, 3’ 
‘ cyclic phosphate has recently been subject to consider 

able investigation. This is because 2’, 3'-c AMP is con 
sidered to be important since the substance is present 
in the central‘ nervous system of higher animals. Al 
though the role of 2’, 3'-c AMP in the central nervous 
system has not yet been clari?ed, the substance is con 
sidered to play an important role in regard to nerve 
conduction. Therefore, 2', 3'-c AMP and other nucleo 
side 2', 3'-cyclic phosphates are expected to be useful 
as medicaments and are actually used as reagents in 
various kinds of in vivo experiments using animals. The 
products of the invention are also useful for biological 
research into metabolic pathways. 

It is well known that when‘ RNA is reacted with cer 
tain types of ribonuclease, for example, a ribonucleate 
nucleotido-2'-transferase such as ribonuclease T2, acid > 

ribonuclease, leaf ribonuclease, etc., RNA is ?rst hy 
drolyzed into intermediates such as nucleoside 2', 3' 
cyclic phosphates including adenosin 2’, 3'-cyclic 
phosphate (2’, 3'-c AMP), guanosin 2’, 3’-cyclic phos 
phate (hereinafter referred to as 2', 3'-c GMP), uridin 
2', 3’-cyclic phosphate (hereinafter referred to as 2', 
3’-c UMP), and cytidin 2’, 3’-cyclic phosphate (herein 
after referred to as 2’, 3’-c CMP). The intermediates 
are ?nally decomposed into nucleoside 3'-phosphates, 
i.e., adenosin 3'-phosphate, guanosin 3'-phosphate, 
uridin 3'-phosphate and cytidin 3’-phosphate. 

It is also known that, in enzymatic hydrolysis of RNA, 
the presence of a chelating agent inhibits decomposi 
tion of nucleoside 2', 3’-cyclic phosphates into nucleo 
side 3’-phosphates. For instance, in a known method, 
as reported by S. Mantani et al., RNA is hydrolyzed 
into nucleoside 2’, 3’-cyclic phosphates with crystalline 
ribonuclease derived from Rhizopus nivens in the pres 
ence of a chelating agent [Agr. Biol. Chem, Vol. 36, 
No. 2, pages 242-248 (l972)]. However, the use of a 
puri?ed or partially puri?ed ribonuclease for the hy 
drolysis of RNA is not practical in that the preparation 
thereof involves complicated steps and that various by 
products in addition to the desired products are formed 
in the reaction mixture. 

Accordingly, a process for the hydrolysis of RNA on 
an industrially feasible scale is in high demand. 

DESCRIPTION OF THE INVENTION 

In accordance with the present invention, it has been 
found that when RNA is subjected to the action of in 
tact cells of microorganisms having a ribonuclease ac 
tivity in the presence of a chelating agent, the RNA is 
hydrolyzed into nucleoside 2',3'-cyclic phosphates in a 
‘high yield without signi?cant formation of by-products. 

FIG. 1' shows paper chromatograms of the reaction 
mixtures obtained by hydrolyzing RNA with (a) intact 
cells of Escherichia coli, and (b) partially puri?ed ribo 
nuclease comprising raptured cells of Escherichia coli 
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2 
in comparison with the paper chromatograms of 2", 

The paper chromatograms of FIG. 1 are obtained as 
follows: ' 

Escherichia coli, ATCC 10798 is cultured in a me 
dium comprising 30 mg/ml glucose, 6 mg/ml yeast ex 
tract, 8.5 mg/ml potassium dihydrogenphosphate, 11 
mg/ml dipotassium hydrogenphosphate and 0.25 
mg/ml of magnesium sulfate (pH 6.8) at 38°C for 16 
hours. Thereafter, the cells are collected by centrifuga 
tion. ~ 

25 mg/ml (as dry cells) of the cells are suspended in 
water containing 15 mg/ml of RNA and 15 mM of 
EDTA and the mixture is allowed to react at 40°C for 
48 hours. 
A similar reaction is carried out using 25 mg/ml (as 

dry cells) of raptured cells obtained by treating the 
cells prepared above with ultrasonic waves of 28 
kilocycle/sec at 8°C for 10 hours. 7 
The reaction mixtures are subjected to paper chro 

matography. Development is carried out with the upper 
layer of isobutyric acid.n-BuOI-I.O.5N NH4OH (12121) 
,by ascending method at 25°C for 16 hours. 

Asis shown in FIG. 1, when intact cells of a microor 
ganism are used to hydrolyze RNA, the resulting reac 
tion mixture contains only the desired nucleoside 2', 
3'-cyclic phosphates, except for the unreacted RNA. 
On the other hand, when a partially puri?ed ribonucle-V ' ‘ 
ase is used for the hydrolysis of RNA, it is evident that 
various byproducts are formed in the reaction mixture 
in addition to the desired nucleoside 2’, 3’-cyclic phos 
phates. ' 

It is considered that in the case of a puri?ed ribonu 
clease, the ribonuclease specimen is contaminated by 
other enzymes, and, therefore, various by-products are 
formed due to the occurence of side reactions. In this 
respect, in the case of the intact cells of microorgan~> 
isms of the present invention, it is considered that the 
RNA is hydrolyzed with a ribonuclease specimen pres 
ent on the surface-of the microbial cells and the desired 
nucleoside 2', 3'-cyclic phosphates are produced prac 
tically selectively. 

In accordance with the present invention, it has also 
been found that, in the hydrolysis of RNA with intact 
cells of microorganisms, nucleoside 2’, 3'-cyclic phos 
phates and nucleoside 3’, 5’-cyclic phosphates includ 
ing adenosin 3', 5’-cyclic phosphate (hereinafter re 
ferred to as 3', 5'-c AMP), guanosin 3’, 5’-cyclic phos 
phate (hereinafter referred to as 3', 5’-c GMP), uridin 
3’, 5’-cyclic phosphate (hereinafter referred to as 3', 
5'-c UMP) and cytidin 3’, 5’-cyclic phosphate (herein 
after referred to as 3’, 5 '-c CMP), can be obtained in a 
preselected ratio by controlling the amount of phos 
phate ion in' the reaction medium. More speci?cally, 
when the hydrolysis is carried out in the absence or in 
the presence of a very low concentration of phosphate 
ion,’RNA is selectively decomposed into nucleoside 2’, 
3'-cyclic phosphates; and when the reaction is carried 
out in the presence of a relatively higher concentration 
of phosphate ion, RNA is selectively decomposed into 
nucleoside 3', 5’ -cyclic phosphates. Obviously, when 
the phosphate ion concentration is adjusted to a me 
dian level, both nucleoside 2’, 3'- and 3', 5'-cyclic 
phosphates are formed and accumulated in the reac 
tion medium. 
Adenosin 3', 5'-cyclic phosphate is one of the com~ 

ponents of nucleoside 3', 5'-cyclic phosphates and is 
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known to function as a mediator of hormon-induced 
changes in the metabolism. 3’, 5'-c AMP and other nu 
cleoside 3’, 5'-cyclic phosphates are not only useful as 
reagents for the medical studies but are expected to be 
useful as medicaments. 
Heretofore, there have been no reports on enzymatic 

hydrolysis of RNA to prepare nucleoside 3', 5’-cyclic 
phosphates. It has been only known that 3’, 5'-c AMP 
is produced by reaction of adenosin triphosphate with 
adenyl cyclase obtained from a microbial source or is 
produced by fermentation reaction. 

In accordance with the present invention, any micro 
organism that exhibits a ribonuclease activity may be 
used. Any of the methods well known in the art may be 
utilized for the determination of whether a speci?c mi 
croorganism exhibits a ribonuclease activity. Once a 
microorganism has been determined to exhibit the re 
quired activity it may be employed in the present inven 
tion; and it is to be understood that any microorganism 
possessing such activity is contemplated by the inven 
tion. 

Preferred microorganisms are Gram-negative bac 
teria particularly, those belonging to the genera Esch 
erichia, Salmonella, Aerobacter or Pseudomonas. The 
genus Aerobacter is generally characterized by short 
rods; motile or nonmotile, the motile species possessing 
peritrichous ?agella; gramnegative; grow readily on or 
dinary media; ferment glucose and lactose with the pro 
duction of acid and gas; produce two or more times as 
much carbon dioxide as hydrogen from glucose; meth 
yl-red test negative; Voges-Proskauer test positive; tri 
methyl-eneglycol not produced from glycerol by anaer 
obic fermentation; citric acid and salts of citric acid are 
utilized as sole sources of carbon; aerobic, facultatively 
anaerobic. ' 

The genus Escherichia is generally characterized by 
short rods; motile or nonmotile; gram-negative; glucose 
and lactose are fermented with the production of acid 
and gas; acetylmethylcarbinol is not produced; methyl 
red test positive; carbon dioxide and hydrogen are pro 
duced in approximately equal volumes from glucose; 
generally not able to utilize uric acid as a sole source of 
nitrogen. 
The genus Salmonella is generally characterized by 

rods that are usually motile by means of peritrichous 
?agella, although nonmotile forms may occur. Gram 
negative. gelatin not liquefied; indole not produced; by 
drogensul?de production is variable; acid is produced 
from glucose, mannitol, maltose, and sorbitol; gas pro 
duction is usually observed (exceptions are Salmonella 
typhosa and Salmonella gallinarum, but gas production 
may also be absent in other species or serotypes; lac 
tose, sucrose, salicin, and adonitol are not attacked; the 
fermentation of other carbohydrates is variable; acetyl 
methylcarbinol is not produced; methyl-red test is posi 
tive; nitrites are produced from nitrates; ammonium ci 
trate is usually utilized; urea not hydrolyzed; KCN-sen 
sitivity is negative. 
The genus Pseudomonas is generally characterized 

by cells monotrichous, lophotrichous, or nonmotile; 
Gramnegative; frequently develop ?uorescent, diffus 
ible pigments of a greenish, bluish, violet, lilac, rose, 
yellow, or other color; sometimes the pigments are 
bright red or yellow and nondiffusible; there are many 
species that fail to develop any pigmentation; the ma 
jority of species oxidize glucose to gluconic acid, 2 
ketogluconic acid, or other intermediates; usually inac 
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4 
tive in the oxidation of lactose; nitrates are frequently 
reduced either to nitrites, ammonia, or free nitrogen. 

In addition, Gram-positive yeasts belonging to the 
genera Hansenula, Kloechera and Torulopsis are also 
preferred. The genus Hansenula belongs within the 
subfamily Saccharomycetaideae and is generally char 
acterized by budding cells and pseudomycelium, spores 
hat-shaped, Saturn-shaped or round, 1 to 4 per ascu, 
dissimilative oxidative (pellicle formation) also fer 
mentative, nitrate assimilated. 
The genus Torulopsis is found within the Family 

Cryptococcaceae and is generally characterized by 
multilateral budding, no pseudomycelium or mycelium, 
no formation of starchlike compounds, mostly fermen 
tative. 
The genus Kloeckera is also found within the Family 

Cryptococcaceae and is generally characterized by bi 
polar budding, lemon-shaped, cells and fermentative. 
The microorganisms are propagated in manners well 

known in the art for culturing bacteria or yeasts, as the 
case may be. For example, the microorganism is propa 
gated into a medium usually used for culturing the spe 
ci?c microorganism, containing a carbon source, a ni 
trogen source, inorganic materials and other nutrients. 
Suitable carbon sources include carbohydrates, such as 
glucose, sucrose, etc. Organic acids, alcohols and hy 
drocarbons may also be used depending upon the as 
similability possessed by the microorganism to be em 
ployed. As the nitrogen source, organic and inorganic 
nitrogen compounds usually used for cultun'ng and nat 
ural organic substances, such as peptone, corn steep 
liquor, yeast extract, etc. may be used. Further, phos 
phates such as potassium dihydrogen phosphate and 
dipotassium hydrogen phosphate‘ and a metal source 
such as magnesium sulfate may be added to the me 
dium. 
Culturing may be carried out under the conditions 

suitable for the microorganisms to be employed. After 
the completion of culturing, the cells are collected, for 
example, by centrifugation. 

In carrying out the hydrolysis of RNA, the cells are 
suspended in an aqueous medium at a concentration of 
10 to 40 mg/ml, preferably, about 20 mg/ml, deter 
mined as dry weight. To the suspension is added RNA, 
a chelating agent and a predetermined amount of phos 
phate ion. 
The RNA to be employed in the present invention 

may be obtained in any well known manner, and is usu 
ally obtained from microorganisms. For hydrolysis, a 
concentration of 1 to 40 mg/ml, preferably, 10 to 20 
mg/ml of RNA is used. 
As the chelating agent, any of those usually used for 

chelating metal ion may be used. (see for example the 
aforementioned Mantani publication). Preferred are, 
ethylenediaminetetraacetic acid (hereinafter referred 
to as EDTA), cyclohexanediaminetetraacetic acid 
(hereinafter referred to as Cy-DTA) and hydroxye 
thylenediaminetriacetic acid (hereinafter referred to as 
EDTA-OH). The chelating agent is employed at a con 
centration of 5 to 30 mM, preferably 10 to 30 mM. 
As described above, in the present invention, the for 

mation ratio of nucleoside 2', 3'-cyclic phosphates and 
nucleoside 3', 5'-cyclic phosphates is controlled by the 
concentration of phosphate ion in the reaction me 
dium. 
To illustrate, a strain of Escherichia coli, ATCC 

10798, is cultured in 500 ml of a medium comprising 
30 mg/ml glucose, 6 mg/ml yeast extract, 8.5 mg/ml po 
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tassium dihydrogenphosphate, 11 mg/ml dipotassium 
hydrogenphosphate and 0.25 mg/ml magnesium sul 
fate (pH 6.8) in a 3 L-Erlenmeyer ?ask at 38°C for 16 
hours. After the completion of culturing, the cells are 
collected from the culture liquor by centrifugation. 
Then 2.5 g (dry weight) of the cells thus obtained are 

suspended in 100 ml portions each of water, 0.10M, 
0.15M, 0.16M, 0.17M and 0.3M phosphate buffer solu 
tions having a pH of 7.5. To the suspensions are added 
0.5 g of RNA and 292 mg of EDTA. The suspension is 
allowed to react at 40°C for 48 hours. Following the re 
action, the formation of nucleoside 2’, 3'-cyclic phos 
phates and that of nucleoside 3’, 5’-cyclic phosphates 
are determined. The results are shown in the following 
table. - 

Table 

Concentration Formation of nucleo- Formation of nucleo 
of phosphate side 2',3’-cyclic , side 3',5’-cyclic 

ion (M) phosphate (mg/ml) phosphate (mg/ml) 

0 2 trace 
0.10 2 trace 
0.15 1.7 0.25 
0.16 0.96 0.77 
0.17 trace 1.2 
0.3 trace 1.2 

As is evident from the results of the above experi 
ment, when phosphate ion is absent from the reaction 
system, RNA is decomposed selectively into nucleoside 
2', 3’-cyclic phosphates. As the concentration of phos 
phate ion is increased, the formation of nucleoside 2’, 
3'-cyclic phosphates decreases while that of nucleoside 
3’, 5'-cyclic phosphates increases. When the concen 
tration of phosphate ion is as high as 0.17M or more, 
RNA is decomposed almost selectively into nucleoside 
3', 5'~cyclic phosphates. ‘ 
Thus, in accordance with the present invention, when 

the concentration of phosphate ion is in the medium is 
from 0 to 0.15M, the reaction products are rich in nu 
cleoside 2', 3'-cyclic phosphates; and when the con~ 
'centration is 0.17M and higher, the reaction products 
are rich in nucleoside 3’, 5'-cyclic phosphates. Where 
the concentration is between 0.15M and 0.17M, nucle 
oside 2', 3'- and 3’, 5’-cyclic phosphates are produced 
almost equally. 
As a source of phosphate ion, various phosphates 

that liberate phosphate ion in an aqueous medium such 
as phosphoric acid, sodium phosphate, potassium phos 
phate, ammonium phosphate, etc., may be employed. 
Particularly suitable sources are evident from the fol 
lowing examples. 
Generally speaking, the aqueous medium containing 

RNA, microbial cells, a chelating agent and various 
concentrations of phosphate ion is allowed to react at 
35°C to 45°C, preferably, 38°C to 42°C, for 1 to 96 
hours, preferably, 24 to 48 hours. During the reaction, 
the pH is maintained at 4 t0 9. Where the selective pro~ 
duction of nucleoside 2’, 3’-cyclic phosphates is de 
sired, the pH is preferably kept at around 5 and where 
the selective production of nucleoside 3', 5'—cyclic 
‘phosphate is desired, the pH is preferably kept at 
around 8. _ 

Suitable aqueous reaction media may be various 
buffer solutions such as an acetate buffer and a phos 
phate buffer. In view of the pH adjustment, the use of 
a phosphate buffer solution is most convenient. 
After completion of the reaction, the products are 
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ple, the cells are removed from the reaction mixture by 
?ltration. The cell-free ?ltrate is subjected to adsorp 
tion on activated carbon or a synthetic adsorbent and 
thereafter elution is carried out with aqueous methanol 
of an alkaline pH or a mixture of acetone and water. 
The eluate is concentrated and adsorbed on an anion 
exchange resin, for example, Dowex 1X2 (Cl‘) (trade 
name for a strongly basic anion exchange resin, pro 
duced by The Dow Chemical Co., U.S.A.). Then elu 
tion is carried out with a neutral salt solution such as an 
aqueous ammonium bicarbonate solution. After 
freezedrying or crystallization of the eluate, a mixture 
of nucleoside 2', 3'-cyclic phosphates containing 2', 
3'-c AMP, 2’, 3’-c GMP, 2’, 3'-c UMP and 2’, 3’-c 
CMP or a mixture of nucleoside 3',>5'-cyclic phos 
phates containing 3’, 5’-c AMP, 3', 5’-c GMP, 3’, 5’-c 
UMP and 3’, 5' CMP is obtained. 
Where the reaction products are obtained as a mix 

ture of nucleoside 2’, 3’-cyclic phosphates and nucleo 
side 3', 5'-cyclic phosphates, the mixture can be readily 
separated into each nucleoside cyclic phosphate. For 
example, the cells are removed from the reaction mix 
ture by ?ltration. The filtrate is adjusted to a pH of 3.5 

I to 4.0 with a suitable acid, such as hydrochloric acid or 
phosphoric acid; By concentrating the ?ltrate, nucleo 
side 3', 5’~cyclic- phosphates separate out. After recov 
ering nucleoside 3', 5'-cyclic phosphates by ?ltration, 
nucleoside 2', 3'-cyclic phosphates are obtained as the 
?ltrate. The nucleoside 3', 5’-cyclic phosphates ob 
tained as a solid may then be dissolved in a solvent hav 
ing a weakly alkaline pH of 7.5 or more. Nucleoside 2', 
3’- or 3’, 5'-cyclic phosphates separated in this manner 
can be puri?ed, respectively, in the same manner as de 
scribed above. 
The thus obtained nucleoside 2', 3'- or 3', 5'-cyclic 

phosphates are readily separated into each component 
by any means well known in the art. For example, a 
mixture of nucleoside 2’, 3’— or 3', 5’-cyclic phosphates 
is passed through a column of an anion exchange resin 
such as Dowex 1X2 (Cl‘). Stepwise elution is carried 
out using 0.1 to 1.0M solutions of a neutral salt such as 
ammonium bicarbonate. By repeatedly carrying out the 
similar steps of column chromatography, nucleoside 2', 
3’- or 3’, 5'-cyclic phosphates can completely be sepa 
rated into each component. 

Practice of certain speci?c embodiments of the pres 
ent invention is illustrated by the following representa 
tive examples. 

EXAMPLE 1 

In this example, Escherichia coli, ATCC 10798, is 
cultured in 500 ml of a medium comprising 30 mg/ml 
glucose, 6 mg/ml yeast extract, 8.5 mg/ml potassium 
dihydrogen phosphate, 11 mg/ml dipotassium hydro 
gen phosphate and 0.25 mg/ml magnesium sulfate (pH 
6.8) in a 3 L-Erlenmeyer ?ask at 38°C for 16 hours. 
Thereafter, the cells are collected from the culture li 
quor by centrifugation. 
Then, 4 g (in all of the examples, the weight of the 

cells is dry weight) of the cells are suspended in 200 ml 
of water. To the suspension are added 3 g of RNA and 
876 mg of EDTA. The mixture is allowed to react at 
40°C for 48 hours. After the reaction, 14 mg/m1 of a 
mixture of nucleoside 2’, 3'-cyclic phosphates is 
formed in the reaction mixture. 
The cells are removed from the resulting reaction 

mixture by ?ltration and the ?ltrate is passed through a 
column of Dowex 1X2 (Cl‘). Elution is carried out with 
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an aqueous solution of ammonium bicarbonate and the 
eluate is concentrated and freeze-dried. As a result, 1.8 
g of a powder of a mixture of nucleoside 2', 3’-cyclic 
phosphates of 90% purity comprising 2', 3’-c AMP, 2’, 
3'-c GMP, 2', 3'-c UMP and 2', 3'-c CMP is obtained. 

EXAMPLE 2 

In this example, 2.5 g of the cells of Escherichia coli, 
ATCC 10798, obtained in the same manner as de 
scribed in Example 1 are suspended in 100 ml of water. 
To the suspension are added 1 g of RNA and 519 mg of 
Cy-DTA. The mixture is allowed to react at 40°C for 48 
hours. After the reaction, 6.2 mg/ml of a mixture of nu 
cleoside 2’, 3'-cyclic phosphates is formed in the me 
dium. 

EXAMPLE 3 

In this example, Escherichia coli, ATCC 10798, is 
cultured in 500 ml of a medium comprising 30 mg/ml 
glucose, 50 mg/ml corn steep liquor, 8.5 mg/ml potas 
sium dihydrogenphosphate, 11 mg/ml dipotassium hy 
drogenphosphate and 0.25 mg/ml magnesium sulfate 
(pH 6.5) in a 3 L-Erlenmeyer ?ask at 38°C for 16 
hours. Thereafter, the cells are collected by centrifuga 
tion. 
Then 2 g of the cells are suspended in 100 ml of wa 

ter. To the suspension are added 1.5 g of RNA and 500 
mg of EDTA-OH. The mixture is allowed to react at 
40°C for 48 hours. After the completion of the reac 
tion, 9.7 mg/ml of a mixture of nucleoside 2', 3’-cyclic 
phosphates is formed in the reaction medium. 

EXAMPLE 4 

In this example, 4.4 g of the cells of Escherichia coli, 
ATCC 10798, obtained in the same manner as in Ex 
ample 3 are suspended in 200 ml of 0.33M phosphate 
buffer solution having a pH of 8.0. To the suspension 
are added 2 g of RNA and 876 mg of EDTA and the 
mixture is allowed to react at 40°C for 48 hours. As a 
result, 7.2 mg/ml of a mixture of nucleoside 3', 5’ 
cyclic phosphates is formed in the reaction mixture. 
The cells are then removed by ?ltration and the ?l 

trate is subjected to adsorption on a resin. Elution is 
carried out with 50% acetone and the eluate is concen 
trated. The concentrate is subjected to adsorption on 
Dowex 1X2 (Cl‘) and elution is carried out with a cal 
cium chloride - hydrochloric acid buffer solution. The 
eluate is concentrated and freeze—dried. As a result, 0.6 
g of a powder of a mixture of nucleoside 3’, 5'-cyclic 
phosphates of 86% purity is obtained. 

EXAMPLE 5 

In this example, Aerobacter aerogenes, IAM 1133, 
ATCC 8329, is cultured in 500 ml of a culture medium 
comprising 10 mg/ml glucose, 10 mg/ml corn steep li 
quor, 8.5 mg/ml potassium dihydrogenphosphate, 11 
mg/ml dipotassium hydrogenphosphate and 0.25 
mg/ml magnesium sulfate (pH 6.8) in a 3 L-Erlenmeyer 
?ask at 28°C for 8 hours. After culturing, the cells are 
collected by centrifugation. 
The, 7.5 g of the cells are suspended in 300 ml of 

0.05M acetate buffer solution having a pH of 5.5. To 
the suspension are added 3 g of RNA and 1752 mg of 
EDTA. The mixture is then allowed to react at 40°C for 
24 hours. After completion of the reaction, 5.6 mg/ml 
of a mixture of nucleoside 2', 3'-cyclic phosphates is 
formed in the reaction mixture. 
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8 
The cells are removed from the reaction mixture by 

?ltration and the ?ltrate is subjected to adsorption on a 
resin. Elution is carried out with a mixture of acetone 
and ammonium hydroxide, and the eluate is then con 
centrated and the concentrate is diluted with water. 
The diluted solution is passed through a column of 
Dowex 1X2 (Cl‘). Elution is then carried out with an 
aqueous ammonium bicarbonate solution. The eluate is 
concentrated and freezedried. As a result, 0.7 g of a 
powder of a mixture of nucleoside 2’, 3'-cyclic phos 
phates of 85% purity is obtained. 

EXAMPLE 6 

In this example, Aerobacter aerogenes ATCC 8329, is 
cultured in 500 ml of a medium comprising 10 mg/ml 
glucose, 6 mg/ml yeast extract, 8.5 mg/ml potassium 
dihydrogenphosphate, 11 mg/ml dipotassium hy 
drogenphosphate and 0.25 rug/ml magnesium sulfate 
(pH 6.8) in a 3 L-Erlenmeyer ?ask at 38°C for 8 hours. 
Thereafter, the cells are collected by centrifugation. 
Then, 2.5 g of the cells are suspended in 100 ml of 

0.40M phosphate buffer having a pH of 8.0. To the sus 
pension are added 800 mg of RNA and 584 mg of 
EDTA and the mixture is allowed to react at 40°C for 
36 hours. After completion of the reaction, 4.3 mg/ml 
of a mixture of nucleoside 3', 5’-cyclic phosphates if 
formed. . 

The reaction mixture is then treated in the same man 
ner as in Example 4 resulting in 133 mg of a powder 
comprising a mixture of nucleoside 3’, 5’-cyclic phos 
phates of 83% purity being obtained. 

EXAMPLE 7 

In this example, Salmonella typhosa, ATCC 9992, is 
cultured in 500 ml of a medium having the same com 
.position as that of Example 1 in a 3 L-Erlenmeyer ?ask 
at 28°C for 16 hours. Thereafter, the cells are collected 
by centrifugation. ' 
Then, 1.8 g of the cells are suspended in 100 ml of 

0.05M phosphate buffer solution having a pH of 6.8. 
To the suspension are added 1 g of RNA and 438 mg of 
EDTA. The mixture is allowed to react at 40°C for 15 
hours resulting in the formation of 6.3 mg/ml of a mix 
ture of nucleoside 2', 3 ’-cyclic phosphates in the reac 
tion mixture. 
The reaction mixture is then treated in the same man 

ner as in Example 5. As a result, 170mg of a powder 
comprising a mixture of 2', 3'-cyclic phosphates of 
82% purity is obtained. 

EXAMPLE 8 

In this example, 2 g of cells of Salmonella typhosa, 
ATCC 9992, obtained in the same as in Example 7 are 
suspended in 100 ml of 0.36M phosphate buffer solu 
tion having a pH of 8.0. To the suspension are added 
1.5 g of RNA and 730 mg of EDTA and the mixture is 
allowed to react at 43°C for 44 hours. As a result, 9.1 
mg/ml of a mixture of nucleoside 3’, 5'-cyclic phos 
phates is formed in the reaction mixture. 

EXAMPLE 9 

In this example, Pseudomonas aeruginosa, ATCC 
15246, is cultured in the same manner as in Example 1. 
After culturing, the cells are collected by centrifuga 
tion. Then 2.3 g of the cells are suspended in 100 ml of 
0.05M acetate buffer solution having a pH of 5.0. To 
the suspension are added 1.5 g of RNA and 584 mg of 
EDTA. The mixture is allowed to react at 38°C for 43 
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hours, resulting in 9 mg/ml of a mixture of nucleoside ; i 
2’, 3'-cyclic phosphates being formed in the reaction . 
mixture. 
The reaction mixture is treated in the same manner 

as in Example 5. As a result, 144 mg of a powder com 
prising a mixture of nucleoside 2', 3’-cyclic phosphates 
of 78% purity is obtained. ' ' ' I 

EXAMPLE 10 
v In this example, the procedure described in Example 
4 is repeated except that Pseudomonas aeruginosa, 
ATCC 15246 is used in place of Escherichia coli, ATCC 
10798. As a result, 371 ug/ml of a mixture of nucleo 
side 3', 5'-cyclic phosphates is formed in the reaction 
mixture. 

EXAMPLE 1 1 

In this example, Hansenula anomala, ATCC 20144, is 
cultured in 500 ml of a medium comprising 40 mg/ml 
glucose, 5 mg/ml peptone, 2 mg/ml yeast extract, 2 
mg/ml potassium dihydrogenphosphate, 2 mg/ml dipo 
tassium hydrogenphosphate, 1 mg/ml magnesium sul 
fate and 20 mg/ml malt extract (pH 6.5) in a 3 L-Erlen 
meyer ?ask at 28°C for 28 hours. After culturing, the 
cells are collected by cetrifugation. Then, 2.5 g of the 
cells are suspended in 100 ml of 0.33M phosphate 
buffer solution having a pH of 8.0. To the suspension 
are added 1 g of RNA and 500 mg of EDTA-OH and 
the mixture is allowed to react at 40°C for 72 hours. 
After the completion of the reaction, 3.6 mg/ml of a 
mixture of nucleoside 3', 5'-cyclic phosphates is 
formed in the reaction mixture. The reaction mixture is 
then treated in the same manner as in Example 4. As a 
result, 47 mg of a powder comprising a mixture of nu 
cleoside 3', 5’-cyclic phosphates of 76% purity is ob 
tained. , I _' 

EXAMPLE 12 

In this example, Kloechera apiculata, ATCC 18212, is 
cultured in the same manner as in Example 11 except 
that the culturing is carried out for 32 hours. Thereaf 
ter, the cells are collected by centrifugation. Then 3 g 
of the cells are suspended in 100 ml of 0.33M phos 
phate buffer solution having a pH of 8.0. To the suspen 
sion are added 1 g of RNA and 692 mg of Cy-DTA and 
the mixture is allowed to react at 40°C for 72 hours. 
After completion of the reaction, 3.5 mg/ml of a mix 
ture of nucleoside 3’, 5'-cyclic phosphates is formed in 
the reaction mixture. The reaction mixture is then 
.treated in the same manner as in Example 4. As the re 
sult, 42 mg of a powder comprising a mixture of 3', 5' 
-cyclic phosphates of 74% purity is obtained. 

EXAMPLE 13 

In this example, 2.5 g of the cells of Torulopsis spha 
erica, ATCC 8549, obtained in the same manner as in 
Example 11 are suspended in 100 ml of 0.33M phos 
phate buffer solution having a pH of 8.0. To the suspen 
sion are added 1 g of RNA and 438 mg of EDTA and 
the mixture is allowed to react at 40°C for 48 hours. 
‘After completion of the reaction, 523 ug/ml of a mix 
ture of nucleoside 3’, 5’-cyclic phosphates if formed in 
‘the reaction mixture. 
What is claimed is: 
1. A process for producing nucleoside 2', 3'-cyclic 

phosphates and nucleoside 3', 5’-cyclic phosphates 
which comprises reacting ribonucleic acid with intact 
cells of a microorganism having a ribonuclease activity 
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in an aqueous reaction medium which includes a 
source of phosphate ion, in the presence of a chelating 
agent to enzymatically hydrolyze ribonucleic acid into 
nucleoside 2', 3'-cyclic phosphates and nucleoside 3’, 
,5'-cyclic phosphates and isolating-the nucleoside 2', 
3'-cyclic phosphates and nucleoside 3’, 5'-cyclic phos 
phates from the resulting aqueous medium. , 

2. A process for producing nucleoside 2', 3’-cyclic 
phosphates which comprises reacting ribonucleic acid 
with intact cells of a microorganism having a ribonucle 
ase activity in an aqueous medium in the presence of a 

, chelating agent and phosphate ion wherein the con'cen 
' tration of phosphate ion in the aqueous medium is 0 to 
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0.15M to enzymatically hydrolyze ribonucleic acid into 
nucleoside 2', 3’-cyclic phosphates and isolating the 
nucleoside 2', 3’-cyclic phosphates from the resulting 
aqueous medium. 

3. A process for producing nucleoside 3', 5'-cyc1ic 
phosphates which comprises reacting ribonucleic acid 
with intact cells of a microorganism having a ribonucle 
ase activity in an aqueous medium which consists es 
sentially of, in addition to said ribonucleic acid and said 
intact cells, an aqueous buffer solution, a chelating 
‘agent and phosphate ion wherein the concentration of 
phosphate ion in the aqueous medium is at least 0.17M 
to enzymatically hydrolyze ribonucleic acid into nucle 
oside 3’, 5’-cyclic phosphates and isolating the 3', 5' 

' cyclic phosphates from the resulting aqueous medium. 
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4. A process according to claim 1, wherein said mi 
croorganism belongs to a genus selected from the 
group consisting of Escherichia, Salmonella, Aerobac- ' 
ter, Pseudomonas, Hansenula, Kloeckera and Torulop 
sis. 

5. A process according to claim 1, wherein said mi 
croorganism belongs to a species selected from the, 
group consisting of Escherichia coli, Aerobacter aero 

' genes, Salmonella typhosa, Pseudomonas aeruginosa, 
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Hansenula anomala, Kloeckera apiculata and Torulopsis ‘ 
sphaerica. - 

6. A process according to claim 5, wherein said mi 
croorganism is selected from the group consisting of 
Escherichia coliATCC 10798, Aerobacter aeroge'nes 
ATCC 8329, Salmonella typhosa ATCC 9992, Pseudo 
monas aeruginosa ATCC 15246, Hansenula anomala 
ATCC 20144, Kloeckera apiculata ATCC 18212, and 
Torulopsis sphaerica ATCC 8549. 

7. A process according to claim 1, wherein said che 
lating agent is selected from the group consisting of 
ethylenediaminetetraac etic acid, cyclohex 
anediaminetetraacetic acid and hydroxye 
thylenediaminetriacetic acid. 

8. A process according to claim 1, wherein said me 
dium contains from 0.15M to 0.17M phosphate ion 
whereby nucleoside 2’, 3'-cyclic phosphates and nucle 
oside 3', 5’-cyclic phosphates are about equally pro 
duced in said medium. 

9. A process according to claim 1, wherein from 1 to 
40 mg/ml of ribonucleic acid is reacted with from 10 to 
40 mg/ml of intact microorganism cells. 

10. A process according to claim 1, wherein said che 
lating agent is present in said medium at a concentra 
tion of from 5 to 30mM. _ 

11. A process according to claim 2, wherein the pH 
of said medium is maintained at about 5. 

12. A process according to claim 3 wherein the pH of 
said medium is maintained at about 8. 

13. A process according to claim 2, wherein the 
source of phosphate ion is phosphoric acid, sodium 
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phosphate, potassium phosphate or ammonium phos 
phate. ' 

14. A process according to claim 3, wherein the 
source of phosphate ion is phosphoric acid, sodium 
phosphate, potassium phosphate, or ammonium phos 
phate. 

15. A process according to claim 1, wherein the tem 
perature of reaction is from 35° to 45°C. and wherein 
said reaction is conducted for a period of time of from 
1 to 96 hours. 

16. A process according to claim 1, wherein the tem 
perature of reaction is from 38 to 42°C. and wherein 
said reaction is conducted for a period of time of from 
24 to 48 hours. 
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17. A process according to claim 1, wherein the pH 

of said aqueous reaction medium during reaction is 
from 4 to 9. 

18. A process according to claim 1, wherein said 
aqueous reaction medium consists essentially of a buff 
ered aqueous solution containing said chelating agent 
and said phosphate ion, and wherein said aqueous reac 
tion medium has a pH of from 4 to 9. 

19. A process according to claim 1, wherein the 
source of phosphate ion is phosphoric acid, sodium 
phosphate, potassium phosphate or ammonium phos 
phate. 

* * * * * 


