Fernmentation Process For- The Preparation O Inosine And/Or Guanosine
This invention relates to a nethod of produci ng i nosine and/or guanosi ne.

| nosi ne d guanosine are inportant .starting naterials for the;§y9ygg3155’
pr oduct of . condinents, ‘ nanely 5'-inosinic aci‘'d’ and 5'-guanylic
acid, and it is of great conner0|al 10 si-gnificance to produce themin

| arge quantities. For the production of inosine and/or guanosine by way -of
fermentation, it has been considered advantageous from industrial’ s;ews
to enploy a nutant ;strain in. which oneter nore of such 15 properti

as adeni ne/ adenosi ne resi stance, GW reductase deficiency, and

nucl eoti de, phosph- oryl ase defi ci ency have been constructed. The

i nt ensi vee" eseararmenita ¢ Hamn F?WOCQ%EL Eﬂhqp":he itEeparatiorn 0/Of t he

pur.pose of 20 1n°gnmgqq*a¢ngrcbéxuwfwglonal fermentative product- ion of
I nosine and/or gquanosine Ted to the finding that the accunul ati on of

I nosi ne and/ or guanosine by an inosine and/ or guanosi ne producing

m croorgani sm of the genus Bats| iusedbion redaiteisndcademearchddr grow h
can be remarkablgf €F§&€éfﬁ 1 s i &%Mﬁh 4gu%s{g§roorganlsn1 to acquire
resi stance at 6% such . as ﬁ% rexate am nopterin,
pyrlnethan1ne trTnEthopr|n1 Eknesiny ond QUO"OSI"e ore impporidmivention
therefore provigegr fingt hadeelals0dde %e‘ W%ﬁ@lﬂom ne, which e
conpri ses cultu¥|n% % nugant strf g ?enus BaC|IIus mhlch -
requi res adeni ne® SR * Sand "8 tEsi tahP°s B&n 9&A6 1

5'-guunylxc acid, and it is of greot cmnnercxol

10 ‘significance to produce them in large quantities.

For the production of inosine and/or guanosine

by way of fermentation, it has been considered

advantageous from indusfriol views to employ

a mutant strain in which one or more of such

15 - properties os odenine/adenosine resistance,

GMP reductase deficiency, and nucleotide phosph-

orylase deficiency have been constructed.

The intensive research undertaoken

by the present ‘inventors for the purpose of

20 improving the conventional fermentative produgf— _ (
"ion of 1inosine and/or guanosine led to the

finding that the occumulation of inosine and/

~

or guanosine by an inosine and/or guanosine

producing microorganism of the genus Bacillus

25 requiring adenine for growth can be remarkably

_increused by <causing the microorganism to

acquire resistance fto antifolates such' as

methotrexate, °~ ominopterin, pyrimethamine,
trimethoprim, etc.

30 This invention therefore provides

a method of producing inosine and/or guanosine,

- which comprises culturing ‘'@ mutant strain

‘of the genus Bacillus, which requires .odenine

for growth and is resistant to an antifolate

35 (as hereinafter defined) and capable of produci-



35 (as hereinafter defined) and capabl e of produ0| -=2- ng -inosine

and/or guanosine, in a medium to cause the same strain to el abordte and
accumul - ate inosine and/or guanosine in a culture broth, and s
recovering the inosine and/or: guanos- 5 I ne so accunul at ed frzﬂgfﬁrﬂ*
broth. The i nvention al so provi des a biologically pure re

.of a mcroorganismbelonging to the genus Bacillus and having
characteristics identifiable wth those of 10 FERM BP-288, FERM
BP-289, LERM BP-290, FERM BP-291 .aar FERM BP-292, said culture
bei ng capable of . producing, in a culture nedium containing
assim | abl e carbon and digestible nitrogen  sources, a recoverable
anount  &f 15ng |m.ssmeeamwdwogugnaab@eneTheux|ﬁ(ﬁ@0rgaMﬂun enpl oyed

in accordance Jyith tfi.s |°P¥enstr|ro°q S AN 1S e Zlg,p(‘o({c osi ne produci ng

strain of the genus aci’l requires nine tor growth 20
and has resi stedsce inosdmei f singt/es. m@ﬁtllﬂkol dines o f (uldugei d ant ago-

ntstics) use@roith,tBhd rkBY¥GBEIRY PRE [HEs HheOsn dVY € HuaHRW
ant agoni gtically i’ nhi bi tory Ton to, di hydrofolate reductase or to

c
one carBon 23ne FPaﬁ§FE?“ﬂ&é€gi ﬁ§“|ﬁ°%ﬁ|§hP?%1|c acid particip- ates. As

stich antifolates, there mayhbe nerviedndriacth med hod r epabe idagi napterin,
trineth- ' '

(N

biologically pure culture of o microorganism
belonging to the- genus Bacillus and having
_ characteristics identifiable with those of
.\~ 10 FERM. BP-288, FERM BP-289, FERM BP-290, FERM
| " BP-291 or FERM BP-292, said culture being
ccp@ble of producing, in a culture medium
containing assimilable carbon and digestible
nitrogen sources, a recoverable amount of
15 inosine and/or guanosine.
_ The microorganism employed in
accordance with this invention is an inosine
and/or guanosine producing strain of the genus

Bacillus which requires adenine for growth

\¢£. 20 and has resistance to antifolates.

The antifolates (folic acid antago-
: nistics) used in this invention are the drugs
NS

which show antagonistically inhibitory action

to dihydrofolate reductase or to one carbon

25 ‘transfer reactions in which folic acid particip-
ates. '

As such antifolates, there may

be mentioned methotrexate, ominopterin, trimeth-

oY,

oprim or pyrimethamine, etc.:
39- - The mutants wused in the present
" invention can be derived from a broad range
of parents including not only the wild strains

of Bacillus pumilus, Bacillus subtilis, Bacillus

. licheniformis, etc. but also inosine and/or

35 guanosine-producing strains of the genus Bacill-



oprimor pyr

present invention can be derived froma broad range of parents

notfonky the

i met ham ne, etc. 30. : The . nutants

wild strains of Bacillus pum|lus,. Bacillus subtilis,

used in the
i ncl udi ng
Baci } | us

lic¥nifornis, etc. but also inosine and/or 35 - guanosi, ne- pr oduci ng

strai ns~of t

46839/ 1976/ ]
m croor gani s
acconpl i shed
mut ant ét r ai

s’ purnilus

. he genus Bacill - -2a- 1 us [e.g. Bacillu
No. 158-A-11 (IFO 12476) described in Japanese Patent Publicati.on. No.
The derivation and isolation 5 of th
m for wuse in accord@mce wWith this invention
by “the established procedures. - Thus,
n can be obgain by subjec- ting m,CrLQor i
45 lgge- eé&.—"“fiééci#’&*ste—“iptlﬁ‘kn‘% Tud 38T agldl| Pico

genus aci
Baci | | us I

i 't ¥ odeseribed oin daponesenPabenl Pobidigohion

e -

can begasily

t he deS??ed

sm of the
subtilis,

such as-

ultraviolet Ndrragdsijog N methyl -N -nitro-N ni t rosoguani di ne
(NTG treatnent, etc., then cultivating the treated 15

on a plate

resulting co
~antifolate v

15

15

20

25

30

medirum cont™deni ngdehi vaitar ol ofed of isebatben

I . th b | at ¢ di en- 20 .t
AP SR SaR8RY Tabnding W nbet b1 parerrehgshed
by the -established procedures. Thus, the

desired mutant strain can be obtained by subjec-

M croor gani sm
_ : ration which
does nots pergdt +igd OWhicr tfr gdri®@m PFo@Nt uset I 3N, acaBddgatecting the

ration _of

ting a microorganism of the genus 'Bocillus,_

e.g- Bacillus pumilus, Bacillus subtilis,

Bacillus licheniformis, to a conventional -

{reafnnnf, such as vltraviolet -irrgdiafioﬁ,

N-nefhyl—N'-nifro-Nnnifrpspgqanidine (NTG)

treatment, etc., then cultivating the treated
microorganism on a plate medium containing
an antifolate of concentration which does
not permit growth of the parent strain, and
selecting the resulting colony.

In the obove plate medium,a.concen-
tration of antifolate varies with, among others,

kinds of parent

C

C

¢



30 3 m croorgam sms or mAedi um conposi t ion. For exanple, in case of

bel ow- nmenti oned medi um (A) containing agar is enployed, methotrexate, )
an1nopter|n trimethoprimor pyrinmethamine is added thereto in a '
concentration as follows: .5 nmet hot r exat e: more than 10 [err] g/
preferably nore'than 50 pg/m, am nopterin: . nhore than 20 jig/m, .
preferably nore than 100 jig/m, trinmethoprim nore than 0.2 [err]g/nm,
preferably nore 10 - than 10 [err]g/m, pyrinetham ne:
nmore than A0 jig/nt, preferably nore than-50 [err]g/mn. The degree of

resi stance of deri'ved nutant to antifol ates can be eval uated by the

fol | owi ng proceicreorddnismsA de stediivdye compbsiikiog.5 Fbr oéxampbs UA (R)se
prepared by a e ntratlo to

medi um (A) sh(;dg\fmnlfg% ‘quﬂé@!gédlerrldgcﬁu ( q Fc?h@ag ?glg% tet? ST oéﬁ‘e‘i’he
test strain. pr%t%%#%x@t?wm@hﬁnm.em1agahopDthor(ﬁy:axteewbam)rje sl ant
agd ISPake EU|:%%d%ec|!30%}%&Céltgﬂ 40 a co%"cﬁﬁlﬂctsﬁbnf gétﬁél Sb The -
resul tinggbro is dilute - fo vwat er an e_absorbance o e
difution at 590 ™ ﬁ%%r??éa}'%ﬁnedm&ef than 8 Hedrie BFeEﬂ* W @0). Wth

t he degree of grovvth (A590) of tﬂhars&ﬂeugt/mal non the folic acid-free
medi um (A) bei ngif 2 | ati,ve growth on such an
'ant i fol at e-cont al ni nsg} &(Si]i um ca e g%ﬁfleszgeag’é B%’é%\% ¥ T80, TabI el

Conpgsi tion of “Medi um thgan d88t ngymdnr

trimethoprim: more than 0.2 ug/ml, preferably more_
, 10 than 10 pg/ml,
Ay :

pyrimethamine: more than 10 ug/ml, preferably more
o than 50 Hg/ml.
The degree of resistance of derived mutant to
‘ antlfolates can be evaluated by the following procedure.
15 A test tube containing 5 ml of a medium (B) prepared by
adding an antifolate in a predetermined concentration to
the medium (A) shown in Table 1 is inoculated with about
106 cells/ml of the test strain previously grown on a nutrient agar
Difco (Trode Mark)) slant and shake culture is conducted

20 at 37°C for 24 hours. The resulting broth .is diluted 10-

"l fold with water and the absorbance of the dilution at
590 nm was measured to find the degree of growth (B590).
L With the degree of growth (A590) of the same strain on the
folic acid-free medium (A) being taken as 100, the
25 relative growth on such an antifdlate—containing medium
can be expressed by (BSSO/ASSO) x 100. |
. Table 1
_ _ Composition of Medium | Concentration
30 Glucose 5.0%
Ammonium sulfate _ 0.3%
Sodium glutamete 3 o ‘ 1.0%
a—-Alanine 0.5%
35 Magnesium sulfate 0.01%
Dipotassium hydrogen phosphate - 0.1%



.30 d ucose - 5.0% Anmmoni um sul fate

0. 3% Sodi um gl ut amat e 1. 0% a- Al ani ne

0.5% nesi um sul fate ' 0. 01% Di pot assi um hydrogen
phosp@ 0.1% 4 Conposition of Medium

ConcentTati on Manganese sulfate 2 ng/['err] Zinc
‘sul fate _ 2ng/[err] 5 Bi oti-n .

100 [err] Thiam ne . -4 - 100 [err] Adenosi ne
200 [err] Histidine © 200 [err] 10 - ~ The

term"resistant _to an antifolate" as used in thjs speci- fjcation de i nes
any nutant strai rmoinlpafslglmgsosuggd@uﬁ,el ative degj&ﬁ,&{tﬁtq%h in .excess of
that of the parent—straiAin—ah—antifolate-containing nedium.As exarrpl es
of the nut ant M&i@mmsh&feﬁpl oyed in the practice oa‘ nighigs 15

I nventi on, ejé rérent I oned Bacillus pum | us 1101 (1 FO 14184,
FERM P- 6639) us pum | us NA-1102 (I FO 14185, F 9 -'6640), Bacill us
pumi | us NA- 11@3C(‘=I1PO 14186, FERM P-6641), Bacillus ls!lﬂotud/ffs NA- 6011 (I FO
14189, FERM P+8G44)inand Bacillus subtilis NA-6012 (4O 14190, FERM
P-6643). The above I FO nunbers are the deposit nunbers a55| gned to the
strains by th®dSQaSiM@ e for Fernentation, Osaka (148§ Mar?- 85,

Juso- honnachi Higdi@ime Yodogawa- ku, Clsaka, Japan. Jymeigyel tures of the
above-identified :

W/

10 The term "resistant to an antifolate" as used in this speci-
fication defines any mutant strain that gives such a relative W/
degree of growth in -excess of that of the parent strain
in an antifolate-containing medium. As examples of the
mutants that can be employed in the practice of this

15 in?ention, there may be_ﬁentioned Bacillus pumilus NA-
1101 (IFO 14184, FERM P-6639), Bacillus pumilus NA-1102
(IFO 14185, FERM P-6640), Bacillus pumilus NA-1103 (IFO
14186, FERM P-6641), Bacillus subtilis NA-6011 (IFO

14189, FERM P-6642) and Bacillus subtilis NA-6012 (IFO
20 14190, FERM P-6643). o |

The above IFO numbers are the deposit numbers

>

assigned to the strains by the Institute for Fermentation,

Osaka (IFO), 17-85, Juso-honmachi 2-chome, Yodogawa-ku,

Osaka, Japan. Type cultures of the above-identified h \
25 microorganisms have been'deposited with IFO since July 13, |

1982.

Sub-cultures of these microorganisms, which were
deposited on July 22, 1982 at Fermentation Research
. Institute, -Agency of Industrial Science and Technology,
30 Ministry of International Trade and'Industry; Japan (FRI)
under the accession numbers of FERM P as shown above,
the deposit being converted to a deposit under the Budapest
Treaty, have been stored at FRI under the accession

numbers of FERM BP as follows:
35



25 m croor gani sns have been deposited with I FO since July 13, 1982.
Sub-cul tures of these m croorgani snms, which were deposited on July 22, 1982
at Fernentation Research Institute, Agency of Industrial- Science and .,
Technol ogy, 30 M nistry of -International Trade and Industry, Japan{FRI)
under the accession nunbers of FERM P as shown above, the de t being
converted to. a deposit under the Budapest Treaty, have been ed at FR
under the accession nunbers of FERM BPfs follows: 35 5 The Accession
Nunbers @apder Strain t he Budapest Treaty Bacillus punilus

NA-1 A ) EERM BP-288 Bacillus num%W
BP- 289 Bacillus pum | ustpid 103 ig Ts ilis
NA- 6011 FERM BP- 291 Baci | | us sutﬁ*ﬁ i é‘dﬁReé ) Eﬁ "~ EERM 292

10 - The above-nentioned NA-1101, NA-1102 and NA-1103-strains were
derived from Baciillus pumilus NwA-hIQ&/¥JJ.stralﬁE@MFBPiZﬂ36) as parent

strain, and nghs 8912451 s from Baci pubgpbl is No. 115 (IFO
14187) a$ thl\gsgg-#rﬁ &912[\]1§ 1292 M cr obi (ﬂﬁwxsgal ghar acteristics of
t hese nutant BREALhYS PBMiIwE| HNATHLQhose of thed F@@b 298 parent strains.

M cr obi ol ogi cghcghatactabtsiissupfede respecti veFgrr 8R=291Lr ai ns are as

follows:, BaCIEagilRus ngtlffglﬁkuéoffbtllls FERM BP-292

N’

10 The above-mentioned NA-1101, NA-1102 and NA-~1103
o . strains were derived from Bacillus pumilus No. 158-A-11
i 'stfain (IFO 12476) as pareht strain, and NA-6011l and
NA-6012 strains from Bacillus subtilis No. 115 (IFO 14187)
as the parent strain. '

15 ' Microbiological characterlstlcs of these mutant-
strains are similar to those_of the respective parent
strains. ' ,

Microbiological characteristics of the respective
- parent strains are as'follows: | '

20 Bacillus pumilus Bacillus subtilis
: No. 158-A-11 No. 115
Nt (IFO 12476) (IFO 14187)
a. Morphology o
— 1) Shape and size ' Rods 0.6 x 3 | Rods. 0.3 x 3 yu
25 2) Polymorphism Singly or rarely Singly or rarely
. in chains in pairs
3) Motility : . . Non-motile Non-motile
& 4) Sporulation Yés . Yes
' Shape of spore Ellipéoidal Ellipsoidal
Lo 30 Swelling sporangium No ~ No ' .
Position of spore Central or para- Central or para-central.
centrai '
5) Gram's stain : Positive . Positive
6) Acid fastness Negative Negative

35



Negat.i ve

Cul tural
Anor phou

No. 158-A-11 No. 115 (IFO 1
Shape agnd-si ze Rods 0.6 x
Pol y i'sm _ Si ngly or
inp 3) Mtility '

Spor ul ati on o Yes

El I'i psoi dal Ell'i psoidal 30 -
‘No Position of spore Centr al

5) Gramis stain Positiv

Negati ve 35 Bacilbus Bagmilus

2476) (IFO 14187) a. Morphology 1)
3 [err] Rods 0.3 x 3 [err] 25 2)
rarely Singly or rarely in chains

Non-motile . - ‘Non-notile 4)
"~ Yes Shape of spore ’
Swel | i ng sporangi um No |,
or pagéa~ Central orpara-central. centra
e Positive 6) Acid fastnes{:

purBdaidlus BabithilLis

subtilis No. 158---A-11 NoNo. 1I§§fA3T112476) No. 115 (FO 14187) b.
chacac- 5 terist(E80112836) | | on- agar(IFO Rdl8d)or undul at ed,
s and pl ate convex, lenticular, diffused, 'rough opaque
b“s&Pﬁ&@é

and whit
| i ght

I|qU|d

e

Ry own. 2)teldsiticen agar
opaque and

10 |

15

20

25

30

35

2)

3)

4)

1)

3)

4)
5)
6)

7)
8)

al; charags pal e yeIIow '

Convex

to rai sed, Fl at,

bromm

opaque and mhite to 10

opaque and sl ant
3) Bouillon

P ate

Bouillon agar
slant

Bouillon liquid

Q)h\g‘?ets%ullﬂ‘% ESaEO | IOgﬁer enrpuxg(?lf:%/%elé)w

convex, 1ent1culan

opaque and white
to pale yellow.

Convex to raised,
opaque and white
to pale yellow.
Coherent pelli-

cle, no turbldlty,

rarely no surface

growth with some .

turbidity.
Litmus milk Alkaline,peptoni-
zation, reduction
Physiological
characteristics
Reduction of Negative
nitrates
V-P reaction Positive
‘Hydrolysis of Negative
starch |
Utilization of Positive
citrate
Utilization of Negative
propionate
Utilization of Positive

ammonium salts
Urease

Catalase

Weakly positive
Positive

Amorphous and
diffused, rough
surface;_f;at,

opaque and white to

light brown.

- Flat, opaque and

white to light
brown. -

therent-pallicle;

no turbidity.

Alkaline, peptoni-
"zation, reduction

Positive

Positve_
Positive

Positive
Negative
Positive

Weakly positive
Positive

-»

)



15 " cle, no turbidity, no turbidity. rarely no

surface growth with sone turbidity. 4) Litnmus mlk Al kal i ne, @8 oni -
Al kal i ne, peptoni - 20 - . zation, reduction 4at®on,
reduction c. Physiol ogical - -characteristics 1) Reduct i on of Negat ive
Positive 25 nitrates 2) V-P reaction Positive _
Positve 3) Hydrol ysis of Negati ve Positive starch 4)
Utilization of -Positive : -Pdsi~tive 30 citrate 5)
Wilizati®sA of = Negative Negat i ve_propionate 6) Utilization
of Positive : PosMwéEEﬂff 35 Bacidlug eguhtilis

"Weakly positive - Weakly positi W %Séaﬁaﬂ&se N°- |t|ve
Positive -7-—£¥u#444us-punLL¢w;_ BR8N

No. 115 (IFO 1 FO 1- 418 n e Aer ohi ¢
growth Aer obi c no g¥%vﬁ hreé{ulre C S YE8Reh %’Fe}é’r&é}%tﬁr@w H'

under anaegobic comhitions : undemndnaennb1¢0) Gunvdér ianakpobic
Posi tive _ Posi tive sodigdmsgllgnisde conditions
. 10) Growth in 7% Positive = " Positive
sodium chloride | . :
" ' 11) Growth in - Positive - . Positive
10 medig, pH 5.7
U 12) Biotin require- Positive Negative
ment '

Comparison of the above ché:actefistics of IFO 12476
15 and IFO 14187 strains with the comparable descriptions in
Bergey's Manual of Determinative Bacteriology, R. E.
Buchanan and N. E. Gibbons (ed.), Edition 8, 1974 showed
that they belong to Bacillus pumilus and Bacillus subtilis.

The medium used for cultivating such an inosine and/
20 ° or guanosine-producing strain for the production of
inosine and/or guanosine may be any of the media commonly

St employed for inosine and/or guanosine fermentation.
Regarding the composition of the medium, the carbon
\,/-_ sources may be sugars such as glucose, maltose,
25 - ‘starch hydrolysate, etc., monohydric or polyhydric
alcoliols such as glycerin, ethanol, sorbitol, etc., and
fatty acids such as acetic acid, propionic acid, stearic
- ' acid, oleic acid, etc., and these carbon sources are used
o ' either singly or in combination. The nitrogen sources
__ 30 include, among otheré, organic nitrogen sources such,as

peptone, soybean meal, corn steep liquor, yeast, meat
extract, urea, etc., ammonium salts of sulfuric acid,
nitric aciqg, hydroéhloric acid, carbonic acid, etc., and
inorganic nitrogen sources such as gaseous ammonia, aqueous
35 .ammonia, etc., and theése nitrogen sources may be used
| singly or in combination. As other nutrient sources,



11) Gowth in Positive Positive 10 medi.a, pH 5.7

12) Biotin require- Positive ) Negative nent Conparison qf .the
above characteristi'cs of IFO 12476 15 and | FO 14187 strains with the.

—eorrpar descriptions in Bergey''s Manual of Deterninative Bacteriol ogy,
R E. anan and N. E.. G bbons (ed.), Edition 8, 1974 showed that they

belong t'o Bacillus pum [us and Bacillus subtilis. The medi um used.for

cul tivating such an |n05|ne and/ 20~ 8 or guanosi ne- produci ng strain_for

t he productlol? |no d/ o ar103| ne may be any of the nedia memnly
enpl oyed for® %%l“i‘i’e" r]@.l’ |a1‘i'é'°1u§r FBREIRRSA. sﬂ%ﬁ%r’b?‘?&f'%ﬁﬂ%’

conposi tion Hér t¢mwlﬂdmﬁntlté1€stmar:.lngn ssehr aestnaysbbf§uﬂ§l{jshy&m31- I v

gl ucose, nal : d no ric ydric
al cohol s suc *9%5"’ g‘féscercfa}tb% ae%l rn(l %teg(ﬁl PE8F€ha 0l %?ﬁ/:easc'l (fg" Such as
acetic acid °§>r%1%¥% Reehssdmar |ss>da@md magResiumj dpangangsendomgse
carbon sour casppd€, Usait Siddar. a%' RYLY Q5 kReCOfPhHLE Pl , THE: Al Sk

sour ces 30 |ncI ude am)n others “organi ¢ mtrﬁglgn .SOUr ces suc -
pept one, soybedn SR SEGWER, Qdr Ehpegrpanismy e'&*i?%ﬁ:tnuiiifrl@&t etc.
anmoni um salscmmes uﬂéwrbe: wedl singllyi eradéhdcofiBdhaeidw! i AfEshrdewy boni c

acid, etc. [ t rQoen _saour uch, as_gasepus. anmoni a, aqueous -
35 | annDnla %éﬁ% Jﬁ}q%%g%_ FFOSgﬁiggﬁgc gtn8§ {Eﬂinﬂ ngly or - ~
conbi nat i on.adenegine, rﬁﬁemyemc mdoes‘lbonucsewhecednegftdae barip |adysed u

valr :c ouﬁo i nﬁr,émmfaﬁqﬁatt%ﬂ%%s%%rch 28 mIEe¥bRa®l cb1Es SESAL L n S eridh L NE
suttates, hy extracts thereof, meat extract, etc. Moreover, defoaming

agents and surfactants such as silicone o0il, polyalkylene

glycol ether, etc. may also be incorporated in the medium
as necessary. '

“

15 ‘Cultivation is generally-conducted under aerobic
¢onditions, for example*by-shake culture or by aerated
submerged_culture; The medium is preferably maintained
within the range of PH 4 to pH 9. If there is a fluctua-
tion of pHin the course of fe]_:'mentatio_n., it may be

20 corrected by adding an aqueous solution or suspension of
alkali hydroxide, calcium carbonate; ammonia or the like
or ammonia gas from time to time. ' The cultivation -’
temperabture is generally within the fange of from 20° to
45°C and the optimum temperathe for growth of the micro=~

C

25 organism and for accumulation of ihosine and/or guanosine
' is selected. Cultivation is continued until the
aécumulation of inosine and/or guanosine reaches a maximal
level and it is generally sufficient to carry out fermen-
-tation for 24 to 144 hours. '

30 Separatlon.andrecovery of inosine and/or guanosihe
from the fermentation broth can be effected b§ the con-
‘ventional method, e.g. precipitation, ion exchange resin
or activated carbon chromatography, etc.

According to the present invention, inosine and/or |

35 guenosine can be produced in much greater yields, compared
with known methods.



chl orides, carbonates, nitrates, phosphates, acetates, etc. of calcium
potassi um sodi um nagnhesi um. nmanganese', iron, 5 copper, zinc, etc. as
wel | as the amino acids, vitamns, etc. necessary for growh of the
organi sm These nutrient sources may be.used singly or in conbination. As
sour ces of adeni-ne, there may be enployed not only adeni ne, adenosi ne,

- adenylic acid, ribonucleic acid, 'etc. but also 10 nat ur al nateflaK;Z§§
such as n1crob|al cell s containjng phenm extracts thereof, neat extra

etc. Moreover, defoam ng agents andgslr ?_ants such as S|I|cone oi

pol yal kyl €ne gI ycol 'ﬂiélefolﬁivﬁlng"f&ycaﬁﬂpﬂfésberel naeengeat esl imﬁiusecarwll um as
necessary. 15 Jtlvatgp Iﬁﬂggg raIIy conduct.ed under aerobic

condi tions, F %ﬁah%ﬁ%? VR ek aerated subnerged cul ture.

The nediun1|s pr ef erably nalntalnedﬁuammha fthe range of pH 4 to pH 9. If

there is a fluctua- ' unse _af y1fer t 3bis It may be 20
corrected by adding %?ggﬁﬁé%&gbgéhgffﬁﬁ &§%s§é%éns#ggeo? ?Eall hydr oxi de,
cal ci um car bondberedirary cchrradtenistdcss anideRangasegPbrirIne to ti me.

The4gFIt|vat|oaaéﬁmmgyguaﬁégiﬁg{gﬁgﬂgﬁdﬂk\Mqhbhglibea&ﬂﬂgﬂe&ﬁcfééan20[err]
to

d.t f
 okgani g:nr Lngnf‘a‘?Phﬁ% fa?r?%ﬁ‘n% ur%’ﬁ(?%zr}[’ﬁ%/rlgﬁ gﬂaﬁogfﬁ%%‘g %Jetl"réct ed. .
Cul tivation |sntbn®soqmnh1ﬁ¢né ﬂhﬂnaamumweampnnentlonas|menmmd/indguanosine
-reaches a maxi pp Eﬁéafé‘&’ % d Splgaedéerp‘ijggéréﬁf b Ch@&%nlgosﬁaué)/mp%f fermen--

tat¥6n for 24 to arat | n and f ecover i nosi ne
and/ or g&8nosi ﬁ%thﬁa‘éﬁﬁ!l‘ﬁ'@f%?ﬁm%ﬁ aﬁ/”or?ﬁora&aﬁ‘ &anthe BeérRel of Takle

ventional neth@He Endcul4€&d RidPin®vad GhcibaRkaagatr 89P0 o6ragtdad ed

. Mn r c rdai [ sln
andior 35 O”‘f’“é’ﬂ e o g R e Gk, B RO G

-selected from among the colonies. The resistance to

methotrexate (relative growth) of this strain as well as

15 that of the parent strain was determined by the method
pgreinbefbre described. The results are shown in Table 2.
- | Table 2

Relative growth.

20 . Strain Methotrexate added (ug/ml)
- 0 1 2 4 8 15
LN o . : ' .
NA-1101 - 100 100 . 100 100 100 88
'\./ No. lSB-A—ll 100 80 65 43 40 18
25
Then, a 200 ml conical flask containing 20 ml of
the seed culture medium of Table 3 was inoculated with a
- loopful of Bacillus pumilus NA-1101 grown on a nutrient

agar (Difco) plate and shake culture was conducted at 37°C
30 for 18 hours. A portion. (1 ml) of the culture was transferred
to a 200 ml creased flask contalnlng 20 ml of the maln .
;.fermentatlon medlum indicated in- ‘Table 3, and ‘cultivation
" was conducted on a rotary shaker at 37°C for 4 days. The

yield of guanosine was 23.0 mg/ml.
35 '




w th known net hods.. The follow ng exnples are intended to illustrate
this invention in further detail. Exanple 1 Bacillus pum|lus No. 158-A-11
(I FO 12476) 5 [ hereditary characteristics: adeni ne requiring, -

adeni ne/,quanosi-ne-resi stant, duanylic acid reductase- deficient, and

hi st ilf\ge-requiring] was treated with nitrosoguanidine (NTG i:n the
cmv@onal manner and then streaked on a plate prepared by adding 50
[err] of 10 met hot rexat e and 251@/4err] of -agar to the medi um A of
Table 1. The inocul ated nedi umwas incubated at 37[err] for 3.days @pd
Baci |l us pum lLus NA-1101 (1 FO 14184, FERM BP-288).was. sel ected from“anong

the colonies. | Thegresi stance to nethotrexate (relat|ve grow h)_'of this
strain.as wellj. asS1b that of the parent straiiywas determ ned by the
met hod herei nijef or § flegerjbgd.,, JFhg, rgsults greskowh in Table 2. Table 2
Rel ative growfh 208 | © © © Straim in N n ovetnhet r pxat.e added ([err]/m)
0 1 2 | n 84 ~18 MAG1L S« T LOp 100 100 100 -
100 88 No. |158-& 117 - 100 80 65° 4F 4P 18 25 Then, a 200
m conical fl4dsK {c@n aining 20 m of the seed Wl turp nedium of Table 3 was
i nocul ated wi tihga Poppful of Bacillus pumilus NA-110fL grown on a nutrient
agar (Difco) pl@atje apd shake culture was conducted af 37[err] 30 for 18 .
hours. A port{ionf (1| m) of the culture was transferfed to a 200 ml creased
flask contai ni 2% M of the main _ ' o
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fermentati on medi umindicated in Table 3, and cultivation was conducted
on.a rotary shaker at 37[err] for 4 days. The yield of guanosine was 23.0
ng/ m. 35 -10- .4' o0 The above procedure was carried out for a total .
of about 50 flasks to obtain'l liter of- broth. This broth was adjuiggz to
pH 11 with sodlun1hydrOX|de to dissol ve the guanosine crystals and
centrifuged.to renove the 5 cells . The'‘resul ting supernatant was
neutral i zed and cooled to give 21. o g—oilcxude crystal's of guanosine. These
crystals\mere di ssolved in 900 ml of hot water, decolorized with activated
carbon, and al | ovedThe sbawe Pnoch@unalwhscnqrnﬂéqﬂduﬁ<fo&he gogadsope. 18.4
g of pure crysbahs 59 flaefcsgeanalﬁ;ltélfnV@ﬁﬁ@éﬂﬁ%mtﬁﬂ t{ﬂéﬁgts: ﬁil?ﬁ% the

parent No. 158- A—1183tra|n under e sanme con ns Téesu

accunul a- ti off2§f 2gd4F&e A nECoRE Y1} Witlyisodiuws hydraxgdel toEdimpbive . -

Baci | | us pumi lthe ﬁuanéﬁﬁné-&iy§ﬁ§l§tﬁhdﬂﬂéﬂbﬁ(3é@%trlf%béﬁa%bokéhove the
i rradi atigon agggng t@ﬁatnentl%hnt e conventlonal manner as descri bed

in Exanmple 1 r8ak- cuft bFgY 7 VB RIYRR peskErd 6259 a8di ng 200
[err] of anlnéopﬂeﬂlhoaQQVQSZle ofofigarude diyst#d of Anahokinsed by

sel ccton of anakOBYygLaBECibLusafbl ity Wi WRZ ol EO F410, EEAV BP-269).

This 20 straln was” cul same conditi ons as 1
decolorized with activated carbon, and allowed to stand 1n
\w the cold to precipitate the quanosine. 18.4 g of pure crystals
10 of guanosine was obtained. Cultivation of the parent No.l158-A-11
.K_) Strain under the same conditions resulted in the accumula-
_ tion of guanosine only in a yield of 4.5 mg/ml.-
. Example 2
Bacillus pumilus No;-1$8—A-11 was subjected to
15 ultraviolet irradiation and NTG treatment in the conventional
manner and, as described in Example 1, streak-cultured on the
plate medium prepared by adding 200 ug/ml of amino-pterin and
25 g/1 of agar to the medium A, followed by selection of a colony
of Bacillus pumilus NA-1102 (IFO 14185, FERM BP-289). This
20  strain was cultivated under the same conditions as Example l-
The ylelds of inosine and guanosine in the broth were 18 mg/ml
_\*/ ‘and 6 mg/ml respectively.
Example 3
Y Bacillus subtilis No. 115 (wild strain) (IFO 14187)

25 was subjected to the conventional NTG treatment to
obtain an adenine-requiring mutant NA-6001 (IFO 14188).
This strain was further treated with, NTG three times to
obtain Bacillus'subtilis NA-6011 (IFO 14189, FERM BP-291), a
strain which can grow on the plate medium prepared by adding

30 - 100 ug/ml of aminopterin and 25 g/l of agar to the medium A.

1]

The aminopterin-resistance and inésine/quanosine producing
ability of each of these strains were determined by the
procedures describéd in Example 1. The results are shown
in Table 4 and Table 5, respectively. B

35 '



4 8

ﬂ .'.
.Theayi el ds of inosine and:quanosi ne i

Jre

- FERM BP- 291),
addi ng 30
A. The aminopterin-resistance and i /Q

n the broth-were 18 ng/mM and 6 ng/m ,

tively. Exanple 3 Bacillus subtilis No. 115 (wi'ld strain) (IFO 14187)
2 was subjected to the ‘convent i onal :

adeni ne-requiring nutant NA-6001 (| FO 14188).
treated withNTG three tines to obtain Bacillus subtilis NA-6011 (IFO 14189,
a strain which can grow;gn_the plate nedlun1prepared by

100 [err]/m ~of. an1nopter|n and 25 .g/|

NTG treatment to obtain an
Thi's .straipn was further

of agar to the nedium
$igeiquanosi-ne produci ng abI|I&¥60f

each of these strains were detern1neu
Exanple 1. The results aré shown. in

—ty—the pr.ocedures described in
Tabl e 4 and_TabIe ‘5,- -respectively. 35

- 12 - Table 4 Rerative grown.stra

1661atiys dreyeh os

n a

15 30 60 NA-6011% ‘89 52 NA-6001
100 85 75 5%trdih 13 1OTA'I’; r Accunul ati on
Accumul &ti on of inosine gﬁa ggF?é %gaed (ug/ml)NA5601l
my/ m 5 mo/nl NA-6001 O 41 Exabpl eld-2030 60  Bacillus
pum | us No. 158-A-11 was subjected to the : _
NA- 6011 _ 100 LO - 97 95 89 52
'NA-6001 100 8 75 55 22 13
10
Table S
. Accumulation Accumulation
Strain -of inosine of guanosine
15 X |
NA-6011 18 mg/ml 5 mg/ml _
NA-6001 1 - '
Example 4
20 Bacillus pumilus No. 158-A-1ll was subjected to the’
conventional NTG treatment to give Bacillus pumilus NA-
1103 (IFO 14186, FERM BP-290), a mutant strain capable
of growing on the plate medium prepared by adding 10 pg/ml
of trimethoprim and 25 g/l of agar to the medium A. The
25 trimethoprim resistance of this strain- is shown: in' Table 6.
Table 6
| Relative growth
Strain Triméihoérim added. ( g/ml)
30 0 0.1 0.25 0.5 1.0
NA-1103 ~100 100 100 100 89
NA-158-a-11 100 36 17 10 7
35 When this strain was cultivated under the same

conditions as Example 1, guanosine was accumulated at the

ed ([err]/m) O

18

L



conventional NTG treatnent to .give Bacillus pumilus NA- 1103 (1 FO 14186,

FERM BP-290), a nutant strain capable of groWing on the plate_pedium
prepared by adding 10 [err] of trimethoprimand 25 g/l of a@o t he
medi um A. The 25 tci methopri mresi stance of this strain- shown in
Table 6. Table & Relative growh Strain Trirethoprimadded ( g/m), 30 0
0.1 0.25 -0.5 1.0 NA-1103 10G3 100 100 100 89

NA- 158- A—-ll 100 36 17 10 7 35 _ When this strain
was cul t hvat edatmdef 2hengyamie;. condi tions as__ Exanpl e 1, guanosi ne was
accunul ated at the - 13 - rate ofE Bacillus subtilis NA-6001

(1 FO 14188) was treated with NTG fo fss>t'0 obtain Bacillus subtilis NA
6012 5 (1 FO 1419Rpciibmg prbtdd)is QAﬁﬁﬂaﬂt(iFOaﬂmlsapahis fegfedivi Ng on

the plate rreou:ymmﬁpaf&&bm?edad Q [ﬁf r %ﬂﬂ 59/l of
agar to éhe dium A The rimet O% ifi B 5'18¥ %M—e—%an s shown
in Tabl 7. Tabi@ HALYP R 73P@thasmn§ant strain capalfle iofetdraniing
[err] 0 0.dn the Pplatd @aedlﬁimopre aredzﬁz a88i 50 ug/m]l\"%fﬁgﬁr%imetha;ngge
100 ,3hd, 28%/1 oF 2ReNned 0 26
6 qz g/l o agar to e medium A. e pyrlmethamlne
v ' re51stance-of this mutant is shown in Table 7.

| Table 7 '

~ 10

- Relative growth

\/ Strain .

S Pyrimethamine (ug/ml) .
0 . 0.5 1.5 3.0 6.0 12 25 50
15 NA-6012 100 100 86 76 66 52 49 26

NA-6001 100 85 56 26 6 2 2~ 2

When this mutant was cultivated under the conditions |
_ ~as Example 1, inosine and guanosine ‘were accumulated at
20 the rates of 9 mg/ml and 14 mg/ml, respectively.



When this nutant was cultivated under the_conditions as Exanple 1, inosine
and guanosi ne were accunul ated at 20 the rates of 9 ng/m and 14 mg/ m ,

ciamost k) Wi cn compr i oe.tutcuring o TNARMIRMBIRRAANE S Seonuncs™
Baci | | us~ whi ch requires adenine for growth®antl i's rfesi*stant td on

antifolate (as hereinbefore defined) and capabl e bf produm ng i nosi ne
and/ or guanosine, .in a nediumto cause he same strain to el aborate and
accunul ate inosiné and/or guanosine In ‘¢l ture broth, and recoverlgg t he

| nosi ne and/ orqigiiesi ne so accummul ated 10 fromsaid broth. 2. "The
met hod accordimg to Claiml, wherein the nutant is resistant to
nmet hotrexate. 15 3. The nmethod according to Claim1, wherein the

mutant is resistant a eeAHdaOBEEbrBduting lxbslﬂ@tmg(@fca{ﬂ drded daiml,
wherein the mutant is resistant .to pyrimetham ne The net hod

according to BEGH FOMprdSes, culturpgne PUtaRt; SEERLn (QF taneSRS i m 6.

The met hod acaazraﬁmst omwmaquw@eseaaehhﬁenﬂ&angr&&h and 9.0f the
speci es Baci |l I'us_pum.l accor di ?g to Caim1, wherein

the mutant is r8§ 'P“Hgfg ;?é'c‘?'géf °§§E|(F’f h%‘ 9nej defingd) and rpoble o pdodusing di ng
t6 daimil, wigvadine sadiioraguangsiaei | insapnedivs to\-¢alisq RERVsBMe288) ,

Baci | | us pum |st2id\fs LhQbdraEBVaRE 288 himAl 2 BaCihb s snd Wi d M5y NAsahb ¥ ne

In = culture broth, and recovetlng the Inoslne and/or guanosine so accummulcfed
10
from said broth.

2. The method according to Claim 1, wherein the
muwtant is resistant to methotrexate.
15 3. The method according to Claim 1, wherein the mutant

is resistant to aminopterin.

4. The method according to Claim 1, wherein the mutant
ig resistant to pyrimethamine.
20 ' '
5. The method according to Claim 1, wherein the mutant

is resistant to trimethoprim.

6. The method according to Claim 1, wherein the mutant N\

23 is of the species Bacillus pumilus.

7. The method according to Claim 1, wherein the mutant
is of the species Bacillus subtilis.

30 8. The method accordlng to Claim 1, wherein the mutant

is Bacillus pumilus NA-1101 (FERM BP-288), Bacillus
pumilus NA-1102 (FERM BP-289) or Bacillus pumilus NA-1103
(FERM BP~290) .

35 ' . . .
. 9. The method according to Claim 1, wherein the mutant

is Bacillus subtilis NA-6011 (FERM BP-291) or Bacillus

- Q
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(FERM BP-290) . 35 9. The nethod acci ording—to Caiml, wherein the nutant
I's Bacillus subtilis NA-6011 (FERM Baci | | us -15- subtilis

NA- 6012 (FERM BP-292). 10. . A biol QE” ’mw ture of a .
m croor gani sm bel onging te the genus ” Vi ng characte(éézwfs

i dentifiable wi'th those of FERM BP-288," EHWE%iZSQ FERM BP- 290

BP-291 or FERM BP-292, said cul ture. bei‘ng'capabl e of producing,in,a culture
medi um cont ai ni ng a55|n1lable car bon anq_ i_gesti bl e nitrogen sourcesF a

recover aQke. anount of inosine and/ or guanosine. 10 11. A m croorgani sm
of Bacillus pugabg§l§@\ﬁﬂ£@01 ERBP Baci |l 'us pum | us NA-1102 (FERM
BP-289), Baciltos—pumr|us NA-1103 (FERM B& 290), Bacillus*subtilis NA-6011

(FERM BP-291) or Bacillus subtilis NA-6012 (FERM BP-292) 15 which is
resi stant to anoont|Aomﬁ¢£béfﬁa1myepuﬂaﬂbﬁrtuiafbﬁeda amdckéoﬁ@@ﬂbéﬁ of

produci ng i nos e, and/ or _guanosi ne. % ro u nosi ne

and/ or an05|h% oB%*1d tg %hﬁzﬂﬁqﬁﬁ bgFﬁﬁégdg gﬁ G hFTHes
Peferenc to an@entlfhebEkanmitm tihksse oflﬂﬂRM m@-@BBQuaﬁﬁalﬂe-m&%n pr oduced
by a met hod acfﬁﬁﬁ B8~ ﬁ@oaﬂﬁsﬁﬁ P IB o FurM ¥¥d2d3, 23ia culture

< belng capable of producing,in a culture medium containing
' asslmljable carbon and digestible nitrogen sources, a
~ recoverable amount of inosine and/or guanosine.
10 : .
N\ _ 11. A microorganism of Bacillus pumilus NA-1101 (FERM BP~

288) , Bacillus pumilus NA-1102 (FERM BP-289), Bacillus
pumilus NA-1103 (FERM BP-290), Bacillus subtilis NA~6011
(FERM BP-291) or Bacillus subtilis NA-6012 (FERM BP-292)

1 . . .
> which is rasistant to an ontifolate (as hereinbefore defined)
and is capable of producing incsine and/or guonosine.
12, A method of producing inosine and/or guanosine,
20 . substantially as hereinbefore described with reference

to any of the Examples.

= . 13. Inosine or guanosine when produced by a method
.according to any of Claims 1 to 9 and 12.

25




