Met hod of Produci ng Quanosi ne by Fermentation This invention'relates'to a’
et hod Q%gﬁrOdUCIng guanosi ne using a m croorgani sm. Guanosine is useful

as a sta ng material in the pro- duction of 5 - guanyl i C
“seasoni ngy” hol.ds 5 an inportant position in the field é#f\gghw¢zﬂgstry

Sore nethods are known for the production of guanosine by fernmentati.on, -for -

exanpl e a net hod u3|ng Baciflus pumlus or Bacillus licheniforms [Japanese
Pat ent Publication. (exam ned) No. 33392/173] and a nethod using-Bacillus

10 subtilis [Japanese Patent Publication (exam ned) No. 2955/ 1980].-1r{ﬁ-'

However, these known nethods are not very advanta- genous.-fromthe
|ndustr|al Vi ewpoi nt because. the anDunt of guanosi ne accunul ated-in the
fermentation broth can reach at nost only 8-10 grans per liter. 15.

The present inventors, as a result of intensive research works with the aim
of increasing the accumul ation of guanosine in the ferment ation broth, have
found that a significant increase in the yield of guanosine can be attalned
in the production of guanosine by growi ng an 20 adeni ne-requi rei ng, _
guanosi ne- produci ng m croorganismif the adeni ne-containi-ng material, which
is essential to the growth of the microorganism is added in small portions
intermttently or continuously in the course of i ncubation while taklng t he
state of growth of the mcroorgani smand 25 ot her factors into

consi deration. . Further research baskd on this flndlng has led to the
present invention. -2- Thus, the |nvent|on provi des _a mnet hod  of

produci ng guanosi ne whiteh dﬁﬁL ynEe ieitign

m croorgani sm which requires. adenlne for its growh, in a nedium and
recovering guathisnentansiom ootk sintb aC agitadt ed @roldnct:.hg r esul t ant

f?r ment abl 9 R QLN EIRY §3h RIS fun SN &1 1

Guanosine is useful as a starting materlal in the pro-

duction of 5'-guanylic ac1d which, as a seasonlng, holds

5 an lmportant pOSltlon in the field of food lndustry._ Some
methods are known for the production of guanosine by
fermentation, for example a method using Bacillus pumilus

or Bacillus licheniformis [Japanese Patent Publication
(examined) No. 33392/1%73] and a methdd using Bacillus

10 subtilis [Japanese Patent Publication (examined) No. 2955/
1980]. However, these knaown methods are not.very advanta-

genous from the industrial viewpoint because the amount of
‘guanosine accumulated in the fermentation broth can. reach
at most only 8-10 grams per liter. o
15 The present inventors, as a result. of intensive
research works with the aim of lncreas;ng the accumulation
of guanosine in the fermentation broth, have found that a
significant increase in the Yield-of guanosine can be
attained ‘in the production of guéngsiné’ by growing an
20 'adenine-requireing, guanosihe-producing microorganism if the
adenine-cohtaining=material, which is-eésential to the
' grthh of the microorganism, is added in small portions .
intermittently'or continuously in the course of incubation
_whiie_taking the'state of growth of the microorganism and
25- other factors into'considefatioh, Further research based
on this finding has led to the'present.invention.

iy



i ncubation is started in'a nedi um contai ning not nore than .50% of 0.001 to
0.002 nol e, based on adenine, per liter of an adenine-containing m_ater
and after the adenine-cpntain- ing material in the nmedium has been_ congered

to 0.01 millinole 10 or less, based on adenine, per liter, the incubéf{on
is continued with intermttent or continueogs addition of the remaining
quantity’of said 0 .001 to 0.002 nol/litre of adenine-containing material.
_required for growth of the nicroorganismin accordance with the fornula:
F(t)I:_r(C» exp (Kt) Thushetbenifyeptientpmeodiobes ¢f methoddedfi produgtiagni ng
mat erdal per unit tine intenyal . | A t the
time of starti %léltatnﬁes agdﬁl?%}é, L%‘i)gfge%gég%waln{é %pée‘%l#ﬁr{eg?%oﬁi g{cg)n?and t -
is tine after cdemooreanismof vhhehaneawines Adernad®ilie & 4g 2
gg;ﬁ_“ al, WPe_r %i_e'?li'ﬁ‘xpthnh_s rlgctévEQiﬁe' ellafiosisle Kltzl_i1§s (szﬂddc%cﬁ_ahfd Beeumulated
i ne-cont ai ni ng_materi 0 he used inp prac -.0ng the inventio ;
i ncl udes, arfongTot _§',esé‘§5ﬁflﬁe?er’§8§ﬂ6§}ﬂ'g,b%"{n a%fé‘??gsﬁar?éi Mﬁgﬁhog’ Afan-
3' - adenosi ne nﬁrmmﬁhm ds Startadebnsanmeediyhosqpieimidg nademggiendhan -
Lri phosphate, I3daoo2% dHCke! b, B6b0nd, d5REYA T SR UtkdiRlife 2G0eh 13RLNRkUr Al

organi c materi‘al’s contdining thése, .such’as_mcr s, extracts
therefrom nealnadendne-goataishngentteriahcand afed (ha adenidw-4a8itrie-
derivatives as jfemete4661Nia 26kdmelfiuhhBaBr b&n ddnduiseddad @ 01f millimole
adeni ne-requj ri ng 30 30 -nfcroorganugns,.the {hﬁle amount  of, t.he required
“adeni ne. - t AiTRFSraPased oPsB488E8%: oPFRel T RPTi ot R Se I RE YA dEor dance
wit h the presentortivarid eritht iatamiyiteot. ot heomtibmiows coldit imim @ frdther i al

'to be added .to J Tt Bqi leS t R d F ts % of . th
required armuntlt%ﬁad‘,ﬂé‘%ét guat gtgg}e)gi ﬁg’?éogf g?%i E%%nhr?(sezr {E;ff/al 1}2‘% ?%D(; he ©

initial medi umateninancanedaiBg BRYETLaLoRpABLESY, TONETAH RIS the
required anountnirosiiRhisit AhMalcedRtbice! wEeR! tREOBSIMILA: b vy = F(0) exp (Kt)

15 wherein F(t) is the dose of the adenine-containing material
. per unit time interval (feed rate’), F(O) is the feed rate at
the time of stafting the addition, K is a constant (specific
feed fate) and t is time after commencément of the addition
of the addenine-contaihing_matérial, wheréin F(O) is 0.1 to
50 % and K is 0.01 to 5 hr L. - |

20
The adeﬁine-containing material to be used in practic-

ing the invention includes, among others, adenine, adenosine,
5'-adenosine monophosphate, 3f-adenosine.mohophosphate,
5'4adenosine'diphosphate, 5'-adenosine triphosphate, ribo-
nucleic ac¢id and deoxyribonucleic acid, and natural organic
'mﬁterials'containing these, such as microbial cells, extracts
therefrom} meat extragts and fish meat extracts, and further

25

~such adenine deriﬁatives as adenylsuccinic acid.
In-thé prior art incubation of édeﬁine—requiring

30 microorganisms, . the wholelamqunt of the required adenine-
.containing material is added to the initial medium. In
'aCcordance with the ﬁreéent.invention, the amount of .the
adeﬁine-céntaining material to be added to the initial medium
. is-restricted to not more than.50% of the required amount and,
35 after the adenine-containing material added to the initial
medium has béen consumed almost comﬁletely, the remainder of

the required amount is added intermittently or continuously.



<

-3- 5 The node of addition of the adeni ne- cont ai ni ng material. in

i nter tent or continuous addition, in equal portions or in tine- dependent
vari alMe portions, of the 10 reqU|red anount -of the adeni ne-cont ai ni ng

,accor@hce with the present invention includes, anobng others, (1)

© _material according to a prelininarily specified time schedule, (2)

intermttent or continuous addition of the adeni ne-containing material

‘while varying the rate of addition depending on the change in the growh

of the microorganismin the ferdrgntati on 15 broth and (3) intermittent -or
continuous addition of ‘the adenine-containing material in prelininaril e
speci fi ed doses depending on the state of growth of the mcroorgani sm as
represented, for exanple, by the-change in the dissolved oxygen
concentration in thée fernentation broth, the oxygen 20 consunption by the -
fermentation broth or the heat produced in the fernentation broth, each
detectable with a variety * of sensors or detecting devices. Any of such

‘addi ti on nodes * i s enpl oyabl e. I ncreasing the dose of the

ageni rie-contai ning material as an exponential 25 function of incubation

time fspra K DA d
. ;egﬁnulatioﬁﬁs g_be$$q%§%x$”£?a%§ 8&8F68%§ﬁ35$ﬁgg—ﬁggggﬁ% ?nggplod

of ti AB. actardanse cuteh the pissens nnuamniam QQC¢udeabnamgngater|al per
unit,. b%ﬁﬁrb”t?iYainté%ﬁitégh%d%?ﬁ%gﬁﬁgﬁkﬁﬁ %ﬁh&%ﬁo feed £ghgi), at tinmet

after commence- nent of e ad eni ne-cont al ni ng mat er i aI
can bECEFHPBESEY by FHECTRRYRMSRS rhaRle porfionsy pf) thep (ki) (K [erw
Woer e rbgQlired- aiﬂeuﬁeedfrﬁw aeclert:hﬁa—tddm-.adhmt;amtatei:lhmeaasordﬂﬂgll tion and

'S a eanst gl Chetelnay et £abl o ¢ SRPUAeGu 180 (5! EnkerkfcbBhE Mode tho'

anount o
or continuous addition of the adenine~-containing material

while varying the rate of addition dependlng on the change
in the growth of the microorganism in the fermentation -
15 broth and (3) intermittent or continuous addition of the
" 'adenine-containing material in preliminafi;y speCified doses
depending on the stategqf growth of the microorganism as
represented, for example, by the chaﬁge in the dissolved
oxygen concentration in the fer&entation broth, the oxygen
20 cdnsumption by the fermentation broth or the heat produced
in the fermentation broth, each detectable with a variety n
of sensors or detecting devices. Any of such addition modes \~J
is employable. Increasing _ N _ _
' the dose of the adenine-containing material as an exponential
25 function of incubation time is practised-
- because it makes it possiblé to attain productidn and
accumulation of significgntly'ia:ge amount 6f’guanosine in
a short period of time. 1In this case, the dose of the
adenihe-containing material per unit time interval, F(t)
30 (hereinafter called "feed rate"), at time t after commence-
' ment of the addition of the adenine-containing material, can
be expressed by the followinq formula:
. ' F(t) = F(0) exp(Kt) " (K #0)
where F(O) is the feed rate at the time of start of the
35 addition-and K is a censtant-(hereinafter:called "specific

feed rate"). In this mode, the amount of the adenine-contain-



4 ing material, AJTOTAL, added until time tEND can be expressed by the
foll owi ng forrrula Ad [err] TOTAL [err] where AdI N
is. the quantity of the adenine-containing material added to e initial
medi um The time for starti ng the addition of the adenine- containing _
mat.eri al~, quantity of the adenine-containing [err], initial feed rate F(O
and 10°. specific feed rate K depend on the m crobi aI strain and nedi um
used, incubation conditions and other factors. Generally, however, the
addItTO-Fl of the adenine-containing mat grjal. shoul d preferably be started
when f+e growth of the mcroorgam sm has reached 0% to about 75% nore

preferably 15 about 59 t 50% of . ge finally attainable growh | evel

The Ad. ~valth¥ % oglanut 2 %it BREdhoLt ‘H%r&:zm T3t 27 f@&@&tseéo
to 95% of tﬁarartmjrﬂolrlenwnge(foﬁ:multahe growth of said m croorgani sm
(generall'y about” 0. 001 to 0.002 mg.l(g)p liter on the -adenine basis): F(O
is 20 . 1% Al peEpéKhply) abbatAdgeto 20% of ADD.
per unit tinme |nterval anc IS 0.01 -1

- 5 -whé¥eladQ Sdthe uant:.t r gkeendl Xd@@ﬁk’é-ébx@@aﬂhng ot 4
and nore pref e%?bc%l]{p adbut, Q Q7 5 hrl. The mcroorganismto be used"
ih accor dance®J9¢Hh eS80 E’ﬁfi “lvention may be any of

adeni ne- requiring, mgaru]snmefarprsdzdmu.ng ther addijabos et theaafEreinef such
i croor gani sng,a e BAct Ll 45 SRSCI %%ﬁntglig {o?aﬁhéré&é@;ﬁ?&c& d£1 n%ry”e'

bacterluntspeCIes anUt ers.’ uUS Specl es 1nac

otkefs, Baci I‘F‘%%SWI(MWMIM d90p )subm-m-él fepd Jgapteeclltt@aﬁr;d

Baci | | usyguni spdcNe; c 1sS-riteakd gBpehldl 4a eHb! mteﬁoﬂéﬁ 49220 Baci |1 us

pum [us No- 1195 Pt Caded, MoturatA2Y 080ait188s'4RE Send?Pladlods! MM &
Generally, however, thé addition of the adenime-containing
material should preferably be started wﬁen the growth of the
microorganism has reached 0% to about 75%, more preferably

o 15 about 5% to 50%, of the finally attainable growth level,

' The Ad, o value is preferably about 25% to 100%, more
preferably about 50% to 95%, of the amount required for the
growth of said microorganism (eeme=addi about 0.001 to
0. 002 mole per liter on the adenine basis) . F(O) is

20 : ~ 0.1% to 50%,  preferably about 1% to 20%, of
"Ad per unit time interval, and K is 0.01
o ADD. it 1 ‘1
4 hrl to 5 hr -, preferably about 0.05 hr ~ to 0.2 hr
' -1

and more preferably about 0.075 to 0 15 hr ~.
The microorganism to be used in accordance with the
25 present invention may be any of aden;ne-requxrlng, gquanosine-
producing microorganisms. Ekamples of such microorganisms
are_Baéillﬁs species, Brevibacterium species-and_Coryne—,'”
: bacteriﬁm Species,-among others. ' The Bacillus species
- " include, among others, Bacillus gﬁmilus and Bacillus
| 30 subtilis, more specifically Bacillus pumilus No. 148-S-16
' and Bacillus subtilis ATCC 19221. ‘Bacillus pumilus No.
~ 148-5-16 has been depOSlted since June 4, 1981 at Fermenta-
tion Research Institute, Agency of Industrial Science and
Technology, Ministry of Internaglonal Trade and Industry,
35 Japan (FRI) under the accéssion number of FERM BP-6 in

accordance with the provision of the Budapest Treaty and.



. ac’cessi on

. tion Research Institute, Agency of Industrial Science and Technol ogy, ‘
M ni stry of ternational Trade and |ndustry, 35 Japan (FRI)’" under the
@er of FERM BP-6 in accordance with the provision of the
' Budapest Tl Eaty and -5- deposited-since January 11, 1967 at the
Institute for Fernentation, Gsaka (IFO), Japan under the accessi on numnber
of I FO 12483. Bacillus subtl li's ATCC 19221 has al so been deposited since -
May 27, 1981 at | FO under the accession 5 nunber of |FO 14123. The ATCC
nunber is the deposit nunber for £hé rel evant.strain deposited in the )
Anmerican Type Culture Collection (USA). The above | FO 12483 strain is
descr i $epPs$ hted pinse Ratuady Ruh| 1040 ar theaMhEEﬂtuB&?éjﬁief 1973C0| ;I'he a?ove
ATCC 1. WROWWAE r ed h r n e tu ec- tion
Cat al oﬁeremof Stlf%c% n?éla,]galszodufrfiénffhgggl tﬁn@%@ *Iggo é%?s ?Ibvx? %h adequat e
m cr oo g SccdE ﬂqﬁttlﬁéspi\@%nﬂ-%mehasomlsa sk um i N whi ch

sou m“msm@mﬁémﬂw Lo01o8d TR0 UAaek Eng ARSI oC, SN Do (o, .
0 i ncl u
Soa: gﬁ &&Pé&%(éﬂdﬁd%&% mr?Fg‘r’? A gﬁd“ﬁ@f’?ﬁyaﬁ Egﬁl SBPRFLt (wumpery| yeer ol

met hanger @lmarmlevanynrdmta:.ln) defpatstiyedciids the. BmeAL€4n CTRsS d, propi onic

aci d, d), fats and oils (e.g. soybean' oil, 20
olive %’l}dlg@lﬂf%s(ﬁﬂl ar(elﬁ%)l .cottonseed oil, palmoil, lard), rormal
paraffins (e etFQjé@é@e" staadeans, dnsguibedntn pusese,

pent acPseaey Pm&arbmy(@mahl&ams 3339k¢19380€, TRESabve AL PCAVY gas Oll

e Ni. tr sour.ce includes_such organi c nitrogeny
Z‘EGI msi(;%ér%gz ggsa peeﬂSe é‘sms? B8 &f“er&SFﬂ YRR e Habe , Co Ts and rreatu

extr actlomr@mummﬁgmmmﬂ TogEousteenel B4ithenanhe®dum salt of
sul furic, n'ﬁdﬂ: Cgrci%’ﬁfgo%.lﬂ YderuRieC i BOBLEGEA L Sm FRSEOUS RIIRNT &, agueous
annDnla qg the present 1nventlon, a medium in which the micro-
organism can grow is used. Thus, for example, the carbon
15 - source to be added to the medlum lncludes, among others,
saccharldes (e.g. starch, glucose, sucrose), mono- and
polyhydric alcohols (e.g. glycerol, methanol ethanol,.
- sorbitel), fatty acids (e.g. acetic acid, proplonlc acid,
stearic-acid, oleic" ac1d),-fats and oils (e.g. soybean oil,
20 olive o0il, fish oil, whale oil, cottonseed oil, palm oil,
lard), normal paraffins (e.gq. nOnane,'decane, undecane,
hexadecahe, eicosane, pentacosane), and such'hydrocarbons
as kerosene, gas oil and heavy gas oil, and mixtures of
these. The nitrogen source includes such organic nitrogen
25° sources as peptone, soybean meal, corn steep llquor, yeasts
and meat. extract, and such inorganic nitrogen sources as.
the ammonium salt of . sulfurlc, nltrlc, hydrochloric or
carbonlc acid, gaseous ammonla, aqueous ammonia and urea;
they are used alone or in comblnatlon. In addition, various
30 inorganic salts necessary for the growth of said micro-
:organlsm,_such as calcium, potassium, sodium, magnesium,
manganese, iron, copper and zinc salts of sulfuric, hydro-
chloric, carbonic; nicric, phosphoric, acetic and other
acids, as well as amino'acids, vitamins.and others necessary
35° for the growth of said microorganism'may be selected for
single or combined addition to the medium as the occasiown



they are used alone,or in conbination. In addition, Various 30 inorganic
sal t s necessary for the growth of said mcro- organism such as calcium
pota55|un] sodi um nagnesi um nmanAganese, -iron, copper and zinc salt$s of
sulfuric, hydro- ‘chlloric, carbonic, niuric, phosphoric, acetic t her
aci ds, as wel'l as anino aC|ds vi tami'ns and others r.ecessary 35??§EZr t he
gromﬂh of said mcroorganismmy be selected for single or conbine
addition to the nediumas the occasion may demand. Furthernore,

anti foam surface active and ot her ageﬁt% “such as silicone oils and
ponékaIene gl ycol ‘ethers, may be added:as .necessary.. The incubation is
carried out m@eaemmbl cmenﬁei:mone 5antbfoainak3mgfand tagtd ver asudb mhgad

culture with aeration a tik p nerall
sel ected wit AP FATEe % S%\éi gng :Emf% ghd g%%; l‘Jféﬂ]dnﬁ’ 2‘%&?}‘5‘5%of
about 5.5 tomAy5bel addasle ashargessanyt he pH of the medi um ar e observed

during incubation, &%% %%BH%l%H' E'QQrQEeéooutS&Eﬂé¥“ﬁé¥b5ﬂcEﬁbﬁdﬂﬁﬂdns
kRydr oxi de (e.g. I.um roxi de), cal cium.carbonate or :

aSeons. o, SHARLAG SksoEe. Ak, SHENSRERH GEERVE | b AG A idn Hpd
adequat e Wﬁnrﬁu&qr@. t Thadjpisbft lthephletitun ial geneddahiyn sdileates] mddhiange.
Fhe i ncubatio erat e e.,se t [ i t ed
for the grow % e A crago%?%alr%l s?ﬁllﬁ h%ggggaﬂ}? ¥ t ne 1lgl}lcu e{ﬁ%oﬁﬁls
carried out abaoi.q &iq |7:50 [ dnr Fasgr chanpgpsyint thedtl PErie medim | .

The i ncubat i ofi-d | S dBed Quilely tl%hbtal@goﬁaxaﬁuaqae@ugué@mﬁbxofo:guanosI ne
-¢ap_be attained dur| ng that -tine

desi 0 result can
be obt ai Fed bSRSRRADERD SAf A %%X%Bxiﬁﬁ rﬁﬁu?s ?‘151 ﬁ%%%?’ﬁé edr 'oduced
in the fernmendfld¢ign ttfaﬁil:fbrba;td loer. aErimoad aQf orhgapeeeenammwmz i £9r can be

recovered by f‘:? Oﬁceou%éghye kRpiy ahdinar Xn%ﬁgﬁmﬁoin%&@cﬁé‘quata

chromat ogr aphy™u |ng an 1on exchange. resi'n or activated carbon, é)remé)éta-
25 tion, sohamperesQ ragttomdiusd e PEpEPat UHlBErY’?-F]&HL‘l Bhe desir '

range. The incubation temperature may be selected so that

15 it may be suited for the-grthh of the microorganism used.
Generally, the'incubation is carried out at'aboqt 20°C to
60°C, preferably at about 25°C to 45°C. The incubation time
-may be éuch that the maximum accumulation of guanosine can -

. ‘'be attained during that time. Generally, the desired

20 result can be cbtained b-y.'_ incubation for about 24 to 144 hours.

| The guanosine produced in the ferm'enta'.ltion bro.t_h by the

) . method of the present in&ention can be.recovefed_by any

-/ of publicly -known ordinary means, for example, chromatography
using an ion exchange resin or activated carbon, precipita-

25 tion, solvent extraction or othér separation purification
means, as employed alone or in comblnatlon.

The method of the present lnventlon makes it pOSSlble '
to cause accumulation of guanosine in the fermentation broth
in. an amount approximately twice as much as cdmpared with

30 the prior art methods by which'the adenine-containing
material is ‘added to the medium all at once.. Therefore,
tne use of the method of the present invention can result
in an increase in the production of the de51red product
namely guanosine, and moreover in ease of recovery of the

35 pfoduct guanosine owing tb highgr contents of guanosine in

the fermentation broth. For these and other reaSons, the



nmeans, as enployed alone or in conbination. The met hod of'lhe pr esent
invention makes it possible to cause accurnulation of guanosine in the

al

fernént i n broth in an anmount approxi mately-tw ce as nuch as conpared
with 30 he prior art nethods by which the adeni ne-containirng mater
added to the nedium.all at once.. Therefdre, tne use of the nethod of the

. present invention can result in- an increase in the production of the "~
- desired product, namely guanosing, and noreover in ease of recovery of the
35 product guanosine owing to hrdher contents of .guanosine in the

f er mentaiHodNofdiHat fres&ri?! inbérsh RNsbvahfigeouscitsANfhe ViB@point of- met hod of tiwe

S

pr esent |nme$t|o .S advant ageous fromthe viewpoint of industrial
- pr oducPAYHTiak RECUETIPR ng exanpl es illustrate the present invention in nore
~detail. |Thefellewimgpixasmpleshidluprnteethe prdseniditiventien frepwre fdetaikadh additi ve
added

percen

[ (3 he

{h% ( %&b\?nd@?'t?{g‘ \Pgrr’c':eq,t 322'}%%8;;%%"1‘39@ £ SlcAlRMirivEadRd! 3ethieng8iumy ol ume

(the vayff Opiricel DeRsifp) rhidHsethle. vallx afipftiee dbddabaricdeust thenvanes dilutioh4d- S-

( FERM

adeningzﬁggﬂﬁgé%&%§$.9 égfhégﬂﬁﬁgF%%“gﬁﬁ%%%ﬁ$"%%%&;§?2£?}ngg gggdnhégium

each i

n.five 200-nm- Erl enneyeExhimpiksl The seed medi um contai ned 4%

16
gf

gl ucose, 0.2% ur - Q,, 5%,5 Qi L gggﬁ'” =uOpp %8 TBEgRSS] syp Ul fate
(heptahydraﬁ%%§5§§¥@3¥§592%5?g§siﬁglch gp?%%?“o?%o%@bnang%%ggg sul fate

(2Opr oxEorn 1y nukrignktagay) coptainiagcilQmh BhY brafcadeninRirvg@e), 2% corn® \\J

. _ (Unit Optical Densjty), eang t yal ue of
vnlewr otharnisestatrd, mepas the peighlyolime H%“’F@%ﬂ"é)d'r Bg)o‘ﬂﬁe ? Us‘g@Xn) X

steep LEQWOfor O %rdanitale ©aeiodm10083% Bietidifed agse®00 pg/ |- bioti n.
- Then the_i| ncubat.i on

] s performed w th shaki at [err] for.18 hours.
The seBeAEWR (AR | *‘h\fid’e( fd’(?‘ﬂﬁ%?nf“?é{%pifggfgﬁ'go{‘%‘l 55¢9%er | alrJ- >
f er renkediennésntained 49 tglluceiseg 9t.eri hirzag 0.5% sodium L~ '

15

20

25

30

35

glutamate, 0.2% magnesium sulfate (heptahydrate), 0.1%
potassium chloride, 0.003% manganesé.éulfate (approximéteiy
teﬁrahydrate), 0.2% calcium'chlorideﬁ(dihydrate), 2% corn
steep liquor, 0.25% ribonucleié acid;:0.03% histidine and
200 ug/l biotin. Then the incubation was performed with
shaking at 37°C for 18 hours. o '

The seed culture liquid (100 ml) was transpléntéd'to
a 5-liter jar fermenter containing 1 liter of a sterilized
22% glucose solution and 1 liter of a sterilized main
fermentation medium containing 0.8% ammonium sulfate, 1.0%
sodium L-glutamaté; 0.4% magnesium sulfate (heptahydrate),
0.2% potassium chloride, 0.4% calcium chloride (dihydrate), -
0.006% manganése sulfate (approximateiy tetrahydrate),
0.03% histidine, 400 Mg/l biotin, 0.1% inosine, 5.0% corn
steep liquor and 0.03%'ribonuc;ei¢ acid (about 10% of the |
required amount of the adenine-containing material), and
the main férmentationiWas.started at a temperatﬁre'of 38°C,
a stirring rate of 1,000 r.p.m. and an aeration rate of
0.6 V.V.M. For this medium, preliminary experiments had
shown that the value of the-product of the absorbance at
the wavéiength'590 nm (as measured as a represented value

- for indicating the growth level) and the number oﬁ times of

dilution (said product hereinafter called "U.0.D.") was

20
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22% gl ucose solution.and 1 liter of a sterilized main fernentation medium
cont ai ni ng 0. 8% ammoni um sul fat e, 1.0%sodiumL-glutamate, 0.4% magnesi um
sul.fate (heptahydrate), 25 0.2%potassium chloride, 0.4%calciu oride
(di hydrate), Q.006% nmanganese suI fate (approxi mately tetrahydrate)} ~03%
hi stidi,ne, 400 ug/l .biotin, 0.1%inosine, 5. .0%corn steep |liquor and: *0. 03%
ri bonucl ei ¢ aci d (about 10% of the requi ed anount of the

adeni ne- cont aining material), and 30 the main fernentati on was started at
a tenperat ure; 4l 0 gnd.an aerati

Cate 0.6 Vrﬁifxﬁ/illfdf dnd ﬁnéltl} 5% nﬁ'\e;@iio?? éff;r rgq'n%énf(s gﬁ, mcu Jorhavg': Sh% B%Qf

t he vaI ue of W@emq;dlrétasm resydt aﬁosm“ﬂ'hmfeﬂ‘&tmtqneommeﬂnem theS@Mernirgtion of

measured as anbe:w&aerﬁce@lwawaneaﬁ;m bE&Emé Wt GRdre NBah f@&n%@ﬂ%té‘% Lhde rﬁ’r%j
t he number of tlgF Qa IIO é 8% roduc erei naft a#reg "U O D")
wns T ogr Pt Bty Yhe Sitlertah ¢ YO CoRiRy 6 obenlelE e on gt cenine-

i ncubati og, \Mumfaidmg habedinl wad skertemsat7the dtial feedulote 6(0)300088%/taf aridhthere-
m croor gani sm and the concentrati or—ef—ti bonucl-eic acid in the medium .
.becane not noREteRaEh® FAdLEIR WHISe reRea48EnrReopELY | 1R RTVaAR afidihe on of |
a_10% sol uti O@p@élfi@orwd e:a&.eam @sagyilvea ddetaBie D unEDDien&i tecamterial
whs started at_the in rate F( éd' B3%hr @?%k&?re after t he
addi ti on was #® ‘é‘é?e 913? gd ﬁga%e 1 $4 TF W e 1}5 as.
given in Tablmedz.umtvdumm t Cithed Jammbtattmh wabohbubecondutcteddiied Becane

0. 32% baggd OH%EPQ ”B?l‘lé“Bﬂ’CBf“’@xe mgﬁuhnwgahhﬁﬂt&@ﬁe&h&é € onduet sgk{ or 72

105~"hour's. gh% nedi um was nai nt ai ned hrough- out” t he :
i ncubati on by®&ht t+’%°‘§3ﬂﬁ’t9rbr?yoﬁ“§5’%a§ﬂ‘ﬁe69§1§ﬁﬁﬁn?§ zs?h%q‘f%‘?%nt at.i-on
- broth thus ob&fin ﬂamasmafeﬁ@ﬁamogummnehh; bbghined fwasreacel yiai d

b e Sroonton SR R e S einhe 1] §b%ﬁr3ma%§9raphy-

The results obtained are shown in Table 1.

15 - Table 1
: Amount of
: Time when addition U.0.D. guanosine
Ribonucleic acid . was finished ~ after .produced
feed rate . (hours) " 24 hours (g/1)
20  Comparative Added all at once ' 8.0
Example 1 (known method) '
Example 1-1  K=0.035hr = 48. . . 18 8.5
W/ | Example 1-2 - K=0.050 hr * 42 20 - 10.4
,5  Example 1-3  K=0.075 het 35 - - 22 13.6
. Example 1-4 K=0,10 hr = 31 25 15.4
Example 1-5 K=0.15 hr - 26 31 16.2
r Example 1-6  K=0.20 hr - .23 33 12.0
| . 30 L Example 2

Using Bacillus subtilis ATCC 19221 (IFO 14123) in
place of Bacillus pumilus No. 148-S-16, the main fermentation
was started under the same conditions as in Example 1. The

U.0.D. value reached 7.5 in eight hours of incubation and the con-
35 centration o-f_ ribonucleic acid in the medium became not more than 0.01 millimole
{as adenine) per liter. Thereafter, ribonucleic acid was added at hourly intervals

at the feed rate shown in Table 2 until the total added



Ri bonucleic acid was fini shed after produced feed rate

.(hours) . 24 hours .g/1) 20 conparative Added all at once

8.0 Exa 1 -“(known nethod) Exanple 1-1 K =0.035 hr1l 48

18 @ 5 Exanple 1-2 K 0.050 hr 42 - 20 10. 4
;725 le 1-3 K =0.075 hr 35 : - 22 13. 6 Exanple
1-4 K =0.,10 hr 31 25 . 15. 4 Exanple 1-5 K =0. 15
hr 1 26 31 16. 2 Exarrpl e 1-6 - K=0.20 hr.

23 33 12:0 30 - 9 - Exanpl e 2 Using

Baci |l us subtilis ATCC 19221 (I FO 14123) in place of Bacillus punilus Nes
148- f t t tar ed under the sane conditions as
in Exéoiﬁl‘g?n{ hfeé%& lﬁ%%’n O\Q}a% ue r@aéﬁg gaf’ﬁséf‘ﬁhf‘sﬁ%rga%f i ncubat i on

and ta%rﬁwe@aft%nn drauns off mnmmm.enc afhd restubesneitaind®cane not

nore hpansRo@d 4 !tdwid & (as” adenine) per liter. Thereafter, ribonucleic
acid was added at hourly intervals at. the feed rate shown in Table 2 until-

the total added -9- anount ggaghed about 0.27 or 0.28% Guanosi ne assay. »
was performed after 72 hours of ‘incubation. The results obtained are shown
in Table 2. Table 2 5 Tinme when addiTimenwhenaaadiatoR betssdEise was
fini shed. : prRiharatlaficd f eedwaast €inished  (hourgyoduced (g/l) »
Exanple 2-1 -0 g ieed rate - 3JBdours) . 18/B) Exanple 2-2
0. 02% hr 21 - - 13.3 Exanple 2-3 7 0.03% hr
16 ~ Example 2-1 o . &ihrative Add4d al| Exanple 23.8 at once
\

1% PExample 2-2 0.028/mr Bxanpl e 3 : 13.3 ~

Example 2-3  0.03%/hr 1. 9.

Comparative  Added all . o | | :

Example 2 at once S . 7.2
15 . : Example 3

The main fermentation: was started using Bacillus
pum umilus No. 148-S-16 (FERM BP-6 IFO 12483). in the same
manner as Example 1 except that the quantity of ribonucleic
acid added to the initial medium was varied as shown in
20 Table 3. After the U.0.D. value reached the value shown in
Table 3 and the concentration of ribonucleic acid in the medium became not
more than 0.01. millimole (as adenine) per liter the supplementary addition of . \J
ribonucleic acid was conducfed at hourly intervals at F(Q)= 0.003%/hr and K=0.1 hr']
until the total added amount of ribonucleic acid reached 0.3%. Guanosine assay

25 - ‘was performed after. 72 h_ou;‘s of incubation. The results obtained are shown in Table 3. .

Table 3
Ribonucleic , :
acid concen- Added amount )

‘ traction in of ribonucleic Time when Guanosine N
30 ' initial medium ° acid addition was produced N

(%) (%) started (g/1)

U.0.D; Hours -
Example 3-1 0 : 0.30 4 0o 12.3
Example 3-2. 0.015 " 0.285 5.5 6 14.2

35 . _ _ .
Example 3-3 0.03 c 0.27 7.5 8 16.6



The mai.n fernmentation was ‘started using Baci | | us pum | us No. 148-S-16 (FERM
BP-6, | FO 12483).in the sanme manner as Exanple 1 except that the quantity
of ribonucléic acid added to the initial mediumwas varied own in 20
Tabl e 3. After thé U Q D. val ue reached the val ue shown |n@ 3 and the
cohcentration of ribonucleic acid in the medi um became not than 0.01
mllinole (as adenine) per liter the supplementary addition of ribonucleic
‘acid was conducted at hourly intervals -at F(0O) =0.003% hr and K=0:1 hr-
until=the total added amount of riboaugpei.c acid reached 0.-3% Guanosi ne
assay =25 was perforned after 72 hours of incubation. The results obtained

are shown in Tabl e 3. T I bonucl eic aC| d ‘concen- Added anount

traction in r|bonu %co ] osi ne 30

i ni t I al rrEdI um aCI d tra I tl On d’..;ﬁﬁ.wng %d il& when SE@éonggne

(g/1) U. QD Hours Exanp g 1 med - geid- - ition was " produce

12.3 Exanpl e 3-2 0. 01 (%) . 285 (g) 5. 5start§i 4¢qr1$5

EXarrpI e 3-3 0.03 - 02T 5 1670 =10~

-Ri bonucl gi ¢ aci d concen- Added anount tration i nu 0.D. Gbufd bonucl ei c Ti ne

when Quangsi ne igitial . um acid ad 't | b"h """" pro ed (%

U. O D. Hours a -3-4 06 ' 0.24 16.5
- . . . .8

Exanpl e 3-5 L@éﬁp%g s -0 9-5 0.15. %% VI 1(’548 Conpar ati ve

0.27 c°mpa;QtQ§e 30 18 9.0 Exanple 3 : _

Y Example 3 - 0.27 | - _ e .03 ng) 9.e

10
| ) _ Example 4 _ .
Using a saccharified starch solution contaJ.n:Lng 196 g
of glucose and 29 g of oligo saccharides per liter as a
'carbon source, the main fermentation was started using Bacillus
15 . pumilus No. 148-S-16 (FERM BP-6, IFO 12483) under the same
conditions as in Example l. After the U.0.D. value of 7.4
was attained by 8 hours of incubation and the concentration of ribonucleic
acid in the medium became not more than 0.01 millimole (as adenine) per hter, the
supplementary addition of ribonucleic acid was performed at” hourly intervais at the '
20 initial feed rate F(O) as shown in Table 4_.and at the specific feed rate K=0.1 hr-].

The guanosine content after 72 hours of incubaf;‘en was determined. The results

o/ obtained are shown in Table 4.
Table 4 | _
| : ' Time when addition Amount of
25 F(0). was finished : guanosine
(3/hr) . (hours) . produced (g/1)
N Example 4-1  0.003 - 31 . . 15.9
. Example 4-2_ 0.01 .21 - 16.7
30 . Example 4-3  0.03 | 14 14.3
Example 44 0.1 10 9.6
Comparative Added all . _ | 8.1

Example 4 at once

35



Exanpl e 4 Usi-ng a saccharified starch sol utlon cont ai ni ng 196 g of gl ucose

~and 29 g of oligo saccharides per liter as a carbon source, the main
fernmentation was started using Bacillus 15 -pum.lus No. 148-S 16 (FERM
BP-6, IFO 3) under the sane conditions as in.Exanple 1. ‘After. the

4. O D val f 7.4 was attained by 8 hours of incubation’and the

. concentration of ribonucleic acid in the medi um becane not nore than 0.01
‘mllinole (as adenine) per liter, -the supplenmentary addition of ribonucleic
acid was performed at hourly iAtervals at the 20: initial feed rate F(Qras
shown in Table 4 and at the specific feed rate K=0.1 hrl. The guanosi new
content after 72 hours of inc s determ ned. The results obtained
are shown in Table 4. Table 4%‘9%? addition: Anmpunt of 25

CF(O. . waSrip $Regtarting the maimofeymeqtgtion using Bagiidmss)
produgrehi(alsl Nobxausl-e-461 (FERM- BP36, IFO 12483) u?Jthe 159
Exarrpr'e—zr-z— 6. 01 21 30 Exanple

4-3 WMagney as Example 1, 0 49001 mole per llterlqﬁgzrg(me@:;@_u 01 N

1(5 shown in Table 9. GaSoafdedt tyethddiketebdl medium as the

' ferrre %’aé?xil?le-contg.& Qﬂge géerlafx kgaéipr 0f4 to St t' ng.the main

on usin pum’ us ‘| FO 12483) B
i n- t h&heafermentatiod Eﬂ&nﬁtértedoa@@Dlwm etlp%rU«IQ-tlk-r ‘(ﬁluehe material 5 .

shown relachald ¢ 5:"\"850rﬂdﬂﬁdc<§n€ert\t|9§ﬁoﬁ oF trib%huélsﬂl M4 35 thdSnRBGAIHARaRANt a1 i ng
materi a |n placslﬂJ p {lglel aci,d. The %rrentatlon was started and, -
‘when 108 TPRE B A0 sniflinaqls dgs gdesing p&r’id”ﬁﬁe Hipelerent stynodsktien Bhnucl ei A\
adi d ispid hd!enwma‘mnmbmgamfmal Woy etdrteainaiOhdlit lynintédivialyl 6t (Hasinitdeinfeed) per

| Lo el R(SUBRNETTRIEI AL (L8N ) YRt rR2Ch BT BEOHY 8F WO dalRAS 1ol

was starte hou
containing material reached 0.001 to 0.002 mole per liter. The fermentation

broth after 72 hours of incubation was assayed for the:
guanosine content. The results obtained are shown in Table 5.

s Table 5
aAdenine- Time when addition Total added Amount of
" Example <containing = was started amount quanosine
Nog material _ hours U.0.D. {(mole/1) produced (g/l)
3 51 Adenine 6 7.2 0.001 o 14.7.
20 ' o g
. 5-2 Adenine 6 7.0 0.002 12.8
5-3 - Adenosine 7. 7.0 0.001 . 16.4 W
5-4 Adenosine 7 7.0 0,002 13.5
. 55  5'-Adenosine. .8 . 7.8 0.001 15.4.
25 : . S : : )
- monophosphate :
5-6 5'~Adenosine 8 7.5 - 0.002 . .15.8
' monophosphate - , ' . - . >
y ' Example 6 .
30 One l:.ter of the fermentation broth obta:.ned in Example

l (K=0.1 hr~ ) with the ‘guanosine content of 15.4 grams per
liter was heated to 80°C and centrifuged. The supernatant
was cooled to 2°C for precipitation of guanosine, giving
_ 16.3 g of crude-crystallineiguanosinei ‘The crude guanosine
35 'was suspended in 1l liter of water and the-suspension was
heated to 80°C for dissolution and then cooled to 2°C for



rate F(0) =0.0002 nol.e/l/hr ahd K=O.1 hrl until the total added anmpunt of
t he adleni ne- containing material reached 0.001 to 0.002 nole per liter. The
fermentationbroth after 72 hours.of incubation was assayedt he
gudnosi ne content-. The results obtained are.shown in Tabl e ° 5.
Tabl e 5 Adenine- - Ti me when addition Total added Amount of Exanple
cont ai ni ng was started anmount quanosi ne [err] mat eri al
hour's™ U O D (mole/1)  produced ( /1) 5-1 Adeni ne 6
7.2 = 0.001 14.7 20 5-2 = Adehtre. . - " 6. 7.0 0. 002
12.8°6<3 Adenosi ne 7 7.0 0. 001 - 16.4 5-4 L
Adenosi ne 1i idn. Q Qoaas thus dBtdired 13.3H'g Ademroyii@l-
.8 7.8-recr§%fiﬁ%f?a%fgn Th : nonophosphat e 5-6

- Adenosi ne line gguanosing.s 0.002 . 15. 8 monophosphat e Exanpl e 6
30 One liter of the fernentation braoth obtained in Exanple 1 (K=0.I
hr. ) with the guanosine.content of 15.4 grans per liter was heated to
[«err] and centrifuged. The supernatant was cooled to[err] for precipitation
of- guan05|ne giving 16.3 g of crude crystalllne guanosi ne. The crude
guanosine 35 was suspended in 1 liter of water and the suspension was
Reated to [err] for dissolution and then cooled to [err] for
recrystallization. There was thus obtained®13.3 g of crystal- I'ine
guanosine. 15 O 30 o
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-1

a guanosi ne- produci ng m-croorgani sm which requires 5

" ~brot h, "wher\aZf

50

adeni ne-contai ning 10

in

3 - CLAIMS: 1. A met hod of produci ng guanosi he mhich'conprises gr owi ng
its.

- growth, in a nediumand recovering guano tﬂﬁd and accumul at ed
_in the resyffgnt fernentation |I ﬂHmI“)“ th from said

i ncubation is starte

in a=medl wm contsai mi ng not nore
% of 0.001 to 0.002 nole, *

t he gqrdimgn has been consurmed to 0.01 nmillinole or less, based on

adeni ne, per liter, the incubation is continued with intermttent or
ﬁcbntinuous addition of ‘the remaining quantity of said 0.001 to 0.002 .
[lithe ofA a@dﬂliordeo(fomtraldluicriggngbehbainée\qblidsledccirqir ﬂées grovvt h of the

nol

m CI‘ oor
. o'y M%‘Eﬁo R AN

183
of the adenine-co

( eed r%ﬁeé)mel:(f@r iid st 9somvdbd dat e 'zedwmaqnd heew‘ner 019 gwartd sigqe he

addutlcﬂhu§<pﬁbd@ceanemanhcespﬁ¢hiba Eﬁedhéa;@guﬁ@ﬁhi f Scrhd g B4 def!
connen%pqggh f the gltl n o the a enlﬁe containing material, wherein

F(O is

to--

T et

K

15
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30

35

'§T56 Y i §’ B8reint o"sY
¢l aedilum. wtmfenrmnlﬁ(gO)wowsma:(Vet ohad6%6and &fi6.®0D5té 00 D2 hwolle, 3.

adeni ne for’

t ha
based on-adenine, per | iter of an
materi-al3-and after the adeni-ne-cont ai ni ng materia

~

n

v

o—

A

‘?o%U?n EQFQR%@@F&%) v;hf o) D & . (Kt) wherein

ﬂ% i nt erval

grhen is sfarted nim 1 accor di ng

hod.p AL H Qg,etnqngl ai %1’1 ‘$Egst’@nahal'§¥"ﬁ§ ggﬂ._ppe.f gg:e described with

erence to q oduced by a
hOd"&H@Uﬂ ngngoaéﬁyroﬁhe|aﬁﬁg metgogfaggxnglnuferxal in the

medium has been consumed to 0.01 millimole or less,

based on adenine, per lifef, fhe incubafion is continued

with intermittent or continuous addition of the remainfng
quantity of said 0.001 to 0.002 mol/litre of adenine-confaining materiol Irequired for

~growth of fhe'nﬁcrporgonjsnlin accordance with the formula:
F(t) = F(O) exp (Kf)

wherein F(t) is the dose of the adenine-containing material
per unit time interval (feed rate), F(O) is the feed rate
at the time of .starting the addition, K is a eonstanf--_
(specific feed rate) and t is time after commencement of
the addition of the adenine-containing material, wherein
F(0) 1570.1 o 50 % and K is 0.01 to 3 heol.

2. A method uccordxng to-claim 1, wheteln F(O) is 1%
ltoZO%andesOO5f002hr].

3 A method. according to claim 1, subsfanflally as’
hereinhefore descrlbed with reference to any of .the
Examples.

4, Guanosine produced by a method according to any of
claims 1 to 3. '
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