METHOD OF CULTURI NG A M CROORGANI SM BACKGROUND OF THE I NVENTION 1. Field of
the I nvention 5The present invention relates to a nethod of culturing a

m croor gani sm capabl e of producing at |east any one of a highly unsaturated
fatty acid and a conpound containing a highly unsaturated fatty acid as a
constituent fatty acid in a nmediumcontaining at |east a carbon source and
a nitrogen source, using an aeration-agitation culture device capable of 10
adjusting and controlling the agitation power and the aeration anmount. 2.

Description of the a result of
culture (e.g., pr o&@f@&/ﬁ?w}&ﬁmﬂﬂﬁ%‘gmémgﬁ% d (hereinafter
referred to as "PUFA (pol yunsaturated 15 fatty acid)"), etc.) often varies
dependi ng on supply of oxygen. Therefore, in the case of scal e-up, KLa
(vol net r i BAGCKGROUWNINOFTHEP EXVENEIQN i s considered to be an inportant
index in addition to factors, such as the anmount of aeration, agitation
speed, anb Ifi@We f¥ lﬁqmﬂe@@%r aeration-agitation. The use of KLa as an

i ndex |n scal ed% cul ture.is hased 1:t he,i dea 20,,t ane cul ture -
aaer B s ot o T B ihettiaT  plhebd o1d SRS Beto Lof IERRRC cose
if the Oﬂﬁﬂofg‘a@ﬁ%%apra%l@of ﬁroﬂﬁéln?ﬁﬂeﬁéﬁﬁn ook o%aﬁghfy uﬁ@éhﬁﬁfs&f‘t
Publ i cations 1 an Vari ous techniques for neasuring KLa have

been pr orihstg;dacxki(nmdlar comhpennd opmtaahimgailighbmphsaatrated Eavpercickbsa . has
proposed a net hod g 25 estimating KLa in .a si rrpl er manner, in vvh| ch an

appr oxi mRoBSELpeRiskitbharddaig prediemomnyaining Atdrasts epdion; ch ﬁ‘,?l donst ant ,

rat (o oUBHEeRC oLl (LR A" sVl sifitch ARG} WBBke Siatrof MOV

(Non-jpat eiffjuptiff lamdl ddiﬂrc;lhné%h@ B taMinaRver £hd 8he ackRiRkimagaku 30
Ronbunshu 8Papers of Chem cal Engineeri'ng), 26(4): 557-562 (2000

(Non- patent publication 2) A E. Humphery, Hakko Kogaku Kai shi (Journal of
Fer ment at | Technol fg¥1) 4- 345 (1964) (Non- pat ent publication
3) C M piiongpl thie, Eng., 36: 504-509 (1944) 5 PROBLEM TO BE

SO‘VED BY THE IINVngbg\I cu}ture, a result of culture (e.g., productivity of highly
unsaturated fatty acid (hereinafter referred to as “PUFA (polyunsaturated
15 fatty acid)”), ete.) often varies depending on supply of oxygen. Therefore, in
“the case of scale-up, KLa (volmetric oxygen tfansfer_coefﬁcient) is considered
to be an important index in addition to factors, such as the amount of
aeration, agitation speed, and power required for aeration-agitation.
The use of KLa as an index in scaled-up culture is based on the idea
20 that the same culture result is obtained irrespective of the type andiscale of a
culture vessél if the oxygen transfer rate is the same (see, for example,m
Non-patent Publications 1 and 2).
Various techniques for measuring KLa have been proposed, however,
‘their operation is complicated. Cooper et al. has proposed a method of
25 - estimating KLa in a simpler mannez, in which an approximate -expression
KLa=K(P/V)0.95(Vs)0.67 (K: probortionality constant, P! power required for
agitation (W), V: liquid amount (m3), Vs: air flow rate (m/sec)) is used (see
Non-patent publication 3).
(Non-patent publicétion 1) Satoshi Murakami et al., Kagaku Kogaku
30 Ronbunshu (Papers of Chemical Engineering), 26(4): 557-562 (2000}



KLa can be-predicted using the above-descri bed approxi mate expression
proposed by Cooper et al. However, Cooper et al. obtained a correlation
bet ween KLa and operational conditions using -a 12-blade vaned 10 di sk
inmpeller. Strictly speaking, this correlation cannot be applied to a
culture vessel of a type different fromthat type. Cooper et al
conducted experinents in water. Therefore, whereas the approxi mte
expression is useful for culture of bacteria, yeast, or the like, which -
have a | ow | evéNonfpataebipoblicatioe 2phr BxiHuinphes) TEskke KdgakeORniggr ed 15

to be significan depart fromacgtugl culture solution which contains
filament gg%uﬂ?ﬁé’&!ﬁye&&ei“ﬁm‘éé?%m%ﬁa #e' 834845 k964 have a high |evel of
r heol ogy. . javent | i rovid 0, sQl ve the .

above- descr i beéN Bl;‘r%ﬁﬁt%?@f’ &anwéotg?%@ Icgfﬁwt ﬁ88?ﬁre%te%'d’ iEHiV ?’Bﬂkpg-’taﬁ‘pr ovi de
a cul t ur 0aesdpiodd) capabl e of scal e-up whil e securing satisfactory

productivity of PUFA or a conpound containing PUFA as a conponent w t hout
actuaPly cal cul ating KLa (vol netric oxygen transfer coefficient). SUMVARY

OF THE | i he first feature of the present invention,
a net hod%mﬁﬁém%im'%lwwa&d whi ch cgl tures a

m croor gani sm ggpa LRg.at | east any one a hi ghl y unsat ur at ed
fatty acid or a cobrr(%iglu(r?scfe %%@aﬁ%ﬁngggl%i% ﬁ&’&ﬁ%ﬁ?‘f&{’%‘ﬁ ?H]?’f"}ﬂ@@?‘ﬂ as a
const | t uemprdssloy praaded iy Cupbiiet. ATEHIERERR! BoBhal eflall §RRinBACHT PON

source and a nitrogen 30 source, using an aeration-agitation culture device
capabl e 89rralgtion beveendKLaomd opeiatipramh candithtisomsing\sel 2-dlstapasal at i on

anount. The nethpd c rises the steps of perform ng nmechanical agitation
f or 216 prgﬁzlt é’i‘lﬁPﬁ% %’é’tﬁﬁ‘ fRya"Ing, ttﬁB;f coplation capeete be hepplisd 40ion power
per unit ofdrd ¢ ' &@ﬁ j , and after the predeterm ned
time hascpassed?égg?ﬂ%tt*ﬁeg 5%#%%#6%% at | east any one of the

maxi mum aer at i Goopseroeinal. @0HdactvixéPLFIRONEY id §AEL Ol QbiAg] koL to a
range which satisfies that KLA (z(P/V)0.9eV50-7) is 69 o?‘ﬁ%’o%vgf,e&g% air flow

rate par hfeleprogtmatyexpressionds wsefnd fox cudtrdresnirheqteri e dyeagt tattherlilagwer
paraneter +(R/ V)0-95 i s 203 re, .where P represents power required for
agitati oﬁ’hé% ,M‘)WF FgB@E}é‘%&ﬂ‘%gﬁ’ i tReARRIGFIMA eXnyResion i epreiderads an air
flowy atge ¥ se&ifich raddQna f cording.to the first
feature of the pr egeé\atwi %%/ﬂegﬁ?i %.R,H caﬁﬁ%%}r gu%tgﬁebébclblgllppo?ﬁ%ﬁgu%@ﬁal% culture
medi um chlamaémtiony . famgi eactinamgertbeNos s AkaNGhRENhhvOIE hiSRYLFS, o8N t he

culturecrgfd' um can be consistently prepared to be 15 uniformdue to

mechani e"y&ﬁation. As a result, it is also possible to secure the growh
of fungal cells, a reproducibility .o roductiyity of fungal cells.
Since cul ture ﬁée rF]Jere %%?trrégg? o ’ﬁepﬁ?‘ﬁgﬁ- a& t58 Weoﬁﬁéuﬁb%%dm@ﬂ, it is
possi bl eproblezhé.i CARRbIdet 08 khd bHEes I: ] ' ich prqduces at
20 Ieasl(:ap an% one of PUFA or abc%%ggﬁg%%gﬁﬁg%i%%t@e% ent
(her#§i nafapeble of sraledun ovidde sBLIABY )satSfnseryt peodesttitydf a8ifrat hog cul ture

vessel can acﬂ Last and ,Coni)onI t he
compound contaiming PUFA as a component without actually calculating

KLa (volmetric oxygen transfer coefficient).

“SUMMARY OF THE INVENTION

25 According to the first feature of the present invention, a method of
culturing a microorganism is provided which cultures a microorganism
capable of producing at least any one of a highly unsaturated fatty acid or a
compound containing a highly unsaturated fatty acid as a constituent fatty
acid in a culture medium containing at least a carbon source and a nitrogen

30  source, using an aeration-agitation culture device capable of adjusting and



agitation power and the aeration anount, the dissolved oxygen
concentration of culture solution can be adjusted whenever necessary into a
25 range which is suitable for production of PUFAs, for exanple. Since
mechani cal agitation is performed for a predeternmned tine after the start
of culture where the agitation power per unit liquid anbunt is 269 (W ne)
or less (i.e., small agitation shearing stress), it is possible to suppress
physi cal danmage on hyphae and pell et-shaped fungal cells of 30
act i nony GeahesIRAg i | ARG landSif o , afnbub®, PO Bh&Hg cul ture
these fungal celfs ina formwhic Ts Slflet aeg?gb]%or production o?t PUFAs.
After theopmmdatsciheg stegls bf perfonains seelianidal laghtatioanir anpredietédeingdxi mum
aeration anmount or the maxi num power required for agitation is adjusted and
cont r ol | damegdfterrsagfcolmilisives mhieze the ag%@txon@we(rzr(q@*/um ligmjd gngmnts | s 59
or nore, .t L, fdow rate paraneter VsQ-67. .5eC)0.61 i§ 0,075 or nore,
and the. AP RElima YR Apd BT e prelilarninse Hbchak pansstoddretngns o
more §P: ReVesnirSIiHg R 1644 A9 okl NtHmax{rodrh Wt 4 tREDHRoubBnd ¥S: air
flowrate (ni t?see))g. Ther‘eb?,gyit i's possi%%{lglto nor e ef?h?lciuegﬁ%/ culture a
f ungus. prmaximhmg RiFsTreqiingd forr agitdtien po adtioigevivhichofatidfiodstiegrKbA
pr onot ed. %}_(,) hng ot hee; _words, when KLA %1:( P/ V)0.33Vs0.67) is smaller than
59, or WHERP/VAL Xt in@Rd o5 moparatein flovsmts parameter Vo067 09751 | er
- than 0. 075, t he -amount .of; produced PUFAs (her dzdanp e, acid) is small
s shown Torerrad TR BRRBHER poutlatagiot SRR A d e aor i on
pover parhEleP rbftedbRtsSpotdf &8%%& Yok ‘fatg?c%ioﬁr(wxzr\e rbPrdsiats hiliqdd! Nt ended
that agitation is perforned at 15 a constant strength or nore strongly than
wheni1eul tmmeunts(ns®) pand¥s repedsendabphn aiv flewstategl/sed).han when cul ture is
started (as shfén i n, Ex -2.J0n Table 4, the agitation power per unit
li quid anmount P‘?@ém(“@l ect} e. . the required agitation power parameter
(P/'V)0-93 KW = 33] | 0 rt_of culture). se of
scal e-up, by gg%??fﬂag‘]‘%’ F@tﬁ%gf’s MOR6r A |%lr? %r% ¥ Elnétéaﬁophégi%%% E‘%ﬁi’%omr

required gbeforﬁﬁjdt@ih A (68 NBdidif RROVRISICSE I1dARe W dHbBh isealcevahdIas,
u

hi gh-productivity culture can be performed with a m ni num anount of
aer at i on mafraggen spurne aydtthe oltpewsedivihaaablye consisienglycpspased thder educed,

B LS T SR e il
'( rC])F\;Z P;![ ?%ﬁg%x%%]%’e g{%\%hugf; Bh’.rgaﬂt &s’ Ahd %h@qjegrétﬁlﬁﬁﬂﬁy : OMO(&u@ﬁbﬁy of
fungal cells.

s

Since culture is performed in an aeration-agitation culture vessel, it
is possible to efficiently culture an aerobic mieroorganism which produces at
20 least any one of PUFA or a compound contaii:u'ng PUFA as a component
{hereinafter referred to as “PUFAs”). | |
Since the aeration-agitation culture vessel can adjust and control the
agitation power and the aeration amouni, the dissolved oxygen
- concentration of culture solution can be adjusted whenever necessary into a
.25 range which is suitable for production of PUFAs, for example,
Since mechanical agitation is performed for a predetermined time
after the start of culture where the agitation power per unit liguid amount is
269 (W/m3) or less (i.e., small agitation shearing stress), it is possible to
‘suppress physical damage on hyphae and pellet-shaped fungal cells of

30 actinomycetes and filamentous fungi. As a result, it is possible to culture
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Arachi donic acid accounts for about 10% of fatty acids contained in 30 an

i nportant organ, such as blood, liver, or the like (e.g., in the human

bl ood, the ratio of fatty acids in phospholipids is as foll ows:

afachi donic acid 11% EPA 1% and DHA 3% . Arachidonic acid is a nmjor

conmponent of cell nenbrane and is involved in adjustnment of the fluidity of

the nmenbrane to exhibit various functions in the netabolismof the body,

and al so plays an inportant role as a direct precursor of prostaglandins.

Parti cul &htse famgnkcelit in afachivieichds saitdbhafr prbdaticfofbti@ni on because of

arole of nutrition for suckling infants and as a constituent fatty acid of

endogenous- ca ﬁ%&ﬁi‘ﬁ’@i Bredetermindd bimes hasopasgedc et deastaanpdamd df the whi ch
es. .10Li nol ei ¢ acid_ taken from_,1inoleic

hi bi t Di] gt tivat
i o-ri cRePablsh bk Gaf b Brar Fia e AP Weh Fedwerd Sor oaeatPn i n adul

di sease Rahisted sndlcoRotdTRYI @ ' =k 1 ' S ] lgts, the
functi on_o# an eﬁzycrcr}g(s) Pn@o \gﬁé{iﬁﬁ?%gﬁﬁuéem gﬁ@%ﬁ@@%ﬁ?ﬁ@y
| eadithg 1059 axmark, theaairiftonirateapahmdtee Vabor Km/idc)ies] fap0r3BE tadhat

ar achi doniﬁ cid be directly taken as fat or _oi|l (a 16 constituent fatty
aci d of ?P-gﬁ?’;?c’@rw%%d agitation powesrr parametert PEVIEE W/ nDatalie 24X3 ohe

LESEI LRNGTb! B ek 085 By S 810 L v Lo
nut riti opataf (Blsek) | ”’fﬂhéf@cb%gtits is %Bsﬁbf@ﬂ%’%gér# {’%"%ft%f;?gﬁuiglirﬁ‘é‘?g g )

contai ning arachi donic acid as a consti ore, the
present prodaeing R U4s.c diherefaree the predwdtiviey 6£ PUFAN 6AB HeOproiotedb! i

heal th via bever ages, .t he eutjc putrient foods, feeds, pharnaceuticals,

and ifll:e 1‘? Q&%Wegff%&h% iﬁi’mﬁ—s@ 8Y$%4i)sis smaller thméBdgngrhem thee third

feature f [ i & f unqu rodug| PUFAs is of the

bomue, No A e bEREHb VOt [@eadPE] 1 SRR HETR 1] (b, e dimgiint

Accor di nef jrodubed PIUTAL (1826 fhchiddrtie abid S€BhalMAHdwin RIGRSH A  ungus
rtierella; Tt i

produci ng PUFAs of the genus Mortierella, subgenus S

possi bl e2t oAfsoo durensPuFAs seotke etfuiredrigitatiangover addutieter (PABoSuNgi can
be easi llﬁﬁb% 'ggl?d, ants described hel ow and el sewhere herein. 30According to
the four ﬁ’sgjl'e 10303 Memgre ciatithisontended thed agpiesivatisperfeetedi ate af t er

th j t 4 h L i | f ect

rccor ng Te ERe HeReRoP B E e fhl DpBdn itivks 4t eREHEL mitanblon

agi t at i omoha¥irogghy tlow Weal culfurdistahiel (ﬁg%ﬁb%/vvﬁginsmx?alsz {mghld ycally, S
ns) or

agitation power per unit liquid amount is 2 ( ) ess) Is performed
for 12t Hheagitatien apwer Penainit diquid fanvabrtivise269(Wim?), i, thpateigaikeda f ungus

whi ch transfornms froma pul p-s ' pel | et -shaped cell can be
caused t%gliﬁtﬂ?‘biwt?fy?&ég?)&?‘?ﬁ ggﬁﬁqtggr]ﬁﬁg?%%)ﬁ% i Bn 208hetteihe sehignt eafsi ng a
si gni fi caMudeiCrease in the viscosity of subsequent culture solution. -

Therefore, it is 10 possible to nore efficiently produce PUFAs. BRI EF

DES@BI PTI ON OHnTHE cRRAYY &afe-up, by setting the maximum aeration amount and

the maximum power required for agitation based on the above-described
numerical values, high-productivity culture can be performed with a
minimum amount of aeration and minimum agitation power. Thereby,
‘running cost can be reduced, resulting in scale-up with a considerably high
25 level of production efficiency.

According to the second feature of the ﬁresenf: invention, the highly
unsaturated fatty acid is arachidonic acid. | |

(Operational Effect)

Arachidonic acid accounts for about 10% of fatty acids contained in

30 animportant organ, such as blood, liver, or the like (e.g., in the human blood,
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FIG 1 is a plot indicating a relationship between the anmount of produced
arachidonic acid and a KLA val ue which were obtained in cultures. 15FIG 2
is a plot indicating a correlation between two paraneters constituting the
KEA value, i.e., (P/V) 95 value and 1/s0-67 val ue. DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS ( Enbodi ments) 20Exanpl es of a microorgani smfor use
in the present invention which has ability to produce at |east any one of
PUFA or a conpound contai ning PUFA as a constituent fatty acid (e.g., fat
or oil (tthetayieesf By a&ﬂsflﬁrpmgﬁﬁhﬂdsﬁbcﬁs follekttd @ rhfleideRUscidatd erel | a,
t he genus Coni di obol us, the genus Pé hium_ the genus P.bytophthora, the
genus PediRAI1%uand DlI‘BAgﬁﬁ s Aacbicnds pwid uis) a t inajge noepivbendr of tchB genus

B e R R i T
vor 1 or el T FRBIRCFfliohd Gp) U, ARFARN Wﬁ?@%ﬁ@aﬁ%ﬁﬁa&%@%ﬁ%&?ﬁeraua

30 exbgudmpibtdrt releds ahtlesct prbb@soMbf pRussdelahging, and the |ike.
Specifically, fungal strains of Mrt/ere/la elongate |F08570, Mrtierella

exi gzza | FO857 Partioularlsr eitl aetsdy camphniommm ha@raﬁtea@edaaﬁbpma

CBS343. bHOTERESA Fole eRaGation lox Srckdime iTanlnad 5t CopRHIvRBt IRKE can_ be
Sillustr %tcﬁfof endo eno%%aﬁfl?ﬁﬁﬁr&(é Hﬂ'ﬁhdéﬁ@ axﬁént?é}gﬁ%\ﬁ? éﬁ@dﬁnﬂﬂ%ﬁom

limtation fromlnstitute o ment ation merican Type

Cul ture Gaiickekhitit{ Al Gdity to adtBnite halwss eau voor, Schi mrel cul tures (CBS).
In addition, Mirtierella el omglat e. SAM219 (FERM P—8703) ( FERM BP- 1239) and .
10 M3Ptierel | alanglpicaacidtakenfroshlingleic aedrek od isrmseilly cmaveﬁ@ tesear ch

f th L t d. t | | SAM 0219
<1 e or AEESSHBRIS Ao HTiAY By inr S W AL ARG R A, On P BAL PP RS oat y
W th accg %19%% FERM é—’rﬁe 2 3theAFuh i 'l?lébﬁ“%hzj?ﬁb UirfdoBRR §H1

Dep03| tary pan, 15A ungal strain use e present
i nvent i obidsynthédis isthweoraidnlikely leading to lack of arachidonic acid. Therefore,

it is desirable that arachidonic acid be directly taken as fat or oil (a
15  constituent fatty acid of triglyceride).

According to the second feature of the present invention, it is possible
to efficiently and stably produce 4t least any one of arachidonic acid, which
plays an important role for nutrition of suckling infants, or a compound (e.g.,
fats, oils, efc.) containing arachidonic acid as a constituent fatty acid.

20 Therefore, "the present invention may contribute to maintenance or
promotion of puinc‘health via beverages, therapeutic nutrient foods, feeds,
pharmaceuticals, and the like which contain these materials.

According to the third feature of the,-present inventi6n5 the fungus

producing PUFAs is of the genus MOI‘fI&I‘G]]H subgenus Mortierella.
25 (Operational Effect)

According to the third feature of the present invention, by using a
fungus producing PU¥As of the genus Mortierella, subgenus Mortierella, itis -
-possible to produce PUFAs more efficiently, and in addition, the fungi can be
easily obtained, as described below and elsewhere herein.

30 According to the fourth aspect of the present invention, the



culture) by inoculating a spore or a hypha of the fungal strain, or a seed -
culture solution obtained by prelimnary culture, or a fungal cel

recovered fromthe seed culture onto liquid culture nmedium In the case of
liquid culture medium as the carbon source, any of those which are
commonl y used, 20 such as glucose, fructose, xylose, saccharose, nmaltose,
sol ubl e starch, nolasses, glycerol, mannitol, saccharified starch, and the

| i ke, can be used.” The present invention is not limted to these. As the

ni t r ogenpsedatermimet tined aftentioaistairt of ulthiagRPREBEGES 13 € 94 hoBe@t one, yeast
extract, malt tract, xtract, casam no acid, corn steep |iquot,
soybean prot ei Jpenat t)soybean, cottonseed neal, etc.), organic

nitrogen sourc . e , and i norgani.c. nitrogen spurces (e.g.,

sodi um nitrat e;gﬁ%érrn(aflorgﬁ B?n%];ﬂ? ??ﬁ%&e%%ﬁqﬁh?ﬂgﬁ%ﬁte{m% F‘ai E‘&ﬁﬁ%’élca ed.

Parti cul agltitioBPRGkIAE £XR%P!185e]0 kdtioge aighed. soybean

i ncl ude S(g)%/befgn, defatted soybe%nTOfg% %ﬁe%%gf%%g,%éceﬁtg% g%]%%%aéaér’? totein,

soybean aghitiobgaweryres ursbliqhidbamouddis26n (Wﬁ]!lbj d&gllesé?gé bfﬂtghdaéayarbdef atted
more preferably defatted soybean

soybean iich i.s dengtured by heat ]

whi ch iswﬁggﬁéww tti%ﬁgftélﬁt ofseliergy Dergorthis perioved fimeuewhich  of

et hanol . e used_singly,or |.tiply, or i .
conbi nat A ier RREF AROUE shEER RERhFY msill “eBar el ok be cupedioer

met al i ogfficiently peirfo@fh sGERReAnsiEHAALOARIISRDT CaurH i cal?‘? c.),
vitamns, and the |like can be opti onallol’y use?a%u@rgbrr%hg EEE%EJH%F Of nutrient
sour ce i yaczertet Iritheovisbesiph af eubsequandt adsitemsblutions odiherefoss), imRgnesi um
ion, and cal.ciymion. These culture diumingredients are not particularly
P 180 Pessibleformers efficmtlyprostce BURABL does not inhibit the growth of a
mcroorganism In practical use, the total amount of added 10 carbon
source(s) is generally 0.1 to 40% by weight, preferably 1 to 25% by wei ght,
and t he BRIBF RESORIRITON G THE DRAWINGE ce(s) is 2 to 15% by weight,
preferably 2 to 10% by weight. Mre preferably, the starting amount of
added carbon sBWF-cd(is)aiploll indicstingya welaionstapdodteent thid apguiitt sHgen

source concentratign,i s.3 to 8%Db ight, and a carbon source(s) 15 and a
ni t ][ ogegﬁr@@bﬂcz‘i ("15?&3#8;’&&% a&fio asw Yf'gpﬁtvtlilfhd[ﬁfﬁﬁ@t@mefunsiﬁﬁmﬁé ;
prefgrably, o agcar . . e that, in order
to il(n?i::r ease t heDG;r/'i 2 013{1 aﬁgg{?lgrgéﬁédé fSc 3?’83’ 3%@?&“&’?8?&%%&6@6&%%_ as
hexac| ecamstitntingtthd daA@alitiley, (BIVIIS Galkl Afd VE®7G3¢d d or |inoleic acid,

or a salt or a fatty acid ester thereof (e.g., ethyl ester, glycerin 20
fatty acid ester, sorbitan fatty acid ester); or fats and oils, such as

ol ive oi [ FaRe Al [ coconut oil, can be
used as %Fgm@ﬁé%ﬁa ?@@%ﬁ@%ﬁ@ﬁé or in conbination. The
added amount qfpiliREScsydstrates is 0.001 to 10%w th respect to culture
medium preferably 0.5 to 10% These substrates nay serve as the only

car 20n sour ce Bxampksafla micoorganism fhi usBenRheRBEentMOBAHIOR wiskht ur e
t enperature varies dependi n% on m croo;&ani sns used. For exanple, the

cul t ur e hasRlility Jperxoduse wé laas any enerdd Y FAML 8 BRRouAld enmiainingl y,

m cr oor { can_be,.cul tur.ed and,gy own 20 t0,30C, followed by culture
at 5 to%‘gggtngsp océ’tﬁlég%ﬁ%tatf%&& agd ¥9a$1 yégc‘?rd.‘)ﬂB§t1' ¥ee1ie) oA A ur e
control , Fitad i f |3 he ,produced
Fatty adly EhORORY TobRMlel b oSl MOSBLHOR, Mhe Bods ThdhPold Bhaii g

cul t ur e geswsi Byidiimythe genust Phytophehord, €hé teehas i BepelfierTeRe iggngged
culture, }M;j | e geration-agitation culture 5 is performed in main culture.
At PRe ladospariymethagenes Muson thatgeniis Xygasiion, theopar et Aspprgeldas, cul t ur e

solutio t o] ure medi umis adjysted t to 7, preferably 5.5
to 6.5. rﬁ?ﬁe Bgrr“l%;d %3{]8##81' 'ﬁéf n tg’l‘fl t #PBYPs @f%&gégﬁif'& 30hgay genpF ef erabl y
5 to 20 MavsesmdnpRis, %fﬁ@ﬂ?é%é}hysga Ridendays. The culture nmethod of the

present- invention 1s performed using an aeration-agitation culture

devi ce whi ch Cantieujanlyt eamtipbentiitdle hiveoagianiérhs hektens 89¢hd Benaer ation
anount , H@nd i sgequi ped with a culture vessel and an agitation inpeller,
wher e t HEOFERzeHa( gnbsergrs Mostigreliteinsluds Momtiergiln alongats) Miwtiezdly to the

0. 58 sl Wb avERTEIn eiails leiraoneh dbalis: CSagebontvss. °
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15 1t is known that m croorgani sns belonging to the genus Mirtierella,
subgenus Mortierella can produce a fat or an oil (triglyceride) having
arachidonic acid as a major constituent fatty acid. The present inventors
have obtai ned a m croorgani smcapable of producing fat or oi

(triglyceride) having dihonmo-y -linoleic acid as a nmajor constituent fatty
acid (JP 20 1105-91887 A) and a microorgani sm capabl e of producing a fat or

an oil (friglycer.ide I ) i a ALROssEL,a maj or
const i tu%’rﬂg_q‘arlaﬁﬁas}ng&}ﬁ%ﬁ%&-@%l@%ﬁﬁ?h%%ﬁ?ﬁggﬁgfgti on into the
above- degglichedh }B}g%pﬁyé arpsoHle Moesentla alpens AFOSiH8e ATCC1626Gi ned a

m croorgani smresi stant to a high-concentration carbon source 25

(WD98/ 39AFB)C3 TS AT CAR63 Qa6 RS2 93, drBS34 8 e (ope0-RBr GRF343.66,
b Mortierell d th i Vi f be i b
ik AT MR TR, R

outline ﬂi}'}% c%lture process of the main culture which enploys the
abové- deStH§HE dm croorgani sm culture nedium and culture device will be

30 described. Any of théde Fllfsedt@rhingd agdildvailabld hettemitt lindtatsom dnatact ed
while performng relatively weak nechani cal agitation gflgi taq(% Ean power per
uni t || qliasgtianeuwit Ferdtontavion; £sadm (18 Araercar lypeoaultuge (bplleckioge ¢ he

t of ti ' t ticul i ni .5 ty ¢
T anent AHECFINGF  doenEERbarett | TP SLFEPRISIOHER o8 oS bort Beaiaot: he.
: . oy . . MPIRE). ond
[)neflrg?rg %’2@?@%53@%& ?‘? E%a 8%21(?2” egi%g@asgg%ﬂegi cal . ﬁ?/%)lﬂa) W?fe(r?ngoi ng

f r omd he aysaeali piasS 4t wHible wredscihtatfiphasel bishesede frnbhegnoupt he
pel | et - shaped fung*a‘lD

cell refers to one fungal form 10 of i cetes and
fi 1 ament ofishé ymgsemthirvestionurcea be usedui M@%{%ﬁé %ﬁ%ﬁﬁ S@B&Qﬁi% ly
i ndi cating a spherj.cal or. spind]ezshape I RoTo = Ts N
aver age HiEFBREPVRKY GePOFH e£§8¥}ejr§|"’f%‘%i?ﬂ ?%gggﬁﬁd&qgree@&aég%i@?aﬁgrel_n, t he
pul p-s haa‘ége%{@ﬂ%ﬁﬁbﬁf FEMBLYIE IRt InkgahtibaanPaferdddigronyureDepositaly
filanmentous fungi when cultured in liquid culture 15 nmedium specifically

i ndi cati figCiMatlapanearly or radially el ongated hyphae di stributed. The

transformation fromthe pul p-shaped hypha to the pellét-s e ungal cel
is closely rel ét@mgﬁiltﬁ’imlﬁep%r%ﬂjélﬂi et PresprpyeggIition 18 cutfﬁfreﬁe{%% i cal

itati ' hi_ gh itati [ t | -sh d
Fingal 1 BrHsr ProsPraRBuh ier? 3800 AR BEE Ao The

Vi SCOSi t Yy, Rk Wolttidh SPlaiht@hy prslaasesywhdliureher gr fmignlafelll mrgabredel | s,
| eading to a reduction in mxing efficiency. As aresult, it is ,co],gzi der ed
that oxy@enmnothet beed chburs omde Llquid qultereanedippi da &b foaee &t Hgido f ungal

cells, leading to a reduction in the produg}. vity .of PUF i onal ly,
in or der cebuse sREm, B8 GARRET BHCS: PR Oggloﬁglv%/}éltcgs%gpc@,&%gﬂ pﬁ'gr(riﬁm

cul tyre oedi um.c | tigan b Studlsed QechPRsParhhRbs®dr @5Riyle efarekygen in
aera onsﬁgig e gg%ﬁg%ewt?\&t’ hge{y%yrsgée%mi%@gnti on, rLja’tgi_tati on having | ow
agi t at i oy $1A8add, My eksle ssanhsitPle shothmdfiédstachy edéttbenikadar he Wedm t he

start of culture, thereby pronoting transformtiqgn '@féefungal cells to the
pel | et - sMyee present inventiPheis@okt livyitedyite dthesd d6¥; TEUREEPPBHGi th a

0 sool o0 SKYATD ONCEn! 211,00, VSLEELL R SSTBohe. TRALL e, sl vec
concentr ation: (Bat0bxGHM WalafRAbUMRIE! 3bEF diéep liquor, soybean protein,
25  defatted soybean, cottonseed meal, etc.), organic nitrogen sources (e.g., urea,
ete.), and inorganic nitrogen sources {e.g., sodium nitrate, ammmonium nitrate,
ammonium sulfate, etc.) can be used. Particularly, specific examples of a
nitrogen source obtained from soybean include soybean, defatted soybean,

soyhean flake, edible soybean protein, soybean meal, ‘bean curd, soy flour,

30 and the like. Particularly, defatted soybean which is denatured by heat,



5 decrease wth the growh of fungal cells. However, the agitation power
and the anount of aeration are increased imedi ately before the DO val ue
reaches the lower limt (about 50% above which the productivity of PUFAs
is not influenced, thereby adjusting and maintaining the DO value. A tine
required to reach the lower Iimt of the DO value is about 12 10 to 24
hours after the start of culture. Thereafter, culture is perforned while
adjusting and controlling at | east one of the maxi num aerati on anmount or

KA (o G- parrbaeBtiod ybianiyhich ifs%?%{@?lPl%&Z“%Eﬁ;Q@é?%oi%%ﬁ?@“at
par amet ero 0 (RO o9 T ovAl ofFRhEpoERb o P, B hE\sR0 ARG

exanpl e or inldtiply, v inRBbANEHER MR the iabob s deSish&PhRoddifbofictfler or both
of the maxi mum aeration anount and the maxi num power required for agitation

are i ncreased. Fagtheranetal inns (etgheirenAcomlenczinef masganese, packatptaraliyhi ch i s
new y_.20 .i Rtroduced b e present .inventors based on the Cooper et al's
appr oRi nagttg‘rjew}a@%’éﬁsoﬁx‘végh? @'&er@%‘ ihe BRYGRAY RS acseall amepnt of

KDV O Snlbiia durce! int'28dli2H o' Phodrifch oAl pbldBitin 112 QLEIENY
inventors that there is a satisfactorrly positirve correlation be Webn the

KLA val uemagdesien donpandofaleiune duse d TREéculturd ShBAim A drbdibBitoQipes af ter
the start of culture, nutri e_r%;%s) (particularly, a nitrogen source) in

cul ture Mt RAntrdadyimiteddif 4hey thayef awgatentettion ovtrichtdoesint indikiies t he
hi ghest val ue d 4 he.fungal cell transfor fromthe vegetative phase to
t he phasé:%ngfﬁ?’%g‘Lﬁfi[ hHPee ?nlﬁﬁz-m#%ﬂf%tceﬁﬁ%ﬁ%&ﬁ%& poepet of agldﬁ ted in
the HYNg@L+B&h ! TOF foar bt s f;0 Lopdo days
whi | éyad?:aﬁg glsgggcsee(S)ctsl F%-r e d(?'grﬁo\/\%gﬁe eﬁéﬁgggigg?%/&%& ilngo gg(ﬁ#e

After thaeveightohndutheutetal tdigodninofiladdeld sitesgen es@nce(ddisaPdod15%dby
fol |l oned by, Bexane extraction of the dried fungal cells to obtain at |east

any one dfeipbEapanferably Qotpoldd be. weighti i Mpee rpederaphns ol staiting et c. )
t ai ni F it t fait. i Ex | le 1.

CMacur et oBdle iR hop ditrer Chad (LFs ot V7B oveltio b ERE 20596 vias

pl aced i mifroBnidouead 36hicntiiseatd ﬁ&ﬂg%b&%&i@ﬂt,%&?%@aﬁ%ﬁaﬁmc@@ tation

power consunption (=A) was neasured under aerafion of 1 vvmwhen agitation
i s pebf ormedaanitvegean sswmg(y) atreonddeat afti omed pepetdsduiiaxt cultard Gadre

and agi ¢ APBRABGERIB AT FOHCUELeddted (B) . During no-ioad
vater was pl acoptaiph &7 RS Bl bt RRa S Uk BLEY of VBl e ot ¢ han
the agit akdes chitiel, lsath adHxhicd rVGY ot8AEIAHD; BARY Lot Qlich B8 oAb LRId ON
shaft was imersed in the water. Ef f ective power was neasured using
-a pover nRetsolgickaif-osr sdiver 2 fettyacidhesteacherced (dy., Bkl ester, Blycerin
11098 2L EN) oL R Sofbiten iy Sifed or i RS iy, Suich A Shve o °°
soybean oil, rape oil, cottonseed oil, or coconut oil, can be used as precursors
of unsaturated fatty acid, singly or in combination. The added amount of
these substrates is 0.001 to 10% with respect to culture medium, preferably
0.5 to 10%. These substrates may serve as the only carbon source for
25 culture.
In the present invention, culture temperature varies depending on
‘microorganisms used. For example, the culture temperature is 5 to 40°C,
preferably 20 to 30°C. Alternatively, microorganisms can be cultured and

grown at 20 to 30°C, followed by culture at 5 to 20°C to produce unsaturated



A val ue obtained by subtracting the value B fromthe value A is assuned to
be power required for agitation (=P). The value P is divided by a liquid
anount.to obtain power required for agitation per liquid anount (P/V.
Actual | y neasured val ues thus cal culated are shown in a table 25 bel ow..
Table 1 agitation rotational speed (rpni) (=N power consunption when water
was placed (kW (=A) power consunption during no-load operation (kW (=B)
power

fatty acid. By such a temperature control, the proportion of highly

unsaturated fatty acid in the produced fatty acid can be increased.
| Aeration-agitation culture, shaking culture, solid culture, or still
liquid culture is performed in seed culture, while aeration-agitation culture
5 is performed in main culture. At the start of the main culture (at the time
-of inoculating seed culture solution), the pH of culture medium is adjusted to
5 to 7, preferably 5.5 t0 6.5. The period of the main culture is usually 2 to 30
days, preferably 5 to 20 days, and more preferably 5 to 15 days.
The culfure method of the present invention is performed using an
10  aeration-agitation culture device which can adjust and control the agitation
power and the aeration amount, and is equipped with a culture vessel and an
alg'itation impeller, where the ratio (d/D) of the diameter of the agitation
blade (=d)) to the diameter of the culture vessel (=D) is 0.30 to 0.8, preferably
0.34 to 0.55, more preferably 0.37 to 0.55, and most preferably 0.42 to 0.55.

15 - It is known that microorganisins belonging to the genus Mortierella,
. subgenus “Mortierella can produce a fat or an oil (friglyceride) having
arachidonic acid as a major constituent fatfy acid. The present inventors
have obtained a microorganism capable of producing fat or cil (triglyceride)
-having - dihomo-y -hnoleic acid as a major constiﬁuent fatty acid (JP
20 - %H05-9"1_887 A) and a microorganism capable of producing a fat or an oil
(triglyceride) having 9 highly unsaturated fatty acid as a major constituent
fatty acid (J P H05~91888 A) by introducing mutation into the
above-described fungal strain. The present inventors have also obtained a
‘microorganism resistant to a high-concentration carbon source
25 '(W09'8/-394-El§8).  These microorganisms belong to the "genus Mortierella,
subgenus Mortierella, and the productivity thereof can be improved by

culture using the culture method of the present invention.
An outline of a culture process of the main culture which employs the
above-desecribed mic;*oorganism, culture medium, and culture device will be

30 described.



r.e uired for agitation (kW (P=A-B) power required for agitation per liquid
angunt (kWnmB) (W) 35 1.660 0.630 1.030 0.172 65 6.804 1.050 5.754 0.959
95 -

At the start of cultuie, the culture is conducted while performing
relatively weak mechanical agitation (agitation power per umit liquid
amount® 269 (W/m3) or less), and aeration.

In this case, the amount of aeration is not particularly limited.

5 When actinomycetes or filamentous fungi are cultured in liguid under
aerobic conditions, the microorganisms may change their forms from a
pulp-shaped hypha to a pellet-shaped fungal cell (also called as a spherical
hypha) when going from the vegetative phase to the productive phase.

| As used hefein, the pellet-shaped fungal cell refers to one fungal form

10 of actinomycetes and ﬁlamentoué fungi when cultured in Liquid culture
medium, specifically indicating a spherical or spindle-shaped hypha
aggregation having an average diameter of 0.2 to several millimeters.

As used herein, the pulp-shaped hypha refers to a typical fungal form
of actinomycetes and filamentous fungi when cultured m liguid culture

15 medium, specifically indicating that linearly or radially elongated hyphae
~distributed. The transformation from the pulp-shaped hypha to the
pellet-shaped fungal cell is closely related with the productivity of PUFAs.

If mechanical agitation having high agitation shearing stress
destroys the pellet-shaped fﬁngal form or interferes with transformation to

20 the pellet-shape, the viscosity of culture solution inereases with the growth
of fungal cells, leading to a reduction in mﬁing efficiency. As a result, it is
considered that oxygen or the like is not likely to be supplied sufficiently to
fungal cells, leading to a reduction in the productivity of PUFAs.

Conventionally, in order to promote fransformation to the

25 pellei-shape, an optimum culture medium -composition is studied or the
partial pressure of oxygen in aeration gas is adjusted. In the present
 invention, agitation having low agitation shearing stress is performed for a

| predetermined time from the start of culture, thereby promoting

transformation of fungal cells to the pellet-shape.

10



17.528 1.498 16.030 2.672 The actual |y neasured val ues were plotted
on a graph where the horizontal aids indicates the agitation rotational
speed (=N), while the 5 vertical axis indicates the power required for
agitation per liquid amount (=P/V), and paranmeters X and Y of an
appr oxi mat e expressi on P/ V=XNY were obtained by the | east square mnethod.
The values X and Y and the approxi mate expression thus obtai ned were used
to cal cul ate power required for agitation per unit liquid amount with
respect to an &ty hetior@kitatibAdehlcd 94 dguiRld FREEE: dissolved diRRAnaeration
to the culture vessel was stopped, an increase in the power required for

agi t at i orcongenigbtionvietiectity sensar fe nivodte thie dssdlved txptgetemncebirdtiabove, t he
val ues X and,Y werge obtained in the absence of aeration, and the power
requi r ed EEPIEER MR- per 1 quid anount was cal culated with 15 respect to

bt P ; _ ‘ ; ; ,
Agi tati onof e tisely bRl BncRERio 0P b oM IR MBE RS
Morti er eldegredisei wththe airowiBof fun@s @llis! UTRAvdverathbOiditatio power wagse!l -

Agi tation power consunption was nmeasured in 6 a of culture solution and
under aefthei amount 1ofygenatioen aze iagreamedomwadiately defud the DOavalues

T o b Rghll R Py bR ST ThRpTR Ponledvty B ALY 20

not influenced, thereby adjusting and maintaining the DO value.

A time required to reach the lower limit of the DO value is about 12
10 to 24 hours after the start of culture. Thereafter, culture is performed while
adjusting and controlling at least one of the maximum aeration amount or
the maximum power required for agitation to a range which satisfies that
KLA (=(P/V)085Vs067) is 59 or more, the air flow rate parameter Vs®67 funit:
{m/sec)®87] is 0.075 or more, and the required agitation power parameter
15 (P/V)095 [unit: (W/m3)095] is 203 or more. As a specific example of the
adjustment and control, it is considered that either or both of the maximum
aeration amount and the maximum ﬁower required for agitation are
increased. |
As used herein, the KLA value refers to a parameter which is newly

-’20  introduced by the present inventors based on the Cooper et al's approximate
expression KLa (volmetric oxygen transfer coefficient) = K(P/V)0.95(Vs)0s67,
It was found for the first time by the present inventors that there is a
satisfactorily positive correlation between the KLA value and the amount of

~produced PUFAs.

25 About 40 to 48 hours after the start of cultﬁre, nutrient(s)
(particularly, a nitrogen source) in culture medium are exhausted and the
fungal cell concentration reaches the highest value, and the fungal cell
transforms from the vegetative phase to the phase of producing PUFAs, in
which accumulation of PUFAs is promoted in the fungal cell. ' |

11



power consunption when water was placed (kW (=A) 35 1.720 65 6.700 95
17.612 By conparing the agitation power obtained in Exanples 1 and
2, it was confirnmed that the agitation power is not significantly different
bet ween 5 when operation was perforned where water was placed (Exanple 1)
and when operation was performed where culture solution was placed (Exanple
2). Therefore, it was considered that the power required for agitation
during culture can be approxinmated with the power required for agitation

obt ai ned when Gheresftancubiarphy faformed fortthe Ry cwhildrRidgs ghlcowker e 10
) Suspensi on of spores of [l al pina

wat er was ﬁ:l aced. (Exar‘r‘;ﬂ@gl 3

strai n 1SUHUFRsTEAYEY| Mheaever NesesraaHt duringnceltue. 19ABery theiremd( wbl % i nt o
a cul tur L u o] I_hi ng;.1. 0% yeast tract, a % gl ucose and havi ng
a pH of g?@g%e%gcﬁhwec%? NiitS é‘?cg?’?’@?x\ﬁ@h dFEv?f p&%@&i‘a%s éfkilﬁﬁa%% 100 rpm
at a tempeflting offthd Heied fid kA S.

Next, 30 L of a cul tureemedi u%ﬂ(%ﬂggﬁ%m%ﬂ%%@gﬁgﬁ%%gggy /o%g %ose,

0. 1% Boybempountl, (mgq triglyoeride,piihobpholdidpsetp) epmitathing ®UHOA Lagapaci ty
aeration-agitati OE culture vessel. The culture nmedi umwas 20 inocul ated

W th the® ot t34tE acid-r st stage) solution, and seed culture (second

state) was sta@w%%e-the agitation rotational speed was 200 rpm the
tenperature wa . and the vessel pressure was 150 kPa, and was perforned

for 2 days. NeEkampléUl(MERuREREHEbF PowBRRRqaHEHUELAMRSBLFPAr ed in a 10-kL

' Tap water (6 kL (V) was placed in é. 10-kL. capacity
10 . aeration-agitation culture vessel. Agitation power consumption (=A) was
measured under aeration of 1 vvm when agitation is perfbrmed at various
agitation rotational speeds. Next, no-load operation was performed with
the same rotational speeds in the same vessel, and agitation power
consumption was measured (=B). During no-load operation, in order to
15  prevent the agitation shaft from overheating, water was placed up to a level
~such that the water surface was lower than the agitation impeller, and the

lower bearing portion of the agitation shaft was immersed in the water.
Effective power was measured using a power meter (clamp-on power
meter manufactured by Hioki E. E. Corporation) which was provided on a

20 fixst-order side (power source side) of an inverter. |

A value obtained by subtracting the value B from the value A is
- assumed to be power required for agitation (=P). The value Pis divided by a
'liquid amount to obtain power required for agitation per liquid amount
(=P/V). Actually measured values thus calculated are shown in a table

25 - helow.
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26 capacity aeration-agitation vessel
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Initiall
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2.8 kg;
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(the inner dianmeter of the culture

The culture nmediumwas prepared in the foll ow ng manner.
4500 L of a culture nmedium (culture medi um A: soybean flour 336
CaCl2- 2H20 2.8 kg;

5.6

kg) was prepared to pH 4.5, and was sterilized in the main culture vessel

at 121C

for 20 m nutes.

1000 L of another culture nmedium (culture nedium5

B: water-containing glucose 112 kg) was sterilized in another culture
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When aeration to the culture vessel was stopped, an increase in the

power required for agitation was ohserved. Using a method similar to that

described above, the values X and Y were obtained in the absence of aeration,

and the power required for agitation per liquid amount was calculated with

respect to an arbitrary agitation rotational speed.

Example 2 (Power Required for Agitation of Culture Solution)

An arachidonic acid producing fungus, Mortierella alpina strain 1S-4,

Agitation power consumption was

measured in 6 kL of culture solutmn and under aeration of 1 vwm when

20

results are shown in a table below.

2B

13

agitation was performed with various agitation rotatlonal speeds.

-The

bd VA

was




5 the culture, the culture Iiquid amount was 7750 L due to the addition
(increase) and the evaporation (decrease) of culture nmedium Table 3 main
culture tine added culture nedium after 19 hours water-containing glucose
280 kg/ 460 L after 43 hours water-containing glucose 280 kg/450 L after 67
hours wat er-containing glucose 252 kg/ 390 L after 91 hours water-containing
gl ucose 252 kg/ 410 L after 120 hours water-containing glucose 224 kg/ 370 L
after 140 hours wat er-containing glucose 168 kg/ 280 L after 163 hours

wat er - cont ai ni ng gl ucose 168 kgl1270T4ble 2 '

agitation rotational speed power consumption
- ypm when water was placed (W)
=N) (=A)
35 1.720
65 - ' 6.700
95 17.612

By comparing the agitation power obtained in Examples 1 and 2, it

was confirmed that the agitation power is not significantly different between
5 when operation was performed where water was placed (Example 1) and
when operation was performed where culture solution was placed (Example
2). Therefore, it was considered that the power required for agitation
* during culture can be approximated with the power required for agitation
obtained when operation was performed in the same culture vessel where

10  water was placed.

(Example 3)

Sugpension of spores of M alpina strain 1S-4 was inoculated to a
concentration of 0.1% by volume (vol%) into a culture medium containing
1.0% yeast extract and 2.0% glucose and having a pH of 6.3. Seed culture

15  was started with reciprocal shaking at 100 rpm at a temperature of 28°C
(first stage), and was performed for 3 days. |

Next, 30 L of a culture medium containing 1% yeast extract, 2%
glucose, 0.1% soybean oil, and having a pH of 6.3 was prepared in a 50-L
capacity aeration-agitation culture vessel. The culture medium was

20  inoculated with the seed culture (first stage) solution, and seed culture

(second state) was started where the agitation rotational speed was 200 rpm,

“the temperature was 28°C, and the vessel pressure was 150 kPa, and was
performed for 2 days.

Next, a culture medium for main culture was prepared in a 10-kL

25  capacity aeration-agitation vessel (the inner diameter of the culture vessel is

1.8 m). The culture medium was prepared in the following manner.

14



10After the culture, sterilization was perfornmed at 120C for 20 m nutes,
and thereafter, the wet fungal cells were recovered using a continuous

hydr oextractor, followed by drying with hot air (hot air tenperature: 120C)
usi.ng a shaking fluid bed dryer to a water content of 2 % by weight (Ww%.
The dried fungal cell was cooled to 40Cin a fluid bed 15 by supply of room
air, and was then transported to a | oadi ng place using a pneunatic
conveyor. The resultant dried fungal cell was |oaded along wth nitrogen

gas into Hitiallyyd60OnLcehd atilteke Reeitpo (edhwRamedthm ACdoybehh Fldiar3sg ty of
about 1 nB, and the nouth of the bag was seal ed ’lg heat. The bag was

preservedk&tKIthQ}rlﬂ 8&g’ MeQla6diA) g4 kigoCaChoaisO &8 &g soyipan @ibbl6 r enoved
fromthe nt ai ner S %)’J ec ed t o hex ﬁ et\gt ractio The hefane
o1 ut§ on VSRR PEERRRd 6 T SLAE Mas Seniianan tbe phomuSRturrssal £or
resul t ant1eludron WaRuBeA aBoBndee ahsﬁgaeglﬂ%m hGHBERY SadifHANe.
uent fatty

t her eby obtaining crude ol l aV|ng arachrdoni ¢ aci as a cons

acid. 5 B:water- ccEN:almhg guédsel 11kgewel foritizedos unbtlibr @lltwel vadskbn at
Start of 5 cultu Seed culture was performed and a culture nedi um

for main aatuil%r‘é fms‘z%mpuf»w ansl mepsathen mterillyritramsfexrednen thé Eabmpl e 3.
The main ture er nder, the s ns as those, of

Exanpl e é‘&ﬂ \é\%ﬁtg% %Cfﬁﬂ%f"otﬁ'& cp@ﬁ &g‘?l’?‘inenégo(gﬁef;‘t‘ﬂguﬁwl‘&?l 8% ur e
were set atd?lﬁﬁ ]191% ' E’el}lj}gz dipm

Accor di ng tcj; t:ﬁe regjﬂ?y?)?\ét%héjeegﬁlat?%re It was ? oun éﬂﬁé@\%%us%) val ue at
the st ar thydroxive smlhtmnewha$tenkalgmddeﬁhm thewrltwet mefiwanCeamd wipduct i on
of arachi dqQni ¢ .aci d, 15Tab|e 4 experinment No. conditions at start of

cul t dPe addusfied tor PH 6 pnd thegeatier dhrtseed avlipuwcolysen |(sepond staseht at
start of hqa%g vﬁén%tﬁ%%aplmty of 28 L was inoculated to the culture medium C

by sterile manipulation, resulting in a total of 5600 L (starting culture liquid
amount) (the culture vessel has a volmetric capacity of 10 kL). Culture was
started where the temperature was 26°C, the internal pressure was 200 kPa,
15  the amount of aeration was 49 m3/hr (air flow rate (=Vs) was 0.00535 m/sec),
-the power required for agitation per liquid amount (=P/V) was 112 W/ms.
Values of the parameters at the time of start of the culture were calculated as
follows. |
(Expression 1)
20 (Prv)e9es: 89 [(W/mB)0.95]
Vs0.67: 0.03 [(m/sec)067]
KLA (=(P/V)0-85V067): 2.67 [(W/m?)0.95.(m/sec)067]
~ The agitation power (=P/V) was changed to 880 W/m? at hour 15 of -
-culture, and the amount of aeration and the agitation rotational speed were
95 gradually increased until the aeration amount was 437 m3/hr (air flow rate
(=Vs): 0.0477 m/sec) and the agitation power (=P/V) was 3250 W/m3, by hour
40 of the culture. Values of the parameters at the high aeration-agitation
level were calculated as follows. |
(Bxpression 2}
30 (P/V)0.95: 2169 [(W/ms)o.20]
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bararreter (P/v)ass RWnB)0-91 anount of produced arachi doni c acid per anount
of culture solution (*) (g/L) Ex. 4-1 41 34 22.4 Ex. 4-2 269 203 22.40 Ex.
4-3 810 579 17.0 Ex. 4-4 3250

Vs067: 0,130 [(m/sec)067]
M(=(P[W0.95VSO.67): 282 [(W/m2)0-95.(m/sec)0.67]
The main culture was performed for 806 hours while adding culture
medium at some point(s) during culture as described below. At the end of
5 ~the culture, the culture liquid amount was 7750 L due to the addition

(increase) and the evaporation (decrease) of culture medium.

Table 3

main culture time added culture medium
after 19 hours- water-containing glucose 280 kg/460 L
after 43 hours water-containing glucose 280 kg/450 L
after 67 hours water-containing glucose 252 kg/390 L
after 91 hours . water-containing glucose 252 kg/410 L
after 120 hours water-containing glucose 224 kg/370 L

{ after 140 hours | water-containing glucose 168 kg/280 L
after 163 hours water-containing glucose 168 kg/270 L

10 ' After the culture, sterilization was performed at 120°C for 20

-minutes, and thereaftér, the wet fungal cells were recovered using a
continuous hydroextractor, followed by drying with hot air (hot air
temperature: 120°C) using a shaking fluid bed dryer to a water content of
2 % by weight (wt%). The dried fungal cell was cooled to 40°C in a fluid bed
15 by supply of room aix, and was then transported to a loading place using a
pneumatic conveyor. The resultant dried fungal cell was loaded along- with
“nitrogen gas into an aluminum container bag (pouch) having a volmetric
-capacity of about 1 m3, and the mouth of the bag was sealed by heat. The

bag was preserved at 10°C or less in a refrigerator. |
20 " The dried fungal cell removed from the container bag was subjected

to hexane exiraction. The hexane sclution was filtered to remove solid

16



2169 14.1 Ex. 3(exanmple 3) 112 89 22.8 (*) values are corrected by the
foll ow ng expression since the anount of culture solution varies from
culture to culture, depending on evaporation and gl ucose addition.

20( Expression 3) Anpbunt of produced arachidonic acid (corrected val ue)
=anount of produced arachidonic acid per culture solution at end of culture
X liquid amount at end of culture / liquid anbunt at start of culture
Exanpl e 5 (Influence of Amount of Aeration at Start of Culture) Seed
“cul ture wampeeehts thereafld Bhéerdalfieretie dbsiltd e solRbIdnCWak Uieh th@ Siidlegpar ed
using a nethod simlar to that of Exanple 3. The main culture was perforned
under thaeduerd Pregivreols ramovhobexarte, Bshemehbe dbtamisgcempdet bdt hadngi ti ons
for aeratio t the.gstart of cultu were set to be various values as shown
ina tablaéagléigBWc?%aﬁﬁt C%%ﬁp?%fﬁ%gy * 5-1 and 5-2, since the ampunt of
aeration was s e '#@,] St |y high
| evel of tende%%rf;ﬁ]%b()ﬂgpz%(r)n[uceé%éuég%‘it 2?%?%%@%?@2%£-a%§ﬁg%ﬁ%%%d5€%%@. 3

unti |l shownlt2@edf the culture after the start. Therefore, a 10 net hod of

stopping aeration intermttently was adopted in order to suppress bubbling.
Wien aer at i on ‘waed gettuse vers pexfbrmed gndea ehttavte anedivire foreinpin colturabbl es

The het gl PP orgea Thetbod AomBar fan oo of (SpBEGoP. 18 Ren g
haust g | [ tqart ed
Fal g, o B A e B PoldiBols &t B AR T o

the cul t exeeptothiti emditions sbarigtidtidec ae ahe ndartAef aultviRe Wasrest@lr teleagai n
i medi atel y, before the DO val ue reached at the lower limt above which the:
prodd@t | VAripusvaiipescas ehnwe 1n@ t@blsbelew. i nf| uenced. Sinilar 20 operations

bt o e Sl IRDSEM ot deiibg BP5: Bndina meRiVALEL. 10
per f or med¢ thel ki@ of #he emmﬁaég%igﬂmsﬁélmeﬁe exﬁf’ercfl% %ﬁﬂu@ baiored

taking the intermttent aeration in account. T ower of the DO
val ue abevachifiowie schk productivity of arachidonic acid is not

15 Table 4
experiment No. conditions at start of result of culture
culture
required agitation | parameter amount  of produced
power per liquid | (P/V)oss arachidonic acid per amount
amount at start of { [(W/m3)0.95] | of culture solution (*) :
culture P/V (W/m3) {z/L)
1 Bx. 41 41 34 22 4
- | Bx. 4-2 | 269 203 '22.40
1 Bx. 4-3 810 579 17.0
Ex. 4-4 3280 . 2169 i4.1
Ex. 3(example 3} | 112 89 22.8

(*) values are corrected by the following expression since the amount of
culture solution varies from culture to culture, depending on evaporation and

glucose addition.

20 - (Expression 3)
Amount of produced arachidonic acid (corrected value)
=amount of produced arachidonic acid per culture solution at end of culture x

liguid amount at end of culture / liquid amount at start of culture
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25 influenced is a DO concentration (critical DO concentration) bel ow which
a lineal relationship between a decrease in DO due to the stop of aeration
and an el apsed tinme is lost. The critical DO concentration was previously
obt ai ned using a dynam ¢ neasuring nethod ("Hakkokogaku no Kiso (Principles
of Fermentation Technol ogy)”, 1988, Gakkai Shuppan Senta, translated by
Ayaaki shizaki), where culture was performed under the same conditions.
According to the result of the culture, it was confirnmed that the Vs val ue

at the start oExewplute(Thilacatdof fnbuat bf ABeaticd ht8ese FTunadyction of 5
arachi donic acid. Table 5 experinent No. conditions at start of culture
result of cult geed calture was penfermed emdra colture mediem/for(mise ciltpae amet er

: ' ' id t of culture
vor it on ke BEGPAEEL SRS ChRESSH SRuRE A5 bR LF 5GBS, MR ot

culture was performed under the same conditions as those of Example 3,

5 except that conditions for aeration at the start of culture were set to be

-various values as shown in a table below. In both experiments Exs. 5-1 and

5-2, since the amount of aeration was set to be high from the start of culture,

a considerably high level of tendency to produce bubbles was observed as

compared to Ex. 3 until hour 20 of the culture after the start. Therefore, a

10 method of stopping aeration intermittently was adopted in order to suppress
bubbling.

When aeration was performed, bubbling cccurred and the height of
bubbles started increasing. Aeration in the solution was stopped
immediately after the height of bubbles rose near the ceiling of the vessel

15 (near an exbaust line). When aeration was stopped, the height of bubbles
started falling, and at the same time, the dissolved oxygen concentration

(DO) of the culture solution also started decreasing. Aeration was started
again immediately before the DO value reached at the lower limit above
which the productivity of arachidonic acid is not influenced. Similar

‘20 :operations “were repeated wuntil the tendency to bubble substantially
disappeared. An air flow rate Vs in Example 5 is an air flow rate when
aeration is being performed, but not an average accumulated amount of
aeration obtained taking the intermittent aeration in account. The lower
‘limit of the DO value above which the productivity of arachidonic acid is not

25 influenced is a DO concentration (critical DO concentration) below which a
lineal relationship between a decrease in DO due to the stop of ae_ration and

an eolapsed time is lost. The critical DO concentration was previously
obtained using a dynamic measuring method (“Hakkokogéku no Kiso

(Principles of Fermentation Technology)”, 1988, Gakkai Shuppan Senta,

18



0.0196 0.0719 22.3 Ex. 5-2 0.0477 0.130 22.6 Ex. 3(exanple 3) 0.00535
0. 0301 22.8 (*) values are corrected by the foll ow ng expression since
t he ampunt of culture solution varies fromculture to culture, depending on
evaporation and 10 glucose addition. (Expression 4) Amount of produced
arachidonic acid (corrected val ue) =amount of produced arachi donic
acid per culture solution at end of culture x 15 liquid anmount at end of
culture / liquid amount at start of culture Exanple 6 (Influence of Hi ghest
MA Val ue)translated 59261 [4Hi£aM SwREHS QNIPRE whd @rfﬁfﬂl%&'hﬁdﬁ?@hé'%ﬁn%r mai n
culture was prepared using a method simlar to Phat of Exanple 3. Culture
was st ar teeddwiiense t he tenperature was 26C, the internal pressure was 200
kPa, 20 the anount of aeration was_ 49 nB/hr (air flowrate (:VE% was

& Visi qui d

0. 00535 ra/ sec)Accardingre tsvrasuicefitheoguitare.dfiwag rorimpesd shat
treof | SN abithe et Y G e B SR e Rl Ry Hifaciloe NP RRARMRRSS ¢ 1N

"5 arachidonic acid.

Table b
experiment No.. | conditions at start of result of culture
culture : . ‘ .
air flow rate at start | parameter | amount of produced
of culture V087 arachidonic acid per amount
Vs (m/sec) [(m/sec)o67] | of culture solution (*}
(gL)
Ex. 5-1 0.0196 0.0719 22.3
Ex. 5-2 0.0477 0.130 22.6
Ex. 3(example 8) | 0.00535 , 0.0301 22.8

(*) values are corrected by the following expression since the amount of
culture solution varies from culture to culture, depending on evaporation and

10 = glucose addition. |

(Expression 4)
Amount of produced arachidonic acid (corrected value)
=amount of produced arachidonic acid per culture solution at end of culture x
15 quuid- amount at end of culture / liquid amount at start of culture
Example 6 (Influence of Highest KLA Value)
Seed culture was performed and a culture medium for main culture
was prepared using a method similar to that of Example 3. Culture was
- started where the temperature was 26°C, the internal pressure was 200 kPa,
20 the amount of aeration was 49 m3hr (air flow rate (=Vs) was 0.00535-m/sec),
and the power required for agitation per culture liquid amount (=P/V) was
112 W/m3 as in Example 3. Values of the parameters at the time of start of
culture were calculated as follows.
(Expréssion 5) ,
25 (P/V)035: 89 [(W/m2)oss]
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(Expression 5) 25(piv)o.so: 89 [(w nB)0951 Vs0.67: 0.03 Kra/sea: Ll KLA
(=(P/'V)0-95Vs0.67): 267 KWnB)0.95. (m sec)0. 61 The power required
for agitation (=P/V) was changed to 380 Wn8 at hour 18 of the culture, and
thereafter, the anount of aeration and the 5 agitation rotational speed
were gradual ly increased by hour 48 of the culture. The culture was
performed under various maxi num aerati on anount and hi ghest agitation power
conditions. FIG 1 is a plot indicating a relationship between the anpunt
of produced arWeM700/03d(adsed)%6A] each cul ture and the hi ghest KLA

((P/'V)0.95Vs0-67) | ue. According to thijs plot, 10 it was found that there
is a satisf actme]/_- Bb@i"?%'@é%&l ﬁwlmﬁ)olﬂ%?méeb)ofﬁe KLA val ue and the

amount of pro ed arachidoni,c. acid. ,.In F 1, i§ was,al f.aoungd t hat
there wer epso%ﬁﬁi’%@r it Fé&o{: REAHOR T P 8{9 Yi?ﬁ&h%ﬁe%g%ggp l’i?ga‘éci d was
as snal | | ENCr.eas to 100
or nore ](:lgﬁléaip%glt%? séﬁt%%’gégdreeﬁggéﬁ%% ﬁ?g&@ Oémﬁ!tt #ﬁA&?%ti@c Eﬁg , and

t her &6 weagitatisn retatiorezd speediverb gdedasliyihdreasmd hehoar 18lofthesulpaiaieen t he

KLA and {he anount of produced arachidonic acjd. To exam ne the reason, a
pl ot of avarmesformad, ander Ypgions maxigeusngexaiion/anoantvandie, whi ch

He ¢
constitu t KLA val ue, was prqoduced ( ). In this .cgse,. points
wi thin ahf hr‘l%g ?%ﬁ?%gflegbwetth cﬁpgﬁsr?n,gr G %&coir é%p%né’i"fto iprcakiends 20
W t hin t kgatianskip Bdiwadedhy ara BSi» } if und that
I f the KLAaglglﬂuep: S F\‘iggh, b\glt hﬁ\%ﬂ&sgfégm\i/a e_ue |§d§11§t§ﬂ§ g%iS& cl)irivaérr%érhg, t he
i ncr eas ecwlftutérendithe ghestdSBA P/ VBBV 0-H) vhtueef fAaordibg tocthéaplotg t he

anount of pro uceg grﬁa%gi donic acid. Exanple 7 25Seed culture was perforned
i n allhanHeWasiigind thep tharg iHp eterdy pesifye coyrelgtion befweemetheum f or

mai n cul 41 i i ngredi ent _comecent.ratipns: a hose of Exanple
3 was prié%‘éfggﬁ%én&gd gﬂf E@%&&Qﬁﬂwgﬁﬁiﬂa@é@%&? ac¥hi tSI@rEH?XB@ 12 &t ed where
the t enpalset fou@deiat2Bforet Werd BbSeNBdscRI@SHHIGh VRS ARPuKPaf gtrB&uéH(f flow
rate was 0.0087 (m'sec), and the 30 power required for agitation per

cul ture #raphidorioment WasPis/pmadkagabol i6.to Maklesvead if tiee Faareher s at t he

time of start of Céjltlﬂ')s wer e C(’i| cul ated as follows., . . )
was increased to or more {e.g., points within a range indicated with A in

15 FIG. 1), and there were also some cases which departed from the correlation
between the KL.A and the amouﬁt of produced arachidonicacid. Toexamine
the reason, a plot of the two -parameters, the (P/V)0.95 value and the Vg0.67
value, which constitute the KLA value, was produced (FIG. 2). In this case,
points within a range indicated with A’ in FIG. 2 correspond to the points

20  within the range indicated with A in FIG. 1. As a result, it was found that if
the KLA value is high, but the Vs%67 value is not 0.075 or more, the increase
of the KLA value does not lead to the effect of increasing the amount of
produced arachidonic acid.

" Example 7
25 Seed culfure was performed in a manner similar to that of Example 3.
1300 L of a culture mediwm for main culture having the same ingredient
concentrations as those of Example 3 was prepared in a 2-kL capacity
~ culture vessel. Culture was started where the temperature was 26°C, the
internal pressure was 200 kPa, the air flow rate was 0.0087 (m/sec), and the

30 power required for agitation per culture liquid amount (=P/V) was 264 W/m?2.
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(Expression 6) (P/V)o-95: 199 [(WnB)0.95] 5Vso-67: 0.042 [(m sec)0-61 KLA
(=(P/'V)(195V50.67): 8.28 KWnB)0.95. (ranmec)0. 61 : The power required

for agitation (=P/V) was changed to 890 Wn8 at hour 24 of the culture, and
thereafter, the anount of aeration and the agitation rotational speed were
.gradually increased until the air flowrate Vs 10 was 0.084 (raise and the
agitation power P/V was 1493 WnB, by hour 48 of the culture. Values of the
paranmeters at the high aeration-agitation |evel were cal cul ated as foll ows.

(Expressiviluéy of Ehd)ouretdd38r KN nidhe 9F s@aﬁrYSof%ltt&el%ré< EARAEEd 6L KLA
(s(P/'V)0-95Vs0-67): 198 RIV/nB)0.95. (m sec)0 The main culture was perforned

for 306 Hollpwswhil e addi ng gl ucose having the sane concentration as that of

Exanpl e 3 at SSEEIE}‘&IN( during the culture. As a result, 20.0 g/L
of produced ar at¢BPFSMOE ¥cid (corrected 20 val ue) was obtai ned. Exanple 8

Mot herl | a al pi @msgsr %gé@%@% $8 was used_ as an arachidonic acid
erv

pr oduci ng fung The pr ungal strain was used to perform seed

cul tuse and a Msbﬁmoa)mﬂhyggd)w] mai n cul ture was prepared using a nethod
25 simlar to that of Exagle 3. Culture was started where the tenperature
was 26C, the i Mleh r(P/BIEEeHE):\8a28 HFT/mALes- (heecdBlint of aeration was 49

g1 tati on per QUG AT B AR AR C?f‘/&igvamc%%e VR bty ne
pa et chowat a1 ITE B! ) PhyFAE Sy Shobal GF A fof*ale 9"
- agitation rotational speed were gradually increased until the air ﬂow rate Vs
10 . was 0.084 (m/sec) and the agitation power P/V was 1493 W/m3, by hour 48 of
the culture. Values of the parameters at the Bigh aeration-agitation level |
were calculated as follows.
- (Expression 7)
(P/v)0.95: 1036 [(W/m?3)e.95]
15 - V067 0,191 [(m/sec)067]

KLA (=(P/V)0-95V5067): 198 [(W/m3)0.95.(m/sec)0.67]

The main culture was performed for 306 hours while adding glucose
having the same concentration as that of Example 3 at some point(s) during
the culture. As a result, 20.0 g/Li of produced arachidonic acid (corrected

20  -value) was obtained.
| Example 8

Mortierella alpina sti'ain CBS754.68 was used as an arachidonic acid
producing fungus. The preserved fungal strain was used to perform seed
culture and a culture medium for main culture was prepared using a method

25 - similar to that of Example 8. 'Culture was started where the temperature
~was 26°C, the internal pressure was 200 kPa, the amount of aeration was 49
m?hr (air flow rate (=Vs) was 0.00535 m/sec), and the power required for
agitation per culture liquid amount (=P/V) was 112 W/m3. Values of the
 parameters at the time of start of culture were calculated as follows.

30 (Expression 8)
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Vs0.67: 0.03 gra/sec)0.61 KLA (.(p/Vv)Q 95ys0.67): 2.67

KW nB) (03-(ral/ sec)O.
and the starting agitation rotational

671

Cul ture was started under these conditions,
speed was changed at different tines,
Ex. 6-1

so that culture was perfornmed a plurality of tines (experinent Nos.

to 6-4).
first tine,
t hereafter,

flow-rate (=Vs):
3250 Wn8, by
aeration-agit
15(P/ V) 0. 33:

0.0477 ral sec

When the starting agitation rotational
the agitation power
t he amount of aeration and the agitation rotational
gradual | y i ncr éa¥eeksugs ((WAR)eHE naxi num aer ati on anount was 437n8lhr (air
. and the maxi mum agitati on power (=P/V) was
8Uf": Q93J{mysee)®¢tl t ure. Val ues of the paraneters at the high

U gl P

288 hours

=( P/ \/) O- 95V 0G i} 2 - B iti T"q}e i
(=(PI'V) sOc@ure %Swgdgliﬁgf Sf]fje%%)sgmg(timsogﬁ’e a@llz})éll nt (s) %ﬁrl

performed for

cul t e agitatiobxmiptionsl sPéAs wasr dritidedodt dbffereut ttihes, éd thats chhiunsl t hat
the time at which the agitation power was changed for the first tine after

the st arwagperfrrmead e plarality of timgailexperiment Nose Kge 6ohtgpbrBluc When of

o acht SoDe ffhe T

cul ture solution (

%gl 6 € 1g—;ri nt X
BhPB el ohecth wapi e o Pp th
resul t_Obgilibtibplet (-PIPHRhs Shoiculipssh WIROHRTherchSied, A/ nabRHE" O

Ex. 6-1 6hr 1

o BBgP ERhEEE he

of aeration and the agitation rotational speed were gradually increased until

10

- the maximum aeration amount was 437m3/hr (air flow rate (=Vs): 0.0477

m/sec) and the maximum agitation power (=P/V) was 3250 W/m3, by hour 48

of the culture. Values of the parameters at the high aeration-agitation level

were calculated as follows.

(Expression 9)

156

(P/V)0.95: 2169 [(W/m3)0-95]

Vs067: 0,130 [(m/sec)067]
KLA (=(P/V)0.95y50.67): 282 [(W/m?3)0.95.(m/sec)0-67]

The main culture was performed for 288 hours while adding glucoée

at some point(s) during the culture as in Example 3.

20

As a result of the culture, it was found that the time at which the

agitation power was changed for the first time after the start of the culture

has a significant influence on production of arachidonic acid.

Table 6

experiment No.

first agitation power changing

| time {elapsed time from start of

culture (inoculation of seed

culture))

result of culture (*)

‘amount of .produced arachidonic

acid per amount of culture

solution (g/L)

Ex 6-1

6hr

10.1

Ex. 6-2

12hr

18.5

Ex. 63

Z24hr

18.7

Hx. 6-4

30hr

9.5

25  (*) values are

corrected by the following expression since the amount of

22

speed was changed for the
(=P/'V) was changed to 380 Wn8, and
speed were

ture was

oHi% ur e))




Ex. 6-2 12hr 18.5 Ex. 6-3 24hr 183 Ex. 6-4 30hr 9.5 25 (*) values are
corrected by the follow ng expression since the anpunt of

varies. fromculture to culture, depending on evaporation and gl ucose
(Expression 10) 5 Amount of produced arachidonic acid (corrected
val ue) =anmount of produced arachidonic acid per culture solution at end of

addi ti on.

culture x liquid anount at end of culture /
cul ture Exanple 9 (Production of DGLA) Mrtierella alpina strain SAML860
was used @dtireGol@itn YaticdSlodh eultiirefd SulphRd \debpadingsisyapd?stiBheser ved
fungal strain was inoculated into a culture nedi um containing 1% yeast
extract aglucospadditiose and having a pH of 6.3, which was prepared in a

| iquid anmount at start of

cul ture sol ution

flask, followed by seed culture (first stage) at 100 rpmat 28C for 3 days.

Next, 30

L of a culture nmedium containing 1% yeast extract, 2% gl ucose,

0. 1% soybean Oi(Exﬁfl%sﬂﬁlVi(ﬁbg a

5

Amount of produced arachidonie acid (corrected value)

-=amount of produced arachidonic acid per culture solution at end of culture x

10-

liquid amount at end of culture / liquid amount at start of culture
Example 9 (Production of DGLA)
Mortierella alpina strain SAM1860 was used as a dihomo-y-linoleic

acid producing fungus. The preserved fungal strain was inoculated into a

~ culture medium containing 1% yeast extract and 2% glucose and having a

15

pH of 6.3, which was prepared in a flask, followed by seed culture (first
stage) at 100 rpm at 28°C for 3 days. Next, 30 L of a culture medium
containing 1% yeast extract, 2% glucose, and 0.1% soybean oil and having a

pH of 6.3 was prepared in a 50-L capacity aeration-agitation culture vessel,

-and was inoculated with the culture solution previously obtained by the seed

_':-20

culture (first stage), followed by seed culture (second stage) for 2 days where
the agitation rofational speed was 200rpm, the temperature was 28°C, and
the vessel internal pressure was 150 kPa. |

Next, a culture medium containing 4% defatted soybean flour, 1.8%
glucose, 0.3% KHzPO, 0.1% NasSO4, 0.05% MgCly6Hs0, 0.05% CaCly-2H:0,
and 0.1% soybean oil and having a pH of 6.1 was inoculated with 0.5% of the

seed culture solution (second stage). Main culture was started with 4000 L

(liquid amount) of the culture medium.

25

‘The culture was started where the temperature was 26°C, the

" internal pressure was 200 kPa, the amount of aeration was 52 m¥%hr (air flow

30

rate (=Vs) was 0.0057 m/sec), and the power required for agitation per
culture liqguid amount (=P/V) was 30 W/m3. Values of the parameters at the
time of start of culture were calculated as follows. o

(Expression 11) .
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15 pH of 6.3 was prepared in a 50-L capacity aeration-agitation culture
vessel, and was inoculated with the culture solution previously obtained by
the seed culture (first stage), followed by seed culture (second stage) for
2 days where the agitation rotational speed was 200rpm the tenperature was
28C, and the vessel internal pressure was 150 kPa. 20Next, a culture nedi um
containing 4% defatted soybean flour, 1.8% glucose, 0.3% KH2POX4, 0.1%
Na2SO4, 0.05% MgCl2. 6H20, 0. 05% CaCl2.21-120, and 0. 1% soybean oil and _
havi ng a pH of (BVieWag5si[(WimpP)aedd with 0.5% of the seed culture sol ution
(second stage). Miin cultyre was started with 4000 L (liquid anount) of the
cul ture nedi umVs%%%Hé)E’cI@Iif %e\gi?a@sstarted where the tenperature was 26C,

low rate (oveymt @ryBRer b dre Ry AR P | 00 15 agifation per

cul ture |iqui dowBRHe whs Rt ccdas WaB. ; of at the
time of start of cul tvgrg vverg calll%u at‘g’% %Ogﬂifl%iﬁ?%m?hgo %?deﬂ;é%%rll)
( P/ V) B- 95wa2Ehamgets po Jomt 18 @f Ghlte 081G the st0f-d7theKbhiture, and the

(=(P/V)0.95Vvs0.67): 0.782 [(WnB)0-95.(m sec)0-61 Culture was started under
these coRd@reuEnel aaratisg; and; dhe pegitation \kpbatipnalgsneed were greduwallyul ture
after th f culture, and.the anmount of ration.apd th

201 tati ofrfisRatd Sautt Be HititiFe SRR TR e 2 Bt St B taun
aer at i on (Aygun.o»es m Ar el o I TVSih+ .g@ﬁ?_ nd the
maxi mum :Etgi t)aJiti on pom&?cﬁg?wﬂémg%%%\%d?yiﬁgﬁﬁ 0 )t %eg% tﬁur e.

Val ues ofWimat,abpt boar ad8 achithe tQltase.at ieluegi éfatparamedsal atene high cul at ed
as follows. (Expression 12) (P/ \%0- 95:_ 875.9 KWnB)0-951 Vs0.67: 0.0871

[ (m $&c) @?Bﬁﬂ%ﬂg%@@w@?tﬁ ereccadeylatedsasigliomsss) 0. 95- (nf sec) 0. 61 15The

main cul ture : for 160 hours while adding glucose at sone
poi nt ('s) duri\rqlgé)frﬁlgééélgﬁtu e. As a result, the concentration of produced

di hono-y- i nol /& )e®st 375\195{({?,1&319/%] at the end of culture.
Vs0.67: 0.0871 [(m/sec)0s7]
KLA (=(P/V)0-95V5067): 76.3 [(W/m3)0.95.{m/sec)0.67]

15 The main culture was performed for 160 hours while adding glucose
at some point(s) during the culture. As a resuli, the concentration of
produced dihomo-}'-linoleié acid was 7.0 g/l at the end of culture.

Example 10 (Production of Mead Acid)
Mortierella alpina strain SAMZ2086 was used as a mead acid

20 producing fungus. The preserved fungal strain was inoculated into a
culture medium containing 1% yeast extract and 2% glucose and having a
pH of 6.3, which was prepared in a flask, followed by seed culture (frst
stage) at 100 rpm at 28°C for 3 days. Next, 30 L of a culture medium
containing 1% yeast extract, 2% glucose, and 0.1% olive oil and having a pH

.25 of 6.3.-was prepared in a 50-L capacity aeration-agitation culture vesse], and

~was inoculated with the culture solution previously obtained by the seed
~ culture (first stage), followed by seed culture (second stage) for 2 days where
the agitation rotational speed was 200rpm, the temperature was 28°C, and

the vessel internal pressure _wés 150 kPa.

24



Exanmpl e 10 (Production of Mead Acid) Mrtierella al pina strain 8AM2086 was
used as a nead acid 20 producing fungus. The preserved fungal strain was

i nocul ated into a culture medium containing 1% yeast extract and 2% gl ucose
and having a pH of 6.3, which was prepared in a flask, followed by seed
culture (first stage) at 100 rpmat 28C for 3 days. Next, 30 L of a culture
medi um cont ai ni ng 1% yeast extract, 2% glucose, and 0.1%olive oil and -
having a pH 25 of 6.3 was prepared in a 50-L capacity aeration-agitation

cul ture vessel NafdavagthROselaiRodthhihh 2o detdttel S0YBHACNoRF, SVERUS! Y
obtained by the seed culture (first stage), followed by seed culture

(second selagese, D% KEsB@s, WhbreNaiSO0 5 6.05% MeClAH0,0 a5 %ol 20,2001 pm
t he tenperatur s 28C, t he vessel internal pressure was 150 kPa.
et .o Gutd 1186 P G ot ARFREGS P 96t 0 DOgBIBER FTIEh 0.5% WGl Ucose,
0. 3% KH2P. 1% , 0 2- 5H20, Q5% 2 2 . 1%

oi v of 1004 st BORRIbh Ghednd S MERR bt e abindem B0 B

cul tuse YBlguid amonEreMtheShidfitde mMivymcul ture was started with 4000 L 5

(l'iquid anbunt) of the culture medi um The culture was started where
t he tenperat ur Sheasultate whe shatrbrdhavheretheriemnpwsraPO® WPes 24R€, dieunt of

aeration . was 52 nB/hr (air_f] rate (=Vs) ‘was. 0. 0057 in/sec), .apd the
power re \A??ré’@%i?ﬁ?ssé}lj‘i’ s 20 ]gé/"f" I%?‘én\??t{\ﬂéﬁratlﬁﬁﬂ#ﬁ b¢ mﬁhlqaﬁ-‘&ﬁo%as 30
Wns. Val ( ' te Of . re
cal cul at é%%gs@?cs)? %ﬁﬂ%%@g%n&%fﬁ%é% géqﬁgga[%%ééﬁ% 0, 67:
0. 0313 griubiafe 1RiuklamdEtREYYY) KaYT0 Wihs, VARSI \hED:Rmetdr5aBk0- 67
15The culture was started under these conditions. The agitation power was
chand@éd dimpefstas oftulbure were ghleadatedeassiblowsof the culture, and the

anmount of aer akﬁon and tﬂﬁ agitation rotational speed were gradually
i ncreased unti MTRHESHER tHim aerati on anount was 240 nB/hr (air flow rate

WS, by hour 82 e ON BT CiTLes of the parameters at the high
aer ati on- agi t aiVisb#¥: De0AY3 Mewsch®ul ated as fol | ows. (Expression 14)
(710085173, SIS s ] o ILESEIE
15 - The culture was started under these conditions. The agitation
power-was changed at hour 22 of culture after the start of the culture, and
the amount of aeration and the agitation rotational épeed were gradually
increased until the maximum aeration amount was 240 m3/hr (air flow rate
(=Vs): 0.0262 m/sec) and the maximum agitation power (=P/V) was 1098
20 -~ W/m?3, by hour 48 of the culture. Values of the parameters at the high
aeration-agitation level were calculated as follows.
(Expression 14)
(P/V)0.95: 773.8 [(W/m3)0.95]
' Vs067: 0,0871 [(m/sec)0s7]
25 KLA (=(P/V)895Vs0.67): 7.4 [(W/m3)0-95- (in/sec)0.67]
The main culture was performed for 376 hours while adding glucose

at some point(s) during the culture. As a result, the concentration of

produced mead acid was 6.0 g/L at the end of culture.

30 INDUSTRIAL USABILITY

25



25KLA. HpAO0O. 95vs0. 67): 67.4 Rw nasp. 95. 6n/ seep. 61 The main culture
was performed for 376 hours while adding glucose at sone point(s) during
the culture. As a result, the concentration of produced nead acid was 6.0
g/L at the end of culture. 30 I NDUSTRI AL USABI LI TY At | east any one .
of arachi donic acid, which particularly plays an inportant role as a
nutrient for suckling infants, or a conmpound (e.g., fats, oils, etc.)

cont ai ni ng arachidonic acid as a constituent fatty acid, can be efficiently
and stably prodifdedst Zngr ehorof, arabRidonss eold, | whitht parti¢fatigeplaysbafor
producti on of beverages, therapeutic_nutrient foods, feeds,

phar mace#peHpat tatr) ag genpinentirgnckbngdnfantse o8 ancomepound (e.gWEME, | S

CLAI MED | §; h f _cul.tturing.a mcroorgani s abl.e of pyoducing
at | oot Ol Ste L oFtRn LS thinbhe Heil B B0 EY SR Beilp GamabS |
cont ai ni BfficledylpHind Stablp Prbddledd THok¥fodE) eheagre%eﬁ'eﬁ‘&&é s hi@dfdyy acid in
a culture nediumcontainiing at | east a carbon Source and a nitrogen source,
usi ngp anfarer grodmetigi t atfi obevetagese dherayputipahiugrieft adfouds, ndecirg

control |i g an agi.tgtion gﬁv\ﬁ( and an aeration anount, the nethod o
conpri s‘i'Hg rRaceyidcals and the bkairhjchsentindhesematerialn for a predet ermi ned
time after start 10 of culture, where the agitation power per unit liquid
anount is 269 (WnB) or less; and after the predetermned tinme has
passed, adjusting and controlling at |east any one of ‘the maxi num aerati on
anmount and a maxi num power required for agitation to a range which
satisfies that KLA (=(P/V)0.95Vs0-67) is 15 59 or nore; an air flowrate
parameter Vs0.67 is 0.075 or nore, and a required agitation power paramneter
(P/IV)0.95 is 203 or nore, where P represents power required for agitation
(W, Vrepresents a liquid amount (ns), and Vs represents an air flowrate
(raise. 20 2. The nmethod according to claim1, wherein the highly
unsaturated fatty acid is arachidonic acid. 3. The nethod according to
claim1, wherein the microorganismis of the genus Mrtierella, subgenus
Mrtierella 25 4. The nethod according to any one of clains 1 to 3,
wherein the predetermned tine is preferably 12 to 24 hours.
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WHAT IS CLATMED IS:

1. A method of culturing a miérobrganism capable of producing at least any
one of a highly unsaturated fatty acid or a compound containing a highly.
unsaturated fatty acid as a constituent fétty acid in a culture medium
containing at least a carbon source and a nitrogen source, using an
aeration-agifation culture device capable of adjusting and controlling an
agitation power and an aeration amount, the method comprising the steps of:
performing mechanical agitation for a predetermined time after start
of culture, where the agitation power per unit liquid amount is 269 (W/m?3) or
less; and '
' after the predetermined time has passed, adjusting and controlling
at least any one of the maximum aeration amount and a maximum power
required for agitation to a range which satisfies that KLA (=(P/V)0.95V067) ig

59.or more, an air flow rate parameter Vs067 is 0.075 or more, and a required

‘agitation power parameter (P/V)0.95 is 203 or more, where P represents power

required for agitation (W), V represents a lquid amount (m?), and Vs

represents an air flow rate (m/sec).

2. The method according to claim 1, wherein the highly unsaturated fatty

acid is arachidonic acid.

3. The method according to claim 1, wherein the microorganism is of the

‘genus Mortierella, subgenus Mortierella.

4. The method according to any one of claims 1 io 3, wherein the

predetermined time is preferably 12 to 24 hours.
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