*METHOD OF CULTURI NG A M CROORGANI SM BACKGROUND OF THE I NVENTION 1. Field
of the Invention 5 The present invention relates to a nmethod of culturing a
m croar 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 capabl e of
10 adjusting and controlling the agitation power and the aeration anount.

2 Description of MEREDUrULIURINGN SrooREaRIseeUl ¢ of culture

(e.g., productivity of highly wunsaturated fatty aci
to as "PUFA (pol yunsaturated 15 fatty acid)"), etc.) often varies
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2. Description of the Related Art
In aerobic culture, a result of culture (e.g., productivity of highly
unsaturated fatty acid (hereinafter referred to as “PUFA (polyunsaturated
15  fatty acid)”), etc.) often varies depending on supply of oxygen. Therefore, in
the case of scale-up, KLa (volmetric oxygen transfer 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 andscale of a
culture vessel if the oxygen transfer rate is the same (see, for example,w
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 manner, in which an approximate expression
KLa=K(P/V)0.95(Vs)0.67 (K: proportionality 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 publication 1) Satoshi Murakami et al., Kagaku Kogaku
30 Ronbunshu (Papers of Chemical Engineering), 26(4): 557-562 (2000)




-(Journal of Fernentation Technol ogy), 42: 334-345 (1964) (Non-patent
publication 3) C. M Cooper et al., Ind. Chem Eng., 36: 504-509 (1944) 5
PROBLEM.TO BE SOLVED BY THE | NVENTI ON KLa can be predicted using the
above-descri bed approxi mate expression proposed by Cooper et al. However,
Cooper et al. obtained a correlation between KLa and operati onal

conditions using a 12-blade vaned 10 disk inpeller. Strictly speaking, this
correlation cannot be applied to a culture vessel of a type different from
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| evel of 5@39@991/94%% present invention is provided to solve the
above-described problens. An object of the present invention is to provide
a cultdre nethod 20 capable of scale-up while securing satisfactory
productivity of PUFA or a co%ound cont ai ni ng PUFA as a conponent w t hout
actual |y cl%ﬁ{ BLEMNEO BESQMOERBYi BHEXNERNTION er coef ficient). SUMVARY
OF THE | NVENTI 5 Accordin [*.o the first feature of the present
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aeration uRYNL ved0§ o att%g different from that type.

Cooper et al. conducted experiments in water. Therefore, whereas
the approximate expression is useful for culture of bacteria, yeast, or the like,
which have a low level of rheology, the approximate expression is considered

15 to be significantly depart from actual culture solution which contains
‘filamentous . fungi, actinomycetes, or the like, which have a high level of
rheology.

The present invention is provided to solve the above-described
problems. An object of the present invention is to provide a culture method

20 capable of scale-up while securing satisfactory productivity of PUFA or a
compound containing 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




- -conprises the steps of perform ng nechanical agitation for a predeterm ned
time after start of culture, where the agitation power per unit liquid
anount .is 269 (WnB) or less, and after the predeterm ned tine has passed,
adjrusting 5 and controlling at | east any one of the maxi num aerati on anount
and a maxi mum power required for agitation to a range which satisfies that
KLA (=(p//)0.95Vs0.67) is 59 or nore, an air flowrate paraneter Vs9.67 is
0.075 or nore, and a required agitation power paranmeter (P/V)0.95 is 203
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per unit |iquid anmouni i 69 (WnB) or less (i.e., small agitation
shearing stresss(ﬁp?’iaqo aggééca e to suppress physical damage on hyphae and
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' performed using a culture medium containing at least a carbon source and a
nitrogen source, and the culture medium can be consistently prepared to be
15  uniform due to mechanical agitation. As a result, it is also possible to
secure the growth of fungal cells and the reproducibility of productivity of
fungal cells.

Since culture is performed in an aeration-agitation culture vessel, it
1s possible to efficiently culture an aerobic microorganism which produces at

20 least any one of PUFA or a compound containing 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 amount, 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/m?3) 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




‘these fungal cells in a formwhich is suitable for production of PUFAs.
After the predeterm ned tine has passed, at |east any one of the maxinum
aeration anount or the nmaxi num power required for agitation is adjusted
and controlled to a range which satisfies that KLA (=(P/V)0.95Vs0.67) 5 is
59 or nore, the air flow rate paraneter Vs0.67 [(nsec)067] is 0.075 or
nore, and the required agitation power paraneter (P/V)0.95 [(WnB)0.95] is
203 or nore (P: power required for agitation (W, V liquid amount (nB),
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strongly than when culture is started, prefera nore strongly than when
cul ture i Sk the eenyized sigthationnpdxer paamatcralt/v)wrs [(WiesBgHlt it 208 opover

per unit liquid_ anmunt is 2 (WnB)., i.e.. the require agi tation power
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m ni rum anount of aeration _and m nium agitation power. ereby, running
cost &@n Be atbenweuds,rwhen Klady GEPABFUY) 1 smaler shahdi®, ablwhén ghe 25
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(e.g., in2thdlsynamrebdaando set the required agitation power parameter (P/V)0.95
[(W/m?)0.95] to 203 or more is that it is intended that agitation is performed at
15  aconstant strength or more strongly than when culture is started, preferably
more strongly than when culture is started (as shown in Ex. 4-2 in Table 4,
the agitation power per unit liquid amount is 269 (W/m3), i.e., the required
agitation power parameter (P/V)0.95 [(W/m3)0.95] js 203, at the start of
culture).
20 In the case of scale-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 éeration 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 present 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,




-4 4 the ratio of fatty acids in phospholipids is as follows: arachidonic
‘acid 11% EPA 1% and DVA 3% . Arachidonic acid is a najor component of
cell  menbrane and is involved in adjustnment of the fluidity of the
nmenbrane to exhibit various functions in the netabolismof the body, and
also plays an 5 inportant role as a direct precursor of prostaglandins.
Particularly at recent, arachidonic acid has attracted attention because
of arole of nutrition for suckling infants and as a constituent fatty
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one of arachi doRecticelagly i cecent) arschadoniparcidinbas dtérdoved rattentibon of

suckling knfants,. or C ound (e.g... fats, oils, etc.) containing
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I i ke whi clwlichieahibitdws dilitt terdctivate Aeg@sdi ng to the third feature of the

present invention, the fungus producing PUFAs is of the genus Mrtierella,
subgeAfs Morti elinalgic azid ¢ forohapleirf 4a@dtrichAbodndiusyatly coheertéd tal

et o brSRAS R R B8 eI S BESSLELD, BEERS of. e
more ef fi gi,@ahy in®ehs AP AIEERN thehRud 4R oF20, bgnzyme(s) involved in
biosynthesis is lowered, likely leading to lack of arachidonic acid. Therefore,
1t 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 at least any one of arachidonic acid, which
plays an important role for nutrition of suckling infants, or a compound (e.g.,
fats, oils, etc.) containing arachidonic acid as a constituent fatty acid.
20  Therefore, the present invention may contribute to maintenance or
promotion of public health via beverages, therapeutic nutrient foods, feeds,
pharmaceuticals, and the like which confain these materials.
According to the third feature of the .present inventibn, the fungus
producing PUFAs is of the genus Mortierella, subgenus Mortierella.
.25 .(Operational Effect) |
According to the third feature of the present invention, by using a
fungus producing PUFAs 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




-easi |y obtained, as descri bed bel ow and el sewhere herein. 30 According to
the fourth aspect of the present invention, the 5 predetermined tine after
the start of culture is preferably 12 to 24 hours. (Operational Effect)
According to the fourth feature of the present invention, nechanical
agitation having a low | evel of agitation shearing stress (specifically, 5
agitation power per unit liquid amount is 269 (WnB) or less) is perforned
for 12 to 24 hours after the start of culture. During this period, a fungus
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caused to efficiently perform such transformation, ere uppressing a
significant i néPpasatiomalt Bifeot) scosi ty of subsequent culture solution.
Therefore, it is 10 possible to npre efficiently produce PUFAs. BRI EF
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as a cgnsgf¥?§ﬂ¥mﬁé¥w ad?ffslﬂ Pﬁa, ypaa tea pellet shapghyrelicaadie cavgedde

hosphol i RiEgiehfl6! ierella th Qoni di.ob th
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Cl adospor iiteheabd dngehy viddisiey  oft AbsBgaeS: bURart Wilulife IPRMIASPSEL! ! us,
t he genus Rhodotorul a, the genus Entonopht hora, the genus

Echi nd8 poapgjbleto mede efficientlyiprabmwed?@FAisa. Particularly, exanples of the
m croorgani sns belonging to the genus Mortierella, subgenus Mrtierella
include Mortierella elongata, Mrtierella

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a plot indicating a relationship between the amount of
produced arachidonic acid and a KLA value which were obtained in cultures.

15 FIG. 2 is a plot indicating a correlation between two parameters

~constituting the KL.A value, i.e., (P/V)0.95 value and Vs067 value.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
(Embodiments)

20 Examples of a microorganism for use in the present invention which
has ability to produce at least any one of PUFA or a compound containing
PUFA as a constituent fatty acid (e.g., fat or oil (triglyceride) and /or
phospholipid) include the genus Mortierella, the genus Conidiobolus, the
genus FPythium, the genus Phytophthora, the genus Penicillium, the genus

25 Cla dosporium, the genus Mucor, the genus Fusarium, the genus Aspergillus,
the genus Rhodotorula, the genus Entomophthora, the genus

| Echinosporangium, and the genus Saprolegnia.
Particularly, examples of the microorganisms belonging to the genus
Mortierella, subgenus Mortierella include Mortfere]]a elongata, Mortierella

30  exigua, Mortierella hygrophila, Mortierella alpina, and the like. Specifically,




30 exi gua, Mrtierella hygrophila, Mrtierella alpina, and the like.
Specifically, 6 fungal strains of Mrtierella elongate | FG8570,
Mortierella exigua | FO8571, Mortierella hygrophila |IFC941, Mortierella
al pi na 1 FO8568, ATCC16266, ATCC32221, ATCC42430, CBS219.35, CBS224. 37,
CBS250. 53, (CBS343.66, CBS527.72, CBS529.72, (CBS608.70, CBS754.68, and the
like can be 5 illustrated. Any of these fungal strains are available
without Iimtation from Institute of Fernentation, Gsaka (IFO, Anerican

Cul t ures
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15 A fungal strain for use in the present invention is cultured (main
culture) by inoculating a spore or a hypha of the fungal strain, or a seed
culture solution obtained by preliminary culture, or a fungal cell recovered
from the seed culture onto liquid culture medium. In the case of lHquid
culture medium, as the carbon source, any of those which are commonly used,

20 such as glucose, fructose, xylose, saccharose, maltose, soluble starch,
‘molasses, .g‘lycerol, mannitol, saccharified starch, and the like, can be used.
The present invention is not limited to these. As the nitrogen source,
naturally'occuxjring nitrogen sources (e.g., peptone, yeast extract, malt
extract, meat extract, casamino acid, corn steep liquor, eoybean protein,
256 defatted soybeah, cottonseed meal, etc.), organic nitrogen sources (e_.g., urea,
etc.), and inorganic nitrogen sources (e.g., sodium nitrate, ammonium nitrate,
ammonium sulfate, etc.) can be used. Particularly, specific examples of a
nitrogen source obtained from soybean include soybean, defatted soybean,
soybean flake, edible soybean protein, soybean meal, bean curd, soy flour,

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




'soybean flake, edible soybean protein, soybean neal, bean curd, soy flour,
30 and the like. Particularly, defatted soybean which is denatured by heat,
71 p nore preferably defatted soybean which is treated by heating at about
70 to 90C, followed by renoval of ethanol sol uble conponents, can be used
singly or multiply, or in conbination with the above-described nitrogen
sources. Further, netal ions (e.g., iron, copper, zinc, nmanganese, nickel,
cobalt, 5 etc.), vitamns, and the |ike can be optionally used as a snall
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More pgef %rté‘pl Vitaififs ShAA (thBIi k&MU e ¢ @tﬁﬂgﬁg GHIPRE asgﬂlraﬁleéﬁ%)utrﬁ %‘ to 5%

by wei ght, and the starting nitrogen sburce toncentration i % b

wei ght, anthtaiexardvures dnr sédisionlio phdsphatet jopgatassinge (&), ssduaddsd at _
sonme point(s) during culture (nore preferably, only a carbon source(s) S
added) . thleglt%tlm 1o, ord rcai(@umnlﬂibas']ehﬁtsﬁem}lt@red msfdivms ingredieads faxet y

id, cane or octa ecan Ci uch as
S ere ao) Hot piRAN P HeleRd il RACRERNE GhoBRbBRes Whicy dundirimbind
(e.g., ethyb R6Wek of @l ﬁ?&ﬁbfga%@sﬁnat !t:x PRk @S&s%r ¢ S95tal hﬁc{béﬁto% ﬁ]ﬁﬂd
ester) or fats and oils, such as olive 0|T ean ol rape ol
cot t o8 eed:adudn souroefsiaﬂtgenerdﬂ,ly ©ah thel0%6 by ﬁmgmtepmefﬁtﬂy l)i:o @B%@abyr at ed
fatty acid, .s %ﬁ@ﬁ;ﬂel n conbi nati on. .The added anount of these substrates

s 0,001 (trights e@s@cﬁnt%métﬂt%d@edr@atreﬁenmoer@(e)bw2 ® 35%0by0%
Thess, SUbNGRAERIRIEAn, Y 9 L NGBRL Rl SR
amount of added carbon source(s) is 1 to 5% by weight, and the starting
nitrogen source concentration is 3 to 8% by weight, and a carbon source(s)
15 and a nitrogen source(s) are added at some point(s) during culture (more
preferably, only a carbon source(s) is added).
Note that, in order to increase the yield of unsaturated fatty acid,
hydro carbon, such as hexadecane or octadecane; fatty acid, such as oleic acid
or linoleic 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 olive oil,
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




~m croorgani sms used. For exanple, the culture tenperature is 5 to 40C
preferably 20 to 30C. Alternatively, mcroorgani sns can be cul tured and
grown at 20 to 30C, followed by culture at 5 to 20C to produce unsaturated
8 fatty acid. By such a tenperature control, the proportion of highly
unsaturated fatty acid in the produced fatty acid can be increased.
Aeration-agitation culture, shaking culture, solid culture, or stil

liquid culture is perforned in seed culture, while aeration- agitation

| t j ' [ t h ' | ture
(at the 1o PO e ein Tolma e Skl ™ hnlaglett Mot

medi um i s wadatstatdd fatty acidin/thpaideicad fytth.a2id €a:6be indleas@Bri od of the
main culture is usually 2 to 30 days, preferably 5 to 20 days, and nore.
preferably 5 toAesagayagitptioncgnlture rhakiog ofltube poled endturay ent $tolh i s

erforned I-R n_10 aeratign-agit,ati.on cul.ture device whji.ch can adj ust
gnd cont r%fqﬁ{llﬂigugcéﬁr? at pg}:[forﬁ%.@e]p %ﬁ’&l (t"hgur&el”‘g} ReTatmaetalien iCEﬁé’éiﬁi Jpped
Wi th agcul i tadi | e | Q.. (d/ D) of
the di anatol opERash B ealrup) AL USSR BELES mdldhldid ol thi didd) O) 0

vessel (=bf inculatiig seedcdliumy eflatiah),the PIB4f t@ltQromedi@nss pidpitedkby 0. 37
to 0.55, and nost preferably 0.42 to 0.55. 15 It is known that
ni cr oor gami @nk DEefesakiyRyd to Bithe Hhaperiad of the wain cultvod ipersialiyn? to 3 el | a

can produ an .o0ily {triglyceride) .hayin rachi donic acid as a
maj olro con???’?’u‘ge%#ergkﬁ 5 g &P .ayfngnér“é%‘-‘&ﬁl)eifwﬁh 8;’39815 & obt ai ned a

m croorgani smc ol : : |

G homor S 5ol are Gt BEORUE b 6hd, Brodintibiehlibh I MRE IR wIRE B0 o1 6e
A) and0a aeratoor-ggitatimoagaireelevicepwhdlctag adjdstarel cartrol the 4gitagbryceri de)

having w9 highly unsaturated fatty acid as, a major constituent fatty acid
(JP HO5- 9PSBRY A dﬁgleiaf%%%émﬁt}l%@a@%mmmedmﬁ&l agydiureyeseeliangddar ungal

oL BRSNS I8 8L BSOS et o
bel ong t obldte GANUS Merdiheietd 6 theSHRARBURsMIMEDREED!ID (AN, pferably
product| VI()F3>/4 thgrf)gol];nogs ) bfgrallbr{pr{)(.)i\il’?go 8}/55 and most preferably 0.42 to 0.55
; pre y , preferably 0.42 to 0.55.
15 It is known that microorganisms belonging to the genus Mortierella,
subgenus Mortierelia can produce a fat or an oil (friglyceride) having
arachidonic acid as a major constituent fatty acid. The present inventors
have obtained a microorganism capable of producing fat or oil (triglyceride)
having dibomo-y -linoleic acid as a major constituent fatty acid (JP
20 --:H05-91_887 A) and a microorganism capable qf producing a fat or an oil
(triglyceride) having ©9 highly unsatﬁfated fatty acid as a major constituent
fatty acid (J P HO05-91888 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 (W098/39468). These microorganisms belong to the genus Mortierells,
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-described microorganism, culture medium, and culture device will be

30 described.




culture using the culture nethod of the present invention. An outline of a
‘culture process of the main culture which enpl oys the above-described

m croorgani sm culture medium and culture device will be 30 described. 9
At the start of culture, the culture is conducted while perform ng

rel ativel y weak mechanical agitation (agitation power per unit l|iquid
anount: 269 (WnB) or less), and aeration. In this case, the anount of
aeration is not particularly limted. 5 Wen actinonycetes or filanentous

fungi are cul t ungdthd stiilcuRiRy (RCEQRLF, GORGAILART whilE FE5aREgan sms

may change their forns froma pul p-shape ypha to a pe aped=f ungal
cel | (al soretativedy w=ak spévdmindadl agitai(:jia% \(@Batg@% ngovfriélf)rgetrhﬁlﬂ@g @Hi v?a

hase to the productive phase. As used herein, the pellet-shape ungal
Eell r ef er%mf"gmb%gf@%%ﬁgoré@%@,aJ}Ui@*PTQiEQH-norrycet es and fil amentous fungi

when cultured iRl [ ul,ture nmedi specif.ically indicaji a
spherical or sp?ﬁdt%gs'g%s%ecﬁlﬁy%ﬁ‘gun g‘g% '%h lﬁa%‘?tnéa‘éqﬁc‘gégiya%@?%net er
of 10250 Whwar aktifiblnki-605 o filAmciteds NEnE] Mhre! BaitBHLP A BRGM ihpa refers
to a typical fungal form of actinomycetes and filanentous rungi en

cul tured iasrobigucanditioheyr ¢he mimdigamismpemiafgi ﬁhéﬁg@_rﬁhdixcﬁﬂr?@ ﬁ-&ltﬁ_t a f

li I ially elongated hyphae distributed. e transformation from
tlhgeglrjl %- g’r&é%g‘aﬁﬁﬁa’w 0@ Pellg 'Ebﬁp%zﬁﬁé%ﬁalf%ﬂg lsggplled gs@ thetly?arlel at ed
with the VAR SR |f chani cal i tati,on.having hig

agitati onI[H 2‘%??"%“5%(‘%1@%5@’ H%g?glf? r 8§%tr£t%hvg Pg%ef?ﬁee*f’-@ﬁfﬁaﬁu&%aﬁaj?%r m_.or
interferes withAsnaeafiement ithe bﬂet-gﬁaﬁélﬁfﬂféfah%éﬁ P@tcr %ﬁ@f*ﬂ%ﬁ?&fr&y of
culture solution increases Wltlg the growth of fungal cells, Teadingto a

r eductlPon of reaiincnpiycesss iagide fidgmentows fesgil wheint cilturedrai Hquadl culltaire oxygen

or the like i.s not likely to be supplied sufficiently to fungal cells,
| eadi ng téngadl}lgﬂuép%‘:ﬁ%f’-ﬁyt H’ég‘ﬁ?%gctﬂ vaBeryal popaspinddeichapednhypba i n

(r)r:aglelrjrr;[ 20%{) £ aﬁbotrllf Iﬁé'ﬁfg L%ﬁg&@%ﬁeﬁgt&%f%b §%esa Ie]iﬂl?hnlegé)rtsl mum cul ture

As used herein, the pulp-shaped hypha refers to a typical fungal form

of actinomycetes and filamentous fungi when cultured in liquid 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 increases with the growth

of fungal cells, leading to a reduction in mixing 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 transformation to the

25  pellet-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




‘partial pressure of oxygen in aeration gas is adjusted. In the present

I nvention, agitation having |low agitation shearing stress is perfornmed for
a predetermned tine fromthe start of culture, thereby pronoting
transformati on of fungal cells to the pellet-shape. 10 The
aeration-agitation device is equipped with a dissolved oxygen
concentration detecting sensor to nonitor the dissolved oxygen
concentration of culture solution. The di ssol ved oxygen concentration (DO

of culture nedi mnéa@fét&ﬂ-%técigﬁqe%?&ei%agi@f@ﬁ M Na b1k b g&ﬁ' |s.

However, the agitation power and the anou aeration are | ncréased

i medi at elcpnémtivation etdoCingademsor teannémrithe dissobred duyigen (Bhestr88s above
whi ch the productivity of PUFAs is not influenced, thereby adjusting and
mai nt ai ni Py CPHETHEPNEI%e. A time required to reach the lower limt of the

DO val ue is abo 2 4 hour fter starnt of cylture. :
Thereafter, cul FEIF (Jatﬁ Fsso}g%érg T 0\}\}???%&%5’&@3@?fgcﬂtweclgﬁa]rtﬁ?ls%ﬁsﬁ? | east
one of 5t heletFedisEWitBeha prRt1R 6P Bt gaQ celll NETTR%H ' r

agitation teo aSr ange whfg(h:-h satisfiges Cl?hgt KT Xgi(d@(lg%\gga&{%ﬁ%g?ﬁ?s 59 or

nore, the theérampunt redt zenpéaoanatennt@séd immediatelynbsfoed CHe7 DO syQud75 or

nore, and the required i.tation power paranmeter 15 (P/V)0.95 [unit:

(W nB) 0. 953§ Sggs 1%‘?’%@8%? ?%QOU&@B/ @hove whaghphe reedugiivityaef RgFAsis and
control, itk Id . el ror_.both.of th Xj.mum aeration
anount anglto%t %ﬂ%#ﬂ%&%%\?\g%aﬁ%qaéé]gﬁdg%?&%linﬂ%gF%%%ggaiqencreased. As used
herein, the KLAAvi@nderegaiedstoti@ashRBEABRELLNWRIERhE DOWMYe iLQbbit {9duced

by the inventors based on the Cooper et al's approximate present

expr ed8i ofio Rt houys riter the stary gé nultnem s Bhereaftbf, cxilant)is performed while

- K(P/'V)0.95(Vvs)0.67. .1t .found for the first tinme by the present
‘inventors e apd CPE‘&%’T]J%%@@F%%Q}F‘? Pl the Maxipae seratign aROwRE Gen t he

Kb v e RO Sad i B O Foq BEAAAE AL ELEAR 1030 1ARI Wrilh 'ReitBeD A 27t
KLA (=(P/V)0-95V067) is 59 or more, the air flow rate parameter Vs%67 [unit:
(m/sec)?67] is 0.075 or more, and the required agitation power parameter

15 (P/V)095 [unit: (W/m3)09] 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 pbwer 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(Vg)0.67.
It was found for the first time by the present inventors that there is a
satisfactorily positive correlation between the KLLA value and the amount of

~produced PUFAs.

25 About 40 to 48 hours after the start of cultlire, 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




“(particularly, a nitrogen source) in culture nedium are exhausted and the
fungal cell concentration reaches the highest value, and the fungal cell
transforns fromthe vegetative phase to the phase of producing PUFAs, in
which accunul ati on off PUFAs is pronoted in the fungal cell. 11 Thereafter,
culture is perfornmed for 5 to 15 days whil e adding glucose culture nmedium
whenever necessary during culture. After the end of culture, the fungal
cells are recovered and dried, followed by hexane extraction of the dried
fungal cells to ! : C .g.,

r1 gl yoori do.  phosppars By eas i peuanned o S0 0o AA0s S CATRRM IR 1 1
aci d. ( Examitues) mdiianp iveheéneye aseteesmyt dokidgowalturequiAfed the & taFt i on)
Tap wat er “(d-ﬁ kKL (3$V)). was placed in a 10-kL capacity 10 aeration-

agi t at i on Utwrgr dhgesangal pells Aveonesnyrred curd ubped.ofollewed viys hemaasur ed
under aerat] f VALRITA) agi;t atd qn | erforngd at varj gj tation
rotati onala&st%%é%sn. %ﬁ@n%‘g%f Bpér gtqbgﬁp%fsf)eﬁgfﬁ&yr?é’ﬁ Qﬁﬁiﬁtf’rﬂﬁ qane
rotati gnalcosiRREs (8¢t heri MES i Lab ugpt L on was
nmeasured (=B). Duri(ngg ng{lﬁgggn\gg’effgﬁsgg?ﬂ?;moé 'e)r %?%pd?ﬁﬁ{rﬁ el?/l('e?g gﬁeh

agi t at i on cohafituentdattyvaridheat i ng, water was placed up to a level such that

t he water surfa(fﬁ was Isgwer than the agitation inpeller, and the |ower
bearing portionB¥2BRESAgi t ati on shaft was inmersed in the water. Effective

power was neasu i [ t cl - Qn r. t er manuf act ured
by Hioki E. E Cof ;I)%r gtri %@?Qﬁﬁ?%%ﬁﬁ&ﬁﬁ%&%ﬁp@%ﬁﬁﬁt -order side
(power source siEg) whtan (WVRL! eE&=V)A V@lduepRREA RRd DY 1 raghhpgyt he
value B fromthe value Ais assunmed to be power require or ayitation
(=P) . 1¥he aggaienfgitativinvewédrdyessell i fgitdtianopmver eondimptiopoe) weguir ed
for agitation per liguid ampunt, (=P/V). Actually neasured val ues thus

" cal cul at edlle.ﬁséﬁ'g feratign of 1 yymyathen agitation is performed 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
156  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 first-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 P is divided by a
liqguid amount to obtain power required for agitation per liquid amount
(=P/V). Actually measured values thus calculated are shown in a table
25  below.

12




12 Table 1 agitation power power power power required  rotational
“consunption consunption required for for agitation per speed when water
was during no-load agitation (kW liquid anmount (rpm (=N) placed (kW
operation (kW (P=A-B) (kWnB) (=A) (=B) (P/V) 35 1.660 0.630 1.030 0.172
65 6.804 1.050 5.754 0.959 95 17.528 1.498 16.030 2.672 The actually
measured val ues were plotted on a graph where the horizontal axis .
indicates the agitation rotational speed (=N), while the 5 vertical axis

i ndi cates the power required for agi per liquid amount (=P/V), and
par anet ers .-.BA Y of d appr-o .m?nﬁ‘%}%}(ﬁ;cc on P/V=XNY were qgbtained by

||u T \VA| MII A

t he | east met weg e val uesP¥"end Y hnd ROWEr apprisfeEEiEd pl essi on
t hus obt di %H%)e&\%r Wt}uiznsém‘i‘tp 10tn,al(ul ‘éofnéu % fo‘;ig d gf"é‘f‘?’bﬂerpvr uni t

e
liquid ang Wit aP?C%gégé& nc

g O cin
Wien aerdtion to theIﬂ ure ve=ss%7ra mn

$peed.

R T

required T0r3§.gl tatT onlm obser veuoggbl ||g aret gkt i a[‘ ho;
descri beq abgye, [The Vgkglps X and Y ugpe obta neiz ' ;t.ﬂ. : iuf ﬂ% ot—
aeration, agls] the pO\Iﬁr5286(.IUI ed—f kil gggl t-atiron B%SQI —guta—a F 4II. Wt §

cal cul atedc witih 15 Tespect to am arbrtrary agua.unr tat+-Ohal—speed.
Exanple 2 (Power Required for Agitation of Culture Solution) An arachidonic

id duci rtierella pina str ltured in a
10 kL el tar o v ABEcrualfF e Rsredtyd s Shetimplithit ms %faiuwﬁarq % KL of
cul ture s®bpizbArhlaAdisUniEaRer fild Ukidkioh i Syggdgsg&r@g'( ; ésgﬁ!’[s $Be < hown

performed with various agitation rotationa
in a tabl wefetadvaxi®@Gndicates the power required for agitation per lquid amount

(=P/V), and parameters X and Y of an approximate expression P/V=XNY were

obtained by the least square method. The values X and Y and the

approximate expression thus obtained were used to calculate power required

for agitation per unit liquid amount with respect to an arbitrary agitation
10 rotational speed.

When aeration to the culture vessel was stopped, an increase in the
power required for agitation was observed. 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 égitation per liquid amount was calculated with

15  respect to an arbitrary agitation rotational speed.

Example 2 (Power Required for Agitation of Culture Solution)

An arachidonic acid producing fungus, Mortierella alpina strain 18-4,
was cultured in a 10-kL culture vessel. Agitation power consumption was
measured in 6 kL of culture solution and under aeration of 1 vvm when

20 agitation was performed with various agitation rotational speeds. - The

results are shown in a table below.

25
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.13 Table 2 agitation rotational speed power consunption (rpm when water
‘was placed (kW (=N) (=A) 35 1.720 65 6. 700 95 17.612 By conparing the
agitation power obtained in Exanples 1 and 2, it was confirmed that the
agitation power is not significantly different between 5 when operation
was performed where water was placed (Exanple 1) and when operation was
performed where culture solution was placed (Exanple 2). Therefore, it was
consi dered that the power required for agitation during culture can be
approximated with the power requiredrigr, 4gitation obtained when operation
was performed i - —where 10 .water was placed.

: spelf&t I 'nQ%’W&PHS‘i’:%P 9flas i hocul ated to
T entyat | bhe a‘e W@%EE@%& écersz@imn cont ai ni ng
fal n Q
u 0]

a concentration of 0.1%

1. 0% yeast ext ract—and 2.u7§59= tcose—andhav-hg—=a A Seefl culture 15

was started w th—rect prun,alﬁéshaki Ag—at—3400—+pm-at &7 rperat-uref of 28C

(first stage), and—was periGRr retd—For—3—days—Next 11Z‘;6UZL of—a—et{ ture medi um

cont ai ni ng 1% yeast—ext+tact; 2% —gtucose;—0-31%-soeybear—oeil—and’ having a pH
n

1
. L 70U y )
of 6.3 was prepared in a 50-L capacity aeration-agitation culture vessel.

The culture nmediymwas 20 inoculated with the seed culture (first stage)
sol ution, and s&jc‘?ﬂpﬁm’g tq’(“’s%%ﬁ?\t@%ﬁ)ﬁ’?v@}’ opbainedain Byammpdesel mmd Agitt at i on

2,2 0l S R PR DRSO Ao R D98 s
for main owhénopey@ionvepapesformed wheld 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 8)
Suspension 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



~25 capacity aeration- agitation vessel (the inner dianmeter of the culture
vessel is 1.8 m. The culture nmediumwas prepared in the follow ng manner.
14 Initially, 4500 L of a culture medium (culture medium A: soybean fl our
336 kg; KH2P04 16.8 kg; MyCl2. 6H20 2.8 kg; Cad 2.2H20 2.8 kg; soybean oil
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
medium 5 B: water-containing glucose 112 kg) vvas sterilized in another

cul ture Vemsghllyad50P Lo DrultlrdTibd o (AMNaTeAEN 43 LB0RL AL hgh@%f erred

to the main ture vessel to ed 1ot itufe um

cul t ure mddi UiHaPOer16.81kgi Mgtla 6H20e8 Brkg,edlzi(DIz@i{zﬁ) g k%trébylﬁieﬂhldﬁm LY 3
Sterili Zﬁg%ﬁ%queous sodi,um _hydroxi de solution was sterilely added to the
culture OFRCPERRArGA J0 pd 4efy, Lmdewas @t‘?ﬂ*h@edlm theimain colffure vessdlatseed

culture s ta netric,.capaci of 28 L was

i nocul at egﬂ b’?@ue ]ﬂlgte%hegﬁé% télrﬁéﬂ?‘ﬁﬂpg ‘F‘E}%‘}/rer%’? MPng in a
total gf 5609 i;er(@ﬁﬂgjﬂ]ﬂ ol | has a
vol metric capgmt of 10@\%&&6&59‘35& ekév)vaudggs sst ar?ﬂ%il) ﬁ%&%ﬁggg%lﬁe\é}%g%gre was

26C, the iatt E2174} fan 88smirvuteas addOwaRathehb stdiﬁe@nmmisfel&e@%atheo hatas 49

nB8/ hr (air ow rate (=Vs) was 0. 00535 msec), the power required for
agitation ﬁb‘iﬁ”?l"&ﬁ?"g t&#?ﬁt?r’i‘fie(l'tpﬁb? ciiliare medipppA (thgqulesreonediven piteanet er s

t thet I evver cal ed.,as, foll ows
?Exprgss:%? %o%@%%@?@%@? %é‘ﬁ[ @go rm@""‘é?‘{“@ﬁ?éé&?@%?] KLA
(=(P/V) 0. HyMzexidé) soldtibd &éwst?@iﬁlﬁ%dﬁﬁﬂ%ciﬂb @Zitu?@%n@cﬂ gii[q]%dp%@r
(=P/V) was changed to 880 Wn8 at hour 15 of culture, e anount of
aer at 10n @dingthe tagi .1 oand dherdadiea) thpeeed valtare 25hgrcad(@bb1yd weddd) t he

-aer anon amount was 437 nB/ hr, r flowrate E =Vs): 0.0477 msec) and the
agi t at | on%ﬁg g a s T Gapag) {'/\;& Wl§§ ipg¢plated to the culture medium C

by sterile manipulation, resulting in a total of 5600 L (starting culture hquid
amount) (the culture vessel has a volmetric capacity of 10 kI). Culture was
started where the temperature was 26°C, the internal pressure was 200 kPa,
15  the amount of aeration was 49 m?/hr (air flow rate (=Vs) was 0.00535 m/sec),
‘the power required for agitation per liquid amount (=P/V) was 112 W/m3.
Values of the parameters at the time of start of the culture were calculated as
follows.
(Expression 1)
20 (P/V)0.95: 89 [(W/m3)0-25]
Vs067: 0.03 [(m/sec)0-67]
KLA (=(P/V)0-95Vs067): 2.67 [(W/m?3)095.(m/sec)?.67]
- The agitation power (=P/V) was changed to 880 W/m3 at hour 15 of -
culture, and the amount of aeration and the agitation rotational speed were
25 ‘gradually increased until the aeration amount was 437 m3Mhr (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. |
(Expression 2)
30 (P/V)0.95: 2169 [(W/m3)0-95]
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40 of the culture. Values of the paraneters at the high aeration-agitation
level were calculated as foll ows. (Expression 2) 30 (P/V)o.95: 2169
[(WnB)0-95] 15 Vs.67: 0.130 [(nsec)0.67] KLA (=(P/V)0.95Vso0.67): 282
[(WnB)0.95. (nsec)0.67] The main culture was perfornmed for 306 hours while
adding culture nmediumat sonme point(s) during culture as described bel ow.
At the end of 5 the culture, the culture liquid amount was 7750 L due to
the addition (increase) and the evaporatiog (dec][ease)lgm;1 cul ture nmedi um
Tabl e 3 rmain cufdost ul ture medi um after ours

wat er - cont ai ni ngmgl u?oyé@ggﬁggé/4 O L after 43 hours water-containing .
gl ucose 280 kg/ 45DA|.(—(HWWV@‘YWDIM[(V\Hi]ﬁ)ﬂ-%.()ﬁ]l@b)lblﬁﬂg gl ucose 252 kg/ 390 L
after 91 hours water-containing glucose 252 k8/410 L after 120 hours

wat er - cont ai ni ném@ﬂ me eultage pypsperformed tfor 340 homas mehilmaddingontltinei ng

| ucose 1 L__after hour s, wat er - cont.ai pi,n | ugose 168 kg/ 270 L
go After t gﬁg‘t e Papmt ézdj‘l ﬁ%%%rﬁéaﬁf‘g‘?sﬁ@g atbe??%c gértﬁQ dn‘?tﬂut es,
and ther eaﬂhtee&ultﬁfbe wRt chingel igsl Anifig LEEOYRY ‘aﬁ{ "t &h Cofdik oS
hydr oextractor, foIIowec by dri‘ifl%g W|th ot air Cﬁ ° te(rerpera%ure:_
120C) usi HiperessmidmigtHe anaﬂaobeﬂodt(&ﬂeﬁ@)@f\oﬁlt&&e ﬁﬁiﬁaﬂi of % by wei ght
(W% . The dried fungal cell was cooled to 40Cin a fluid bgd 15 by supply
of roomair, and was then transported to a | oading place using a pneumatic

conveyor. The resultant dried f ungal ce |, was | oaded along with nitrogen
gas into an alum num contaiper bag (E‘ B havi ng a volnetric capacity of

about 1 nﬁnaﬁpgﬂt@@ ﬁ%gét h. of é(!%d?@gn%?gmﬁd by heat. The bag was
Preserve after 19Vh;1;rsl T wl’:t‘;elrl-clo:rgl\’;f;livrtl‘ir\lug ;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 fungai cell was cooled to 40°C in a fluid bed
156 by supply of room air, 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 é refrigerator. |
20 The dried fungal cell removed from the container bag was subjected

to hexane extraction. The hexane solution was filtered to remove solid
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20 The dried fungal cell renoved fromthe contai ner bag was subjected to
hexane extraction. The hexane solution was filtered to renove solid 16
conponents thereof. Thereafter, the resultant solution was heated under
reduced pressure to renove hexane, thereby obtaining crude oil having
arachidonic acid as a constituent fatty acid. Exanple 4 (Influence of Power
Required for Agitation at Start of 5 culture) Seed culture was perforned
and a culture nediumfor main culture was prepared using a nethod simlar
to that ofcolpamphts Bherbbf MBhdveafidl,! tHee rdARtAR! SALIBH WHE Heatdle LHATE.
conditions as those of Exanple 3, ‘except that conditions for agitation at
the start refucad pressuxert® semove hxank) therélpusbvainies @adshsaivrhdving t abl e

bel ow. Accorégi@g to the result. of t]%g culture, it was found that the P/ V
val ue at & Bicackt ap Reeopghituert $24% acidi gnificant | evel of influence on

Cart of resul t Taro i e, FCEIEE B iR I Plodin, AR ATt of

producgd cptiwes) per |liquid (P/V)0.95 arachidonic acid per ampunt anount at
start of [(WrrBéo-QS] of culture solution (*) culture PPV (WnB) (/j,) EX
44-1 41 34 22. 45eq culfupe 3e5 paforanediondfx culbuse sd@liGEOfik7mAin Bultude 4 3250

2169 14.1_ Ex. 3(ex l.e 3) 11 89 22.8 (*) values are corrected by the
fol | ow ngwﬁppﬁ?%%ﬁrﬁﬁlﬁge_ tlﬁgalqokoﬁ}ﬁ‘ﬁﬁ t_octhattu?}e Exgminleod vAhe emain om
cul ture teuiturd W pSRABAALHENG M SYABRORA L ANiABYs as those of Example 3,
except that conditions for agitation at the start of culture were set to be
10 various values as shown in a table below.
According to the result of the culture, it was found that the P/V value
at the start of the culture has a significant level of influence on production of

arachidonic acid.

15 Table 4

experiment No. conditions at start of result of culture
culture
required agitation | parameter amount of produced
power per liquid | (P/V)o9s arachidonic acid per amount
amount at start of | [(W/m3)9.95] | of culture solution (*) :
culture P/V (W/m?3) (g/1)

Ex. 4-1 41 34 22.4

Ex. 4-2 | 269 203 122.40

Ex. 4-3 810 579 17.0

Ex. 4-4 3250 , 2169 14.1

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

liquid amount at end of culture / liquid amount at start of culture
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.glucose addition. 20 (Expression 3) Anpunt of produced arachi donic acid
(corrected val ue) =anmount of produced arachi donic acid per culture solution
at end of culture x [liquid anount at end of culture / liquid amunt at
start of culture 17 Exanple 5 (Influence of Amount of Aeration at Start of
Culture) Seed culture was performed and a culture nediumfor main culture
was prepared using a nethod simlar to that of Exanple 3. The main culture
was performed under the sane conditions as those of Exanple 3, 5 except

t hat conditions Eﬂmﬁ@@@n@ﬁe@ﬁ:ﬁ)g ttof%erg%iﬁ%%%t%{ & é&tst u_th?SPeS_ L and

various values as shown in a ta el ow. experimen

5-2, since the &wednulbireaeasipieoformnagd Hel atculgehnglidn 9 then hdfdreof
culture, a considerably high |evel of tendency to produce bubbl es was

observed a%as JBRpArasd usinese. mwthed i similsar tpdhaf of HexapleuBe aﬂielemaine

tart. Ther re, .a_1l0.met hod qf opping aeration intermiften was
Sdopt ed 1 r0grdter S Rl il 3he bmﬁ%ﬁaﬂﬁ@w R ADRREChERRBIE b -
bubbl i ej : r I ng. rati

Tt he a0l o et Pndiionohod Rerdhion i Phe RakfpE St LR I 1867 o0
near the ocwiridusgvalfies he shewadh dtmlladalovan Iexhrbsdxperit@dnts\We) 5aehali on was

st opped, t hei ght of bubbles started falling, and at the same tine, the
di sg g| ved %gy@@ﬁe the ampuni of garatigryasiset bebe diigh frons sheistaah ofiteldust, ar t ed

d i ng, .af | art e agai n i medi at el efore the val ue
dect ast 1 paRAkL Iy Mg 00, e THRR TR an el 5 heanid ha e
aci d i s nQbnipirbden®d.3 Shill htr 20 cﬁ&ﬁé%ﬂﬁﬁg éﬁéﬁHee&?ﬁ.edrﬁﬁ}ch{;e} he
tendency to bubbl e substantially disappeared. An air ow rate Vs’ I'n
Exanplié 5 methad cfistofpiog aeatEonheterndtieatiyonas adbpiedgnpadbptoedppitgs not an

average a c% | ated anount of aeration obtained taking the intermttent
aeration ﬁ’ﬁ‘ unt. The lower |imt of the DO val ue above which the

productivity of Wh&ST Q'egf&%ﬁ; v?a?s' Seljfgrn%)&, bubbling occurred 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 exhaust 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 until the tendency to bubble substantia.lly
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 wh:ich the productivity of arachidonic acid is not
26 -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 elapsed time is lost. The critical DO concentration was previously
obtained using a dynamic measuring method (“Hakkokogaku no Kiso

(Principles of Fermentation Technology)”, 1988, Gakkai Shuppan Senta,
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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 elapsed tinme is lost. The critical DO concentration was previously
obtai ned using a dynam c neasuring nethod ("Hakkokogaku no Kiso

(Principles of Fernentation Technol ogy)"”, 1988, Gakkai Shuppan Senta, 18
transl at ed byAyaaki |shizaki), where culture was perfornmed under the sane
conditions. According to the result of the culture, it was confirned that

the Vs valseated i ] ;;Hgﬁ ira) nQ 4l nf:l uence on
production %jl?s 5e aﬁsgéﬁla%lnﬁsgizfgﬂd. aﬁ@%ﬁgﬁiﬁ%ﬁ?ﬂ %Fgg%rn{c}}et %ﬁﬁ% at
start of reeaditioraf culture culture air flowrate at start paraneter anount

of produced of culture Vs0.67 arachidonic acid per ‘anount Vs (i sec)
[(m sec)0.67] oficgending dodbeuerult qf*the(gulfurebit whslcodfioned thaanbe ¥e. 3 Ex.

5-2 0.0477 _0.13 2. . ex l e ,3) 0..00535 0.0301 22.8 (*) .val yes are
correct ed By'% A tﬁ%ﬁ?%%fd’“ﬁé’ﬁ?%i%%‘?‘% Y Mo misnee gp prodretieR odol uti on
vari esgfropyepildbHiEadi@. cul ture, depending on evaporation and 10 glucose
addi tion. (Expression 4) Amount of produced arachidonic acid (corrected

val ue) =anmount of produced arachidonic acid per culture solution at end of

culture x 15 liquid anount at end of culture / liquid anmbunt at start of
culture Exanple 6 (Influence of H ghBshlel® A Val ue) Seed cul ture was

per f or med eggdtindent Wol Ul @oiBHbisnatf @art"@[N CUT T UT € | result of culture
culture _
air flow rate at start { parameter amount of produced
of culture V067 arachidonic acid per amount
Vs {m/sec) [(m/sec)067] | of culture solution (*)
(g/L)

Ex. 5-1 0.0196 0.0719 22.3

Ex. 5-2 0.0477 0.130 22.6

Ex. 3(example 3) | 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 m%hr (air flow rate (=Vs) was 0.00535 m/sec),
and the power required for agitation per culture liguid amount (=P/V) was
112 W/m? as in Example 3. Values of the parameters at the time of start of
culture were calculated as follows.

(Expression 5)

25 (P/V)0.95: 89 [(W/m3)oss] .
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-was prepared using a nethod simlar to that of Exanple 3. Culture was
‘started where the tenperature was 26C, the internal pressure was 200 kPa,
20 the armount of aeration was 49 nB8/hr (air flowrate (=Vs) was 0.00535
nsec), and the power required for agitation per culture |iquid amunt
(=P/'V) was 112 WnB as in Exanple 3. Values of the paraneters at the tine
of start of <culture were calculated as follows. (Expression 5) 25 .
(P/V)0.95: 89 [(WnB)0.95] 19 Vs0.67: 0.03 [(msec)0.67] KT,Q (=(P/V)0.95

60.67): 2.67 [( 8): Q) €o79. 67] The power required for agitation
(=P/'V) was chan&ﬂ%%gﬁ%ﬁg a? hour 18 of the culture, and thereafter,

the anount of adlaA (oP/HPSVEEST): D, 6D (Vi Dres(plaic)oompl speed were gradual |y
increased by hour 48 of the culture. The culture was performed under
vari ous maxi numiderpayereavitas foxmgitatiomeR/ Vagiasathaoged dnei80cWrn? @it ons .

[ i Ngi ' [ hip bet t t duced
ar achi doniP e th $AEEHIeS anfc iraalAe. Fhg putin af Geppney usbube 67)
val ue. s ACGRghtih tdRatibhsl HleRl whd dria d\@RyTiAkR sé&'&%}i}oﬁ‘f (46 dtsthg cp télre.

satisfactorily positive correl atioh between the val ue an anount

of producethearalthideuscpadormed nuddet-valrious maaimuah s@rdomdhhait fhgre were
sone casesg.in which the anmount of produced arachidonic acid was as smal |
as about iagﬂ%stl@gwa@%dwwerr toeadrions;al JBG.wds isner edetdindscatde or nor e

e.g., poi - Wit R rangg indicatedwith Ain 15 F] G. 1),..and there were
fatl sg soPre rgfaagleo\gsm c 8%g§§3rﬁéed IRt 10f W&ug?%t?r@ﬁhldt?é'ﬁe%hdt]ﬁeeﬁﬁ I and f
t he anmoun LodUGR0h K n{ jodsvb@7\6XA[L Ne : ]Inqg ot o
the two ptgrgfﬁét@gﬁg t hel%?lglgﬁ\}) 0. 9{?{\};’2? )ue %Snd )ﬁ%em%/s OAggd}ﬂ%}gﬁozﬂﬁs | ctﬁ
const 1@ ut at was fduadvitiatethemads pr edtistadtdrBy Gosive korrehitiors dseweepdhat S

within ar e indicated with A in FIG 2 correspond to the points 20
Wi thin théa?‘gl’{ § ﬁﬂ&ég?@dnw%owmmr:@i arachidonicranidy t In flGndsittwand t hat

: ];lcr teggeKLafsov?ddiﬁi tRaf"tBEve %&e tsja%le\/%gsés?iﬁ/ %\lrlﬁghit%engrtnogh 70 Sfodrlrlgé , the
arachidonic acid was as small as about 15 to 16 g/L even if the KLA value
was increased to 100 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 amount of produced arachidonic acid. To examine
the reason, a plot of the two ‘parameters, the (P/V)095 value and the V067
value, which constitute the KL.A 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 Ain 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 culture was performed in a manner similar to that of Example 3.
1300 L of a culture medium 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/m3.
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.of the KLA val ue does not lead to the effect of increasing the anmount of
“produced arachi donic acid. Exanple 7 25 Seed culture was perfornmed in a
manner simlar to that of Exanple 3. 1300 L of a culture nmediumfor main
culture having the sane ingredient concentrations as those of Exanple 3
was prepared in a 2-kL capacity culture vessel. Culture was started where
the tenperature was 26C, the internal pressure was 200 kPa, the air flow
rate was 0.0087 (nmsec), and the 30 power required for agitation per

cul ture | g %F?H@E)aﬁ‘??t ei@rs"@bstl*?eesgi%ﬁg J%Q)f\é% v%ret ?agxpr egcglg ers at

the tinme of start of ure were c n 6)
(P/V)0. 95:foll®9s[ (WnB) 0.95] 5 Vso.67: 0.042 [(n13ec)0 67] KT, A

(=(P/'V)0.95Vs0.67): 8.28 [(WnB)O0.95.(nfsec)0.67] The power required for
agitation (=P/ Em@saw ed to 890 WnB at hour 24 of the culture, and

thereafter, the it and the agitation rotational speed were
gradual ly incregggﬁ E% [6& %b%ﬁ]flow rate Vs 10 was 0.084 (m sec) and the

agi tat jon power .7 mzlﬁﬁﬁs by hour 48 of . the culture. Values of
the paraneters at the hi eration-agitation level were calculated as

fol l ows. (Expr eKSUm&:(P)fVXOPﬂCQUW)QS 28 [(BEn{ M By RcP3Y] 15 Vso.67: 0.191
[ (M sec)0.67] KLA (=(P/V)0.95Vso. 67): 198_&(Wrr8)0 95. (msec)o.67] The main
cul ture was perF@PrﬁﬂVGfrd?eqmdﬁbﬁlﬁslﬁmﬁlo G ngihamsé tOW@OlWé}nt’ ke same

S Teoul 1 HoBP PR B BeEohed difraBf b r il pheeetonanhihe) vas
obt ai ned. agitation rotational speed were gradually mcreased 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 high aeration-agitation level
were calculated as follows.
(Expression 7)
(P/V)095: 1036 [(W/m?3)0.95]
15 - Vs067:0.191 [(m/sec)067]

KLA (=(P/V)0.95V0.67): 198 [(W/m?)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/L 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 3. 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/m2. Values of the
parameters at the time of start of culture were calculated as follows.

30 (Expression 8)
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"Exanple 8 Mortierella al pina strain CBS754. 68 was used as an arachi donic
strain was used to perform

‘acid producing fungus.
main culture was prepared using a

culture and a culture nedium for

seed

The preserved fungal

method 25 simlar to that of Exanple 3. Culture was started where the

tenperature was 26C,
aeration was 49 n8/hr

power required for

t he i nternal

pressure was 200 kPa,
(air flowrate (=Vs) was 0.00535 nfsec),
agitation per culture liquid amunt (=P/V) was 112

W n8. Val ues of 0.9 g@@t Eeogt the tinme of start of culture were
cal cul ated as fchr‘?ws.%? (é‘)%p?e?si on 8) 21 (P/V)0.95: 89 [(WnB)O0.95]

VsO 67: 0.03 [ (<8€T )05 Kin/ksdo47E( P/ V) 0. 95VSO. 67) :

[ (W nB)0.95. (n

sec 0{57& Culture was started under these conditions,
the starting SIQQAI(%R PB4 $neT [(heello esr/sdedtffbd at different times,
of

i(gfﬁg%tc&iﬂfibtﬁ%ss S ﬁég(r:lit
) afsalenesd 19 489
gita a

t he agl

so that culture

f d I I
o0 o 6 o SRR A TR B
the figst ddifRiod BotatRYal Apbol vpmrlaﬁgé?i

t he anpunt

gradual | y wacperfsaded i pluralty betinked xperiataiti Nos. R tsas A 3AWBLAr (air
and the maxi num agitati on power

3250 W nB;theystpuiipe agitagion petagional speed/ararechavigachrptheafipstetimeatthehe hi gh
i tation | eye | cul | | 0u5. ression 9) 15
(/) o 05 A Ry NS O e et o8 550 P b e ke Bmount

per for e o1 305 hour e i 1ol i o sea Vae Sontpyaftiedd

t hereafter,
flowrate (=Vs):

aerati on-

0.0477 ~msec)

of "aeration an

2. 67
ti.mes (exp nt Nos.

ion rotation

(=PI'V)

Gnths

cul tui@ aghemBExampiea&ation 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)
15 (P/V)095: 2169 [(W/m?3)0.95]
Vs067: 0.130 [(m/sec)0-67]
KLA (=(P/V)0.95V0.67): 282 [(W/m?)0-95.(m/sec)0-67]
The main culture was performed for 288 hours while adding glucose
~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 | result of culture (*}
| time (elapsed time from start of | amount of produced arachidonic
culture (inoculation of seed|acid per amount of culture
culture)) solution (g/L)
Ex. 6-1 Ghr 10.1
Ex.6-2 12hr 18.5
Ex. 6-3 24hr 18.7
Ex. 64 30hkr 9.5
25  (*) values are corrected by the folowing expression since the amount of

22
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20 As a result of the culture, it was found that the tine at which the
"agitation power was changed for the first tine after the start of the
culture has a significant influence on production of arachidonic acid.
Table 6 experinment No. first agitation power changing result of culture (*)
time (elapsed time fromstart of anount of produced arachidonic culture

(i nocul ation of seed acid per anount of culture <culture)) solution (/L)

Ex. 6-1 6hr 10.1 Ex. 6-2 12hr 18.5 Ex. 6-3 24hr 18.7 Ex. 6-4 30hr 9.5 25

(7) val uesufieaniefi G4iby oPclithtol A SLPESH ARSNSAEATRN Of
22 culture solution varies fromculture to culture, dependrng on _
evapor at i grlueusd adglitionse addition. (Expression 10) 5 Anmount of produced
arachi donic acid (corrected val ue) =anount of produced arachi donic acid per
culture solution at end of culture x |[liquid anmount at en? of cylture /

i quid amount atmstart. of. gulture Exanple 9 (Production of DAA
Nb?tierella aIpKﬁ%P%?FQFﬁuéANHSGO was used as a di hono-y-linoleic 10 acid

pr oduckng Awiniuof JRARESSEEMGHoRIEA (SridkBa gRunocul ated into a
0

cul ture nedi um contai ning 1% yeast ext gl ucose and having a pH

of 6.3, wHanowasofredacabiatachidddiaakid perl dultved dojuiseedt eull bfealt(td xSt
stage) at 100 rpmat 28C for 3 days, Next, 30 L of a culture medium
cont ai ni nd'4Pg papuntatendgef cultyrgi/ Jicyd ameuniatistazbgbedtuxsi | and having a

15 pH of 6.3 wa [ I i .50- pacity aeration-agitation culture
vesgel , and M/a?"{p‘ﬁﬁ’?%"g‘fd"éa&v&aﬁ‘% P#Q@d@t ure solution previously obtained
by the seed = culbsrferblih a3bind! 498 SUA NS Y LY uakPds GUbiHYRo-( IRfR0d St age)

for 2 days where .
10  acid 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 (first
stage) at 100 rpm at 28°C for 8 days. Next, 30 L of a culture medium
containing 1% yeast extract, 2% glucose, and 0.1% soybean oil and having a
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
thé agitation rotational speed was 200rpm, the temperature was 28°C, and

the vessel internal pressure was 150 kPa.

20 Next, a culture medium containing 4% defatted soybean flour, 1.8%
glucose, 0.3% KHzPOy4, 0.1% NazSO4, 0.05% MgCls-6Hz0, 0.05% CaCls-2H0,
and 0.1% sofbean 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 préssure was 200 kPa, the amount of aeration was 52 m3hr (air flow
rate (=Vs) was 0.0057 m/s_ec), and the power required for agitation per
culture liquid amount (=P/V) was 30 W/m3. Values of the parameters at the
time of start of culture were calculated as follows. |

30 (Expression 11) .
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‘the agitation rotational speed was 200rpm the tenperature was 28C, and
"the vessel internal pressure was 150 kPa. 20 Next, a culture medium

cont ai ning 4% defatted soybean flour, 1.8% glucose, 0.3% KH2PO4, 0.1%
Na2SO4, 0.05% Mgd 2. 6H20, 0. 05% Cad 2-2H20, 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 anmount) of
the culture medium 25 The culture was started where ]'Ehe tenperatureS\évas
26C, the inter Be 9300 kPa, the ampunt of aeration was

nB8/hr (air flowr@rﬂg)e %\J;(W/ﬂ@@ 0057 nmfsec), and the power required for
agitation per chﬂtGHr(EOBIm[Cmds@di@Wht (=P/V) was 30 WnB. Values of the
paranmeters at th ti rrl%vgf starg of culture were calculated as follows. 30

(Expression 11) BBA( 0¥ 08 Q(WW@n@Sﬁﬁ(wwgﬁﬁﬂo %3133 [(rrlsec)to 6t7]d
=(P/V)0.9 7 0.,78 tyre was starte

5Iaér(t§1eps? cong?/‘tﬁ?%’ﬁ )waﬁh%tagéq({&ﬁ )‘388 8”@%}%&5 &Q‘?g%@l taion pwerg of

cul tur e afiyas chiafigsd afitholly 1he bl a?ft@f"%h& RarPOPeRL Bfde! ghigheand the

agitation rotational speed were gra I ncreased unt’i ‘e maxi mum

aer ati on samontt vafs agddios/dud (thir afg,itaw:)nahﬂ;at:(onﬂb)spe@dO%Ee n&&@&hlignd the
maxi mum agi tati on power (=P/V) was 1251 Wn8B, by hour 48 of the culture.
Val ues of %ﬁ?%ﬁ?éaé%@?ﬂaftheamﬁwﬁuml@e@ém ameuadwas 24h e aindlow tatecul at ed

[ Sec) 0. B KD ULl BrEE R asSmrah pgaipsos FrBAcyes d2PLis The
e ks oS W e Fogi
poi nt (1%) auerrlaggn -agitation level were calculated as follows.

(Expression 12)

(P/V)0.95: 875.9 [(W/m?3)0.95]

Vs067: 0.0871 [(m/sec)067]

KLA (=(P/V)0.95V5067): 76.3 [(W/m3)0.95.(m/sec)067]

15 The main culture was performed for 160 hours while adding glucose
at some point(s) during the culture. As a result, the concentration of
produced dihomo-y-linoleic acid was 7.0 g/Li at the end of culture.

Example 10 (Production of Mead Acid)
Mortierella alpina strain SAM2086 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 (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% olive oil and having a pH

25 of 6.3 was prepared in a 50-L capacity aeration-agitation culture ves_sel, 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 was 150 kPa.
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-produced di hono-y-linoleic acid was 7.0 g/L at the end of culture. Exanple
10 (Production of Mead Acid) Mortierella al pina strain SAM086 was used as
a nmead acid 20 producing fungus. The preserved fungal strain was
inoculated into a culture nedium 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 nedium containing 1% yeast extract, 2% glucose, and 0.1%wolive oil

and having a pH 0 13@6% | E ) i aepat i Qhg,
agi tation cul turl\gé{\}:éfélscgﬂlﬁl an emmlgis}a({oglg%ﬁh éit{'p gm&{ﬁ%%goi%ﬁfluﬂ%msgﬁ@i on .
previ ous| yglabdse| 068% BYAHE, TOER N0 L0054 ML, BF0R)0.05%! ¢ Qs shp, seed

culture (second stage) for 2 days where the agitation rotational speed was
200r pm t Hnd Brbjeohivercdl, vasl RevngamaH of 6. wesanocwlnted stitlp 0di9% wfeheas 150

kPa. 24 Next . a,cultuye.nmedi um containing.4% defatted soyhean flour, 1.8%
gl ucose, FosH R ?flg?%o%ﬁ%@gﬁ?ag@b'%&%%éﬁ ugeptas gapkseh wiei00bo,  and
0. 1% olsi velighid aAotnBRYE (S @héﬂhle%e(?u was inoculated with 0.5% of the

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

5 (liquid amounthheotulthee ciwhs ustartsddivhere THe quhiperatds wilsapied, where the
tenperature was_24C, the internal pressure was 200 kPa, the anpount of

aer ati on vaternal ppysprg wies 2000w a, the enjayy)ofwesaion 863 4 sédir, (abmflow he
i = aqi i ryculture liquid amount, (=PLV). was 30 W n8.
ol ves. of Tehe G YSh vBL DEOART efBeo), g e ot Fodipeut ot dtahiato per
| cul at ' LedvS j B/ : sQO. 67:
géoglisa[ ?%“?Z‘é?%i 7] ﬁ‘B(AL%%S(Epl gagé\@)s‘g/‘%ﬂ W%."ggffﬁw%'g%g?%ﬂhg
(m sedPO0. Bithe b sthre of vhlturewsas cslcaidted asfo@swihese conditions. The

agitation power_was c,hanlgs%d at hour 22 of culture after the start of the
culture, and (Bxpression

(P/V)0.95: 25 [(W/m3)0.95]
V067 0.0313 [(m/sec)?7]
- KLA (=(P/V)095V5067): 0.782 [(W/m3)095+ (m/sec)067]

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 Speed 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/m3, by hour 48 of the culture. Values of the parameters at the high
aeration-agitation level were calculated as follows.

(Expression 14)
(P/V)095: 773.8 [(W/m3)0.95]
Vs067: 0.0871 [(m/sec)67]

25 KLA (=(P/V)0-95Vs0.67): 67.4 [(W/m?)2.95- (m/sec).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
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-the anobunt of aeration and the agitation rotational speed were gradually

i ncreased until the maxi num aeration anmount was 240 nB8/hr (air flow rate
(=Vs): 0.0262 nmisec) and the nmaxi mum agitation power (=P/V) was 1098 20
WnB, by hour 48 of the culture. Values of the paraneters at the high
aeration-agitation |level were calculated as follows. (Expression 14)
(P/IV)0.95: 773.8 [(WnB)0.95] Vso.67: 0.0871 [(msec)9.67] 25 KLA
(=(P/'V)0.95Vs0.67): 67.4 [(WnB)0.95 (msec)0.67] The main culture was
performed for 37 i LG . j rong the
culture. As a ré&ﬁ#ﬁﬂ*f@gﬁﬁ%@?ﬂ%ﬂg?&%’r?ﬁ%g%ﬁ@g‘é%{g}fﬁlﬁgshg_ 0 g/L
at the endngfortantt role.as3) nhikBET RivudiSAR ANt DrAl cdBpstndly.g0ratof
arachi doni ¢, aci d, which particularly plays an inportant role as a nutrient
for suckl igH§: iabe-Arfeataiging areskidonit peidgas 7 apustitusntsfattst ecyd, ot heni ng
ar achi doni |.ch as stituyent, faft cid,, can be .efficientl d
stably pr Oegﬁgggﬁ}’ﬁ%?g?%a&prpﬁ C%e?@h%ef%ﬁem? Bresent jaxenfion iy eful

pr oducti orfpef VerB6RS, of h jC j £ oods. figed

phar maceut i caII'k,~:¥,ij andgfﬁheofi Ede@\e)\h%gcéﬁ C(r}lrl:ltreg?ﬁtﬁéese rra%éenr%i a so.dSQG fﬁ@fksr IS
CLAI MED | $harmatentihlsdanfl thalltkerwhighaonitginodrega m starzdfnabl e of produci ng
at least any one of a highly unsaturated fatty acid or a conpound
containing a highly 5 unsaturated fatty acid as a constituent fatty acid
in a culture mediumcontaining at |east a carbon source and a nitrogen
source, using an aeration-agitation culture device capable of adjusting
and controlling an agitation power and an aeration anount, the nethod
conprising the steps of perform ng nmechanical agitation for a predeterm ned
time after start 10 of culture, where the agitation power per unit liquid
anount is 269 (Wn8) or
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| ess; and after the predeternined time has passed, adjusting and _
controlling at |least any one of the maxi mum aeration anmpunt and a maxi mum
power required for agitation to a range which satisfies that KLA _
(=(PI'V)0.95Vs0.67) is 15 59 or nore, an air flow rate parameter Vs0.67 is
0.075 or nore, and a required agitation power paranmeter (P/V)0.95 is 203
or nore, where P represents power required for agitation (W, V represents
a liquid anount (nB), and Vs represents an air flowrate (msec). 20 2.

The net hoWPrIgi(ggquE%%m 1, wherein the highly unsaturated fatty acid

I s arachi doni ¢ aci d: e nmet hod according to claim1, wherein the

m croorganismis of the genus Mrtierella, subgenus Mrtierella. 25 4. The
met hod according to any one of clains 1 to 3, wherein the predeterm ned
tinme is prlef ek apithod »fcoltpsingounscrd®¥ganism capable of producing at least any

one of a highly unsaturated fatty acid or a compound containing a highly

5 unsaturated fatty acid as a constituent fatty acid in a culture medium

containing at least a carbom source and a nitrogen source, using an

aeration-agitation 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

10 of culture, where the agitation power per unit liquid amount is 269 (W/m3) 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)0.95Vg0.67) ig

15 59 or more, an air flow rate parameter Vs%67 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 liquid amount (m3, and Vs

represents an air flow rate (m/sec).

20 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.

‘25
4. The method according to any one of claims 1 to 3, wherein the

predetermined time is preferably 12 to 24 hours.
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