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met hod for production of a nic[ngqJ bi omass whi ch
i ncl udes m croorgani snms that produce conpounds

conprising pol yunsaturated fatty acids as constituent

fatty acids, crude oils and/mmsariudgphosphol i pi ds

obt ai ned by extraction fromthe biomass, and refined

fats and oils and/or refined phospholi pids obtai ned by
feflnlMgTHthEGRCPDQEUNBA$URHHEDYFATﬂﬁeA@hDSBRODUDTﬂGN USING
as well as to foqgd
nutritional supplknﬂn : EE&Hﬁ&QUE

phar maceuti cal s which |ncorporate the blonass and fats
or oils,(crude_gi and/or refined oils) and/or
phosgﬁgbééﬁéi—gésgée phosphol i pi ds and/ or refined
phosphol i fhdspresBatkgnuendisnt r8lesgat hesasmethod for
pol ygggg&;&&%ﬁd okaLL iBChAS. ( N ghoal! ok 8NDE AY Aled

hufaRs occurs representative
serlmscrphégaﬁlémé ﬁba§epI@§uGﬁh§P@P@Mﬁ@Er@@@Hrésﬁﬁ@

nu”b$BlgunEQ%u§§E€8nf@%@9]Q@YHanEh@oﬁbf§€ugﬁﬁbk§tt¥ acids,

nting fromth roug of the f
aci d)cruﬁlﬁdollﬁst ﬁ@def§§ecéfldﬁ/op¥18§990 ¢pyes PeFaé;aaﬁpw

l'i nokeieaaehdn( ¥80d Whk: bSomaBYer had E@fgneﬁlﬂltgnaﬁd oils

acid (18:3 nolen| acid (
aracﬁ%@éﬁFcrSéFHeFZ@hQSRg?Eéﬁadﬁ 7z Ealﬁgdléy re 1n§hg of the

docosgapeaat agnei andgiod ezads phbspbylﬁpmdateds well as to
FES?&§r§%;§%8 %gggéggn c ragg89?8t5ﬁ9r1§hgh£g %%gp%ements,

I noleni C
w3 ) ansmednfertied and ghaomapentaeﬁ¢Sthlch incorporate the

biomass and fats or oils (crude oils and/or refined oils)
and/or phospholipids (crude phospholipids and/or refined
phospholipids).

Background Art

Biosynthesis of polyunsaturated fatty acids

(hereinafter abbreviated as "PUFA") in humans occurs for

two representative series, the ®3 and w6 series (where ®
represents the number of the carbon atom having the first

double bond, counting from the methyl group end of the
fatty acid), and in the case of w6 fatty acids, for
example, linoleic acid (18:2 ®w6) is converted to y-
linolenic acid (18:3 ®6), dihomo-y-linolenic acid (20:3
06), arachidonic acid (20:4 ®w6) and 4,7,10,13,16-
docosapentaenoic acid (22:5 w6), by repeated desaturation
and carbon chain elongation.

Similarly, in the case of o3 fatty acids, a-
linolenic acid (18:3 ®w3) is converted to eicosapentaenoic

acid (20:5 w3), 7,10,13,16,19-docosapentaenoic acid (22:5



acid (20:5 w3), 7 ,10, 13, 16, 19-docosapentaenoic
acid (22:5C&3) and 4 , 7 ,10, 13, 16,

wa2e@meemapent aenoi ¢ acid (22:6 w3 ) , by repeRCedP2005/014960
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desaturati on and carbon chain Ingthenlng The co3
PUFAs ei cosapent aenoi c acid (hereinafter, "EPA") and
docosapentaenoic acid (hereinafter, "DHA") in

Part?gvlahdaﬂf7kmown3tQeﬂaged?uaga Eﬁtahmaualagnaakzz 6 ®3),
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effects, and various at have been made
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AWaCBhQ@QbésaﬁudhCQBShthétagcaQEb@Xsnahelyhieﬁboélsher

fatty acid co f t h th
Sk ERIPeRRALE gt L2l L9705, BHERGBE L MBorcoment

conpesiktosal andt varabushetpeosphohépedseén hadanto utilize

bl 11% hid i
aci 0-08%, tbcBLADINFAORGLE Rcr 1), “Aei BaC R g Leh  Foods.
StrUHbWEHbr¢OﬁbenphwsabloghbaheﬁbnahespsipchHFABbgthgr than

to nodul ating nenbrane f and erfor varlous
net a@gl t¥PEEnd EPEHs 35 4 @“r?fo&ig) 1% A<E p]1 nyithg Ler the
| npostiBAtctOobE astandipeact precursor of

prostaglagglnﬁ dRecentlﬁrtgg gﬁtgg Q@g #?ﬁgé%%9chg% of

as a nurs |en
fattyhacfdtby enddgenmpgneahnabfnmuuslmhrghnéxhushtas the

neur g ﬁgbgeghﬁeﬁa%e&Z f%&aggbﬂgoey'tﬂeneakxgege&dand

anan ave been I ngésti on of
| i nokempogéitdonpéh rh¢d@s ofe &g PboﬁﬁépﬂlEéﬁ§eF§|6HmF8 blood

arachi;denkcC jagkdi byt cSihkge,t he EEB@EE@@&tQ&nbE@ acid, 3%
enzynmes involved inits blosynthe3|s are re %ced in

pat i BRESSAPERLABOPE CdipSdddesapfl @5 @ major structural

component of cell membranes, it contributes to modulating
membrane fluidity and perfotms various metabolic
functions in the body, while also playing an important
role as a direct precursor of prostaglandins. Recently
the roles of arachidonic acid as a nursing ‘infant
nutrient and as a constituent fatty acid of endogenous
cannabinoids which exhibit neurergic effects (2-
arachidonoyl monoglycerol and anandamide) have been
noted. Normally, ingestion of linoleic acid-rich foods
leads to their conversion to arachidonic acid, but since
the functions of the enzymes involved in its biosynthesis
are reduced in patients with adult diseases or
preliminary conditions as well as in infants and the
elderly, such individuals tend to be deficient in
arachidonic acid; it has therefore been desirable to
provide means for its direct ingestion in the form of a

constituent fatty acid of fats or oils (triglycerides).
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provide nmeans for its direct ing% stion in the form of
a constituent fatty acid of fats~or oils
(triglycerides) .Although fish oils are abundant

sources OElQH%uBHFéﬁsﬁu6ﬁl§sa§gAaEﬁHdQH6 sWarEYEASE »3 PUFAs

such as g-linol énic acid, dihonmo- g-linolenic acid,
ar ackidbnee &fPAdaaddDdA, ®O6, PmﬁAslsuch as \ llnolenlc acid,
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consti tuent fatt aci d é ereinafter. referred to as
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f er meghiatken ahdnkﬁégaﬁgaalsassaaﬁdnaauscaampahglngedUFAs as
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at the current tlng For E
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araCthFﬂFQoﬁtadna&gafemﬁshnduem&sﬂatbbta¢ndd by fermentation

(herelnafter referred to as %rachlggﬁ& used at the current
curtu

aci do€oMt§F ARG PACSaRG S olPEx CRY™ reng o

vari auseni cFoar gxninpie, capabbdsohapeotgenngroposed for

?Lacg%qgghgngckgkgoﬁkﬂ.%Eﬂg EeRﬁrQQQng'5%ach&?bﬁ1%n9@9d as a
at Sand oil's havin
arachpdehu@u&@ﬁdf@@ﬁytapaﬁuﬁgeﬁﬁénﬁétﬁy seferpept conas

(herebQQEhgﬁohg e%%%@—%%nﬁﬁl apgchibdanheagaekdsry chy culturing
fats and ') can be obtained by usin

n10r@§r§éﬁ#§ﬁ§ @épéﬁ@#ﬂ@nﬂamﬁhéagéﬁ&§ w%rPFeﬂépﬁag
(Japargsa i dogxamared-Baheat nPull iFadki ehdSHOLBO.

63- 44891, ] u Pat bl i cat
No. 63 12330) 2 PRVFGEGAL J8aPeonanBiof (RE.BdaaniraD

yseSpQBpa&adbmd@ﬁl@ra@mddbalbnathd bbabdlobtmugsthg fatty
i nfant .nutri E or exa |f|%aIL

use 6F* rE@ﬁl&gﬁlc 55@&@8 Fﬁgefgt &RdS5i Iéracgldonlc
obt arced- hycheﬁmmmtam@omluu"moaah|@@ whitk ihgs bgensing

intr%ﬂ%%%@rg@%%s%%f%&h%n%&ng to the genus Mortierella

(Japanese Unexamined Patent Publication SHO No. 63-44891,
Japanese Unexamined Patent Publication SHO No. 63-12290).
In recent years, one of the essential uses of arachidonic
acid is in the field of nursing infant nutrition, for
example, and specifically the use of arachidonic acid-
containing fats and oils obtained by fermentation in
modified milk has been introduced. New effects of
arachidonic acid-containing fats and oils have also been
demonstrated (Japanese Unexamined Patent Publication No.
2003-48831: Composition with prophylactic or ameliorative
effect on symptoms and conditions associated with brain
function impairment), and these are expected to be in
high demand in the future.

Fats and oils obtained by culturing of Mortierella
microorganisms largely consist of triglycerides

(approximately 70% or greater) and phospholipids. The
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weoéuahlsioaetz on No. 2003-48831: Conposition with PCT/JP2005/014960

10

15

20

25

30

35

prophylactic or ameliorative effgct on synptoms and

condi tions associated with brain function inpairment)

, and these are expected to be in high demand in the

f ut us@ibFat Satsdand| sibbtaieeth byheufexmiag figlycerides,
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fro n r X t f
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deoxi dafi on, rlzatlon decol ori zi n

reflﬂéaaﬁﬁt§e§ﬁ8e Fethi ARd PheS pﬂbgﬂﬁog%% %hos flplds'
PUFA'ContShﬁbégPﬁaAScaﬁdamnhsgobaaBneddbyltalDhtangedfby

Mortiecella mcro ni.s c
o LSS B2 oY AL S SR Lo P heEemutace in
concﬁyphaébonuﬂmummngemsetthe yaetdedfoﬂheto a higher

PUFAcont ai ni.n ts a eC e, <f -
ey ERBERRELAY LA $oT ML oPERe oYL EREPOL he PUEA
PUFAconnaamnnggfﬁas and @nﬂSyp@FdCHéFuéabtépé chFﬁésed

pr od Il t th
PUFA?E%ﬂ?@yL?% %?atf%??BQQ @BHQEtQBQ @he PUFA contalnlng

ent per, h % $
t her a6r enfe®d sé@?lﬁopﬁﬁcF€é§€rﬁoﬁﬁ the E uct of the cell

concephkahiren taks the PUHEAPCEAt-abhiadnfiat/ dek/cobt enhtent per
per cell. The cell SEFentratlon can bhe mcreaseQSgyboth the

rai sFRg Ly heoriderier o L8F St RECREAREH Ot FOgER

sour ge.l 1Wiogilt dnS: raay:i el bmdcmhee@ﬂ@ﬂ—ton¢ehh1ng fat/oil

Conpog%%%nt per cell. The cell concentration can be
increased by raising the concentration of the medium
nitrogen source, which is normally converted to cell
components.

The PUFA-containing fat/oil content per cell can
only be increased by satisfactorily controlling the cell
morphology and by carrying out the culturing with an
adequate oxygen supply. Methods reported for controlling
the cell morphology include optimization of the medium
salt composition (Japanese Domestic Re-publication No.
98/029558), while methods of supplying oxygen include
pressurized culturing methods and oxygen enriched aerobic
culturing methods (Japanese Unexamined Patent Publication
HEI No. 06-153970). However, since these methods are
affected by slight differences in the culturing
conditions, it is not easy to ensure reproducibility of
culturing and as a result, stable production output has

not been possible to achieve.
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adequat e oxygen supply. Methods reported for
controlling the cell norphol ogy i"nclude optim zation
of the nmedium salt conposition (Japanese Donestic

Re- publ i cadtent Ndoc@Bé029b58Japattse Predkmabned Patent

supp i.ncl ude, pr i zed cul turing methods
and Eﬁ%ggﬁ ﬁ%g ﬁ%@ %%ro%?cggﬁgiuring nethodsg
(JapanesePbhexanioedn®at ent Papinest i GmeHErimNed Patent
06-1 ra-Sipge e met hods are affected
by sﬁggﬁgéét% er§%§e§o|n8§h%£%§§turlng conditions, it
i s not eagyteotedsgumemép3od@@P@m$$¢yU@¢X®@1m%¢lB@t%%ﬁ
as aphBybheishafbe poduesgen output has not been
p053| e to achi eve. Patent docunent 1 : anese
Unexani ne8aPapEndoPubentat i oA BRIERD. Dg@ea 89 1Rpap@pt ication
docuggntgg/ozggggnese Unexam ned Patent Publication
SHO No. 63-12290 Patent docunent 3 : Japanese
Unexami ne82P8REnfOoPEBEREaP i oieRB1E2D 0% %%@in?%t%ﬁYent
docupgpt idatdapanesendonestis3reopubl i cation No.
98/ 029558 Patent docunent 5 : Japanese Unexam ned
Pat ent Publication HEI No. 06-153970 Di scl osure of the
Ipventbomoﬁhms,oEnthedEnventEnsure stabl e production
of PUFAcoptal ning f a o] ' [
R R e
r epr cdutkbnlingy fetscahtueihg. bThleFQQQQ@nlﬁméntétsls highly
Condagg§ggggg' 98NLeFESEA EMn0BnbRCELR Lhabp gHbL U I N

€ con Ions a e cultured cell growth
phaséeﬁmpdﬁglbﬂéaﬁytPéncé tpYEAgent ai ni ng

The present inventors conducted diligent research on

the initial culturing stage conditions affecting the
cultured cell growth phase during production of PUFA-
containing fats and oils (triglycerides) and/or PUFA-
containing phospholipids by culturing of microorganisms,
and as a result discovered that by improving the

~ transplanting conditions for hyphae or spores from
previous steps, it is possible to increase the
reproducibility of culturing and to achieve stable
production of PUFA-containing fats and oils
(triglycerides) and/or PUFA-containing phospholipids.

According to the invention, therefore, there is

provided a method for production of PUFA-containing fats
and oils (triglycerides) and/or PUFA-containing
phospholipids and/or PUFA-containing cells is based on
improved reproducibility of culturing and stable
production of PUFA-containing fats and oils
(triglycerides) and/or PUFA-containing phospholipids, the
method being characterized by improving the transplanting
conditions for hyphae or spores from previous steps.

Specifically, the present invention provides a



fats and oils (triglycerides) and/or PUFAcontai ni ng
phosphol i pids by culturing of mcroorgani sns, and as a
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condi tions for hyphae or spores from previous steps,

it is possible to increase the reproducibility of
culturing and to achi eve stabl e production of
PUFAn@’olmdbai fibngp f et sraatdi @i | sf (rdgdgmosan ides) capdloke of

PUFA- cont hosph Al

i nvelit THR>+ Legﬁ$%?%gl$%ere & éﬁ%ﬁ%ﬁe zéé&é%?%y acids or
?roduompounds ébﬁ@@:@nmajp@l@pﬁ%ﬁ%ﬁ@ﬁﬁ?@nf%ﬁty aCldS as

tri i Di

o) SPREELRTERY BOCEOTa IR, PG At PRSP Lo o0

repr oduci ba) i fgroingusPerenglamn %@%&ﬁ?ﬁ?ﬁ%&ﬁ&tm%ﬁﬂ%ﬁ at pH

PUFA, cen t n
PERCTILELELRRiAgLE RAROLE SolLsYean estngnihoraanic

char aglesi 28d BYCFRAPFEIEMY t he transpl anting

condi ti ongpf 05y BYBRAENGT tBROEESrEE OBb PAENVEQUSEN S{&PSabove in
Specifically, the present |nve£t|on grOV|des ane
C

t hod
for BEB%&LVAEFoWebPYni F oBFGRhTS %5%¥ec%?talnlng a
m cr ghirahcpapdushdporoinpobytbsasal as eto fatéyanei @dsspore

conpounds _conpri si ng l yunsat ur at f acid o
cons?PFE@HFlggtt?nac?gg}xah?cﬁrﬁ%?ﬁgaegéé%?i%Ess_?§§ to
fornpmgpspereSCryoprspereiﬁgrapngenedSQﬁmatonFIand

oo 1, DU R 2L L0000 Cocpensicn

salts and sus din
obt abpedinBd( an ab())vebbnesaerbétwednvval@ﬁ% and -20°C.

nor gani ¢ 12aRPe°t BopPEpar BUg Lh0F SRt EpALr nT g Rr SFeTaP Ly

i nor gani ¢ sUSpensIon
addlbgeao@rmomeoﬁeotganlat551159$ebepteﬁafé0m the group
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the cryopreserving spore suspension obtai ned
abovehaspbeteeenagnesdomasyliabe, potassium chlorlde and iron

(I) sulfate, and the spore-forming medium is preferably a
Czapek agar medium or Czapek-Dox agar medium adjusted to
a pH of 4-7.

The cryoprotectant used for this method is
preferably glycerin.

Examples of polyunsaturated fatty acids or compounds
comprising polyunsaturated fatty acids as constituent
fatty acids include triglycerides comprising
polyunsaturated fatty acids as constituent fatty acids
and phospholipids comprising polyunsaturated fatty acids
as constituent fatty acids, where the polyunsaturated

fatty acids are preferably ®6 unsaturated fatty acids, ®3

polyunsaturated fatty acids or ©9 polyunsaturated fatty
acids, or combinations thereof.

The aforementioned ®6 unsaturated fatty acids are
preferably 9,12-octadecadienoic acid (linoleic acid)
18:20w6, 6,9,12-octadecatrienoic acid (y-linolenic acid)

18:3w6, 8,11,14-eicosatrienoic acid (dihomo-y-linolenic



In this method, the inorganic salts are preferably one

or nore inorganic salts selected fromthe group
woanwsigéiong of sodiumnitrate, di potassi um hydrPogar005/014960

phosphat e, magnesi um sul f ate, potﬁ55|untchlor|de and

iron (1) sulfate, and the spore-florm ng nmediumis

preferably a Czapek agar nedi um or Czapek-Dox agar
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used for this nethod i's preferably glycerin. Exanples
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polyuns rate fatty constituent fatty aci.

el BG83 Ao GRerRads TedRsnoe 16 BoP T aREALarRCes Aiph 22: 506-
acids as QQ@SbEb%%ﬁbnE@bhﬁdaQBd&n@@@u@@@%ﬁh@bkﬁwd&c1ds are
conpri si ng golyunsaturated fatty acids as constituent

5 f at t pradiedeblwh8r 82t RE-poitpdasatuianedct afig derdsnglenic
prefeﬁggvﬁﬂgﬁé @@a%yrag_d fat%%a %bg%etwgen01c ac&d

pol y& ﬁatfy 48 SF S S5y GRSAC I afs

f att y s&dela@s dodhi cCagbidnatiigena3t heneals, 1Theicosatrienoic acid
af orenenti oned w6 unsat ur at ed fatty aC|ds are
pr ef ddbiopoga-iingdeadec agilenorl :aeid Erildelléird aci d)

18 2 posiretTaphti CLRIACbLEN0! § 800 0d) ol ent ¢

aci d) ei cosatri eénoi'c acid
10 (di hefeogabenthenodacad)d2@03%63, 5,10813116,19-
14-ei cosatetraenoi ¢ aci d arachldonlc aC|g) §0:4wq, 7
10 df@OS@@B@&@@@@ﬂ@tﬁgéﬁoﬁé 2653 ©22 4avip 10r 14 19, 190
Ldacosanentaenaic aohd cga Su6 . The
aforenent|one unsaturated fatty acids are
pref er abl fhe afbd2emehtdonadecdt tnsadiugadeidd fatty acids are
(a-1inol eni ¢ _acid)

15. oBERdETALINT éeﬁouoc?t&gé&a(js‘FQQrLFdé‘ﬁFg 487 4°°1884dd ",

15 11, %{co%édﬁb%%ﬁ%t%bﬁﬂpQ@ @%93o&dEh@”Qlaéﬂdﬁﬁdﬂﬂﬂén01c acid
aci d , 11,14, 17- elcosatetraen0|c aci d

20: 4W®ead5a8lﬁ1 2¢ B¢ﬁ>e|cosapentaen0|c acid 20:5w3 ,
7,10, 13, 1@h%9mlcroorganlsm used for the method described

above is preferably one belonging to the genus
Mortierella, such as Mortierella alpina.

20 The present invention relates to a method for
production of polyunsaturated fatty acids or compounds
comprising polyunsaturated fatty acids as constituent
fatty acids, characterized by using microorganisms

preserved by the method described above.

25
Best Mode for Carrying Out the Invention
More specifically, one of the features of time-
dependent change of Mortierella filamentous fungi in
liquid culture is increase in cellular mass by cell
30 proliferation (cell growth stage). Intracellular

accumulation of PUFA-containing fats and oils increases

after the increase in cellular mass has essentially

ceased (fat/oil accumulation stage), eventually resulting

in abundant intracellular accumulation of PUFA-containing

35 fats and oils. The present inventors have already
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, 9-oct adecadi enoic acid 18:2w9 _, ,8,11- ei cosadi enoi c
acid 20:2w9 or 5,8 ,11-eicosatrienoic acid (Mad
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A s R R

accupmbaénbnlsVagéo¢3 cBndsetedBdbbhgent8¥eﬂ8§rch9ﬂthh led
(1999)) ¢yt Fp@éaggggmmeg t80 thahobhencehl ABERBA!RAY -

is essentia uring the cell  growt
phas@aj@MggééﬁpﬁgoﬂhéhéxﬁﬁéﬁétﬁnﬁérFﬁﬁEEergsé?gl hgat

and ﬁﬁB@@bEHgtEﬁe'@EEh@blﬁHEiH@'ﬁgtﬁgadtbh@5§butes

However, even % _
51gn1flcantly o improving the productivity of PUFA
containing fats and oils.

In order to obtain compounds comprising
polyunsaturated fatty acids as constituent fatty acids
(PUFA-containing fats and oils and/or PUFA-containing
phospholipids) by liquid culturing of microorganisms, a
small amount of cells of the preserved strain are first
seeded in the culture solution and allowed to proliferate
(first seed culturing stage). Next, scaling-up is
accomplished by successive transfer to large-volume
media, and the main culturing is the final step of
culturing in which the microbial mass is recovered to
obtain the PUFA-containing fats and oils. The seed
culturing is the culturing at each stage during scaling-
up by successive subculturing.

Known methods of preserving cells include methods

wherein cells cultured on agar slant medium are preserved
in a 5°C refrigerator or a -20°C freezer, methods wherein
a filamentous fungal spore suspension is preserved in a

5°C refrigerator, methods wherein a cryoprotectant is



it appears to be inportant to set and manage the
initial culturing conditions, no published reports can
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culturing conditions, and particuylarly the
transpl anting conditions for hyphaée or spores.
Focusing on this aspect, the present inventors

condgghed ghbi gpat ceessaneh yhisorved 10 4 heighseovetyogen
that the transplanting nmethod has a major effect on

the FesaFes of ehl 80r PAGLANEOY hBEMPHHR BYT ROt heetween —150°C
trans Ian it [ t
rorSRast PR TELIRLE Ol D GRS AN g presess

0|Iscekhsoadersomlobuétnredn@n@nd51@@npam@|mgthods wherein

p°'ygg%%EugééeErégE&¥d§959 28 f@g§£¢éyﬁ Laf pbfi¥RS BSgaku no

(PUFA-containin ats an an PUFA- cont al nI ng
phosﬁhapubF@gﬁa@yntﬁéa.afcﬂﬁrmenh@tb@nnﬁ@@e@?@ahnghs (1988),

a S"EEEnQﬂQHQH g, eghhsatl, the presesvedostiahledis
first seeded in the cuiture solution and allowed to

prol PRetaERELPNPst U3BBE) cul turing stage) . Next,
scal i ng-up1 k8, aﬂﬂ@ﬂﬁthiﬁ@ﬁgb&u§ﬂﬁ§§§SEM§ Bi@ﬁé&ﬁﬁol@gy and

| | h
ffagﬁnéﬁégﬁgf”E%p?mr,nsdﬁagaﬂﬁéﬂ e HhnPdpi Gevifa s ia. Belt,
reCOX@éSQmE@ phkakn Eeﬁﬁgygé\ COPAI gk F AL 151 M h10id Sslant,

The seed culturing e culturing _at each stage
duruﬁgqgéélnheasgﬁy §E6éé§§?§é°§u%€ﬁl?ﬁ??ﬁ@ dkﬁ%ﬁn

met hgdssetvREesar ¥hAdsahhheikas! tHe getbets vhegsgiWival rates
cells cultured on, agar sl ant ned|unkare [ese

Soc FefrpEeracsLvsEahadpatnerEes o horarALEE FHorat R Bevort,

filapephgUs Byngagnﬁpﬁkéséy%aeméhoatIszpneqﬁfawxhértﬁb most
50C refrlgerator ods wherein a cr §Brotectan

|sadaeala acEREYCERFYINPe pRESEr9BE PROGUPF4YGY maintenance

nitregenpsfreezer or at an ultra |ow tenperature of
2?:?ﬁ82n_150 g&gg%ﬁéégﬁggﬁgggétggem%ggorkqgeaches that it is

difficult to stably maintain the cells in a live, pure
state, and that although no method exists which can be
broadly applied to all filamentous fungi, preservation in
liquid nitrogen may be considered ideal (ibid, p.105). A
list of examples of using various cryoprotectants is also
given, and all of the prior art techniques are
combinations of liquid nitrogen preservation or freeze-
drying (ibid, p.118, Table 4). Since the boiling point
of liquid nitrogen at 1 atmospheric pressure is -195.8°C.,

the temperature in the liquid nitrogen storage tube is

kept at about -196°C.

For filamentous fungi of the genus Mortierella, the
preservation method and method of transfer to seed
culture used is slant refrigerating preservation on
Czapek agar medium, in an article by the present
inventors (J. Am. 0il Chem. Soc., 75:1501-1505(1998)).
In an article by Park et al. (Biotechnol. Bioprocess
Eng., 6:161-166(2001)), the method employed involves



cells are soil cultured and dried, and nmethods wherein
cells are freeze-dried and refrigerated ("Hakko Kogaku
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(1988), translated by Ishizaki, F ., Center for

Academ c Publications, Japan) . & so, "Maintaining

cul tures for Biot echnol ogy and I ndustry (1996)

edi t;eﬁe@raltl&l o Huntsyor@warspeh o on Bel t10°Asaderis¢nl by agar

Press, comp - 20 reservat.i on at- i qui d

ni t rsgERh %Laér?ii/a?rf‘%@ FodZix ?Cf e prngés%'r%}%t i on
anddsummlm szngheo@ftﬂm:tm;rmr sty vzdngates sgiding and
producti vit e e

et HERag n %I M SIRIEES r%éa‘cfc% dd}{kgo r%‘éﬂf dﬁp&{flng, the

preservati on at provi
nostpsasest aJ:m‘mlytcsm valet fegusedimh pradudtiigencly

e nlt%?%ac %(g E}ﬁ lm}f&%ar{é%fl cﬁgyﬁ P on, b

repor t to stably maintain
t he bekdsbymf@ed:t&eth%ulﬂél’%%%& Sukipgringt A% Uit It

?Ethﬁgse&i§&§v¥9é&htﬁ§@ beandrsd! yr apidigg 4 c@ydprotectant

| amentous fungi, preservation in liquid nitrogen may
be cang i deesdry teal tlie brixtpre 1@6)beveert— b0 6 ams e20°C is

ué#??ﬁ¥f@é°§§ grﬁgﬁrﬂﬁ€ﬁ$@nﬁ§sﬁ§né%ka&hv§ibn@ﬂd

rior art tec ues are combi nati ons of
I i thueﬁerV@’gleanrbS@W@tﬁlb‘ﬁr%‘He%r%@%%%l?WTﬂJgoré|‘PJ]Fdfr%eze—

118dr§§9&ewﬂlchshg§§ %@@nbﬁéﬁbﬁﬂe@oiﬁtp@ioflI&%é&ature,
ni trogen at at nDSE(Perl C ﬁr essure I s

t enperaiare mﬂthﬁ@ Hubge §f+%%e%xg?%}%@E §%%Ee guspen31ons
keptyat abedt 3id8ob&re&or fil anentous fungi of the

genue MorpLerelL g, oL hecProor N2l PO TR oA 806 IF BoChrovice

r ef ri gReahbagfprepesdatt bon oof (Rapkkcaygbainkng ufgts nand oils

ggcarggligﬁfgféggfﬁ é??grlEﬁﬁﬂt853t££n1€€1pﬁ%gpﬁgffblds
and/or PUFA-containing cells, whereby PUFA-containing
fats and oils (triglycerides) and/or PUFA-containing
phospholipids are produced in a stable manner with
improved reproducibility of culturing, the method being
characterized by transferring and culturing cells
preserved by a novel preserved cell preparation method
and preservation method.

The present invention relates to production of
compounds comprising polyunsaturated fatty acids as
constituent fatty acids (fats and oils (triglycerides)
and/or phospholipids) and to a method for production of
microbial cells which produce the compounds (fats and
oils (triglycerides) and/or phospholipids), by transfer
and culturing of cells preserved by a novel preserved
cell preparation method and preservation method.

Thus, culturing of a microorganism capable of
producing compounds comprising polyunsaturated fatty
acids as constituent fatty acids (fats/oils
(triglycerides) and/or phospholipids) is essential. The

microorganism referred to here is preferably a



In an article by Park et al. (Biotechnol. Bioprocess
Eng., 6:161-166(2001)), the nethod enpl oyed
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spores/ nL by agar nedium slant _and transfer thereof to
medium In light of the major inportance of setting

and managi ng the conditions for the initial culturing,

t he ﬁﬁ@ﬁ@@&gbﬁﬁ@nﬁ@h&calpmoﬁoeesedtomeand dnki ggpel p£
researched the inportance of cell preservation i ch

| i kePPIyPSetSrened Apttyl agdlt SFPE‘g?mﬂggamﬁegaﬁg}m?ﬁturated
was @a%eqvelcadist hakriagheshed efcaddirnguaber of carbon and
cryoprotectant and preserving the m xture at between

- 100thawe oxomors eprbdei Pengs  adfeRokeREd teirstefcfatty

fromglit HRKASES 13t bengrkh@drd nihbe®ger Phes8hVahtORwo or
or freezedryi ng which have been reported in prior

i t emaner elouitiel éoadwerhdd Mopodyapacitig adrdelfipéhty acids
spor a§H§§FQ%'%&Sngétgksﬁuﬁb%goﬁgr%Qrbbh hgda@hQQEeSE more
of the present invention to provide a nethod for ,

pr odderidie SorperA2oivhgl ARIQLf sPesaAguentsfatty acid of the
(tri %lrxigqyc%%%)de%n%%f/ow o&Phbalipiag . phosphol i pi ds

and/ or PUFA-contai ning cells, whereby PUFA-cont ai ni ng

fats and &isl 9§ malgiysetivdedrcarf@/itsy RPULAScdavangi A§ or
Phosgﬁﬁ%?ﬂgrd§nﬁﬁ§érp5%d%%%%ohna Stablke BRNRSkeWibible bonds
i mproved reproduci bility of culturing, the nethod

bei nghehar actye ez ednity onedngf einohgnandacudit Ubi Hgl2-

cells preserved by .a novel preserved cell. preparation

ot hG TEREGH-ECERPAE] G bt hod MO Tt SRBhERT ventf ohe - 11/ 14-
r e: ate&%ddétﬁfi@dém?td eriaf) ,carpehidendaenpriisi (§, 8,11, 14-

pol yunsat ur.at e at.ty acids as.consti.tuent f ' .
(f at S HaT e @RS Foari dedy *ond érl%ﬁﬁgé?p? %ltt%ﬂfg%‘gic acid
and t(@2a ameidochfdDEN@AIUC i DN Of1 3V Id-ai @ sap@disenoic acid),
whi ch produce the conpounds (fats and Qils

(tri Gisy&s irflsyureid B tskb SR ficdds)s haying difspdr greater

number of carbon and two or more double bonds there may

be mentioned 6, 9-octadecadienoic acid, 8,ll-eicosadienoic

acid and Mead acid (5,8,1ll-eicosatrienoic acid), and as

®3 polyunsaturated fatty acids having 18 or greater

number of carbon and three or more double bonds there may
be mentioned a-linolenic acid (9,12,15-octadecatrienoic
acid), 6,9,12,15~octadecatetraenoic acid (18:4w3),
8,11,14,17-eicosatetraenoic acid (20:4®w3), EPA

(5,8,11,14,17-eicosapentaenoic acid), DPA®3
(7,10,13,16,19-docosapentaenoic acid) and DHA
(4,7,10,13,16,19-docosahexaenoic acid).

According to the invention, therefore, any
microorganism may be used which can produce a compound
comprising a polyunsaturated fatty acid as a constituent
fatty acid (fat/oil (triglyceride) and/or phospholipid).
As examples of microorganisms capable of producing oils
and fats (triglycerides) containing arachidonic acid as a

constituent fatty acid there may be mentioned fungi



and culturing of cells preserved by a novel preserved
cell preparation nethod and preservation nethod. Thus,
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compounds conpri si ng polyunsaturfﬁed fatty acids as
constituent fatty acids (fats/oifs (triglycerides)

and/ or phospholipids) is essential. The m croorgani sm
r ef epe@dntadnbere tﬁepgeﬁerabMyraméremmagaﬁbsmdmbbomus,

prod c e of l. tu
e i o REr AR PhP R LY TR, VLR AL by wocor,
18 ofugeeduay ﬂapbegldﬂusarandandruﬁaeeEutomqphthora,

doubl ?%gg néggggby Haaggﬁgggg f,atty acids having 18

or greafe arbon an wo or nore doubl e
bonds andAwlepemplasaplr dvedifhelgnasndsthavhagoegusr

gr eapgr- tﬁgqggﬁa9fsﬁB&QQﬂsaﬁgrEEE§§195 nPB@rQOHlebe mentioned

onds, as maj or constituent fatty acid
tr.gwyééﬂﬁaéélanéﬂ@ﬁgaﬁéspMGFF5?a§llAseﬁsguar Mortierella

p0|y%@%@bﬁ%@ﬁﬁdaﬁatM%r@ﬁé@élhéVbﬂﬁlég 0rMQE§a§§é01f1cally,
nunber “of car bon and g E{‘%nnre doubl e bonds
[

may bEBSKENPRENEE @ePFhaPé cPHEEEDS, %Ertlerelia fongata
OCtadEQQBWO¢an@ta@kdﬂladeh@gna gFbBBOLeNivoratedel la

8, l i d
(5 ahyFroptidne stabERr senbf b 30 2€7189818488' froases,
16- damosaﬁeﬁﬁaenmcc3aeﬂm (R2CQ4ABP0aANGBBRNIL3B A, CBS224.37,
10, 43554 5?°°8§§§§§t%%”°b%ﬁ§55d¥2 aéB§§§9 ;12 CBS608.70,

nsaPura éd acid er

pol yu avi n
nunbéB8664GéBb0ﬂtand two or nore double bonds t here

may be nep g QQSQ es. 8f°ﬁ%égssgghﬁ99h égggblé of producing

, 11-ei cosa |en0| acid aci d
| 11- BHBoshErFeNaYcbachant ianadasiaBopspsuASAE UPal eaging to

fattihécb@%eBthﬁ%F%ﬁeebdghﬁahefTB%HB@bcﬁ&t@@ﬁﬁon and
three or, 'nore doubl e_honds there ma

a- | i AGPéFPERYETd Uftg, Uiﬁeﬂiszoeﬁaeeegmiéﬁaincaaa fplighthoros.
, 9, 12, pl13- o¢t adeeat straensi magcCbd £EGusvdd, wBthout any

11, 1%pe%£aﬁ'%%§%&§% ggggi roﬁlghgzgn %@%htgpébr Fermentation,
Osaka (IFO), American Type Culture Collection (ATCC) or
Centralbureau voor Schimmelcultures (CBS). There may
also be used the strains Mortierella alpina 1S-4 and
Mortierella elongata SAM0219 (FERM-P 8703) (FERM-BP
1239), isolated from soil by the research group for the
present invention.

For culturing of a strain to be used for the
invention, it is necessary to first prepare preserved
cells of the obtained strain. The method of preparing
the preserved cells involves first preparing a spore-
forming medium. The spore-forming medium is produced by
preparing a medium comprising some or all of the
following components: sodium nitrate, dipotassium
hydrogen phosphate, magnesium sulfate, potassium chloride
and iron (I) sulfate, with saccharides, and adjusting the
pH to the range of 4-7, and preferably 5-6.5. After

adding agar to the prepared medium and conducting heat



(5, 8,11, 14, 17-eicosapentaenoic acid), DPAW3 (7,
10, 13, 16, 19-docosapentaenoic acid) and DHA (4,7,
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the invention, therefore, any m.cyoorgani smmy be
used whi ch can produce a conpoun %gconprising a

pol yunsaturated fatty acid as a constituent fatty acid
(faté@ékliithﬂiyﬁﬁrtne)camﬁé@rS@hb$ph©Im$¢@)as Wge spore-

es. 0
ona Targi (e FEryEE: Lates TRSrerh ity BOGHE N Mok
as apaphstilaehy festyiated shelengrays bet meht ¢whdayphal
Egﬂ?é?g%g gégg E?ﬂ%gef9§ﬁ§§ rﬁﬁ@rf%lf% generally

t hor a, Pen|C|II|um
d adohpnacharlmedoby F@gangu@]pmsp@m@¢|¢gs4 -7 which is

RNodQLOEUL 3, EBLORBRPLNG ana ESbANOSPOT angi UM and

Sapro#egnla anples o bel ongi ng
genus NbrﬂSeﬁeBPQClﬁaﬁg@ﬁﬁgpkﬁrtg%?%?l%aytﬁ%r%e%%§o%%d a

ment fneaﬁqm'\/@bkh%shl Byelaeagﬁ Ay &@é&hgé@ibaa@xdg@a sulfuric
Mortierella h E L | a and rtlgrella alglna
e

specﬁ?ﬂéaFPyCZPH§ g2y BedhBERt {HnBhlt ARISPPaHET rafe, 1 g/L

PEE%?$§Skb§thﬁnﬂ HaohERBPHOspVate| e0ebl @/Bxingyaesium sulfate

Nbrtlere | a | FO594
Nor ¢ PEPEPISORPEPnals ECHaboBOoRTest Boeer 1T it ,9101 9/8 dron
ATCC4243@u1685%13eﬁ5ah§288224 330 GB5256c68arcBS343366/L

CBS527. 7
CESSLr, %, SSARLLE, (RSHROL 0 CESTRL e el che

thermayabebmeuﬁmbneded mﬁdﬂumrgéhaSﬁﬁdbeoﬁéﬁhggtbYﬁﬁ@Chlorlc
genera %QIg%ﬁ?gﬁgeughlghE@u59§E¥kLbH§1agar medium (2 g/L

Schi zoc ytrium nia, Japonochytrium and
Hal i phdhdrositARkesf 1t ﬁé§ed§pp5aﬁ§lﬁﬁtheraeaal pegsphate, 0.5

MAth%gh ﬁ%ﬁn%@%ﬁhaguﬂ§§ké|ﬁbyﬁﬁﬁyﬁkﬁﬂbthe Engl/it gbassium
for Fermentation

°
Col | €58REHEATEEP 1of Eoitral ) eat-se0r MEBEaRYTELE, 30 o/
SCh'GT@d%%%IUEQSgV@ngar yTheoe aggyist the pH to 6.0.

This method is used to prepare a slant medium or a
plate medium, and the hyphae or spores are inoculated
into the medium for solid culturing under aerobic

conditions. The culturing temperature is kept at 0-40°C,

preferably 10-35°C and more preferably 15-30°C for cell
growth and spore formation. The culturing temperature

may be changed during the course of culturing, and for

example, growth at 25°C may be followed by culturing at
5°C.

After confirming spore formation, sterilized water
is added to the solid cultured hyphae and the mixture is
agitated by an ordinary method to obtain a spore
suspension. There are no particular restrictions on the
additives in the added sterilized water, and instead of
purified water there may be used water containing added
surfactants, inorganic salts or the like, or prepared

saline may be used. The agitating method may involve



al so be used the strains Mrtierella alpina 1S-4 and
Mortierella el ongata SAMI219 (FERM P 8703) ( FERM BP
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the present invention. For culturjng of a strain to be
used for the invention, it is ﬁei%ssary to first
prepare preserved cells of the obtained strain. The
nEth@ﬂmpﬁepépp@ﬁbaglbheoﬂréﬁﬁéyﬁﬁlCE&fﬁeiﬂNOtN@SsélIGt

f d T
e G FETBRgatEatoby B epar PRGTaY s DAY CLrpr b RgELY to the
spnehgphaé!wmthtbestekhmmmeg boupbnent she sbikem
nitrate, t
Sulfate, PBPasESEE BhrBrhagsy Ber it fy SRIPE e ond
sacchaphdeswhanh adjgbtamgedhenptht@ naeneange efed-Fs the
and %8E95£Xog'g Conégfﬁtﬁgg'ngTﬁg r%gefggtlont tock

prep iRt and ucting heatsterilization
coo! edlublpd mayusédoabet Hélupedevbihi agenbii apd ThgeT OF

890f@1E9f51QQlH%Qanbbﬁt8951§?rghﬁﬁéé{éﬂt5e§£riﬁéﬁga§9c salts
gaS|t al | ows soreforrmtlon

but ipr|§rgéﬁéﬁﬁppy @ﬁaFQ@téFP%édPB?SﬁEVPFQO% BEPFAngRliution.

of 4Ngxﬁh|thk?oﬁﬁbtébkﬁnﬁoiSS§@ﬁ§dfﬂénﬂhéopreéeﬁvatlon stock
specific exa there ma

D SERAUEoRanATRE ATHPBEALBRLEh o8BS shrfbr PR SE Y
to Czapekiagas ﬁad&uﬁg(asg&t ssdaunbmmbnayeusédgbhe, and

di pot assi um hydr ho t
su T SPEZRoBENGr S08eT0oRCaPt BaraSSrRrERTof T dE, 260pY 20ax
g/ L pbwde¢b)feubﬂabevheptabydmatéMSGD glicsatuhainsejitol,

exa%%#l§g§5&l Egc%ngSt %EoneghkoaﬁgPthéséﬁﬂgtheﬁ% a specific

e fren um obt ar ned
add|ﬁgamydﬁocbﬂwpﬁélacméYObesaﬂﬂadlanéha @éyoprotectant to a

Czapgﬁggg lﬁgegnGQQh%gk&%ngek §@quﬂ1ehér§keseévgégon
sium hy

di pot'a m rogen phosphate, 0.5 g/L magnesi um
sul f gpduképhahydrate, 0.5 g/L potaSS|um

After adding the cryoprotectant, the preservation
solution is dispensed into a preservation container. The
container is suitably a sterilized plastic tube or the
like. As a specific example, the preservation solution
is dispensed into a 1.2 mL volume cryogenic vial by a
sterile procedure. Next, the preservation solution is
stored in an ultra low temperature freezer. The

temperature inside the ultra low temperature freezer is
controlled to a range of between -100°C and -20°C,
preferably between -90°C and -30°C and more preferably
between -85°C and -50°C.

The cells stored in the ultra low temperature
freezer in this manner can be stably preserved for long
periods.

When the preserved cells are to be used for
culturing, the preservation solution is first thawed.

The thawing should be carried out as rapidly as possible,

preferably within 30 minutes at a temperature of no



chloride, 0.01 g/L iron (I) sulfate heptahydrate, 30
g/L glucose, 13 g/L agar), to adjust the pHto 6.0.
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plate medium and the hyphae or ores are inocul ated
into the nmediumfor solid culturing under aerobic
conditions. .The culturing tenperature is kept at

0- 40&(99&5@15&‘1@' ¥040- Meﬂ?ﬁe‘ﬁé&%bﬂ@efvﬁr’cﬂﬂw B mMINEes at a
for cell growth and spore mation. The cul turing

t enpeemperatwny b€ vhahgebedutiay IKE EoG svegs more
Cu'tg%%gggﬁgggl&9Eh§ﬁafﬁlﬁlnﬁﬁg¥ﬁﬁtaé LafpfBYt P of no

fol | ow turing at 5C. After confirmng spore
f ormatghar sheni BO2@d water is added to the solid

cul tured ﬁ%gﬂﬁge erv%??oﬁ1§3fﬁﬁléﬁ @Qé%@éegnb¥qﬁ§ manner is

ordi nary arh a spore slspensi on
are hpapaferrefiator éstynidt hedsumniehecalgirings |ﬁh$h@arb0n

addegoﬁggélhéésd gghﬁé 22B8mh 3t 674 Qucﬁuﬁéf?ﬁch@éer

re nay be ter contal ning added surfactants
|norganptosaltSYépS?heSEFRbar@$epr@%éﬁ@ﬂesaFP%@b%ﬁysB%rCh

usedp, IQ@S@Q't@&yegrgﬁthﬁgnH§¥oln&9|¥§§tHB£§f1ed starch,
ppllcatlon of “external force to, the soljd culturing

vesséﬂth@ﬁghoFbérﬁ39Sbéoaéhm#éﬂta??eE?I?h?ﬁethe hyphae

with a stggi hizedgbhugsBuetebhehbikemaghpespeea natural
suspensi on or suspension. of spor s and_h 8@ 8
obtapﬁéaogﬁntﬁPErﬁﬁﬁnéPCPsaﬁs gr gn?hey5¥gge?v§??on alt
s}oc§X3@SuF|omga{heﬁmme&ervahsamlsboakldolubronshayp liquor,
al so iluted, w.t terilize |
squFPgﬁeEBnPﬁpﬁFﬁE s% ggFgﬁtgoggggﬁogggﬁ%%gggPtge?d meal,
prepasatedn ek bhgahimahipregenvavivaest doklydingi brea or

Next , nor%r¥98rga$%e%%% Issuaddedshent Be @6@§ﬁﬁvﬁit98te,

stoc i on protectant is not particul arly
restamm@edugonﬂ@ﬁ@t@samﬁ PEMaNiBRBHIL} atiSed 2BARY YR4Ch there

therﬁa@a%eb§a§QQQ%l%EQyoheﬁ@&%né@'ﬁ@ﬁ@@g@hoﬁb@ﬁeﬁg obtained

aga from soybean, and specifically soybean, defatted soybean,
soybean flakes, edible soybean protein, okara, soy milk,
soy flour and the like. Especially preferred for use is
heat denatured defatted soybean, and more preferably one
or more different types of defatted soybean heat treated
at about 70-90°C and depleted of the ethanol-soluble
components, optionally in combination with any of the
nitrogen sources mentioned above.

If necessary, trace nutrients including phosphate
ion, potassium ion, sodium ion, magnesium ion or calcium
ion, metal ions such as iron, copper, zinc, manganese,
nickel or cobalt, or vitamins may also be added. Such
medium components are not particularly restricted so long
as they are in concentrations which do no interfere with
growth of the microorganism. For practical applications,
the carbon source is generally added at a total
concentration of 0.1-40 wt% and preferably 1-25 wt% and

the nitrogen source at a total concentration of 2-15 wt%



powder, fetal bovine serum DMSO, glycerin, inositol,
pol yvi nyl al cohol, skimmlk and the |like. As a

wepewidiém2exanpl e, glycerin may be added to thecCcT/JrP2005/014960
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cryoprotectant to a glycerin cong ntration of 10%in
the preservation solution. After gdaing t he

cryoprotectant, the preservation solution is dispensed
|nt0aﬂdpp§§$é¥§bﬁ9n26m0tataeranJhespeoialhgrahsinitial carbon

suitabl a st r|I|zed tub h e.
specPPF ngﬁﬂgﬁgloph8 h % tloﬁ g%l% ?E%é¥ niffoflen source
dlspaﬂsedlbntofa3182wu% vthhefuryhgenfeedlag b¥ Bhe carbon

steri| L QC : : .
511 B, HLSREUNPgclSxbs U8 ERERLPLLOY B0LULAORORSsource
tenpeﬂahabedUNshdecuhéumnnga Iom1tenperature freezer

i's controkled ta g BﬁngﬁeOEUgﬁtﬁgﬁEalﬂQQ& 2ad 520€1, can be

pref erabl y between -90C C and nore preferably
bet weaAre856¢ éﬁdusgugcan mﬁéaéérﬁ§e§t6ﬁEaY|ﬁC#Heprecursorr

ul tr o&oékﬁﬁgﬁ%ra%“h?d&B%ﬁ%Ebn'BuEH'§s”ﬁ€ﬁ§He@§ﬁeb6r
stably presefved for long periods . in t he Ereser

cel | §chpeeranseé @séétFﬁraE&ﬁtﬁPFHg?stﬁ SpFedErdalio Poleic

SO|UEb38 b? E'%%HttE?%Q@ofTha Fhawyngcsbowkdebesuch as an

carried out as rapidly as po pref erab

30 nPHHY seéFeé'tQﬁﬁgﬁﬁﬁﬂrg giynaﬁFahSFgFﬁaﬁrZ58FEl%an fatty
ﬁregabaaLbst&hI@rSQ fianubesoall autknper aflive ofilposoybean
i gher, .t han_30C ven r ref bl Lthin.10. :

mi nuPédraf “RSCER e PAtur €95 O%seﬁg ﬁ&? P%anoggégtT%él’ either
pr eseilvaki or smlutmmnnahawed |nAddﬂ§inannérth§ substrate may

trangfert: g) t0%1' '1‘3)“' d.ze m%g%‘f‘e&%l ubyt 'érsul‘@a Thencaehprct to

source use a co n one S ' ucose,
fructb@emeﬂym55e Sy@@cwab@§éatﬁﬁ|m@§eal§@|98|é8§§aﬁéhthe sole

ol a$56$0r0l8 R ForRRrRtQ-i0k . sacchari fied starch,

The culturing temperature for the microorganism
which produces the PUFA-containing fat or oil will differ
depending on the microorganism used, and may be 5-40°C and
preferably 20-30°C, or cells grown by culturing at 20-30°C
may be subsequently cultured at 5-20°C to produce PUFA-

containing fats and oils. Such temperature control can
also increase the proportion of PUFAs of the constituent
fatty acids in the PUFA-containing fats and oils. Seed
culturing may be carried out by jar fermenter culturing,
shake culturing or stationary liquid culturing, and jar
fermenter culturing is carried out for the main
culturing. The medium pH at the start of the main
culturing (upon transfer of the seed culture) is adjusted
to 5-7, and preferably 5.5-6.5. The culturing period for
each stage of seed culturing will normally be 1-10 days,
preferably 1-5 days and more preferably 1-3 days. The
culturing period for the main culturing will normally be
2-30 days, preferably 5-20 days and more preferably 5-15
days.



al though there is no limtation to these. A s nitrogen
sources there may be used natural nitrogen sources
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extract, casamno acid, corn steep Liquor, soybean
protein, defatted soybean and cotton seed neal, as
wel | as organic nitrogen sources including urea or
i nor gani ¢ Miidncogganseuscbelonghngsteodhengenupatlertierella
anmoni Lt 3 ' Lhate, o2 '
her & e B g 5 Progoacsoareganes
obt aicvawrfisgmas eybedidoand spéei pscabPrymaéphegnstituent fatty
def attad seheannseyheanabhakesonsd QE@LdS%)SEj%EEning
e

protein, okara, soy mlk, soy flour and the like. |
Es pedirdlgly gsrdiesn e@nfdprussarh idead cqeratigreataining
def atdhed sHeMRARS ) aNGuRDEE rBlgheakbycple i@l offdtae
di fferent types of defatted %gygean hgat treated at

h 0

about FRFeFSE tandsde Sitéfed  of L&ECRAMOIMIIGIGBFE ave
CONPeRRIHcSde@PtinoR@ltlay nii fgC arhii gabbeganith anpabl et be
ni trogen sources nentioned above. - If necessary

tr ac®TRIGiae £ atfclPadi Rg LshGSPRAL S 1Pn J1PEMRsYT Likpolenic acid
!on,a%pQ%ﬁgWﬂdyh JRGRE SR FRLer @@H@iQWbb@ﬁesEEF@bxamined

i ons such as iraqn, copper, zinc, nese, nickel or
cobaﬁﬁtQﬂt\ﬁ%@%ﬁ9%§lﬁﬁyﬁgpsgobe55&3%%.)Suéﬁdn@&FﬁﬁPrganlsms
COMPRRSS AlF PR RRIGC Wadtlsl ¥nie $tinisCiaethpsa sk 9y @S

they are in concentrations which do no interfere wth

gr owEIP lofunsad whadeGoigaitivs #C1EST agr 406 @ain constituent fatty

appl i6ald ONSTa gt A RRR a5Ahete Pat @ enidllliy addded HET No. 5-
a total caoncentration of 0.1-40 wt% and preferably
1- 25 AEABnd t he nitrogen source at a total

concent r atroradefi 2ok weYdvatrep otfrerialldy md-ckdow¥niams having
copeg At A U AR SRS ol g Akt (supanese
W % Unietstarfiuretch efra tfegeed iPudp 1dfcattienc #tlio Ncand 19ilBBogeiepanese
ZOUF%%%é%ﬁ%ﬁ%d”ﬁ%ﬁﬁﬁb@%ﬂﬂ%&éﬁmﬁp@mﬁp%kﬁe1@L%W%b5, Japanese
uring culturing.
Unexamined Patent Publication HEI No. 5-91886), which are
fungi belonging to the genus Mortierella subgenus
Mortierella and capable of producing PUFA-containing fats
and oils and/or PUFA-containing phospholipids by
culturing using preserved strains which have been stored
by the culturing method, and specifically the novel
preserved cell preparation method and storage method,
according to the invention. However, the present
invention is not limited to fungi belonging to the genus
Mortierella subgenus Mortierella, and the culturing
method of the invention may be applied to microorganisms
capable of producing compounds comprising polyunsaturated
fatty acids as constituent fatty acids (fats and oils
(triglycerides) and/or phospholipids), to obtain the
intended microbial biomass, crude oils and/or crude
phospholipids, and refined fats and oils and/or refined
phospholipids obtained by refining of the crude oils
and/or crude phospholipids.



The yield of the PUFA-containing fat or oil can be
i ncreased by using an unsaturated fatty acid
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hexadecane or octadecane; a fattygacid such as oleic

acid or linoleic acid or a salt ?%ereof a fatty acid

ester such as an ethyl ester, glycerin fatty acid

ester or Soebiteahotlafby abtdissnhgr ther caufiat osl snf/or crude

such %&dﬁgpqgrfr%QYREQQOBFba ?ﬁgsﬁgglﬂglthe fat or oil

cottéon oconut ol al on
conbiarainedgtedddint tba cfelftﬁemgubswaﬂ@renﬁyeb*élag the fully

0. 0015, &Qg’x%hfad sBhekebabhy 8095 19% wirk B r esReC iLatLE B,

medi u substrates nmay alfso be used as the sole
car hownsemteation enft ariAgfivaAEienyt arPngheBnpeFavgréng the

for Qﬂﬁjﬂﬁﬁinkﬂﬁﬁ'%Q‘WQHQHaﬁpogﬁﬁﬁa/&ﬂguld separation means
PUFA—contalnln fat or oil

the rivsiho fPds BdSCaRd LRdy OBe §e£}6él§i-}aallngeparatlon

pref%ﬁﬁﬁk%:&ﬁl%@@tl@h celrhe ngWﬂ/QtithBépﬁgaahon can be
be suh e uent |

20- 30C mm eﬁ% cul tured

pr od G SBURAC Gt Hg°¢a¥§ §ﬁ8r8g9§ln§u8ﬁepgn8§rgﬁ&Fgrlng

;:gnt rald. ;:a{Emln?ﬂfelsP?nfeagggbigatnngpagegms ahcPUBAs agfiminum
e c i.tyent fa s.int

fats gﬁﬂ’ Cfs C§&§& %uF%&PFﬁ&gﬁagﬁ eHcarrlegékggg%

jar ﬂBEnEmw$mauwlE@mmhgmash@bem©@tu@nedga@rasﬁ&ﬂﬁ@ﬁanﬁ aid.

llqwf%(nééfg , A9 Ale ??E?%E%El%urﬁﬂrbﬁg &%ﬁtured and

carrie he mai B cu i ng di um
t he strred.of 'Ith@e Jdreaiimac miatuPien §arpeRt pﬁl&n@ﬁ/erfr@m@h@lrymgr

seed Ut W adjMstield B Gryand Rrefarabliv
5.5-6.5. Tﬁg%'u turﬁh = peri od f°fy§3gh st age qf é%

cultur|ng?ﬂqImﬁﬁﬁﬁwépﬁyrﬁéofefén@a r 8Bty afdgor crude

days pabgRyie ifef el ¥ ht 3rdays.celle ealt el Bg organic

per! S et LD g M DL, B0

days ex¥eicanrqganiiss abeloanginig tsoliveatgemadsr a nitrogen

Nbrtl%%%gﬁils preferred. As organic solvents there may be
used ethanol, hexane, methanol, chloroform,
dichloromethane, petroleum ether, acetone and the like,
or there may be employed alternating extraction with
methanol and petroleum ether, or a single-layer solvent
system of chloroform-methanol-water. However, the
extraction method used to obtain the crude oil and/or
crude phospholipid is not limited to the method described
above and may instead be any method which accomplishes
efficient extraction of cellular fats and oils
(triglycerides) and/or phospholipids. For example,
extraction with a supercritical CO, flow may be employed
as an effective means.

By reduced pressure removal of the organic solvent
or the supercritical flow components from the extract
obtained by extraction using the organic solvent or
supercritical flow, it is possible to obtain the target

crude oils and/or crude phospholipids. In this case as



subgenus Mrtierella are known to produce conpounds
conprising arachidonic acid as the main constituent
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triglycerides) and/or arachidonig,acid-containing
phosphol i pi ds) , but through nutagenesis of the

af orenenti oned strain, the present inventors have
succeeteqd theobtadai ogla and/oorganddsnpitapeld bipids may be

producin at.s, and. 0ils co i siyng_ di =1y i G
acideﬁﬁr?ﬁgeﬁapﬁ g%ﬁs??@%e%EE?éét%sa%ggﬁ?gag%%eggifg' but the
UnexagtpedtPaheaf £ Pubéncat nay BEl gNeat 6r MB8T§ingny water-

m crQar gani r ' s ils

e SRLIRELETD SORTDLE Ohop ot ege Lol soh iyl scesons
consbirt semateattympattoleJnpubese CherRahfHed Fayepf these

Publ [ ¢ati g0 B! aNQ/o2- aRdBREY solPefddition, we have

i
obtalneé m CFoor gani sms_havi ng resi stance to
hi gh- conc@her Bt £6AbEaL bBACBAEF cESNTIaPAREsROURERSAT HEYESd

Pat ept, PybLi¢ati g8 EEhsNOruenP188ttJapangseobogxagtingdcording
Pat ent Publication HEI No.. 10-570Q85

: : , .Japanese
UnexiRi k88 PRVERELPUDI PEaFPBNC eh8?£§P§ﬁ§Z%f,cﬁﬂg%h
are pHBgbnbelienasNImbo bBeugedudibbetigrdlyl ansubgenasion into
Mortierella ang capabl e_of rogucingtPUEA- gntﬁi Lo
f at s 2BABadi F§S8Rd/ o OﬁU%BP&SﬁF i RPRg-Bhosp ofip?gs %§’ 8
cul t ubimAgnuEengopleservadngt pabnssehishphaferbbép used. The

stored the culturin 0 n ific
nover 2 badr G808l BPEREra: fBRcnirRod-and orardges Process
met hedchaesoddigngmtiogh hdepmidatiion, Herdosizathen,
pres%@%oﬁ%&%@#hgn L510eh kiabigdnto hHRgbukel-0RgLRY118tion,
t he genus Nbrti felTa subgenus Morfierella, and the

cul t windgriwched &het Rékenavention nmay be applied to

m croor gani,s s 16 aR2kkWe nohpR-0GWCLRE sCERREUNESr the microbial
conpri sing polyunsaturated fatty. %C|ds a %gggtituent

fatt PloEeds, (cabgeandlsi| gefined fats an
(triglycerides), crude phospholipids and refined

phospholipids of the invention: for example, they may be
used as starting materials and additives for foods,
beverages, cosmetics and pharmaceuticals. The purposes
of use and amounts of use are also completely
unrestricted.

As examples of food compositions there may be
mentioned ordinary foods, as well as functional foods,
nutritional supplements, premature infant modified milk,
mature infant modified milk, nursing infant modified
milk, infant foods, maternal foods or geriatric foods.
As examples of fat/oil=-containing foods there may be
mentioned natural fat/oil—containing foods such as meat,
fish and nuts, foods to which fats/oils are added during
preparation, such as soups, foods employing fats/oils as
heating media, such as donuts, fat and oil foods such as
butter, processed foods to which fats/oils are added
during processing, such as cookies, or foods which are

sprayed or coated with fats/oils upon finishing, such as



(triglycerides) and/or phospholipids) , to obtain the
i ntended m crobi al bionass, crude oils and/or crude

wohompheioz pi ds, and refined fats and oi |l s and/ 8CT/JP2005/014960

10

15

20

25

30

35

refined phospholipi ds obtai ned refining of the

crude oils and/or crude phospholqpids. The met hod for
obtaining the crude oil and/or crude phospholipid from

i CrQQF @ar SeBi hayi ngudthecdmmboairt ods acnumil st dek iadded to

the cel]s |ve treating t ully
soIu?gﬁhcﬂfag%?fyg%?g%ftéﬁr%ﬁéh $|za($%h FHHE seeds,
cgncle@fi@él;o@o@@damnﬁie\fenmewmhmm ¢¢retr1a1r9mefa’¢ﬁg or oils.
the cultured ¢ by or 0

nean@h‘%%clh ?hs? pr‘gﬂé‘?gf‘%(a‘?.%%df‘%:‘lé%ﬁ ug<E:1fla(5&Iléq’gk
sepapharmmcauﬂiealé;Iam@tf@n edrep kol | bt |pEReessed forms such
separatio n be. a by. g‘g(?jéféo @ef99 &

agen?S ? f?er?n igggs anpl es onggégregaglngﬂgg%%?s oral
.nc|adéuaiumﬁnuﬁuepeeﬁi@es,cemel%h@%hAo$yae98a¢@@n Bpglike.
chitosan. Di atomaceous earth may be nentioned as a
fllterlng aid. The cultured cells are preferably

ri nsBgampy@sured and dried. The drying may be carried

out by fregge,deyEng, lhbewtﬂéﬂlhgllfh@wdbeeexpealned 1n
drying or the i ke. The recover#?g t he cr
t

oi | QHE?B?rc?ﬁH%lﬁhggpFBFlg?§§°V?%ﬂ1?ﬁ%m% %e??s
may bﬁdaas@agaghg snhyetheexhvantion iethod bimated thereto.

orgaeuepsﬁbyents there may be used ethanol hexane

met hanol , g%?%?%%f lgLaQFQEEoﬁgnEtEQQeuSQQt59'§thrach1don1c

et her, acetone an or there may_be enpl oyed
al t ernatiFpgodxringt S6MaME h ﬁﬁﬁhaﬁaﬁrﬁnﬁubEPFbpguH?S carried

oL PSbis 5 LS LSO AL B A Ussner qar meciam

met hqddysedetiotobpdi 6. phendr atlerdiizadd/ progidad in a test

phoseﬁggtpggdigf@gE Lomstedihg hbpnaet Bedwdascehbedest tube
was stored in a refrigerator (4°C) for 10 days.

Sterilized water was added to the test tube and the

mixture was well agitated to prepare a spore suspension.
The spore suspension was appropriately diluted and coated
onto a potato dextrose agar medium plate, and a colony
counting method was used to count the spores in the spore
suspension, giving a result of 1 x 10°® spores/mL. Next,
the spore suspension was diluted 100-fold with sterilized
water. The diluted spore suspension, glycerin and water
were mixed in the following proportion: diluted spore
suspension:glycerin:water = 1:1:8 (by volume) (the water
and glycerin were premixed and sterilized). A 1 mL
portion of the mixture was placed in a 1.2 mL volume

sterilized cryogenic vial and cryopreserved in an ultra

low temperature freezer at -80°C.
For use of the M. alpina in liquid culture, the

cryopreserved strain was rapidly thawed in a 25°C



above and may instead be any nethod which acconplishes
efficient extraction of cellular fats and oils
woroieghyoer i des) and/ or phosphol i pi ds. For exaRprEaP2005/014960
extraction with a supercritical _flow may be
enpl oyed as an effective neans. By reduced pressure
renmoval of the organic solvent or the supercritica
f | owicompanent antr amahisé cextdatd dbealmngdildyculture.
extr ctlon |ng th 4 [
flow% paatlve meatol T & .-
and/@msgeu@eoghosphollplds In this case aswell, the
crude oi | §,,39d/ %dﬁr%gpqmsegol ' Rodsules Be S}St b2agbR%donic
by the sane meth mdrie l's
5 ext r actiidoprefiicdngn G rady: - besgaéapéarwycuétﬁglag was carried
materC%n%aglgl% S%l %n%5$¢ %F %Q@nf$ C?&?@Qoég§¥ medium
cet One, - e mXxture conprising
of tHesiau\mttehi wat e @n@/ endastemlédigeVeprovided in a test
m cr ghial  Blamags Goy %'f&'r&qnaohnggéﬁt dealed, [ ahkY cest tube
aci ds as’constituent fattfy acirds t ai actording to
the wage sttioged Gin ﬁhée@ﬁG@@r@¢p§ and/ or crude

10 phosphol i @oqsusré%fbechlésw dizaehl ¥ shy hﬁcqr‘lag&at tAfture,
into ani mal feeds. For applications to foods, however

a comirsh ifldrrs Mater Wasy asiscess theptepsr Agbg aodgthe

The fatieire M%%l%@ﬁ&a@k@pﬁ%ilu%édp&éﬁabé an spbienadnypension.
proceﬁéisuch as degunm ng, deoxi dati on, %odgrlzatlon

decol’&E FPRGE 41 SO tiEnt T RS EEE RS iquid medium.
di st ipxagiplen2 V\llO'l]JIlQﬁJrliglgore}dpl&@ﬂrﬂehﬁe An fifelriemiceedn

QFFE%% of use x%%} forr%g% ﬁl%&%%l%%t X nasscrﬁggde
phosphol i mmwﬁmg efdsnec ptiesploolti firds of seleel strain
i) St dﬁ)fgﬁ*{g)lm%t ofa% Re14s8d By ShabkiAive

mat e Ve oods, bevera €s,
cosnﬁma@@l@nd pﬁammé‘@utﬁlml@ 1Hid - -pur poses

After transferring 0.1 vol% of the preserved seed

15

20 strain to medium at pH 6.3 containing 1.0% yeast extract

and 2.0% glucose, seed culturing was initiated under

conditions of 100 rpm reciprocal shaking, 28°C
temperature, and culturing was continued for 3 days.
Next, 25 L of medium at pH 6.3 containing 5.0%

25 defatted soybean powder, 0.3% KHzPO4, 0.1% NazS04, 0.05%
CaCl,*2H,0, 0.05% MgCl,-6H,0, 1.8% glucose and 0.1% soybean
oil was prepared in a 50 L volume jar fermenter, and then
100 mL of the seed culture solution was transferred and
culturing was initiated under conditions of 92 rpm

30 agitation, 26°C temperature, 200 kPa interhal pressure and
12.5 L/min airflow. Duriﬁg the culturing, glucose was
added at the concentration shown in Table 1, and

culturing was continued for 10 days.



of use and anounts of use are also conpletely
unrestricted. As exanples of food conpositions there
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foods, nutritional supplenents, emat ure i nfant

nmodi fied milk, mature infant nodffied milk, nursing
infant nodified mlk, infant foods, maternal foods or
geriatric foods. As exanples dfalad /il -containing

f oods there i oned natural . .
(2t TP PEORPR FeRGPeaas S0cR ad HesPe FrERigfy (Rapgentration
foods to which fanzstmtssm@t antde:dﬂ:iwnmgsqa]nmarra)tl on,
o 2. suoh oo BRI end [ HSRE B g on
butter, prog
during processing, 288cB2¥s cookiies or fnﬁdéﬁmhirh are
sprayed or ¢oated ¥e&hdeuts/oills upon fini4hing., such
ashard biscuits. Séth dewpositijpns nay al s3%¥be added
to agricultyral fobdr, dhgrnented foods, |ig®stock
feeds, marine foodgtandaheverages which congain no
fats or oil s They may also be In the form of

functional foods or pharmaceuticals, and for exanple
i n proces&8d HUGHRAY $i@Eh Cag réSle PRI ﬁ@WﬁF@ﬁt§lm§§ gr §he same

gr angle®$iodl, 02@NGEF £ el %i@'ylét @RS m&mea&u@@s seed strain
emul si ons, syrups and the lik e presen

i nveREESH LR lOWOW'E eé%'e&ﬁﬁeﬁf ﬁrﬁFg&FQPl&eﬁgﬂﬁ pptained on
the feplel Q6ithg cexamd esil tuirtihgt fe rurdehscandurg that shown in

t he ép nti.on is not limted thereto. Exanple 1 Method

for Fé gServatlon of spore suspension Mrtierella

al pi na 1SI@.W@@ useck as ameasanI@amaanapkeppm@du@hdg

strai rfes?&%‘ f%}r 3ﬁlh(\el'llnﬁaLll:rl'll %gé) x%ﬁl?l' eq ol f ga%hldgnlc

days a ant medi un1(a
to pHoadOya@ddstr@pnqdp@d)blﬁxlw @@@ isata sfestory for each

culture. However, poor reproducibility for each culture

resulted when using the seed strain prepared and

preserved by the method of Comparative Example 1.



tube, and after confirm ng hyphal growth, the test

tube was stored in a refrigerator (4C) for 10 days.
webkensidiewed wat er was added to the test tube ardTiubPmos5/014960

m xture was well agitated to_ % pare a spore

suspensi on. The spore suspensi was appropriately

diluted and coated onto a potato dextrose agar nedi um

pl ate, and a col ony countinga&ﬂkhdﬁ was used to count

the spores in the spore sus ensi giving a result of

1 x 106 spores/nL. Next, §E&r§ suspensi on _was
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Example 3 Culturing experiment, change in productivity

with prolonged preservation

Culturing was carried out from a seed strain
prepared by the method of Example 1 and Comparative
Example 1 using M. alpina 1S-4.

After transferring 0.1 vol% of the preserved seed
strain to medium at pH 6.3 containing 1.0% yeast extract

and 2.0% glucose, seed culturing was initiated under

conditions of 100 rpm reciprocal shaking, 28°C
temperature, and culturing was continued for 3 days.
Next, 25 L of medium at pH 6.3 containing 1.0% yeast
extract, 1.8% glucose and 0.1% soybean oil was prepared
in a 50 L volume jar fermenter, and then 100 mL of the
seed culture solution was transferred and culturing was
initiated under conditions of 200 rpm agitation, 28°C
temperature, 150 kPa internal pressure and 25 L/min
airflow. During the culturing, glucose was added at the

concentration shown in Table 3, and culturing was



reproduci bility by preservation nethod Cul turing was
carried out froma seed strain prepared by the nethod
wohodswaepke 1 and Conparative Exanple 1 using RCT/IP2005/014960

alpina 1S-4 . After transferri 0.1 vol % of the
preserved seed strain to nedi at pH 6.3 contai ni ng

1. 0% yeast extract and 2. 0% gl ucose, seed culturing

wasoh i hhaledondegagondi ti ons of 100 rpmreciproca

shaki ng, 28C tenperature, and culturing was continued

for 3 days. Next, 25 L of nediumat pH 6.3 contai ning

5.0% def att ed soybean pomdemaerS%aKH2P04 0.1%

Na2SO4, 0.05% Cadl, 2 -2HO 050/ 6
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initiated IS—oT—Jdz— T phTagigr+of;
ten‘peratU'ﬁ1 7“&%é{qynf erpall pressyre v 125 L’Im
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airflow rlrulaqﬁ=4QMtur|nc1 nlnrncplm$@ added at—
the conceftratictrdiiasn in Table 1 and%Tul turing was
continued|for 10idaydmylable 1 Ti ne and déncent rati on
of glucose feeding (concentration with respect to
cul ture_solution) Culturin c o) Vv

tinmes b§ ?%E §8ﬁewﬁ§tﬁoarlagm§aFf%%ggfghayémég B$a£he same
|nméthbdnga$eddf§éranh pagseaﬁaerohnlﬁh@tymﬁlﬁ%e@fstraln
aragggggg gﬁld 99Ea¥gggd9n okhg %Qﬁbdgﬁ¥c0£cﬁgléyféﬂﬂed on
f oP TE5¢ ﬁ ure are Wn i N Tab . I'n the case of
thehseéuhsdaalnfpﬁébéﬁéénanﬁoﬁrééﬁhvéﬂlﬁyr?h%rﬁthﬁﬂn in

of rExaaplhe 1 , the arachidonic acid yield

repro u0|b|I|ty was satjsfactory for each cult ure

However Inp&he Féﬁ?oﬂﬁcFB?l?F?deFrééEhpﬁﬁP?ﬁ?g and
repukbtedvelepyushagmthpogeed skaapheplepahedaaadhidonic

acid productivity was satisfactorily reproduced even with

prolonged preservation. In the case of the seed strain
prepared and preserved by the method of Comparative
Example 1, however, the arachidonic acid productivity

tended to fall during prolonged preservation.

Table 4
Results
Seed strain Spere suspension Preparation of spore
preparation method cryopreservation suspension by slant
(Method of Example 1) (Method of Comp.
Example 1)
Seed strain Cryopreservation of Refrigeration of
preservation method spore suspension Czapek agar medium
slant solid-cultured
hyphae
Days of preservation 1 day 1 day
Arachidonic acid yield 3.7 g/L 3.6 g/L
Days of preservation 4 years 4 years
Arachidonic acid yield 4.0 g/L 2.5 g/L
Days of preservation 8 years 8 years
Arachidonic acid yield 3.9 g/L 2.2 g/L
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Culturing was carried out from eed strain prepared
by the nethod of Exanple 1 and_?%irparatlve Exanple 1
using M. alpina 1S-4. After transferring 0.1 vol % of
the piespreed seedestrafnsporsedoumiay petibuB pH

containin Uo.yea xtract and_2.0% gl ucos e
cul turi ng%maég %FI i%eg RderSEInAFt Fonar " g%nfg fleia-
recipmodablﬁbabtmg;nZSOEW®edpéfarane Caapekuag@rlmgdla with

S conti nue r X at_.p
3 BoncaranngPy: obeyeid: o8 pymposfeghpl chah Mnffeete 5,
O 1°/Mecnysbpaaparrledwas pespateldesn aThe ].D_HVQf- ublkej @rapek medium
fernmen [t ur
sol ut’ ltc‘):ﬁo\l/\l/g‘sggr %ﬁgpg}l an cu F?ﬁ??%g ggs%%nlgt?at ed
under conditions of 200 rpmagitation, 28C

tenperature, 150 kPa internal ugsswe and 25 L/ mn
airflow During the culturing—giucose was added at
the|concentration shown i h TaBi @Bustasy cyl turing© PH
wastonti nued for 7 days. Table 36Fid¥e and adjustment (*2)
con¢endiati adtabtgl ucose {eedi n@ (@dncentration w2t kg/L
respeeiaNpg) cul ture solution) Culturing was|carried out
sevenabokhERS uRY hi/de ogane | met hod, tr di ffefent daysg/L

af t eLHoRibhiadll N&.§66H Strain preservation. | The yields

of & ‘&&nc s%ci qr@btarmed o g ATh day of ~ o.5 g/L

Cu|llrllrll%%)‘§ %%c culture are shown in Table 4 . In

t he seed straijn prepared and pleserved by

t he =Rl ""'m"‘l "‘ 1 t+he 86""h| goni—c

pr oolﬁf@ttl"a\?lStly‘im\/vggl SEO§F ac ori | y’ rept/otiuced even Wth9/T
Iron (I) sulfate 0.01 g/L 0.01 g/L
heptahydrate
(FeSO4 . 7H20)
Saccharose 30 g/L 30 g/L
Agar powder 13 g/L 13 g/L
HC1l solution Added (*1) Not added

*1: Added for pH adjustment to 6.0
*2: Measured pH: 8.5.

One loop each of the hyphae was transferred to two

agar media of different pH and stationary culturing was

carried out at 25°C for 7 days, and after confirming
hyphal growth, the test tubes were stored in a
refrigerator (4°C) for 10 days.

Sterilized water was added to each of the test tubes
and the mixture was well agitated to prepare a spore
suspension. The spore suspension was appropriately
diluted and coated onto a potato dextrose agar medium
plate, and a colony counting method was used to count the
spores in the spore suspension, giving a result of 1 x 10°
spores/mL obtained in the agar medium at pH 6.0, and 5 x

10? spores/mL obtained in the medium without pH adjustment
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prol onged preservation. In the case of the seed strain

prepared and preserved by the nethod of Conparative
wéxersplierod , however, the arachidonic acid pro®8aTiP200$/§14960

tended to fall during prolonged preservation. Table 4

Resul t sExanpl e 4 Effect of spore-form ng nmedium pH M.

al pina 1S-4 was used as an arachi doni ¢ aci dproduci ng

stémmﬁsur‘écbpﬁi :f fBersgnt Czapek agar nedia with different
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sttt A @G ey iag@caision(s eciyl pdelfh daysd 9 L Was

St d iRl Medne e iameddrd wie heaeh pof adiesteshtt Upesisured
and the mxture was well agitated to prepare a spore

s_Lﬁ'bFer%'iEUrr. The spore suspensi on was appropriately
diftines @yl cuatpd-arrat ipot atyetédext rose agar medi um

plrate, and cal ony counti.n nethod d to nt
t he spd@@ﬁ% ?"hé” nE ﬁj’sgi Ao t\é\?\s}_’lhng a‘ifersees&l%;zli S
é scq)ls’lg&&smpm gsfadacut dimed 1.2 mﬁevavgamna’redﬂm%lqoﬁlal
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N AIRARE i Ut heR R Bl BRACAEBPh Shord Th @ -80°C
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obt ai ned, from
coné]tlons, culturing was carried out in the same manner

as Example 2. As a result, both the spore survival rate

and arachidonic acid productivity were superior under the

condition of storage in a -80°C ultra low temperature

freezer.
Table 6
Condition 5-1 5-2 5-3
-20°C storage | -80°C storage Liquid
nitrogen
storage
Number of spores 2 x 10° 9 x 10° 1 x 10°
after thawing spores/mL spores/mL spores/mL
Arachidonic acid 9.1 g/L 13.0 g/L 8.7 g/L
yield

Example 6 Corroboration of culturing reproducibility of

frozen strain by large tank culturing

Culturing was carried out from a seed strain
prepared by the method of Example 1 using M. alpina 1S-4.
After transferring 0.1 vol$% of the preserved strain

to medium at pH 6.3 containing 1.0% yeast extract and



t he spore suspension produced in the nmedi um adj usted

to pH 6.0, and an arachidonic acid yield of 2.9 g/L
woasoeghé@mz ned from the nedi um wi t hout pH adj usPaeaP2005/014960

(measured pH 8.5). Exanmple 5 Cr ﬁpgeservation system
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Cul 1 BV AR hag N tPn R Tr 2 aas Mg SAG7R y Y
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vol u seed cul
155tageﬁ aobepamatwameﬁaamsthemedwaadpseedredlMadnng C by

(an §9§£§g%% ﬁ%bb'it%§ %@%Egm gﬁgbhhﬁnﬁ oﬁlgoggurghrous

agltatlon mper ature a | nt er nal pres
and glucose) at 140°C for 40 seconds and adding it to the

previous Medium A. After adjusting Medium C to pH 6.3, a
28 L volume of the seed culture (2nd stage) was
20 transferred, for a combined total of 5600 L of initial
culture solution (10 kL volume culturing tank).

For transfer of the seed culture solution (2nd
stage) to the main culturing medium, vapor was passed
through the tube connecting the seed culturing tank and

25 the main culturing tank for sterilization (230 min at

121-126°C), and then sterile air was introduced through
the tube for cooling to a tube surface temperature of
below 60°C. After cooling, the seed culture (2nd stage)
was allowed passage and transported in a prescribed

30 volume to the main culturing tank. When transfer of the
seed culture to the main culturing medium was completed,
culturing was initiated at a temperature of 26°C, an
airflow quantity of 49 Nm’/hr and an internal pressure of
200 kPa. 'The medium was fed during the culturing

35 according to the schedule shown in the following table,

for 306 hours of main culturing. When the culturing was



12.5 L/mn airflow, for 2 days of culturing. Next,
4500 L of medium (Medium A : 336 kg soybean powder,
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upon wear ltetanEp ot ealldaurd pgokdsngl8 czag/ilon using an air

conveyor. The obtained dry cell mass was packed into an

approximately 1 m® volume aluminum pouch container bag

together with nitrogen gas, and the mouth of the bag was

heat sealed prior to storage in a cold storage room at

below 10°C.

After removal from the container bag, the dry cell

mass was subjected to hexane extraction and the hexane

solution was filtered to remove the solid portion, after

which it was heated under reduced pressure to remove the

hexane and obtain a crude oil comprising arachidonic acid

as a constituent fatty acid.
The same culturing was repeated three times. The

results for the arachidonic yields upon completion of

culturing are summarized in Table 7. The reproducibility

of the preserved strain was satisfactory, thus confirming

that more stable arachidonic acid productivity had been

achieved.



After conpletion of culturing, sterilization was

carried out under conditions of 120C, 20 m nutes, and
wohers/bm@2wet cell mass was recovered with a ceqariop20s/614960

dehydrator and dried to a noisture content of 1 W%

with an oscillating fluidized ped drier, and the dried

cells were transported to a packing Iocation usi ng an

air conveyor. The obtai ned égyieell mass was packed

into an approxi mately 1 n8 vol ume al um num pouc
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updensrgdugediptessure to renove the hexan&’ afdgbbt ain

a crude orl conprising arachidonic acid as a
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Tabte 7 . The reprOGUCIDIIIt% of the preserved strain
was sat Motradesrylat AdpisanfRMABAG YAAt UABFeast apfiehomo-y-

ar%ﬁﬁb@%ﬂ&% aek - %&g@ﬂ%&h&'%iraﬁﬂ beefadebhay9dclablieing
umrary of arac onic acid yields upon conpletjon

of wasl tarirngdExanplfer?7 1odayBorat R6FC oAt cul $1pphgin Czapek
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acl d-"producCin rt| I a al pi na SAML8 60
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25%%§$n§réﬁgﬁ%%urln%e%aéncgr& %géggkaiggj¥% @?y§09;?0 days.

ape agar rum ust ed
6.0 andS$Eendhm2@dya¢engd§dadded to the test tube and the

mixture was well agitated to prepare a spore suspension.
The spore suspension was appropriately diluted and coated
onto a potato dextrose agar medium plate, and a colony
counting method was used to count the spores in the spore
suspension, giving a result of 5 x 10 spores/mL.

Next, the spore suspension was diluted 100-fold with
sterilized water. The diluted spore suspension, glycerin
and sterilized water were mixed in the following ‘
proportion: diluted spore suspension:glycerin:sterilized
water = 1:1:8 (by volume). A 1 mL portion of the mixture
was placed in a 1.2 mL volume sterilized cryogenic vial

and cryopreserved for one month in an ultra low

temperature freezer at -80°C.

As a comparative example, a spore suspension
prepared by the same method was stored for one month in a
refrigerator (5°C).

The two preserved strains stored for one month were
used for culturing by the same method as in Example 3.

As a result, the DGLA yields were as shown in Table 8,

indicating the effectiveness of the cryopreservation
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in a test tube, and after confirm ng hyphal grow h,
the test tube was stored in a refrigerator (4C for 20

wdayw/01&veri | i zed water was added to the test PabDgPENE014960

the m xture was well agitated,to prepare a spore
suspensi on. The spore suspeﬁs? n was appropriately
diluted and coated onto a potato dextrose agar nedi um
phatgogand a col ony counting nethod was used to count
the spores in the spore suspension, giving a result of
5 x 106 spores/nL. Next, the spore suspension was
diluted 100-fold wth sterillakded 8wat er. The dil ut ed
spore suspensi on, glycer|n§ggh terlllzed wat er were
m xed in the follow ng prooortlon diluted spore

suspemﬁédnstnﬁimcerln.CsyeprbszedamaDerof 1:Refgiggration of
veLepBYatfod MbtRedt| onsmfrd hsrertsirem was gpH@ETedUspPension

1.2 YRl Y1 §teril zed crygogegyc vial gnd 2.7 g/L

ryopreserved tor one nonth tn an ultra I ow
tenperature freezer at -80C._ A s a conparatlve e
eRampbde § spOr&okaspshenoAfpFREREANEy TEREOdAGEPILILY of

”8£B%g4¥@%z§hoé§gcﬁgﬁoﬁﬂ@ H@ﬂﬂhpkﬁdacteétrgﬁhétor (5

). IhNe TWo _preserved stir ored for .one

wer e ug@ﬁtﬁﬁFeé&PtE#PHQaEQ Fﬁggggﬁe Hét%%até§re%gg Kpina
Example .38 wArs aseesukt arbbhiBGhAcybeldspwerecasg

shown in Table 8 , indicating the effectiveness of the

cPyopieSer vat i onmet hod. Table 8 Results Exanple 8
Cor r obgratiionaefy cullturing wepsr cduciibdl bty dproiledays at

frozen arachi doni¢ acid oduct strains FLi I

ePongath #FEB3TH éﬂdcﬁﬁ?g eP S F 2251 pha %%%5%%%% iékﬁH 6.0
used @%e@ﬁaqﬁedgnp@oaauédpn@dacmegtstubemsanStaﬁtemary
C%%% ir q %yp%%ﬁl%%o%%% f%%elge@%y%uﬁg was stored in a

refrigerator (4°C) for 20 days.
Sterilized water was added to the test tube and the

mixture was well agitated to prepare a spore suspension.
The spore suspension was diluted 10-fold with sterilized
water. The diluted spore suspension, glycerin and
sterilized water were mixed in the following proportion:
diluted spore suspension:glycerin:sterilized water =
1:1.5:7.5 (by volume). A 1 mL portion of the mixture was
placed in a 1.2 mL volume sterilized cryogenic vial and

cryopreserved for one month in an ultra low temperature

freezer at -80°C.

As a comparative example, a spore suspension
prepared by the same method was stored for one month in a
refrigerator (5°C).

Each of the four preserved strains stored for one
month (two different strains x two different preservation
methods) was transferred to a medium at pH 6.3 containing
1% yeast extract and 2% glucose, and used for 3 days of

seed culturing under conditions of 100 rpm reciprocal

shaking, 28°C temperature.
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25C at a slant in Czapek agar nedium (adjusted to pH

6.0 and sterilized) provided in a test tube, and after
woandsinseriong hyphal growth, the test tube was sPOTAR2005014960

a refrigerator (4 0C) for_Zg days. Sterilized water
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QEEEth~ZFQC), 25 g soybean oil, pH 6.0) was prepared
|n|? 50 L Yolune jar fernmenter, and then the seed
culture solution was transferredsand main culturin

was initiated under condit&géggeg 200 rpn1agitatiog,
280C tenperature and 150 kRasuhdternal pressure. The
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yield
M. elongata IFO08570 3.4 g/L 2.0 g/L
M. alpina CBS754.68 ‘ 7.2 g/L 5.1 g/L

Example 9 Comparison of L-drying method and
cryopreservation method for 9-year stored samples

A spore suspension was prepared, and dry spore

ampules were created and preserved by the conventionally
known L-drying method ("Maintaining cultures for
Biotechnology and Industry (1996)", edited by J.C.
Hunter-Cevera & A. Belt, Academic Press, p.l1ll5). After
creation and storage for 9 years, the six L-dried ampules
were opened and their contents restored and coated onto
agar medium, and the number of surviving spores were
counted. TLikewise, the six 1.2 mL volume cryogenic vials
prepared by the method of Example 1 (and cryopreserved
for 9 years) were opened, and the number of surviving

spores was counted.
The results shown in the table below confirmed that



concentration of about 1.2% A s a result, the
arachi donic acid yields showmn in Table 9 were
wohvt@inew?2 i ndicating the effectiveness of thePCT/JP2005/014960
cryopreservati on nmethod. Tabl g,9_ Results Exanple 9
Conparison of L-drying method and cryopreservation
nmet hod for 9-year stored sanples A spore suspension
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tﬁ@mrpa@dbaged pesﬁ@m@étaﬁﬂ edamégrehtalagaramedi um
and the nunber of surviving spores were counted.
Li kewi se, the six 1.2 inL volunme _cryogenic vials
prepared by the method of E2BABl1 6017 (and cryopreserved
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hi ghly effective nmethod for prolonged preservation of
m crobial strains. Table 10CLAIMS 1 . A nethod for
preservation of a m croorgani smcapable of mcrobia
production of a polyunsaturated fatty acid or a
compound conprising a polyunsaturated fatty acid as a
constituent fatty acid, which nethod conprises :



(a) formng spores in a spore-fornm ng mediumat pH 4-7
containing a nutrient source conprising an inorganic

weabds/aémiza sacchari de; (b) suspendi ng the spoPe€s$/JP2005/014960
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obtained in (a) in sterilized v r, or sterilized

wat er contai ning a surfactant and/or an inorganic salt

to prepare a spore suspension, and addi ng a

cryoprotectant at 5-15%to prepeAEM& Cryopreserving

spore suspensi on; d . ( preserving. t he . :
cryopreseﬁvinggs%ﬁggogug%ﬁn%¥%ﬁeﬁ%? TRRCT @ (ByeRgorgantsm
bet weepab100€f amticr@BCal 2produaet bwdofice opdl yignsaturated
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iron Sulfate. 3 . A method according to claim1 or

2 , characterized i ROrHARISEPATSPoER- R oPRPRY FREPtRY | Bedium
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to a pHof 4-7. 4 . A method according to any one of
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5, characgterized inthat Ld.pal yun Jrat ed :

> i charagterizeq labhat -281d;Re! YUN3aLYKAE 8duhatbYn said
inorganic salt is at least one type of inorganic salt
selected from the group consisting of sodium nitrate,
dipotassium hydrogen phosphate, magnesium sulfate,
potassium chloride and iron (I) sulfate.

3. A method according to claim 1 or 2,

characterized in that said spore-forming medium is Czapek
agar medium or Czapek-Dox agar medium adjusted to a pH of
25 4-7.

4. A method according to any one of claims 1 to 3,
characterized in that said cryoprotectant is glycerin.

5. A method for preservation of a microorganism
according to any one of claims 1 to 4, characterized in
30 that said polyunsaturated fatty acid or compound
comprising a polyunsaturated fatty acid as a constituent
fatty acid is a triglyceride comprising a polyunsaturated
fatty acid as a constituent fatty acid or a phospholipid
comprising a polyunsaturated fatty acid as a constituent
35 fatty acid.

6. A method for preservation of a microorganism

according to any one of claims 1 to 5, characterized in



fatty acid, w3 polyunsaturated fatty acid or w9
pol yunsaturated fatty acid, or a conbination thereof.
W@ 20064162 hod for preservation of a m croor ganPE€miIP2005/014960
according to any one of claims o 6 , characterized
in that said wé unsaturated fatty acid is 9, 12-
oct adecadi enoic acid (linoleic acid) 18:2wb, 6,9, 12-

OCtag§§@t55§80§ ?ﬁhgaﬁgrét@9|§Qt€y3§éﬂa 18: 3Mbw6 unsaturated

8,11 el Cos enol ¢ acid (di honpb-g-1inolenic acid)
20: 3BtLy5aci8, , ®31lpolguesebsactedaéabty acigd or ©9

(arachidoni c, aci 10, .1
6. BeaYaPECFaoRord 2t hU23%k0h 37 3 Oiagriqy Ehereot.
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of clarns haracterized in that said w3
unsathgat edibatby vackdursatedl Zatsy ectiddésalr Lénoic
acid (a-1l.inolenic acid)

15 o@?&é@@&?éﬂ?&@ﬁ&uécééu21&§Péﬁ%Fd%ﬁF§ i%a%wfs fud’ 12~
%583% V\g't‘i‘:?%ﬁb&'ceﬁgh@ ’qlglﬁlr(&léwi@ acidnolenise, 8,11,14-

aC|d ei cosatetraenoic acid
20: 4Mcp55t8,133ihp14: 2zidi ddshpuatrehiielerid 2T G20 : 306,

7,10,.1
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OCcosanexaenol C acl
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any one of clains character i.n that
sald W - &Hséﬁuﬁgfgﬁcpéﬁpﬁn 8rgois 8c§8 géfggé%adlen0|c
aiad 18: 2@? 8 mklheldc@sadipereieevatidn26f2wdmdcrborganism
ei cosat.ri enoi ¢ _aci aci d 2 3
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15 10 aRp@ne 0l gRiumskdratR®d fRharacicdd z2ed 9,12, 18t
said mcroorganismis one belonglng to the genus:

Mor t icarteldegat ritnoAamacicd (o 1prde8iFaficd Rl ofl 83 303,
M Cr QOr¥ani SM-octadecatetraencic acid (stearidonic acid)

18:4®3, 11,14,17-eicosatrienoic acid (dihomo~a—linolenic
acid) 20:3w3, 8,11,14,17-eicosatetraenoic acid 20:403,

20 5,8,11,14,17-eicosapentaenoic acid 20:503, 7,10,13,16,19-
docosapentaenoic acid 22:503 or 4,7,10,13,16,19~

docosahexaenoic acid 22:6m3.
9. A method for preservation of a microorganism
according to any one of claims 1 to 6, characterized in
25 that said ®9 unsaturated fatty acid is 6,9-
octadecadienoic acid 18:2m9, 8,ll-eicosadienocic acid
20:209 or 5,8,1ll-eicosatrienocic acid (Mead acid) 20:3w09.
10. A method for preservation of a microorganism
according to any one of claims 1 to 9, characterized in
30 that said microorganism is one belonging to the genus

Mortierella.
11. A method for preservation of a microorganism

according to any one of claims 1 to 10, characterized in

that said microorganism belonging to the genus



according to any one of clainms 1 to 10, characterized
in that said m croorgani smbelonging to the

wgemsbrri erel la is Mortierella al pina. 12. ApaetPmds/014960
for production of a pol yunsaturz;a ed fatty acid or a
conmpound conpri sing a pol yunsat Pated fatty acid as a
constituent fatty acid, characterized by using a

m Crl@z?fvg féﬁé’rﬁqqd/ﬁ@léb’eﬁlm_ﬂMaaccor ding to any
one o alnB method for production of a polyunsaturated
fatty acid or a compound comprising a polyunsaturated
fatty acid as a constituent fatty acid, characterized by
5 using a microorganism preserved by a method according to

any one of claims 1 to 11l.



