Z693 - 1 - DESCRI PTI ON PROCESS FOR PRODUCTI ON OF USEFUL SUBSTANCES

TECHNI CAL FI ELD 5[ 0001] The present invention relates to a production
met hod of useful substances that utilizes m croorgani sns. BACKGROUM%#&?‘
10[ 0002] Vel | - known exanpl es of processes used to produce usefu
substances by utilizing mcroorgani sns include the production of L-am no
acids, nucleic acids, unsaturated fatty acids etc. by fernentation

(Non- Pat ent Docunents 1 15and 2). TheskEEIGRIRNIGUbst ances are produced
usi ng the netabol i smof mcroorgani sns and using car bohydrates such as

gl ucose and/ or hydrocarbon oxidation products as substrates. Known exanpl es
of processes used to CEROUESS nF@R odRQRUTEBIAN fOt USFFdlc iSHBSTANCES subst ances
i ncl ude 20batch cul turing wherein ajf#@ﬁﬁfdgﬁaﬁﬁﬁkyn1conponents i ncl udi ng
substrates are added in an initial , -batch cul turing wherein
culturing’is sti¥0%d with an initial mediumto which a portion of
substrates is added maed graeewtated ot Bnk-ef 9eEgaph s, %%a&ﬁ\!@omm@ﬂ%& hon

of 25remaining substrates to the nediumeither intermttently or

conti nuousl y, &fd US&HUInGohs temces: ithgtwhEidiaea PreEpPORERR LFMLToNt ai ni ng
Substrates is added to a fernmentation vessel at a constant rate, and then
culturing is continued while discharging an eﬁual anmount of culture 30broth
outside the tank. However, in any of o ' ng met hods, carbohydrates
such as I ucosdo®024t ar ch- sacchari fyi ng products and/ or hydrocarbon

oxi dation products %Eﬁﬁﬁn as substrates _of usefu subséances are cont ai ned

ful
in a nediumfor indUstri arty  355P8RIE NG TUBEPGFSSEBsEantet® RTIHET i me t he
medi um i s i nocusatfed wubls trincesobyanitdis.ziihemécrsocyan emhd yi mel kad®Wwhe

net hod for Sta%&%@%c%ﬂ%%ugfn%—ghig%C5%95g?nhﬁgﬁeié gcids, unsaturated

fatty acids etc. by fermentation (Non-Patent Documents 1

15 and 2). These useful substances are produced using the
metabolism of microorganisms and using carbohydrates such
as glucoée and/or hydrocarbon oxidation products as
substrates, Known examples of processes used to culture.
microorganisms for producing useful substances include

20 batch culturing wherein all culture medium components
including substrates are added in an initial culture and,
fed-batch culturing wherein culturing is started with an
initial medium to which a portion of substrates is added
and inoculated with microorganism followed by addition of

25 remaining substrates to the medium either intermittently
or continuously, and continuous culturing wherein a fresh
medium containing substrates is added to a fermentation
vessel at a constant rate, and then culturing is
continued while discharging an equal amount of culture

30 broth outside the tank. However, in any of these
culturing methods, carbohydrates such as glucose or
starchfsaccharifying products and/or hydrocarbon
oxidation products serving as substrates of useful
substances are contained in a medium for industrially

35 producing useful substances at the time the medium is
inoculated with microorganisms. There is currently no

known method for starting culturing of microorganisms



wi t hout addi ng a carbohydrates such as glucose or starch- saccharifying
products and/ or hydrocarbon oxidation product to the initial nmedium 5Prior
Art Docunents Non-Patent Documents [0003] Non- Pat ent Docunent 1

Appl i ed M crobiol ogy, Revised Edition, Baifakan Publishing Co., Ltd., 1993
10Non- Pat ent Document 2: Science and Engi neering, Vol. 74, No. 1, 26 (2000)
. DI SCLOSURE OF THE I-NVENTION Problens to be Sol ved by the Invention

15[ 0004] Wi fobj e ctddifng e qedssdntdratesntsiuch Bs gbuposwi de atprohess

for efficiently, ﬁ%_cji - S tilizi

m cr oor gani sns,sag% mr@pﬁﬁ%&ﬂ}ﬂs’;%ﬁ%gr té@?%é%%?ﬁcé%%éég?o%nhanci ng
t he 20pr oduct i dr @Gt itendihefinidafall magdstmances whil e shortening a
culturing period required to produce the useful substances. Means for

Sol ving the Probl ens 25[ 0005] As a result of conducting extensive
studies t® sol VE&rkte AaftorRafiarded probl ens, the inventors of the present

i nvention foundidhatatddt dHREssS for produci ng useful substances by
cul turing nicrquéﬁgy sns, useful substances 30can be efficiently produced
by using an ini medi um for main culturing in which the total

concent at ib on of Can@ﬁh-}fdartairﬂ.sf[ﬁﬁﬁm@fﬁr gqam@@u_i@&: QQEE@BiBI@ﬁ99t§%{é§sé§55

t han 0. 4% by ht. in terns of the carhon equival ent, and then adding
carbohydratesvfﬁégkﬁoqnuﬁ%ﬁghﬁﬁﬂ1P (%ﬁ%ﬂ%ﬁgoﬁgproﬁﬁgts ég?gr t he

m cr oor gafi sns have NzegtRatleogamddumentgrawskichber ahy kEegdhseriggsovpieti on
of the present -}'ﬂvq\ﬂ)t_i on. 5¢ 3(2[0%%(36]'

DISCLOSURE OF THE INVENTION

Problems to be Solved by the Invention
15 [0004]

An object of the present invention is to provide a

pkocess for efficiently producing useful target

substances by utilizing microorganisms, and more

particularly, to provide a process for enhancing the
20 production efficiency of useful substances while

shortening a culturing period required to produce the
useful substances.

Means for Solving the Problems
25 [0005]

As a result of conducting extensive studies to solve
the aforementioned problems, the inventors of the present
invention found that, in a process for producing useful
substances by culturing microorganisms, useful substances

30 can be efficiently produced by using an initial medium
for main culturing in which the total concentration of
carbohydrates and hydrocarbon oxidation products is less
than 0.4% by weight in terms of the carbon equivalent,
and then adding carbohydrates and/or hydrocarbon

35 oxidation products after the microorganisms have begun
logarithmic growth, thereby leading to completion of the
present invention.



Nanely, the present includes, but is not limted to, the inventions

i ndi cated below. (1) A process for producing a useful substance by

5cul turing mcroorgani sns, conprising: a pre-culturing step for
pre-culturing a mcroorganism a step for_ijoculating the resulting
pre-culture broth into a main culture initiial medium wherein the tota
concentration of carbohydrate and hydrocarbon oxidation product in the 10
main culture i o0& mediumis less than 0.4%by weight in terms of the

carbon equi val ent:  #fhed TRLRCULEULLDO; SLepabor adding hvdlrasarbon and/ o

hydr ocar bon OX|dat|on dduct he m croof gani sns” have
| ogarithmnic gr6@@hlnY@PZ)Omﬁelpd®§é§§dfbelpWoduct|on according to the above

(1), wherein the Cadﬁqhﬁdb%%e%@d%% B)é%%%ﬁ% @ ﬂ?f'%ﬂ%t

substantially not added tQ the main culture | |t|a medi um b%B) The
process for pr&HdEtirdRdald6rarEganssife 2oupoYRing) dre¥)culieria@ia t he

car bohydrat e arapr faxd@%aemeu%hqahl a&zc%@@lgl&ﬁlﬁﬁd%i ﬁép?fféﬁ‘e

m croor gani snms .have _b g g arithmeg wh is a sug (4). The
process for prd&ﬁ@P#Sﬁ R8ch ﬁ@spétéﬂ9 Bﬁ% 6?1¥%%eam%®%h(%BtQCﬁ(@91n
V\/ne[) elh ndt he ni @;maug@mmﬁmatl)améampﬁ.r ocrhg@@mgtm@a&o@aﬁl &ﬂﬂid@rﬁ:ﬁelhl?lon
car bohydrate and/ or rocarbon_qgxj dation product th an nyl a
(5) The proces?qé8?r§%gH§EPF8na§§ bV%FﬂﬁaF OHnQXbﬁ% BN R %Véuligh?o
(4), wherkein tmaim cudtugeniadtialamsiddnnotl gabésm tiedongi 4% B Wdiggenus
Mortierella. h pLgce Qr roduc acco rdin one of the
above (1) to é% @w%m;egg f % éégF P gﬂﬁ%yg%ﬁe i sy H?dﬂ%%nLﬁ% Y %d
fatty acid. Efﬁ@@@sf@t tkdihgyvbptironad3bpf08i{l/or hydAocarishmgo:tioidthieon
present invent r
nlcroorganlsn1b9%$ugﬁl %E%EsgﬂpP@?@ﬁSEEGQPngﬁwééfﬁﬁ?%%%%gT%g¥§f§HWy% a
graph indi cati §&o¢lidinge i n gl ucose

15 (2) The process for production according to the

above (1), wherein the carbohydrate and/or hydrocarbon
oxidation product is substantially not added to the main
culture initial medium,
(3) The process for production according to the
20 above (1) or (2), wherein the carbochydrate and/or
hydrocarbon oxidation product added after the
microorganisms have begun logarithmic growth is a sugar.
{4) The process for production according to any one
of the above (1) to (3), wherein the microorganism is a
25 microorganism that catabolize the carbohydrate and/or
hydrocarbon oxidation product with an exoamylase.
(5} The process for production according to any one
of the above (1) to (4}, wherein the microorganism is a
microorganism belonging to the genus Mortierella.
30 (6) The process for production according to any one
of the above (1) to (5), wherein the useful substance is

a highly unsaturated fatty acid.

. Effects of the Invention
35 [0007]
According to the present invention, a useful

substance can be efficiently produced by a microorganism.



5concentration in an experinent for production of (52, 827 117, 147)-

5,8,11, 14-icosatetraenoic acid in Exanple 1, in a culture systemin which
gl ucose was added to an initial nediumand a culture systemin which ,
gl ucose was not added to an initial nmedium, 10FIG 2 is a graph indicating
change in the ratio of 57,87 117,147)-5, 8,11, 14-icosatetraenoic acid to
total fatty acids in an experinent for production of

57,827,117, 1472)-5, 8,11, 14-i cosatetraenoic acid in Exanple 1, in a culture
systemin which glucose masBﬁfggxbééggigfggﬁﬂdg %hg”%%h@&h%@d a culture
systemin which glucose wa -t in Exanple 1.
EMBODI MENTS FORO

present invention rehates 4@ 3 BrAPESInhOLaPLR usmg%@ ﬂ%g%iqcést@stance by

culturing a mcroorgani sm conprising: a pre-cultur

pre-cult

concentrati on

BRYI NG OUT THE | NVENTI ON [ 0009] 20As descri bed above, the

g st or

ing CRECANETEGAGENIISNBD gxBeapmedE fabcRFadReglemeok esul ting
ni croor gani sm i(szQ sa& , maizn 1agh t-use gi ALt h 3l ; 25RE LM e MBS € d N, t ot al

f carbohydrate and hydrocarbon, oxi dation product in the nain

cul ture initia*@BEEmlirs 1Peds CUAERTE. 2YShweR gL ¢ FEIGRSOWaheddedbon
equi val ent; andoaammiinicikiluneddust apdf ar catdhpg ayseshohy dfaten and/ or

hydr ocar bon oxi dati on 30produc

t
FO5Folitq) =7 e?ggﬁpetﬂoaBa?Ffﬁgggrm??h?TaIions on the

| ogarithm c gr
sifbst ances t @Iide pr ddueedraphotdingatonyhehprgsent 3% mvenid aff
provi ded t hey g

are exenplifie
5 - fatty acids in an experiment for production of

°2%,82,117,142)-5,8,11,14-1icosatetraenoic acid in Example

usef ul

i pids,
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fter the mc¢ gani.sm has begun

b d by, ni i d
i PRATE989 DR 30 e REQELEREL DY, T SL00" B8N Sy a0

1, in a culture system in which glucose was added to an

initial medium and a culture system in which glucose was

not added to an initial medium in Example 1.

EMBODIMENTS FOR CARRYING OQUT THE INVENTION

[00069]

As described above, the present invention relates to

a process for producing a useful substance by culturing a

microorganism, comprising: a pre-culturing step for pre-

culturing the microorganisms: a step for inoculating the

resulting microorganism into a main culture initial

medium, wherein the total concentration of carbohydrate

and hydrocarbon oxidation product in the main culture

initial medium is less than 0.4% by weight in terms of

the carbon equivalent; and a main culturing step for

adding a carbohydrate and/or hydrocarbon oxidation

product after the microorganism has begun logarithmic

growth.
[0010]

There are no particular limitations on the useful

substances to be produced according to the present

invention provided they are substances that can be

produced by microorganisms, and are exemplified by amino

acids, nucleic acids, unsaturated fatty acids, lipids,



proteins, peptides, vitam ns, sugars, sugar-al cohols, alcohols, organic
acids, antibiotics and physiologically active substances etc. [0011]
5Exanpl es of ami no acids include L-glutam c acid, L- lysine, L-threonine,
L-trypt ophan, L-phenyl al anine, L-tyrosine, [L-Ieucine, L-isoleucine,
‘L-valine, Lasparagine, L-histidine, L-glutdamne, L-arginine, Lornithine,
L-citrulline, L-proline, L-serine, nethionine, 10L-al anine, L-cysteine,
cystine and hoposdriimes, wepltedesanplié¢amihispustgacsacsusar-nclamterismpsi ne,
guanosi ne, i nosj,n i d |l Lc.acid | I ngd. cytidyljc acid.
P0012]  15Exampl oL SF ohe SFOr AL Falry 2t BLONLGE AN bRVEL SN LAA Fy
(6Z,97,127) - 6, @ctivecsabpetancesnete-acid, (8Z, 117, 147) -

8,11, 14-i cosat rfiggagiyc acid, (5Z, 87,6117, 147)-5,8,11,14- icosatetraenoic
acid, (4z 7Z,112,142,172)-4,7,11,14,17-_docpsa entaenoi ¢ acid,

(92, 127, 157) - 9, 12, 15xappdesadéc aminenaicé dacinclpde, by hvansy)as, @, 12+ 15-
oct adecat et 1 aengist 16 4y t£8€ohizel 421 E0btBoldn] 43 1o Bl £ORA A1 Acf101 C
acid, (5z, 8z 117,147, 172)-5,8, 11, 14, 17-"€éi cosapent aenoi ¢ aci d,

(42, 77, 102, 13Zt¥E625192y - Lz leucanes isisglgvebaanekasnbireadid, (62, 97)-6, 9-
250ct adecadi enqispaatigdne( 8Z-h14)18ihd; i ¢cogadt 8NOKE, Al &rginine, L-
(52,82,112)-5,8,1l-icosat£ien§ic ¢id, etc, Thile exanpl es of |ipids

i ncl ude triacyCHVEE FGas I EyﬂgﬁyéerP68§? hBRoakyFgFyeer i tonine,
phosphati@yl cholilreinghosphagkicdyhesetiyaeinphasphadincydrehdanglarg ne,
30phosphatidy|é£g%if€g ,fphOS hatidicdach |é80$h08 hatiqgl chol i ne,

| ysophosphat i dyTr* Y& iKe O YE53RESpRSECGy FIEL HARof ARTHAS | Tt hat i dy!
i nositol, |ysopmosphdic dicddaciodangandi akiigy nxastkeybis @&titdcamnd ai ni ng t he

aforenentionedcwgaﬁﬁqg%t difatty acids. 35[0013] Exanpl es of proteins
i ncl ude |ipases,” phdsphol'ipases, proteases, transglutam nases, anyl ases, -
6 - isoanyl ased00d2]lcose i somerases, gl ucosidases, pullul anases,

pol ygal acd ur onases, {3BRRASE LIOMRLALESarBLARLRLHULAPFY! ASEP,qL haMMOSydases,
mannosydases, cyclodextrln-prodUC|n% enzynmes, giucose dehydrogenases,
a

5gl ucose- 6- phosifat’é rdéky diPeJerdsest aHexokrhasess grikdoseds, 112,142) -
8,11,14-icosatriencic acid, (5%Z,8%,11%,14%Z)-5,8,11,14-

icosatetraenoic acid, (4%,7%,11%,14%,172)-4,7,11,14,17-
docosapentaenoic acid, (9%,12%,15Z)-9,12,15-

20 octadecatriencic acid, (6%,9%,12%,15%2)-6,9,12,15-
octadecatetraenoic acid, (8z,11%,14%2,172)-8,11,14,17-
eicosatetraencic acid, (5%Z,8Z,11%,14%Z,17%2)-5,8,11,14,17-
eicosapentaenoic acid, (4%,7%,10%,13%,16%,19%) -~
4,7,10,13,16,19-docosahexaencic acid, (6%,9Z)-6,9-

25 octadecadienoic acid, (8Z,117Z)~-8,11-icosadienoic acid,
(5Z,SZ,1lZ)~5,8,11—icosatrienoic acid, etc, while
examples of lipids include triacylglycerides,
diacylglycerides, monoacylglycerides, phosphatidyl
choline, phosphatidyl serine, phosphatidyl ethanolamine,

30 phosphatidyl inositol, phosphatidic acid,
lysophosphatidyl choline, lysophosphatidyl serine,
lysophosphatidyl ethanclamine, lysophosphatidyl inositol,
lysophosphatidic acid, cardiolipin, sterols etc
containing the aforementioned unsaturated fatty acids.

35 [0013]

Examples of proteins include lipases,

phospholipases, proteases, transglutaminases, amylases,



oxi dases, sialyltransferases, fucosyltransferases,

Nacet yl gl ucosam nyl transf erases, gal act osyl transferases,

mannosyl transf erases, N acetyl gal act osam ni dases, Nacyl am no acid
racemases, D-am noacyl ases, L-phenylseringe d0dehydrogenases, carbonyl
reduct ases, a-keto acid reductases, peroxidases, |accases, chol esterol

oxi dases, fructosyl am no acid OX|dases manganese perOX|dases ascorbic
aci d oxi dases, IFQpaslE S - daEM&&O&ﬁtuadmﬁm@§esm|UﬂubeSh¢d$a$ases phyt ases,

fumarases, uriGases,dntalal zﬁﬁépgaﬁgﬁ%ﬁf%‘iﬁ%@ HéEﬁéEé lQSJnéP%Aiéﬁs

i nvertases, asparagi nases, actases, 'uroki nase etc
exanpl es of peptiakiq frﬂéqalﬁkféfl@lslﬁsat KibewaosyOe S8 , Emam‘wégdwem t am ns

i ncl ude ascort”d&d%ﬂd%xé%ﬂHJﬂyadﬁelIg‘éﬂi%%b@e %@hégb@ aBh Qb fyenases,

cyanocobal am n, vitamn A, vitamn vitam n d carotenoids etc,

exanpl es of sugERCqSRIURRARRRGGSa Sy dnggeBRF RS uBBSaki RRSeRy | $58COBE bose,

fructooli QOSaCmrdsdﬂs% 3ala61109ldn3FEaceRaY, | @ﬁ&os%@@éﬁ@@@£é§@§acﬁhar' des,
chitins, chitosan h aIuronlc cid, viscous p saccharide etc, and

exanpl es of sugsitt ASFIHAY %ﬂﬂQQHﬂseser9FﬁPFF8FY155?%%F?¥%FeSr

manni tol, sor binta)inoeatﬂtﬂa@&@raaé@xamﬂaefetgﬂganaahalsamm@aaé@s ﬁtﬂmanol
but anol and glycerol eX%EPéFS of or an|® aci,ds include a et f Iactlc
acid, pyruvic Acid el aGEET i A ECARE - FEC e TS PEELRP A,

mal i c acid, gl ukOnidrairhsdd,acRFBBAl q:edf;@ﬂ:ﬁb@s@cbtdke’@bo@bi’ﬂ' c acid,
butyric acid, 35 |sobut ric aC|d acrylic acid, nethacrylic acid, sorblc

acid, maleic adi eI %QQﬁnu¥?C§€?85ftSFP&??Eeéﬁidox+§%%?§rlc

acid, ketoaldomﬁndﬂnskl2mﬁﬁk0®@ﬂﬂ“dk1daéés; aehdafkse p@doﬁ%@ﬂ@é@S of
anti biotics include.benzoqguj none-based a ntibiotic ant £¥§ i ne-based

antibiotics et & [T RIS S p 8?8995&&P§eﬁctpﬁ Bitances
i ncl ude nicotimmﬁnﬁieuhydnaiaﬁaanﬂphynakas'fEamamaadenl091daaesjeot|de

oot DA Tl NN BB, SLEPLETLYS
asparaglnases, tannases, lactases, urokinase etc, while
examples of peptides include glutathione.
[C014]
Examples of vitamins include ascorbic acid,

20 riboflavin, thiamine, niacin, biotin, cyanocobalamin,
vitamin A, vitamin D, vitamin K and carotenoids etc,
examples of sugars include glucosamine, N-
acetylglucosamine, xylose, ribose,
fructooligosaccharides, galactooligosaccharides,

25 mananooligosaccharides, chitins, chitosans, hyaluronic
acid, viscous polysaccharide etc, and examples of sugar-
alcohols include xylitol, erythritol, galactitol,
mannitel, sorbitol etc.

[0015]

30 Examples of alcohols include ethanol, butanol and
glycerol, examples of organic acids include acetic acid,
lactic acid, pyruvic acid, succinic acid, citric acid,
kojic acid, fumaric acid, malic acid, gluconic acid,
itaconic acid, formic acid, propionic acid, butyric acid,

35 isobutyric acid, acrylic acid, methacrylic acid, sorbic
acid, maleic acid, cinnamic acid, aldonic acid, tartaric

acid,'isocitric acid, ketoaldonic acid, 2-ketogulonic



10chl ori de, retinoids, cerebroside, coenzyne A coenzyne QLO, inositol,
choline, carnitine, pyrrol oquinolinequinone, gibberellin, abscisic acid,
pol yhydr oxyal kanoat e, cycl osporin A, nmevalotin, polyglutamc acid,

pol yl ysine, mannosylerythritol |ipid 15etc., [0017] Preferably,
exanpl es of unsaturated fatty acids include
(6Z,927,127)-6,9, 12-oct adecatri enoi c acid,

(8Z, 1127, 14Z7) - 8 aElidl #ticgosatct ieewaoipd eaciod, anbZb82t1¢Z, 1dZ)ude

205, 8,11, 14-ic . i.ch, Lo b , 1 Sl
4,7,11,14,17-dg%%§§%%ﬁgggﬁb$%&ggi3%%%8%§E%%%15§§?é?%%¥ﬁ%%n%éfgﬁ%%atrienoic
aci d, (62,92, 12ntibiotd oy BECL5- oct adecat et raenoi ¢ aci d,

(87,117,147, 17%)00d.641, 14, 17- eicosatetraenoi c acid,
(5Z,82,117,147,177)-5, 8, 11, 14, 17- 25ei cosapent aenoi c aci d,

(42,72, 107, 137, 167, Egpmplesy ofo prysielegigedb¥ahekaBorebakarces 67, 92) - 6, 9-
oct adecadi enoi G raQivlle (Béoctlidbmddblaeasadi anpii6186tdde, flavin adenine
(5Z,82,112)-5, 8, 11-i.cosatrienoic ,acid etc, and exanples of_ |ipids include
triacyl gl yceri e90Cdicedy 5y C&OtdEs 2CiBmpiBakimgFyaet A deSol bhRGHat i dy|
chol i nel, phgspmﬁtdﬁgqycsarr@ige,alcmos@h@biﬁwbéa&haﬁgltgﬁaﬁ@hi@hoipha}] i d_y:]I |

i nositol, phosphatidic acid, |.ysophosphat chol i ne sophosphat i dy
seri ne, Iysoph5§%ﬁ§ﬁy e%@ﬁﬁgﬁﬁﬁangﬁ@?tﬁyéﬁékaéBﬂé??d§?1¥ﬂ%‘PPOI

| ysophoshhat i diahlagiidie ,3¥earidiodldspi ke rebepbslidepet coenninaé nk Ngeddrez yme

af orenenti oned at.ur.at. f at i.ds. - 8 - Mor e

pref erably, ex&%%ﬁeéy%%ﬁﬁﬁgdtﬁ%égg efafégggéggg'include

(82, 117, 147) - 8 p¥rrdcgpdsatlineguiicoaei, dgibberellin, abscisic acid,

(52,82, 117, 142?‘0?@&%0&?‘&1%&%%U ag@%h%sﬁ% n

(5Z,82,112) -5, cosatrienoic acid’etc, an e%én%?g%l%%*n1ipids i ncl ude
triacyl gl yceri d&dyddivdeyniq pedd: deelydvneaey| ghpeesydesytphbsphat ipid

chol i ne,1phosphatd dyl serine, phosphatidyl ethanol am ne, phosphati dyl

i nositol, phos ti.dic acid, |ysophosphatidyl choline, |ysophosphatidyl
serine, |ysoph t'i dyl et hanol am ne, 10l ysophosphati dyl inositol,

| ysophosphati di ¢ acipdedleal®Q12kamples bREupEQERSSLOE FRELPr LSRN

broduced usi ng MRCIVBEr qa ot a0 ~at D -prbAtCEACtLERGLf EFbor gani .
15Usef ul subst adzed ljgr, ddZoed iy, Mideicosganisnsioaycpdeseds, 87, 117, 14%) ~

20 5,8,11,14-icosatetraenoic acid, (4%,7%7,11%72,142,17%)-
4,7,11,14,17-docosapentaenoic acid, (9Z,12z,152)-9,12,15~
octadecatrienolic acid, (6%,9%,12%Z,15%)-6,9,12,15-
octadecatetraenoic acid, (8%,11z,14%z,17Z2)-8,11,14,17-
elcosatetraenocoic acid, (52,8Z,llZ,14Z,17Z)—5,8,11,14,17~

25 elcosapentaenoic acid, (4%Z,7%,10%,13%,16%,19Z)-
4,7,10,13,16,19-docosahexaenoic acid, (6%Z,92)-6,9-
octadecadienocic acid, (8%2,112)-8,1l-icosadienoic acid,
(52,82,1172)-5,8,11-icosatrienoic acid etc, and examples
of lipids include triacylglycerides, diacylglycerides,

30 monoacylglycerides, phosphatidyl choline, phosphatidyl
serine, phosphatidyl ethanolamine, phosphatidyl inositol,
phosphatidic acid, lysophosphatidyl choline,
lysophosphatidyl serine, lysophosphatidyl ethanolamine,
lysophosphatidyl inositol, lysophosphatidic acid,

35 cardiolipin, sterols etc containing the aforementioned
unsaturated fatty acids.

[0018]



al one or may be a m xture of a plurality of two or nore useful substances.
In addition, the useful substance may be a substance that contains the

af orenenti oned useful substances as. constituents thereof. 20[0020]

There are no particular limtations on the 8m'_croorg’ani sns used in the
present invention, and any m croorgani sns can be used provided they are

m cr oor gani sns useful to produce useful substances by 25fernentation. In
addi tion, the procederef prhéeprbignt ekamphes onf camsat wioa el afgiitivedhdiols

m cr oor gani sns ;prev.i;ush _Lo produc st ances by
fernmentation prlgl\??tglg% f‘ﬁéyﬂﬁgv??ﬂe%é?r??y9§%g%‘?%%%%‘iﬂgsée tr}f' subst ances.
In additian, ni{oZe8ZgdrisidZi0bnBelénifyinosahaviagnehe abidity to produce

useful substanqey, @ani1ah5asbg 4584 blatReeREOLCS: §Teldle MESEUmAVENtI ON
after they acquire the ability to produce useful substances as a result of

br eedi ng Usi ng®4 AEPREE dnchuds hitacvéalyreredombi Gty BN sk ogy
known 35anong pehseks1WlkBeeridbBar ¥hekbhhtifyl hehdline [ 00Zddprepecdfi €
exanpl es of mcroqrganisnms used inthe -_9 - present Invention include

ni cr oor gani s S5&1-8Rgi RGOEBNEREIYeneLR2ESL AR Pe hi RNOTRR Y EbEe t Era koL -
Baci | | us, Serr ghioapheitWdicaacPagudorepassplRaedepactiesiirgg) monella, Vibrio,
Xant hononas, sul furococcal es, Thernococcus, 5Arthrobacter, Enterobacter,
Acet obact or | uml VRCBISEREEET A b SRERBENT NS ORBP BALE EIY Lr - 75 BEe

Al cal i gelfes, Edysophosphatibgilnacoedts), Sehekphostiedt 1k oronasd etc.

Crypt ococcus, @Q)iog%‘r]obact er, Ceobacillus, Natrial ba, Exi guobacterium

-Sphi ngononas, Thernobifida, Leuconostoc, 10Lactobacillus, Acidiphilium
Nocar di opsi s, Strepflbeypescehnyodl &he, pPseadbndoaedi aon Tdwn Nuosroaygshiosd,

Ther mopl asma,  TREPmS, ShEarARSESus e SaAEY, b 28 S bd MELIRRARE Waing
Candi da, Tor ul &$FEErIBBKBEYY BHEMPass bePpehiuce®sestog yivesr CebzayoinTes,
Pachysolgn, Mijideeral lkapssuhgeBus MRLEREr 8Y! Ai c £951gh2Poh41Sna PYE Al W
Phyt opht hora, C_adosporium Rhodotorula, Entonophthora, Echinosporangi um
alone or may be a mixture of a plurality of two or more
useful substances. In addition, the useful substance may
be a substance that contains the aforementioned useful
substances as constituents thereof.
20 [0020]

There are no particular limitations on the
microorganisms used in the-present invention, and any
microorganisms can be used provided they are
microorganisms useful to produce useful substances by

25 fermentation. 1In addition, the process of the present
invention can also be applied to microorganisms
previously not used to produce useful substances by
fermentation provided they have the ability to produce
useful substances. In addition, microorganisms

30 inherently not having the ability to produce useful
substances can also be used in the process of the present
invention after they acquire the ability to produce
useful substances as a result of breeding using a method
such as mutation or recombinant DNA technology known

35 among persons with ordinary skill in the art.

[0021]

Specific examples of microorganisms used in the



Saprol egnia, U kenia, Schizochytrium Thraustochytrium 20Mrtiella,

Tri choderma, Aspergillus, Rhizopus, Acrenonium Penicillium Phona,
Myr ot heci um Tranetes, Byponyces, Fusarium Auricularia, Faecium

Meni spor opsi s, Thernonyces, Cercospora, Boty ytis, Stenphylium Mbnascus,
Mucor, Pestal otia, Phlebia, Schizophyllum “Chloroflexus, 25 Chytasporicia,
Chrysosporiumetc, and there are no particular restrictions thereon

provi ded t hey @resendr dovgations insdddeomprodacgansshsl bsldsyancesy {10922]
The follow ng | HRECIHf1C I 30 C c gani s :
exanple, inth e?%?gnﬁlsg use?&llaéu%?gﬁggﬁtcggﬁg%g} o%%giegﬁféé’ geﬂlﬁés)gjtadr at ed
fatty acid or WHipiidisda fisicadiomosas,f Rhgdeobettehe ehmendbiai eVptio, s

preferabl e, a LA, | Waghs fl-LBeaubaenyfe MbLbeLet) @ 1S more
preferable, and Mortierella alpina is 35particularly preferable. For

exanpl e, Fi cr ogVGARIERS 58l o AgitRF PG CLRE gAREFALRBE Y £¥R) | ACe T @i dbol us,
Pyt hi um Phyt ophiftendt HRaR, Ciadicwic teradns PebbymbeMICAl ¢a 1t gdfes, Fusari um

Aspergil | us, Rhodotorul a, Entonophthora, Echi nosporangi um or Sapr ol egni a
can be used asHi'EFEGGENC SO HEARGHie ABPPKEG t 6°pF BHRRIZA | pi d
contai ni ng as Trgptslddadent, Ratitetaeadreher eebbacillus, Natrialba,
5(52, 827,117, 14@(—5 %, 1% 14- cos%t t.r aenoi c ach . 082%‘;% Mor e
specifically, A B3 ey 0 SPHAROSRETRE! ohBPRYOPLT t Ry gefgonostoc,
Mortierellda, subgembsdibitiser déldiaiphdliude, Miotkedebbaie) ongesmtodMprds erel | a
exi gua, 10Morti X?J I ngygr hi()[ , I\/rbertl erell | pina _etc. Specific exanples
of strains ther}g1r Oil%c ddé%%tl)lr erer a2l ghﬁg §m$ﬂ8§%96?’ Mortierella exigua
1E08571, Morti éitaldod dbagrtephivng G804 aandmivbof & éopkla, aPpiroeodEd8568,
ATCC16266, ATC@%%%%?04§% 2%%%Tm@ég§§éé30Th%§§§%9'%%di&Q&%§%%4'37’
CB5250. 53, CBS343.66, 2772, 12, 8.70 an '54. 68, etc.
[0024] Al of tesdagiomyiass, caehiecgeqehreanyrom t Aendidh ogTent!Rasenach
Center ofsthe NMatiRRalodReld t Wiedh, pPseudozyma, Debaryomyces,

Pachysoclen, Mortierella, subgenus Mortierella,

Conidiobolus, Pythium, Phytophthora, Cladosporium,

Rhodotorula, Entomophthora, Echinosporangium,

Saprolegnia, Ulkenia, Schizochytrium, Thraustochytrium,

20 Mortiella, Trichoderma, Aspergillus, Rhizopus,

Acremonium, Penicillium, Phoma, Myrothecium, Trametes,

Hypomyces, Fusarium, Auricularia, Faecium, Menisporopsis,
Thermomyces, Cercospora, Botrytis, Stemphylium, Monascus,
Mucor, Pestalotia, Phlebia, Schizophyllum, Chloroflexus,

25 - Chytasporicia, Chrysosporium etc, and there are no
particular restrictions thereon provided they are
microorganisms used to produce useful substances.

[0022]
The following lists more specific examples of

30 microorganisms. For example, in the case the useful
substance to be produced is an unsaturated fatty acid or
lipid, a filamentous fungus of the genus Mortierella is
preferable, a filamentous fungus of the subgenus
Mortierella is more preferable, and Mortierella alpina is

35 particularly preferable. For example, microorganisms
belonging to the genera Mortierella, Conidiobolus,

Pythium, Phytophthora, Penicillium, Cladosporium, Mucor,



20Technol ogy and Eval uati on (NBRC), Anerican Type Culture Collection (ATCC)
or Centraal Bureau voor Schimmelcultures (CBS). In addition, in the case of
produci ng (57, BZ, 117, 147)-5, 8, 11, 14-i cosat etraenoi c acid or

(5Z,87,117,147) -5, 8, 11, 14-i cosat et raenoi ¢ ?ﬁig- 25contai ning lipid,
Mortierella alpine strain IS-4 or Mortierella el ongate strain 5AMI129 ( FERM
P-8703) (FERN BP-1239) can be used. In the case of producing

(82,1127, 147) - 8FPfaIHimboéﬁfﬁﬂ@ndd@sacR@Odot@SZl&lZEaﬁ@mephthora,

8, 11, 14-i cosat 1 t i 30al pi ne strain
SANH86O (FERM ggﬂ%%%? ?S?grgF SQ%FOlggH ?pg% %%.ﬁééﬁ) %é?ella al pi ne

strain |z3 etc“@&ﬁoﬁég@§é§m8wﬁﬁ€hn§réhﬁuﬁéhllEYr%mr@r@mﬂ¢eninﬁlprd45
desaturation a%km%bhhlhﬁa%swﬁr%oﬁ@%@kﬂ@ﬁtb¥a9€ NG {romSirain 15-4 using

a conventj onal procedur 5n|trosoguan|g|ne mutation. In the case of
produci ng (52Z, §221 $%y 1§28 1£@| é@§at1|1v édoiEoast et vreG ST id 7) -

5,8, 11-icosatrif@oe3g acid-containing lipid, Mrtierella alpine strain
SAML861 (FERN BP-3590), Mortierella alpina strain M09-7 (FERM P-15766) or
Mortierella al pina F?lﬁpﬁ?igécééﬁYbeeﬁéﬁﬁleﬁh?ﬁhmh?ﬁp?ﬁﬂ%ﬁﬁs%ﬁraJns

deficient in beAbgdesatur 8hkogeaasi m&ylbbanlwr@@@émm@oﬁw@ﬁéw& ng
S5fromstrain | $-4 u5|n a convggtiopg proce&ur i ni t r osoguani di ne

.
nutation. [0025 c1udle" HELEFEStGafit SHERS Apr Oﬁgf?ﬁ?gﬁalﬁxﬁgﬁ%dlun1SU|tabIe
for the]ﬁiCr00ﬂ@nﬂugnﬁuddehygmnﬁhuﬂemsMbhaheaéED&/aﬂpbhaJéuduJ(ﬂpe01flc

m croorgani Sm ke ed L9 HRLINSULRUELAY: snciude! OF La%%fﬂ%y %%“%ff?abw

resulting mcro nicsminto 8 Hai i ure in
sel ected by a pg&PserdOwi Merdrgiredry @KughalﬁF@&é7hrthep£mmbh©aof a

cul turi ng et ogy MG 18P40606! bt YBIRIBLLY S, CELLTn, IDRRAIES, and/ of

nycelia of a mcrobial strain, or a see ture ained by pre-cul turing
the nicrobial 2TF&LR266r PEEEBARRYe 65CC§22%%orh%C%ﬁ@4%@:r@&ﬁﬂl%i3imovered

froma seged CUbE@QQ40@Wa'@§§29ﬁ BBe- eBE5BYBL BY, LBESER I PP ApSifqih are
i nocul ated int ure or solid 20culture folTowed by cul'turing.

[ 0026] Exanple% §ﬁ0§a390ﬁ?8r5?§356r6ﬁyd?6€arbon oxi dat i on
[C024]

All of these strains can be acquired from the
Biological Research Center of the National Institute of
20 Technology and Evaluation (NBRC), American Type Culture
Collection (ATCC) or Centraal Bureau voor
Schimmelcultures (CBS). 1In addition, in the case of
producing (5%,8%,11Z,14%2)-5,8,11,14~icosatetraenoic acid
or (5%,8%,11%,142)-5,8,11, 14-icosatetraenoic acid-
25 containing lipid, Mortierella alpina strain IS-4 or
. Mortierella elongata strain SAM0129 (FERM P-8703) (FERM
BP-1239) can be used. In the case of producing
(82,11%,147)-8,11, l4-icosatrienoic acid or (82,11%7,14Z7) -
8,11,14-icosatrienocic acid-containing lipid, Mortierella
30 -alpina strain SAM1860 (FERM BP-3589), Mortierella alpina
strain S14, Mortierella alpina strain Iz3 etc can be
used, which are mutant strains deficient in A5
desaturation activity that were obtained by deriving from
strain IS-4 using a conventional procedure, i.e.,
35 nitrosoguanidine mutation. In the case of producing
(52,8%Z,11%)-5,8,11~icosatriencic acid or (5%,8%Z,112)-

5,8,11l-icosatrienoic acid-containing lipid, Mortierella



products that can be used in a main culture nmediuminclude, but are not
limted to, glucose, fructose, 25xyl ose, saccharose (sucrose), naltose,

- sol ubl e starch, nol asses, glycerol, mannitol, sorbitol, gal actose or
saccharifycation products of starch and the.like either alone or in

conbi nation, as well as citrus nol asses, bééet nol asses, beat juice or sugar
cane juice and the |ike 30containing these, substances able to be
assim | ated as &lgribien sSsowiceSAbY 8dle (HERMOBPgARPSIp, Mantdisubsiangépina
typically used r Wit g (I initial.tota
concentration 5$M§§?b§ﬁ§§%21éngﬁgEﬂ?ﬁ%@%ﬁrB%nhg§%2§{?%%ap%d%ﬁ%%s?kFﬁl?erns
of the carbon 3584 walrehre, vsed,esdhiidhamre. avtbptwetghins plefechihy On2% by

wei ght or | ess, r ref erably 0. 1%. ight or |ess, even re. .
reforably 0 oMby Sl g s ifidy W ell pREZI ORI erErEbRG 056
by wei ghty or ifiront hdrrador dsS-4c arsiohy dr abascandbonl hpdooeanbon dxédati on
products are s tantiall v t ed.to the initial nmedium Here, |ess than
0. 4% by weightqﬁﬁn?%Fﬁ§%3%dg%§ %&ra%ﬁcgﬁquivalent refers to 1% by weight in
the case of gl US®ES] 0. 95% by weight in the case of sucrose, 0.77% by

wei ght in the case Qgﬁgﬁgg%&banﬂ%ﬂl%ﬁ%?ﬁ%QXuT%HQQH iR ghﬁ?gggﬁdgé%g%¥fgr0|

Car bohydr at es and/ or | arbon oxi I on products trans

pre-cul turing & dgaiEroomaserd sranedgre cogdiivabeat that "ghldehydr at es
and/ or hyglr ocar, flevq j R QG % 5 gkl o} d mai n
culture initiafﬁﬁgh?ﬁﬁgkoﬁggg%itioﬁ§u$ﬁ£§%§8?F?gn¥8? %g?gpﬁgﬁ%g¥%§sénd/or
hydr ocar bon oxi dat i IR Ofatther aesol térperiegopsopaisit HbPi 2ed and
15utilized by th A1 @ARINSHE 1S n@lcﬁ%nﬁﬂlugVBEthiEQbiﬁaé@PQ&!E’é@tB§ a
and/ or hydrocarbon oxi dation product re substantially not added to the
main cul ture i MFESA? FEdHUMEIGFY7 S ﬂﬁoﬁyarQFEsdﬁéﬂﬁginﬁyﬂFoﬁarbon.
oxi dation produsils iei@adethd aMiEie spcifieal it i abgsedt e adéBLsa
pre-cultrge broth is in%ﬁulated i;nto the main gulhurgFinitial nediugl and
preferably aft &PESHIPMISE S He A &F FhASEL8P PheShEetBor §hnfsAESEnd
after entering dultmitchedted n2spas @reAldicughnthéhkbagiphastaandttagnphase
of the

or vegetative cells, spores and/or mycelia recovered from
a seed culture obtained by pre-culturing the microbial
.strain, are inoculated into a liquid culture or solid

20 culture followed by culturing.
[0026]

Examples of carbohydrates or hydrocarbon oxidation
products that can be used in a main culture medium
include, but are not limited to, glucose, fructose,

25 xylose, saccharose (sucrose), maltose, soluble starch,
molasses, glycerol, mannitol, sorbitol, galactose or
saccharifycation products of starch and the like either
alone or in combination, as well as citrus molasses, beet
molasses, beat juice or sugar cane juice and the like

30 containing these, substances able to be assimilated as
carbon sources by the microorganisms, and substances
typically used by persons with ordinary skill in the art.
The initial total concentration of carbohydrates and
hydrocarbon oxidation products, in terms of the carbon

35 equivalent, is less than 0.4% by weight, preferably 0.2%
by weight or less, more preferably 0.1% by weight or

less, even more preferably 0.05% by weight or less and



m croorgani sns vary dependent on the m croorganisns used for fernmentative
production of the useful substance, the nedium culturing conditions and
the like, a person with ordinary skill in the art is able confirmthe |ag
phase 30and | og phase of the nicroorgani sng,by measuring the cell count,
turbidity of the culture broth, or dry or met cell weight per culture broth
and the |ike using a known nethod or by neasuring a pH val ue or dissol ved
oxygen concent PatitésudR e pralfenablyr 6Bhbyrwaidat borr dimxitder words,

35concent rati oR  R%e% a&a%@sggﬁd?éQaH§hE9c££88ht?fl& (#aéﬂgase 7 'azdhd

confirm ng changes in each paranmeter: For exa S|ng
cel | count for Ststantigllypapsnadded kot fhe bleWﬁkﬁmQ¢R#MxHIHQRﬁwn begi ns

to increase experR@nihahl v.us b?ewéhﬁﬁtmﬁﬁntéPﬁs”&Er€ﬁégéﬁﬂ§ﬂ§ shift from
the | ag phase to the | og phase. In addition, In the case of investigating

di ssol ved® Soxy§&iidaies tlr&tfr-‘-aﬁ tg ELPnJéYmh%thRyb%ntlé%r%%ﬁﬁ)tQ%rng@% to

i ncrease exponentisal by weibhe &hmh@h@asbh@fns@é@@wamm eﬂ(}{j fiie 4100 t he
I ng

| ag phase to the | phase. en of tlnes f or

car bohydr at es &degg f@ﬁ?dpgcﬁFﬁah 1X|68gng U%F ot Fhly e it 433k or a
plurality of tiofeglyaedotihe carbohydirates and/er hydrecarhan «xidadidn
products can bg %%d % t% t he nedlﬁnkelther con %nuousl¥ ntermttently
There are no p&FCCCTTEr YRRCESEE s FEA™: REST SV VA r?ﬁ“ﬁ%ﬁéi%xﬁwdrates
and/ or HMHrocanh@wroxaddtamn prodeefisntotbe” agddechyd 00283 and/or Ni-trogen

sources are th i I | ] |56, and i nclude
atural it rogoEbyREEBh SlBGEAbR BELUUEES L EROPLORIEIT e R
extract, beef &heraetin cadamiceoiadtdalcoedigntep Thqudditsmybedre protein,

def at t ed soybeaii 13841 RS eadpaRhra aéegﬂdzxgr@af@ég oY A QU5 Lypes of

fermentation cells and di gestion progucts f her eo |nor gani ¢ nitrogen
25s0ur ces suchpﬁ§d§§ﬂﬁuﬁhﬁ¢tﬁé?enoénﬁﬁﬁﬁGﬁﬁﬁlt@ab% @@Eﬁbollzed and

15 utilized by the microorganisms is also egquivalent to
"carbohydrates and/or hydrocarbon oxidation products are
substantially not added to the main culture initial
medium".

[0027]

20 : Carbohydrates and/or hydrocarbon oxidation products
are added to a main culture initial medium after a pre-
culture broth is inoculated into the main culture initial
medium, and preferably after completion of the lag phase
of the microorganisms and after entering into the log

25 phase. Although the lag phase and log phase of the
microorganisms vary dependent on the microorganisms used
for fermentative production of the useful substance, the
medium, culturing conditions and the like, a person with
ordinary skill in the art is able confirm the lag phase

30 and log phase of the microorganisms by measuring the cell
count, turbidity of the culture broth, or dry or wet cell
weilght per culture broth and the like using a known
method, or by measuring a pH value or dissolved oxygen
concentration of the culture broth or a carbon dioxide

35 concentration present in gas exhausted from the culturing
vessel, and confirming changes in each parameter. For

example, in the case of using cell count for the



ot her nitrates, ammni um sul fate, amoni um chl oride or anmoni um phosphat e,
and they can be used alone or in conbination thereof. [0030] 30If
necessary, other substances can al so be used, such as trace nutrients,
exanpl es of which include phosphate ions_ pgtassiumions, sodiumions,
magnesi umions, calciumions, iron, copper, zinc, manganese, nickel, cobalt
and other netal ions, as well as vitam ns 35such as biotin or thiam ne.

Ant i f oam ng ageeremsticl,as Adwkanst whochstheconkl cerurat seediensadded as

necessary. [Oog%hreasé4ekHOPSPtiéﬂlgx& tipg peibog dsed,do culture

m croor gani sne can be use mai n”cu turlng, specific exanples of which
i ncl ude solid BdcErgeragnismgt sbiétl fupmnghe shagerloase ke gaaddy phase.

aeration-agi t atrh0BqEY i Bhi, Ngn EX@MBLEE 8F PRYELLI4NE; Ry agedlyRR:4 hat can be
used incl ude so-called batch culturing, fed-batch culturing, repetitive

bat ch cul® uri n@¥{AE CcERICRIGEITAANY uRi hyle FURERePRYIR] @AnTURRY J o

(stirring bl adekgiakr thi fihckeamentabbaBnt aakiyf 65 mend at i HdH hehe
punp-driven circulator or a i nation o hese nmeans can be used as

10conb f_1
agi tation meanBICFEESIpnLsms SRLERoAGA™: RRS ptdEURRG R 1R dd¥s s RhRse.
present inventi[@283n be carried out with any of the 15aforenentioned

cul tUri ng by acr ai i GReaBIRET of caFEP: AEE1 ACALTY o o Te tH o B Eul ar.
Al t hought@ ferhgdtabbqbomgsxéuasmoh*p$oﬁactéemapnb@romm_tﬁmkcﬁanabe used to
T fed thor et 510035y or TS bHE Ple LaRelRY RS ARG The culture
medi um may be &¢dgoed rionhozidasiconpapdingsogyyeme saddedstaitthe mediunm
either continuously or intermittently. There are no
particular limitations on the total amount of
15 carbohydrates and/or hydrocarbon oxidation products to be
added.
[0029]
Nitrogen sources are those typically used to culture
microorganisms, and include natural nitrogen sources such
20 as peptones, yeast extract, wheat germ extract, beef
extract, casamino acid, corn steep liquor, soybean
proteln, defatted soybeans, cottonseed meal, casein
hydrolysates, various types of fermentation cells and
digestion products thereof, and inorganic nitrogen
25 sources such as sodium nitrate, ammonium nitrate and
other nitrates, ammonium sulfate, ammonium chloride or
ammonium phosphate, and they can be used alone or in
combination thereof.
[0030]
30 If necessary, other substances can also be used,
such as trace nutrients, examples of which include
phosphate ions, potassium ions, sodium ions, magnesium
ions, calcium ions, iron, copper, zinc, manganese,
nickel, coebalt and other metal ions, as well as vitamins
35 such as biotin or thiamine. Antifoaming agents such as

Adekanate or silicone can also be added as necessary.
[0031]



250r a gas not containing oxygen, such as argon or nitrogen, or the medi um
may be aerated with a m xed gas thereof, and this gas is suitably selected
dependent on the conditions of the culturing system [0034] 30Although
varyi ng dependent on a microorgani smused,,the culturing tenperature is
normal ly 5C to 100C, preferably 10C to SOé'and nore preferably 15C to 40C
In addition, as one enbodi nent thereof, the mcroorganismis cultured at a
t enper at ure suit abl 8nf exiattngbnathd88gused hto folltowed by reandtgamuisng
culturing at a r e [ e f uct.i on of rget. substance to
enhance producf%grgg g%g§hgggaﬁgg% gﬂgé?gﬁﬁ ', éée%%ﬁ@:?ﬁ%%gﬁes CHP The
pre-cul turing peirbdinaludeobpdidediibbnoingn stdtiiquickltediing,i shakeest tube
or flask is no :B..h S ays; r abj ur ays- and
nor e 5preferabF9§Eh%$ﬁ?sQ#% %&ggggégT%ilgu %%gdgﬁyxﬁgfﬁﬁcuﬁ%%@%ﬁﬁgbég%od
for proddci ng §1rhEBringsnbecadesessthof nedn Y& Uaad sinwl B daysaldest erabl y

5 hours to 20 gdaysnhapd1fREeng! eE€AaBLY R QM S Ly 15 JaSic iTRe ramynt of a
desi red useful substance produced, the anmpunt of 10nutrients in the nmedi um

or the residuaflaRBtAEIornduBeREARBORS npekeningn Herqidwdmeser ideria f or
determ ni ng thempeMeeof (s0MPLeh 0PI 88 R 4 £Ul {14 | MGmdAQ38]orFuWther nor e,

t he pH val ue o% t he gegiunlused to 15ca|ture the mcroorganisns is 3 to 9,
and pH can be A8FUSPEACLST NG RN REPHEAFLYR SHgtiat ik 2l kal i ne

sol uti o0 ureaconbinbuionasPooneee One a0 R WnNdiddie d9 keyi tAtisef ul
substance is ahl- d to accunulate within 20m crobial cells, on the surface
of m croorganisis of in the nmediumby culturing the mcroorganisns in this
manner. Al t hou§@088% culture broth containing nmicrobial cells per se or a

concentrate thereof %g@HOQShuéﬁg 8§O&Qgtié)lj;'%ré(%‘%et0§uc Set %r}rcees’en% usef ul

substance can al so
invention can be carried out with any of the

15 aforementioned culturing methods, it is industrially
advantageous to carry out main culturing by aeration-
agitation culturing in a liquid medium in particular.
Although a fermentation vessel such as jar fermenter or
tank can be used to carry out aeration-agitation

20 culturing, the fermentation vessel is not limited
thereto.

[0033]
In aeration-agitation culturing, the culture medium
may be aerated with a gas containing oxygen such as air,

25 or a gas not containing oxygen, such as argon or
nitrogen, or the medium may be aerated with a mixed gas
thereof, and this gas is suitably selected dependent on
the conditions of the culturing system.

[0034]
30 Although varying dependent on a microorganism used,

the culturing temperature 1s normally 5°C to 100°C,

preferably 10°C to 50°C and more preferably 15°C to 40°C.
In addition, as one embodiment thereof, the microorganism
is cultured at a temperature suitable for microbial

35 growth, followed by continuing culturing at a temperature
suitable for production of a target substance to enhance

productivity of the target substance.



25recovered and purified as necessary. In the case the target useful
substance accunulates wthin or on the surface of mcrobial cells, the

m crobial cells can be recovered fromthe culture broth by a conventi onal
met hod such as -centrifugal separation or_fi%pjation, and the 30mi crobi al
cells per se can then be used as the final“target substance, or the target
subst ance can be recovered with a solvent and the |like, and the target
subst ance can bh@OREREI fi ed using a conventional nethod used to purify target

subst ances, such as,,jon_exchange 35chr onat ography e] fil.tration

chr omat ogr aphy, adsg#l%t?]éeﬁ %‘ﬁ? Jf%%r%%ﬁ/?é)tg]rﬁ it Isa%)g'rd S5 HE: 8§ dBhy

hi gh- per f or nané&gqii.uinddthm onmt agraphytae cvystladdk ziat inmrmalliy SlGours
addition, int S t a | .at in_th di um

al t hough the cﬁ?tg?egﬁg%fﬁ§%§%6§%$f$r%ﬁﬁ%ﬁﬁ%ﬁﬂﬁfgfgﬁﬁggnge og:%have been
renoved, Jor a pofEerebiveSthevesfteah deyusedlas sulsmgyentsubshance, the

target Ssubst aggeccatng! 50-DeqpHcE fbFOaNeLg 2 SALAN AL U i cat ] on

&
nmet hod as descri bed_above. [003 m croor gani Sms t hat
produce usef ul PYEBEL AKceshPwrs heo f 3P nilays ureg gy fPatiopracitds 26r

101i pi ds i ncl udgygi §hQ0RERRT SPBFOEARNG 5‘91151%5_, he genel-a Mor trner ellodm ¢

Coni di obol us, t hi um , Phyt opht hora, Penicillium C adosporium Nucor,

Fusarium Aspefdi fl 4851 Rpd dot aF ul a5 WERE ¥ RIRsFECe e Hilvvo p8roaadi @ and
Saprol egni a, andtthesesnigropé gaodsnE € ctiall A usaf Wnoldgubgt ances in the
form of unsatur a}})eg fﬁ!’%% acids or lipids vvici‘hi n their cells. [0038]

In particul ar, SYPREESHT T YBY YRR nE2T HAE SSRAGHT i e\ Bofydr at es and/ or
hydr ocar bon oxildaeininpngdtics st hye 20£xeanyl @storhayve ma ilrowulevwelingf. activity
for deconposi ng PBE nol ecul ar wei ght a-glycans represented by starch, and
t hus nmetabolic P y Cat abol i ze carbohydrat es and/ or hydrocarbon oxi dation
products at a sl ow Fatrthermebehydrateld emdiorohydre cerdiom asiedattioon

product g sare 2a5ypgtantial &Yc?@ér&gﬁiﬁhgefls i éé1e9,maalnr?:l %"ﬂll tyreenitial
adjusted using an inorganic or organic acid, alkaline
solution, urea, calcium carbonate or ammonia and the
like.
A useful substance is allowed to accumulate within
20 microbial cells, on the surface of microorganisms or in
the medium by culturing the microorganisms in this
manner. Although the culture broth containing microbial
cells per se or a concentrate thereof can be used as the
final target substance, a useful substance can also be
25 recovered and purified as necessary. In the case the
target useful substance accumulates within or on the
surface of microbial cells, the microbial cells can be
recovered from the culture broth by a conventional method
such as centrifugal separation or filtration, and the
30 microbial cells per se can then be used as the final
target substance, or the target substance can be
recovered with a solvent and the like, and the target
substance can be purified using a conventional method
used to purify target substances, such as ion eXchange
35 chromatography, gel filtration chromatography, adsorption
chromatography, thin layer chromatography, high-

performance liquid chromatography or crystallization. 1In



medi um thereby making this preferable. [0039] M cr oor gani sns t hat
cat abol i ze these carbohydrates and/ or hydrocarbon oxidation products by
exoanyl ase are 30particularly preferable, because such m croorgani sns are
able to immedi ately react with sugar in t__hc?L case where the carbohydrate
and/ or hydrocarbon oxi dati on product added a?f.ter the m croorgani sns have
begun logarithmc growh is a sugar. 35[0040] Foll ow ng conpl etion of

cul turing, unsatdgitieshf at ytlecidsse ld padsjetoRtubisniongeunsatimndhedsf ant y

acids or - 17 . m nj al ont.ai ni t hem ¢ be obt ai ned fromthe
medi um accor di ntgh%nong%aoolﬂie@hoagﬂmk}ecﬁilgﬁkn%&% Cél:l%r‘féepgﬁfggﬁspﬁﬁ ﬁeOrgFﬂI&r Vgéfif‘l I
in the art, sudhiceolhal efells fpio hdwn nemoveddesar ebedncaniaphaese

Unexam ned Pat | i catl 0- ) T i.crobi al
cells are pref gérﬂaebllsé;é%r(%agg Baéf)Plegr\éastags?i |t%9r§%%a§ Lg’gif%%‘ga 7 BP??i Egrg% be
carried odt by iRtianre rrah aohan b maeddiedy usdngr aheonaientdeyahg and

10the |ike. Liphdsooiaid nietinsnliy dled,liakiy Jpeids can be obtained from
we

the dry or wet cells using a metho nown anong persons with ordinary
skill in the ark®93%6k exanple, a Iipid containing a high concentration of

unsaturated fatty agihngOntidyed i dd g silsl ghueeprdaudal §s8phai ned by
extracting dry cells with an qQrganic solvent such as hexane fol |l owed by

distilling of f YHEIEHAT dudiRerdtont s (headxrriked GABEY peddeecdTpressure.
In addition, a hipghly ipwledefinedadid e belbhgghycen €8y §anebs

an or di nary purl?t CRT A O e It B SAvbPEnEaptaand of |5 sach
as degunmmi ng, descidifiioat, ohladiegnloninrzatieerQr Fiteddunzakispergl 0042]

Rhodotorula, Entomophthora, Echinosporangium and

Saprolegnia, and these microorganisms accumulate useful

15 substances in the form of unsaturated fatty acids or
lipids within their cells.
[0038]
In particular, since microorganisms that catabolize
carbohydrates and/or hydrocarbon oxidation products by

20 exoamylase have a low level of activity for decomposing

high molecular weight a-glycans represented by starch,
and thus metabolically catabolize carbohydrates and/or
hydrocarbon oxidation products at a slow rate,
carbohydrates and/or hydrocarbon oxidation products are
25 substantially not contained in the main culture initial
medium, thereby making this preferable.
[0039] '
Microorganisms that catabolize these carbohydrates
and/or hydrocarbon oxidation products by éxoamylase are
30 particularly preferabie, because such microorganisms are
able to immediately react with sugar in the case where
the carbohydrate and/or hydrocarbon oxidation product
added after the microorganisms have begun logarithmic
growth is a sugar.
35 [0040]
Following completion of culturing, unsaturated fatty

acids, lipids containing unsaturated fatty acids or



25Al t hough unsaturated fatty acids present in |lipids can be separated
directly, they can be easily separated fromother |ipid conponents in a
formof an ester of a |lower alcohol such as in formof nmethyl ester. In
addition, a desired unsaturated fatty 'aci_dlgag_ be easily 30separated from
ot her unsaturated fatty acids.. These types of separation procedures are
wel | known anong persons with ordinary skill in the art. [0043] M crobi al
cells of the pmeisembialyertlilon coartaieimsedh3dmasahsber ovsatnafit £rodryhag. I n

addi tion, unsa t fatty..acjds and |.ipids ntaining them obtained with.
t he producti ongﬁcgic@rgsacg#o%%gldp%é)sgnf“elt \Z nf"'legg Sc(gﬁwgl g‘SOB% PEXIB?2 used in
vari ous ways. Thdde aalineeyusdd liln inf dtheeratpl epcti esaby sepeteimnt 8o
nutritional conpgsitd imh. f S rt. p ds), fish
farm ng feeds or p(g.&wo}el ered Q%ryl l?sﬁcﬁg‘qla,@?ﬂ%ﬁgﬁhﬁgéﬁéﬁdaﬁ%ﬁgger sons

5wi t h ord?nary Blicatiamh@oar 120 006®A4H8 7 . Al t hough the foll ow ng

i ndi cates Exanplggmigf the present invention, the present invention is not
limted to the follow ng exanples. 10Exanple 1 <1> Production of

(52, 87,117, 142) - 5, 8,The M.crabdgdatcetldge mdiec PAECG BB gdohke ur fHRr Syst em i n

whi ch G ucose was iAddatd Qs Iddidirdla MediyanWoehhepe! Laral phingystpqi n 1S-4
was used. 100 % of, 15frozen spore fluid weré inoculated into 100 nmL of
medi um at pH 6./£oM%iIM AF PYE W IS eyeayingx PrabPt afdr 200y it dwaed

aqueous b ucoseHeolliowad by pSica tdod@ sAmAngULheEEAgatElr Sht 6y age)dsNggsh
conditonsof SSSAACALY SIRKLAL 2100 LR ot srpecal e, o1, 28, and
known among persons with ordinary skill in the art. For
example, a lipid containing a high concentration of
unsaturated fatty acid contained mainly in triglyceride
15 is obtained by extracting dry cells with an organic
solvent such as hexane followed by distilling off the
organic solvent from the extract under reduced pressure.
In addition, a highly pure refined edible oil
(triglyceride) can be obtained by purifying the lipig
20 consisting mainly of triglyceride using an ordinary
purification treatment carried out on edible fats and
oils such as degumming, deacidification, decolorization
or deodorization.
[0042] 4
25 Although unsaturated fatty acids present in lipids
can be separated directly, they can be easily separated
from other lipid components in a form of an ester of a
lower alcohol such as in form of methyl ester. In
additién, a desired unsaturated fatty acid can be easily
30 separated from other unsaturated fatty acids. These
types of separation procedures are well known among
persons with ordinary skill in the art.
[0043]
Microbial cells of the present invention can be used
35 as is or used after drying. 1In addition, unsaturated
fatty acids and lipids containing them obtained with the

production process of the present invention can also be



and containing 1.0 w w% of yeast extract, 2.0 w w of aqueous gl ucose and
0.1 w w% of soybean oil was prepared in a 50 L fernentation vessel, and 200
m. of the seed culture broth (first stage) were inocul ated therein,

25f ol l'owed by starting pre-culturing (second stage) and culturing for 2
days under conditions of a tenperature of 38C- Next, 25 L of the seed
culture broth (second stage) was inoculated into a main culture initial

medi um (2. 67 Wusdfi raguedehgl e, TRc@eWewid BE dstatigd soyheannpie,
30powder, 0.3 w.w% of K2HPO4, 0.05 w web.of MCl2- 6H20, 0.05 w wlo of

CaCl2. 2H20, pH ﬁf)‘“tryar?dlpﬁ%&@%tsvo“élttr&ttépnéﬁ ZO0BOBLE 6PNE hedifdtht of the
initial cul tu]lc’ ef enethi ddmn%@&é‘i]icullarly pethb]puéi) ﬂgfi\wgﬁ ﬁ%ﬂﬁir@@ ﬁé‘la@s or
tenperature o an i.nternal pressure o : a. Aqueous ucose was .
hdded at 5. 399 Ayt TR R i RoReifiod Sai iy smody beradns q oo
on day 3,%at 4WiG% enrdayrdy akd 1. 67%tbe day.5, and as a result of adding
aqueous gl ucos o%t4451 total of 24.0% glucose in the nmediumwas conpletely
depl eted on day 12 of culturing. The anount of (5Z, 87 117, 14Z2)-

55, 8, 11, 14-i cosat et Fddigivghadihe gioddesedgonndayat@sobxampiesiof vias 17. 7

g/L, and the rahiQOfc V4 = 2.8.11, f, tetraenojc acid to
the total am)u%{ ofe fatl:t:z‘%/ﬂeg%"|1§4]\ﬂ/a;C‘ill ZPZ.IF%OS%P%OEIé e%ggég b%o%%%t%%‘ﬁl%?g
(5Z, 82, 117, 14z)ts5 el foldowingosaparigsnoi ¢ Acid Using Culturing Systemin

whi ch Jgcose was @g;tag%@eq to Initial Medium Mortierella al pina
strain 15-4 was used: J , of frozen spore fluid was inoculated into 100
nL of medi um 15at pH Freswciilemngtl (GZuBRud 4%, yAAKYS o8 4and 2.0

icosatetraenoic Acid Using Culturing System in which
Glucose was Added to'Initial Medium

Mortierella alpina strain 1S-4 was used. 100 uL of

15 frozen spore fluid were inoculated into 100 mL of medium
at pH 6.3 containing 1.0 w/w% of yeast extract and 2.0
w/w% of agueous glucose followed by starting pre-
culturing (first stage) under conditions of reciprocally
shaking at 100 rpm at a temperature of 28°C, and culturing

20 for 3 days. Next, 30 L of a medium having a pH of 6.3
and containing 1.0 w/w% of yeast extract, 2.0 w/w$% of
aqueous glucose and 0.1 w/w% of soybean oil was prepared'
in a 50 L fermentation vessel, and 200 mL of the seed
culture broth (first stage) were inoculated therein,

25 followed by starting pre-culturing (second stage) and

culturing for 2 days under conditions of a temperature of

28°C. Next, 25 1 of the seed culture broth (second stage)
was inoculated into a main culture initial medium (2.67
w/w% of aqueous glucose, 5.0 w/w% of defatted soybean
30 powder, 0.3 w/w$% of Ky;HPO4, 0.05 w/w$ of MgCl,:6H.0, 0.05
w/w% of CaClz-2H,0, pH 6.0), and brought to a total of
4000 L for the amount of the initial culture medium.
[0045]
Culturing was started at a temperature of 26°C and
35 internal pressure of 0.10 MPa. Agueous glucose was added

at 5.33% on day 1 of culturing; at 5.33% on day 2, at



w w6 of aqueous gl ucose followed by starting pre-culturing (first stage)
under conditions of reciprocally shaking at 100 rpmat a tenperature of
28C, and culturing for 3 days. Next, 30 L of a nedium having a pH of 6.3
20and containing 1.0 w w of yeast extract;q¢2.0 w w of aqueous gl ucose and
0.1 w w% of soybean oil was prepared in a 50 L fernentation vessel, and 200
m. of the seed culture broth (first stage) was inocul ated therein, followed
by starting pré--Adf% @ 3V Sectd 4st0fFePrafdy28cantdu? Agsfor daviays amder

condi tions of ad enperAtiy & Ohddlag MeMeouddghubbsthgrsgedoca] tyge broth
(second st age) S.J-noculated ,into a main culture initial medium (5.0 w w%

of defatted soyded?p 50 18 WARASL IR HBeE, COMPLehR i, BFP M. BH20,

0. 05 W wWo6 of CalGh2.12HF, dﬁﬂt@r@h@.GHQh%OEm@UﬁbtoEO(QZFQZﬁ}lﬂflﬁﬁpﬂ L for
turjng was

t he amount of t i,ni tial, culture nmedi,um [ 0047 Cu

started a% a te%ér@‘t’ﬁ#él&os @téﬁﬁnior’rtceraﬁgtg BF%QEG?Q BR B240l4PE Aqueous
gl ucose was added t3Gamhngs w339%610n 7day 1] aehdcuhturhbio at 553384 omzayaR),— at
5. 33% on day 3, . Q0%.on day .4 and.4.00%.on d 5 n - 20 - as a
result of addi r?g%té&éég%s léjlot?c?%)séé:rzi‘tené’lthtagﬂdofg%ﬁﬁ@%?ﬁafh%m%% nner as
<1>, glucose i fathy medidumawad2cdipl etely depl eted on day 9 of cul turing.
The anount of ( ,11Z,147) -5, 8, 11, 14- icosatetraenoic acid produced 5on
day 12 of culturing 'was 18.3 g/L, and the ratio of :
(52,82, 14¥, 147) - 5, 8 <P, Baroductdamerfadihsi, 8Zatid, 1821 he, 8ot B) 14rount of
fatty acid was {48 tchangss nkilnes9hucene GRNGENELALLAN; | N, i g, medi um
during fed-batchh cultaring i the case of rnrtrarfy addrng ghucose as in
10<1> and not SHYGOSS Wagd kg & ¢ daitpaioMediwmshown in FIG 1, while
changes in the rati (4184 147) 5 . 5:8,11,14-1i¢co tr ic acid to
the total anmount of gal%Ogt{ttly aéligl .;aﬁélé]%o%ﬁrlgﬁgéé (}Z‘f‘ia[golg%%' 12@2@% eO%Z

<1> Producti on fgf0Ze87 sppzel £20ig ¥asldnpcodateiehnte AEO dulusohgneid drur i ng

System ifs whi chGicese wWas +Addediqt 9 bniti.al ok’legé'afm: extract and 2.0

w/w% of aqueous glucose followed by starting pre-

= o

culturing (first stage) under conditions of reciprocally

shaking at 100 rpm at a temperature of 28°C, and culturing
for 3 days. Néxt, 30 L of a medium having a pH of 6.3

20 and containing 1.0 w/w$ of yeast extract, 2.0 w/w% of
aqueous glucose and 0.1 w/w$% of soybean oil was prepared
in a 50 L fermentation vessel, and 200 ml of the seed
culture broth (first stage) was inoculated therein,
followed by starting pre-culturing (second stage) and

25 culturing for 2 days under conditions of a temperature of

28°C. Next, 25 L of the seed culture broth (second stage)

was inoculated into a main culture initial medium (5.0

w/w% of defatted soybean powder, 0.3 w/w% of KzHPO,, 0.05

w/w% of MgCls-6H20, 0.05 w/w$ of CaCly-2H,0, pH 6.0}, and
30 brought to a total of 4000 L for the amount of the

initial culture medium.

[0047]

Culturing was started at a temperature of 26°C and
internal pressure of 0.10 MPa. Aqueous glucose was added
35 at 5.33% on day 1 of culturing, at 5.33% on day 2, at
5.33% on day 3, at 4.00% on day 4 and 4.00% on day 5, and



Mortierella al pina strain S14 was used. 20Approxi mately one | oopful of
Mortierella alpina strain S14 was inoculated into 100 nL of nediumat pH
6.3 containing 1.0 w w¥% of yeast extract and 2.0 w w of aqueous gl ucose
fol lowed by starting pre-culturing (first spage) under. conditions of

reci procally shaking at 100 25rpm at a terrperature of 28C, and cul turing
for 3 days. Next, 30 L of a nmediumhaving a pH of 6.3 and containing 1.0
w W% of yeast @t 1Badesud.to ol wisldhgaggeenssglivosee aad &. dotvd W6 Of2 s.dybean
oi | was prepar i A nt.at % a the seed
culture broth ggl(ft:PlrestS%glteaén%;%\%gs%?’nggg a?ig%ﬁeer%lqng}q‘? TF%%%OAJBH& y starting
pre-cul turing CSEPdREedvageplanedcant davng pérceldaysnandethe oneiwitonst of a
tenmperature of (28CszNext, 13%)L50% tlhe1aee@c895£@£§a@59£8a( Sflage) was

i noculated into a main culturelnltlal medi um (2. 00 w wlo of aqueous

35gl ucose® 4. 3PTWARM df Qéf SPLEHTIBYbEAR pBwAed/Lo. BN WE ofa IR, 0. 05

W W96 of MySO4. 71420 870 1@.@ w@vﬁ%@f 8?@5%4%2@@3Bté@r§éno§@da@£d>lwttﬁé3 a
total of 40000% for the initial cuI ture medi um
R

of
[ 0049] |ﬁ5‘°\5\"ﬁ§ ?ifa%?éaya?cédt BApefat bfe ofhBEShnd itiier nal
pressure of 0.3QukBae Asnachestltoaf mddhagméagulxﬁoalﬁrgﬂlglcm—k%ftc‘}l 00% on

day 1 of culturl 0% on,day _2, 6..00% %on day, 6 so as
to add aqueous gl ucggg% 3%a 6t §P S&t 05318& lﬁﬂﬁyfﬁ?‘? LHFHF 2HOR of

di sodi urﬂlos_ucm rfdte aandnoL020%-dh1NgOrddhndaylécode C&Jétitlil(@ d1e shown
concentration %j] rﬁ@_dgigghgggg %‘Be;bLOtihetHgd 1?“18”o€'a}’52138£f11%" td.ﬂ’l ng

was 0.75% [00 _
(82,117, 147) - 851 8,14~ ldosapspbabirecnciid Bsidgt@uther toigaBystemt rofivhi ch

3 ucose was nOtfaQ@?daEle Qi L g}lo%d%mﬁél\m tierella alpina strain 314 was
used. Approxi na[to%l4%]one oopfu rtrere fa al pina strain

15 Example 2
<1> Production of (8%,11%7,142)-8,11,l4~icosatriencic
Acid Using Culturing System in which Glucose was Added to

Initial Medium

Mortierella alpina strain S14 was used.

20 Approximately one loopful of Mortierella alpina strain
S14 was inoculated into 100 mL of medium at pH 6.3
containing 1.0 w/w% of yeast extract and 2.0 w/w% of .
agueous glucose followed by starting pre-culturing (first
stage) under conditions of reciprocally shaking at 100

25 rpm at a temperature of 28°C, and culturing for 3 days.
Next, 30 L of a medium having a pH of 6.3 and containing
1.0 w/w% of yeast extract, 2.0 w/w% of aqueous glucose
and 0.1 w/w% of soybean oil was prepared in a 50 L
fermentation vessel, and 200 mL of the seed culture broth

30 (first stage) was inoculated therein, followed by

starting pre-culturing (second stage) and culturing for 2

days under conditions of a temperature of 28°C. Next, 25
L of the seed culture broth (second stage) was inoculated
into a main culture initial medium (2.00 w/w% of aqueous
35 glucose, 4.32 w/w% of defatted soybean powder, 0.3 w/w$
of KyHPO4, 0.05 w/w$% of MgSQO,-7Hz0, 0.05 w/w% of
CaS04-2H20, pH 6.3), and brought to a total of 4000 L for



314 was inoculated into 100 nL of nediumat pH 6.3 containing 1.0 w we% of
yeast. extract and 2.0 w w of aqueous glucose, followed by starting
pre-culturing 20(first stage) under conditions of reciprocally shaking at
100 rpmat a tenperature of 28C, and cul tus %ng for 3 days. Next, 30 L of a
medi um having a pH of 6.3 and containing 1.0 w w of yeast extract, 2.0

w Wi of aqueous gl ucose and 0.1 w w% of soybean oil was prepared in a 50 _
25L ferment ati dho efeamnt gidtheoinitorlt bulserd mediwne broth (first stage)
was i nocul at ed foparegi n, foll owed by starting pre-culturing (second stage) ,
and culturing for 2 days under conditions of a tenperature of 28C. Next, 25
L of the seed cuI tuﬁellmlamhg( weeondastageytmsténmmmm @Dig°e anmii n

e oo T LT RS PO
brought tD a t Gy Q@@GOEef off ﬂh@O&nDnndaEfltché ¢tmltm1aalng:,ulftm(é% nedi um
35[ 0051] - Qul't uciaRd masg 90ar bEdaal 3 LEEPE! GbYrén odad f?jﬁpdas &F dqd ot er nal

pressure of 0.10 MPa. a resul agueous ucose % on day
1 of cul turing23eoush SAHGéB?eZtOGaOG%éﬂ} 8ay23- @hd @@@@W%W@im as to

add aqueous gl ucose air ﬂlbgﬁﬁhmogugélngeaﬂgdf@r@@fg é%khéﬁhfﬁh(gg of
di sodi um succi-nat e and 0210/(§of NaOH on day 4 of culturin glucose in the

nedi um was conpttefd F‘l&éﬁget &feoRoBEGNEP2bEOR UPE UFERAUdboRCBaINSl e 3
10<1> Prighuct i eheoe@3am83nlddy- 8314s14uicasanyi waoi@, 798¢ d by Cul turing
w th d ucose 3% g o Initial Medium Mortierella al pina strain JT180
was used. Approxifately one |oopful of Mrtierella alpina strain JT180 was
i nocul ated into 20 rE>oPradmediuvm af pPBIZ6107 15¢oNnt®) 11 )i -1i kb 3 Wb afo yeast

extract and Z'QCWQW%%RBg Culturing System in which Glucose was not dded
to Initial Medium

15 ' Mortierella alpina strain S14 was used.
Approximately one loopful of Mortierella alpina strain
514 was inoculated into 100 mL of medium at pH 6.3
containing 1.0 w/w% of yeast extract and 2.0 w/w% of
aqueous glucose, followed by starting pre-culturing

20 (first stage) under conditions of reciprocally shaking at
100 rpm at a temperature of 28°C, and culturing for 3
days. ©Next, 30 L of a medium having a pH of 6.3 and
containing 1.0 w/w% of yeast extract, 2.0 w/w% of aqueous
glucose and 0.1 w/w% of soybean o0il was prepared in a 50

25 L fermentation vessel, and 200 mL of the seed culture
broth (first stage) was inoculated therein, followed by

starting pre-culturing (second stage) and culturing for 2

days under conditions of a temperature of 28°C. Next, 25
L of the seed culture broth (second stage) was inoculated

30 into a main culture initial medium (4.32 w/w$% of defatted
soybean powder, 0.3 w/w% of KyHPOs, 0.05 w/w$% of
MgS04+TH20, 0.05 w/w% of CaS04-2H,0, pH 6.3), and brought
to a total of 4000 L for the amount of the initial
culture medium.

35 [0051]

Culturing was started at a temperature of 26°C and



aqueous gl ucose, followed by starting pre-culturing under conditions of
reci procal l'y shaking at 100 rpmat a tenperature of 28C, and culturing for
3 days. Next, 20 ml of the pre-culture broth was inoculated into a nain
20cul ture initial medium (2.00 w w% of aquesus gl ucose, 1.00 w w of yeast
extract, pH 6.0), and brought to a total of 5 L for the anount of the
initial culture nmedium After culturing for 2 days at a tenperature of 28C,
the cul turing t&hsem@tluPe oRgsirenhtgfd 1PoMPaC afa a5easelivi o addinont i nued.

As a result of aeplddus RQ kY s2AING . Ho@0YNK0HAG! HCeE et &ALy Of 5 dys Jp and 2
of culturing to adg gkyﬁﬁie at a t%tal of 4.0% glucose in the nmedi um was
I . y? |

- conpl etely depl¥te 8T fAagy t @°Fng: OPB083] 93p<e>sPragiie iasH! of
(52,82, 112) -8, bl;,ubmsc@aaﬁcbis@n@'rtlc a Nggitdlw'fnm Cok uan@?f@@}@@adwifﬁ@ ch

d ucose was no ded. tQ Inj.tia ium ierella al pina strain
JTli80 m?used&'@%r 6)% FAEEA UBn § IEGSRRGE 6?%@?@%%%&?&1‘1%9%% 4a¥ af n
35JT180 was i nedulcatlediriinge 20urbsefl ia thdi meddtmpkhé. Somenétdéning 1.0 w Wb
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“at a tenperaturl®082128C, and culturing for 3 days. Next, 20 ml of the

pre-culture broth w%§ah%g ukbated into a main culture initial medium (2.00
w W% of aqueous glucose——é&TOO'm/mﬂbof yeast extract, pH 6.0), and brought
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culturing for Acday$vatcudthedner ah¥hecehcd8C nliieqcpb ] ng, 1 QRRANG, Ure was
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cultda ) §
10by addi ng 1. 00% offofIti€d&e L16n addRaoftaays IThRA wapfused.
Approximately one loopful of Mortierella alpina strain
JT180 was inoculated into 20 mL of a medium at pH 6.0

15 containing 1.0 w/w% of yeast extract and 2.0 w/w$% of

agqueous glucose, followed by starting pre-culturing under
conditions of reciprocally shaking at 100 rpm at a
temperature of 28°C, and culturing for 3 days. Next, 20
ml of the pre-culture broth was inoculated into a main

20 culture initial medium (2.00 w/w% of aqueous glucose,
1.00 w/w% of yeast extract, pH 6.0), and brought to a
total of 5 L for the amount of the initial culture

medium. After culturing for 2 days at a temperature of

28°C, the culturing temperature was changed to 19°C and

25 culturing was continued. As a result of culturing by
adding 1.00% of glucose on each of days 1 and 2 of
culturing to add glucose at a total of 4.0%, glucose in
the medium was completely depleted on day 6 of culturing.
[0053]

30 <2> Production of (5%,8%,11%)-8,11,ld-icosatrienoic
Acid Using Culturing System in which Glucose was not
Added to Initial Medium

Mortierella alpina strain JT180 was used.
Approximately one loopful of Mortierella alpina strain
35 JT180 was inoculated into 20 mL of a medium at pH 6.0
containing 1.0 w/w% of yeast extract and 2.0 w/w$ of

aqueous glucose, followed by starting pre-culturing under



culturing to add glucose at a total of 4.0% glucose in the nmedi um was

conpletely depleted on day 5 of culturing. [0054] According to the

af orenenti oned results, the speed 15at which m croorgani sms consune

car bohydrates and/or hydrocarbon oxidatign,products can be increased, the

culturing period required to produce a use?u substance can be shortened,

and the productivity of a useful substance was determned to inprove as a

result of 20culcondifgomiscedorganipswsaliliyhebakandi ay Te® ohy drtates and/ or
CLAI

hydr ocar bon oxidation roducts .tQ the initial 1.A
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product after ﬂﬁ@lﬁmbr06ﬁ§§ﬁ|§ thé&@GbégunZI@gaﬁl@twn(i%mmwwatuﬂ&ﬁbﬂhe

Bndi or - hydr obarher’ ofhBaty bh bl SauETTrErSUBE AR AP aG: Zodeett8hhe mai n
culture i niti alcudsdirdmg was coﬁtlmhedproWheB émltmmxm@uﬂasnnamxxﬁdhm@tto
el L R TN
sugar . culturing to add glucose at a total of 4 0%, glucose in
the medium was completely depleted on day 5 of culturing.
[0054] |
According to the aforementioned results, the speed
15 at which microorganisms consume carbohydrates and/or
hydrocarbon oxidation'products can be increased, the
culturing period required to produce a useful substance
can be shortened, and the productivity of a useful
substance was determined to improve as a result of
20 culturing microorganisms without adding carbohydrates
and/or hydrocarbon oxidation products to the initial

medium.



4. The process for production according to any one of clainms 1 to 3,
wherein the m croorgani sns are 25m croorgani sns that catabolize the

car bohydrat e and/ or hydrocarbon oxi dation product with an exoanyl ase.

5. The process for production according to 22y one of clainms 1 to 4,
wherein the m croorgani sns are nicroorgaﬁig “bel ongi ng to the genus
Mortierella. 306. The process for production according to any one of clains
1 to 5 wherein the useful substance is auargisl y unsaturated fatty acid.

1. A process for producing a useful substance by
culturing microorganisms, comprising:

a pre-culturing step for pre-culturing the

5 microorganisms,

a step for inoculating the resulting pre-
culture broth into a main culture initial medium, wherein
the total concentration of carbohydrate and hydrocarbon
oxidation product in the main culture initial medium is

10 less %hén 0.4% by weight in terms of the carbon
equivalent, and

a main culturing step for adding
carbohydrate and/or hydrocarbon oxidation product after
the microorganisms have begun logarithmic growth.

15 2. The process for production according to claim
L, wherein the carbohydrate and/or hydrocarbon oxidation
product is substantially not added to the main culture
initial medium.

3. The process for production according to claim 1

20 or 2, wherein the carbohydrete and/or hydrocarbon
oxidation product added after the microorganisms have
beguh logarithmic growth is a sugar.

4. The process for production according to any one
of claims 1 to 3, wherein the microorganisms are

25 microorganisms that catabolize the carbohydrate and/or
hydrocarbon oxidation product with an exoamylase.

5. The process for production according to any one
of claims 1 to 4, wherein the microorganisms are
microorganisms belonging to the genus Mortierella.

30 6. The process for production according to any one
of claims 1 to 5, wherein the useful substance is a

highly unsaturated fatty acid.



