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myocardial reinfarction: diet and reinfarction trial (DART). Lancet 2, 757-761). Accordingly,

many different organizations (WHQ, FAO, AHA, ISSFAL, British Nutrition Foundation, etc.)
20  recommend a significant increase in the intake of n-3 fatty acids (Kris-Eherton ef al., Fish
o Consumption, Fish Oil, Omega-3 Fatty Acids, and Cardiovascular Disease. Circulation 2002,
2747-2757).

Sources of PUFAs and, in particular, n-3 fatty acids are especially marine coldwater fish and

the oils extracted therefrom, but also marine microorganisms, which, compared to fish, have the
25  advantage that they can be used for producing PUFAs under cost effective and controlled

conditions. Fermentative production does not pose any contamination risk, as is often described

for fish or the fish oils extracted therefrom (Olsen SF. Int J Epidemiol. 2001: 1279-80). In

addition, the composition of the extracted oils can be can be positively influenced by selecting

the organism and the culture conditions and is not subjected to seasonal variations, as described
30 for fish and fish products as well (Gamez-Meza et al. Lipids 1999:639-42).
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can survive i n a cul ture mediumwi th very | ow salinity. However,

The natural habitat of the described microorganisms and in particular of Labyrinthulomycota is
a marine habitat. Coﬁéequentiy, these microorganisms are usually cultivated in salt-containing
media, where, for the purpose of the present invention, the salt content of sea water is defined as

20  32-35 g/L and a content of 90-95 % of sodium and chloride. Typical media for cultivating

' marine microorganisms such as Thraustochytrium or Schizochytrium are based on sea water
(e.g. ATCC (American Type Culture Collection) 790 By+ medium [yeast extract 1.0 g, peptone
1.0 g, D+ glucose 5.0 g, sea water 1 L] ]). It is, however, also known that microorganisms of the
order Thraustochytriales can survive in a culture medium with very low salinity. However,

25  below a limit of 7.5 - 15 g salt/L, corresponding to a salinity of 7.5 - 15 %o, its growth is _
described as being only very low and without intermediate maximum levels in the low salinity
range. Optimal growth rates are only achieved above the abovementioned salinity limit (Fan et
al. Botanica Marina 45, 2002, pp. 50-57).

A frequently occurring problem of fermentative processes is presented by strong pH variations
30 in the course of the cultivation as a result of the appearance of metabolic products and/or the
consumption of individual media components. This applies in particular to salt rich media for

fermentation of marine microorganisms. For this reason, such fermentations often require
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costs.

In the light of the state of the art, it was therefore an object of the present invention to provide a
novel, simple and economic cultivating method for marine microorganisms. Considerable

20  simplification of the process control should be achieved hereby. Apart from being cost effective,
the method should enable the high yield production of high purity PUFAs.

This and further not explicitly described tasks, which can, however, be derived ot deduced
without difficulty from the relations discussed in the introduction, are achieved by the object

defined in the claims of the present invention.

25  An advantageous method for cultivating microorganisms of the order Thraustochytriales is
provided by the method defined in claim 1. This method comprises cultivating in a medium, the
pH value of which is stabilized exclusively by means of CaCOs, comprising a CaCO; content of
3-15 g/L. and, if applicable, the following isolation of the PUFAs from the microorganisms

and/or the culture medium.
30  The invention further comprises a method for producing high purity PUFAs.

Preferred PUFAs are, according to the invention, DHA, DPA and EPA.
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carryi WMok ﬁ'll%thod according to the invention and by isolating said oil from the microorganisms
15  and/or culture medium.

In particular, this is an oil type which, apart from many other preferred applications, can be

advantageously used for human nutrition.

Under the conditions according to the invention, the microorganisms thereby show a
production of more than 30 wi% oil, preferably of more than 35 wt% oil per unit of weight of
(- 0  drybiomass.

According to the invention, oil is understood to be a proportion. of at least 70 % neutral lipids
and at least 2 % phospholipids, which corresponds to the normal fatty acid spectrum of
Thraustochytriales known to the person skilled in the art. The neutral lipids thereby consist of
at least 80 % triglycerides and other compounds such as diacylglycerides, sterols, etc.

25  Furthermore, the triglyceride weight fraction comprises about 95 % fatty acids and 5 %

glycerin.

The possibility of fermenting a marine microorganism for producing PUFA without extreme
pH value regulation, in particular under conditions enabling fast growth at high glucose
consumption, was totally surprising. It is precisely under such conditions where in the

30 fermentation of marine microorganisms the lack of suitable pH control very quickly leads to
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target value can be temporarily adjusted by adding acid or base, without this addltxon bemg the

15  essential means for pH value regulation.

The terms pH value regulation and pH value control or pH value stabilization are used

synonymously in the invention.

Essential means remains CaCOj3, when the value of the difference in the pH values which can
be measured with or without acid addition - with CaCOj; addition according to the invention in

' .0 each case - is smaller or equal to 1, preferably smaller or equal to 0.75, particularly preferably
smaller or equal to 0.5, very particularly preferably smaller or equal to 0.2, and most
particularly preferably smaller or equal to 0.1. Such addition of acids and/or bases is understood
to be a minor addition of acids and/or bases according to the invention, which is inciuded in the

invention.
25  Preferred are cultivation systems not requiring the use of any acid and/or base addition.

In addition, many alternative buffer sysfems are uneconomical due to higher costs compared to

the use of calcium carbonate.

The high efficacy of calcium carbonate as buffer for cultivating microorganisms of the order
Thraustochytriales is surprising, since the carbon dioxide formed only has limited solubility in

30  wafer, which leads to a decreasing buffer capacity during fermentation.




0 addiyaGo@rdadossr base to the culturegto adjust the pH vapgwesrveys/deris
necessary under certain conditions. Such addition is included in the

i nvention, as long as CaCO3 remai ns the essential neans for pH
stabilization. If, for exanple, the pH val ue drops bel ow a specific target
value during cultivation because of an exceptionally fast gromh of the

m croorgani sns, then this target val ue can be tenporarily adjusted by
addi ngSaprisingly, betsmly thetfermentatin sip sl thetdooplde glugoseivensuniptipnseastiogsiblgeans
for pH val ue t.equl atiop. The ter val ue. requl.at.i.on .and pH wal,ue control
or " ph ol g attPepronprof S RURA e RishBRy BN B pRict s

Essent yghg fRaARIE (RbORatEaskB zed B Hiub R cflinio Fhe inbéntidnf Eese@éR i n the pH
val ues which can be nmeasured with or without acid addition - with CaC3

addi t i snprigingisdhaidhe gucase uiiligasinn padh r¢lated éaibnt, thePAIEA produetignipaccsleratefial t o

1, preferabl | ler. or equal to O.75, particularly preferably smaller or
equsgl %r V%‘}/acﬁfggrav aBé’i“frFacsﬁ %ﬁcgtnﬂ}eejflg ably smaller or equal to 0.2, and
nost particularly preferably smaller or equal to 0.1. Such addition of

aci ds dndl e phasssinventionderlsivoadermantiteoneprotasowanadilbble fogfrodwdinisn-dnd/ or

bases according to the inveption ich is included in the _invention. 25
Pr ef er ¥ a&}dlé IE B ETPLEAPIgHS gg@wﬁ%ﬁf%{a { tF’i"??é UFRE 2Ty Pgllﬁ%}até}&zﬁfand/ or
base a@»ﬁh%h{ai\% gﬁba?ﬂé,%&fb it YRS goﬁhméfmgﬁ%ge ith frRhes BRI IR sttRlizing

uneconon ca to hi'gher costs conpare t he use of cal ci um carbonate..
The higileams. f i cacy of cal cium carbonate as buffer for cultivating
m croorgani sns of the order Thraustochytriales is surprising, since the

carbonpfi-qxi a5, ] e gl | ; ' | eads
Fo QRO arepdi SR A K Bfin it R8Ol i ok 3 MR Fine 455
PCT/ EPRED4é 12 Bdrhals PUPAS svhithl cpn ba ptodonéd/ fulloeirdgstherarettetdi accordingtto thiche
~conpl ete gl ucose consunpt.i on S. possi. bl e , Lh addition to that, the
proporP‘feé‘?Pté‘FvePE?’AalieﬁnPﬁ‘é‘cﬂ?{)’i\{\gs@g&%}ﬂ? ?‘F‘E‘hﬁgﬁ%ﬁ'? reased when using the
cal ci um carbonat e stabilized nediumaccording to the invention. Even nore
Sur pri gi g sbifseldfi@tic pré®@noinieaia, t3i thity adido(onipd-3 ey atiétdo-Bdatthadids)tabe PUFA
production is accelerated, 5 thereby |eading.to an increased space-tine '
yi el d. ungprstpod fedepobsaprturpied done-eein fy RAgaith &R br cesrisngA
avyd ! aﬁelagt t(:v%ror%cﬂ'g ld&'ﬂﬂgb&idg, where the first double bond is constituted between the carbon
atoms C3 and C4 starting from the alkyl end. Accordingly, for n-6 fatty acids the first double

bond is located between the carbon atoms C6 and C7 starting from the alkyl end.

Microorganisms belonging to the group of the Labyrinthulomycota are considered for the
‘ production of PUFAs following the method according to the present invention.

! .0 Microorganisms of the order Thraustochytriales (Thraustchytriidea) are preferred (Lewis, T.E.,
Nichols, P.D., McMeekin, T.A., The Biotechnological Potential of Thraustochytrids, Marine
Biotechnology, 1999, S. 580-587 and Porter, D. Phylum Labyrinthulomycota in Handbook of
protoctista: the structure, cultivation, habitats, and life histories of the eukaryotic
microorganisms and their descendants exclusive of animals, plants, and fungt: a guide to the

25  algae, ciliates, foraminifera, sprorozoa, water molds, and other protoctists. Editors: Margulis, L,
Corliss, J.0., Melkonian, M. and Chapman, D.J., editorial coordinator, McKhann, H.IL., Jones
and Bartlett Publishers, ISBN 0-86720-052-9 1990, S. 388-398). Particularly preferred are
microorganisms of the genera Japonochytrium, Schizochytrium, Thraustochytrium Althornia,
Labyrinthuloides, Aplandchytﬁum and Ulkenia. Of these, Schizochytrium, Thraustochytrium

30 und Ulkenia are very particularly preferred. Particularly preferred are: Japonochytrium sp.
ATCC 28207, Thraustochytrium aureum (particularly ATCC 28211 and ATEC 34304),




fatty @@ 485443048 croorgani sns of the erder Thraustochytripdeserosiorgis
medi um pH-stabilized wth cal ciumcarbonate, where it was possible to

di spense with further pH value stabilizing means. .0 PUFAs are
pol yunsaturated | ong-chain fatty acids with a chain length >C 12 conpri sing
at least two double bonds. PUFAs which can be produced follow ng the

nmet hod according to the present invention are in particular_n-3 fatty

aci ds MkajMUMyOMMTCCrQSch%Tkmus@ck)fﬂ‘iumép-p%'éé@rﬂogf?%\t%?@i:@ﬁ@h- 3 fatty
aci ds Ja=a3.f att ' fatty acids re 1

pol yun§d ZQ@& @@ﬁé@ﬁ%ﬁq}%ﬁﬁf C}évé’?/’ﬁ’g 4 a%mc‘?ﬁggﬁgggﬁ%ﬁﬁ%gﬁ%g@%%ﬂ si ng
at 15 heast 20993 L0 AMHEE 208800 5enRRAIF VORI E ab Bell bk Uakentlosth SANDONTD ikl
constituted between the carbon atoms C3 and C4 starting fromthe al kyl
end. AtAMMAl¥Yyly, for n-6 fatty acids the first double bond is |ocated
bet ween the carbon atons C6 and C7 starting fromthe al kyl end.
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25°C und 30°C, more particularly preferably between 27°C und 29°C and in particular at 28 +
0.5°C.

In a preferred embodiment of the present invention the calcium carbonate content of the

-0 pH-stabilized medium corresponds to a value in the range of 3 g/L to 15 g/L, preferably of 4 g/L.
to 12 g/L and particulatly preferably of 5 g/L to 10 g/L. Very particularly preferred is a calcium
carbonate content of 7.5 £ 0.5 g/L.

The pH-stabilized medium further preferably comprises one or more carbon sources, as well as
one or more nitrogen sources. Substances usable as carbon and nitrogen sources for culfivating

25  microorganisms of the order Thraustochytriales are well known to the person skilled in the art.

Usable carbon sources are for example carbohydrates such as glucose, fructose, xylose, sucrose,
maltose, soluble starch, fucose, glucosamine, dextran, glutamic acid, molasses, glycerin or

mannitol or also fats and oils or vegetable hydrolysates.

Usable natural nitrogen sources are, for example, peptone, yeast extract, malt extract, meat

30 extract, casamino acids, corn steep liquor or soy beans, usable organic nitrogen sources are, for
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met hod according to the invention are both wild type forns and nutants and
strains derived therefromas well as reconbinant strains of the )
correspondi ng organisns. The present invention especially conprises

nut antexaniple, ghmarbata and ushy it ako fiprganinoittogen sayredssughy asdfos examplef  PUFA. The
m cr oor gani sns accor di n%jto tEe $resent i nvention fag cu t'vr?lt d. Yee

| nocul ELFABUE Jete guigoniug bYUogr chets MR e o uipdtye e

or gani §fyg, : Lques suitable for mcroorgani sns of the order
Thraustocﬁf'%’lc:lg egmgﬁfe:%ﬁ known to the person skilled in the art.

Typically, but not exclusively, the culture is carried outé by neans of
aqueoukn ddditivarie salictwm sartbenate theadbretabiliaed mediug srarconinihotee OBIPOPHES cal

. ¢ ‘ . : . . ¢
bi o cataruto e RS skl fia Fhe Pl R} BRCATRY 3R TORA B oK BRI | b
col UMShraditciiridles, en patitylmi iaadghyic edtsrafefdr ewimé, GaeheeKaFey NsCafCu, bét,ween
10C and 40C preferab?y bet ween 2QC and SEC, artilcl | grl rtl)referabl

bet wooMo xdo. FhasEiptss sk noPTEADARIE BRepbitaryiRE e IRt SR and
In paréﬂlgﬁtﬁ%gulgit?szs%cﬂ as megﬁgniuh{"s@fa%r Bla8hdsfihn SRR ioR REITAE of AN AR

i.
I nventon al'ciumcarbonate content of the "dlpH- stabilized nmedi um
cor r espants ntentienadadsiexainples Harthargeblofin@ geylit salts a1 foy axampleehdpgamidesof 4 g/ L

to 12 g/L and particul arl referably of g/lL to.10 g/ L. rv..particularly
or W or ek o BotgBtian e imite ok PR gk A, fesPotherteBrisnal hion Y i

pH staﬂg,drj)%&dcamagnfurther preferably conprises one or nore carbon
sources, as well as one or nore nitrogen sources. Substances usable as

carbon_and nitrogen sources for cultiyating 25 m croorgani snms qf the order
Thr aus%@@%ﬂﬁhéﬂg%’ the medim CWWP”@%"“%&% OIS eGP~ kaqr%‘glt'l"?fﬁﬁ’ ﬁ'é‘aﬁ"?st. Usabl e

car bon r ﬁl{rﬁ]fﬁ\{rﬂrﬁf&%{@ W Bsin BBl AR VHEARSE (whitk Ct OSe,
xyl osef,irﬁgﬁcaggfs%, i ose, é(% u%ﬁepgga%%fofﬁc%%g,ﬁgfﬂcosam r(l\ézr dextran,
gl ut ansaiuble add/onwhies amslubly) waboether woedia pemponeots well khosm th dhespesspy skilled or

oPE L B o Bt AR REEE neriy Proce el H pekish S Hhe AL Eanofieir] Wimgte P!

components or be chemically defined.

The amounts of the individual components can vary, as long as there is no negative effect on the
growth or productivity of the microorganisms. The person skilled in the art can easily determine
the composition for each individual case according to the requirements of the microorganism.

. 20  Generally, the carbon source is added at a concentration of up to 300 g/L and the nitrogen
source at a concentration of 1 to 30 g/L. Preferably, the nitrogen content is adjusted in

dependence of the carbon content of the medium.

A particularly preferred pH value stabilized medium comprises glucose, yeast extract, corn

steep liquor (CSL), magnesium chloride, calcium carbonate, calcium chloride, sodium sulfate

25  and potassium phosphate.

The pH value of the medium is set prior to the start of the fermentation to a range of 3 to 10,
preferably 4 to 8, particularly preferably 5 to 7 and very particularly preferably to about 6 by

adding a corresponding acid or base.

The medium is subsequently sterilized. Techniques for sterilizing media are well known to the

30 . person skilled in the art, autoclaving and sterile filtration may be mentioned as examples.
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nitrogen sources are, for WO 2005/ 045850 8 PCT/ EP2004/ 012715 exanpl e,

glutanmat e and urea, but al so inorganic nitrogen sources such as, for

exanpl e, ammoni um acetate, ammoni um hydrogen carbonate, anmoni um sul fate
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cal ci u rsubshimes ate undastondrtcsh dlbpassibRSfoamsiinpehick Hiewornesrongdingtfatty acids can
exist, i.e. as free fatty acids, esters, triglycerides, phospholipids or other detivatives. All these
15  substances are summarized in the following text and the terms are used éynonymously.
Furthermore, the PUFAs can be converted and concentrated by means of chemical or
biocatalytic transesterification, for example with the help of suitable enzymes (lipases), before

or after isolation from the culture.

The isolation of PUFAs from the fermented microorganisms or medium and the analysis of the

' 2_0 fatty acid spectrum is carried out using common procedures known to the person skilled in the
art (Wanasundara, U.N., Wanasundara, J., Shahidi, F., Omega-3 fatty acid concentrates: a
review of production technologies, Seafoods — Quality, Technology and Nutraceutical
Applications, 2002, S. 157-174).

The pH-stabilized fermentation medium forming the basis for the method according to the
25  invention is described hereinafier by way of some examples. The fermentation medium as well

as the invention is, however, not limited to these examples.

Example 1: Fermentation of Ulkenia sp. SAM 2179 strain for the production of PUFA in
different culture media pH-stabilized exclusively by different quantities of CaCOs.




The phyyados@ssabo the nmediumis set prigr to the start of teog/EPEOMeIZEEL i ON toO
a range of 3 to 10, preferably 4 to 8, particularly preferably 5 to 7 and
very particularly preferably to about 6 by adding a corresponding acid or
base. The mediumis subsequently sterilized. Techniques for sterilizing
‘nedia are well known to the 30 person skilled in the art, autoclaving and
sterile filtration nmay be nentioned as exanples. WO 2005/ 045050 9

PCT/ EP2004/ 012715 Cul tivation can take place batchwi se, in a fed-batch node
or continuously, as it is generally known to the person skilled in the
art. - i I . I @hﬁﬁ i;od of 1
to 123§%§§?9'F%?gﬁggP§H?§¥%£‘%§§§986§§??§ﬁ gg y pfgpgﬁggﬁéﬁ%?gxggeg. 5 The
nmedi a wittpbafflel s can be added to the nediumindividually or as a m xture, a
previously prepared m xture being al so possible. The conponents, in
partigﬂjﬁr the carbon and nitrogen source(s) or specific medium additions
can bMSHASHMBPSEY™ {6 or during the cultivation. The addition can be
repeated once or several tinmes or can also take place continuously. The

pr aducagmBhibthoremediganer al |y available in formof neutral fats, for exanple
as 10 triacylglycerides, or polar lipids such as, for exanple,
phosphati dyl chol i ne, phosphati dyh®kdanol am neisygphosphatidylinositol. For
t he purpose of the present invention, the terms PUFA, n-3 fatty acid or n-3
active substances are under st Qg §iGepIRyRk! P9FSigale forms in which the
corresponding fatty acids can exist, i.e. as free fatty acids, esters,
triglycerides, phospholi pids o&ugkbgr derivatgygs. Al these 15 substances
are sunmari zed in the follow ng t'ext and the térns are used synonynously.
Furthernore, the PUFAs can be $%Q¥§rted and cpgﬁgntrated by neans of
chemical or biocatalytic transédtetification, “for exanple with the hel p of

sui t abl e enzynes (lipases), befor after isglation fromthe culture.
Tﬁl@ i sol ation of PUFAs fromt hygcg?’?@{?f)ed m c:"ggl‘gani sns or medi um and the
analysis of the 20 fatty acid C is cagri out using conmon
procedures known to the_personcggﬁ%?égg}n t he iﬁfe(wanasundara, U. N
Wanasundara, J., Shahidi, F., Orega-3 fatty acid concentrates: a

_ (NH)SOs §'9

CaCO; addition per 50 mL flask:  Mediuml.1 0g/L
| Medium 1.2 1 g/L
15 | Medium 1.3 2 g/L
Medium 1.4 5g/L
{ Medium 1.5 10 g/L.

Set pH value to 6.0 with NaOH and autoclave

Culture conditions:
20  Temperature (°C): 28
Shaking rate ( rpm): 150

Cell harvest was carried out by centrifugation after 96 h of cultivation. The cells were
subsequently freeze dried and the dry biomass determined. Cell digestion and fatty acid
determination was carried out by means of 2 hour long heat treatment in 10 % methanolic

25 hyd:rochlorié acid at 60°C (under stirring). The esters were analyzed in a gas chromatograph to

determine the fatty acid composition.




revi ewyef0figdsset i on technol ogi es, Segfoods - Quality, Teedwmed 060128l
Nutraceuti cal Applications, 2002, S. 157-174). The pH-stabilized

fermentation mediumformng the basis for the nethod according to the 25

i nvention is described hereinafter by way of sonme exanples. The
fermentation nmediumas well as the invention is, however, not limted to
t hese exanpl es. Exanple 1. Fernentation of U kenia sp. SAM 2179 strain for
the production of PUFA in different culture nedia pH stabilized
exclusively by different quantities of CaCO3. WD 2005/ 045050 10

PCT/ EPTQBK 1 FRrméntafl dngatamneder. in 34p4nddn@ @i thaalcimascachdnhtevaheshtianos0 L
mediumin 300 nL Erlenneyer flasks wth a baffle. Media conposition: 5

Fer mefitati on ned| &Hdo, IVGhkde0SE [pp0 ¢pbM (onn STpaa/deMudDEA. [DH-$TY KH2PO4
3 g/L| Na2SO4 1 p/L My€12x6H20 Cl2x2H2O (NI1j4) 2S04 CaCOB3 dddition per
50 nmlL|flask: Med|um .| |cowbipasa 1'2"°15 Medifurel.3 Medium|1.4 |Medium 1|5
Set pH value to 6.0 wi{h NaCOH apd autocl ajye Cul ture condilti ons:
(g/L) {g/L) (g/L) |(%) (%) (gL) |(s/lxd)

Medium 1.1 0 43.0 1.85 [22.72 [483 3.35 076 [0.19

Medium 1.2 1 59.0 231 (3032 {44.0 491 149 {037

Medium 1.3 2 81.7 2.84 |3858 [43.9 9.90 3.82  |0.96

Medium 14 |5 1084 502 |5299 |48 [15.72 333 |2.08

Medium 1.5 10 111.9 478 [5232 (455 13.23 692 |1.73

DBM: Dry biomass; DHA/DBM: wt% DHA (docosahexaenoic acid) per unit of weight DBM; g/Lxd space-time
yield in grams per liter per day; STY: space-time yield; DHA area (%) Proportion of DHA in the fatty acid
5  spectrum

The fermentation of Ulkenia sp. SAM 2179 in a fermentation medium lacking sufficient pH
stabilization leads to a slowdown in the glucose consumption during the course of the
fermentation and to a cessation of growth as a result of a sharp drop in the pH value (see

10  medium 1.1. — 1.3.). Only greater quantities of CaCOj; buffer lead to a stabilization of the pH
value during the culture (medium 1.4 und 1.5). Here, an increasing CaCQj3 concentration also
leads to an increased glucose consumption during the culture. Because of the pH value
stabilization and the increased glucose consumption associated therewith, higher biomass
values are achieved and, as a result of that, also higher DHA space-time yields of about 2 g/Lxd

15 under the abovementioned conditions.




20 Tenpghadsii®sd O Shaking rate (rpgy: 28 150 | g/L 0. Jgrker2bgbik7150 g/L 1
g/ L ZQ?L 59/L 10g/L Cell harvest was carried out by centrifugation after

96 h of cultivation. The cells were subsequently freeze dried and the dry
bi onass determined. Cell digestion and fatty acid determ nation was
carried out by neans of 2 hour long heat treatnment in 10 % nethanolic 25°
hydrochloric acid at 60C (under stirring). The esters were analyzed in a
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5  Ulkenia sp. SAM 2179 strain was cultivated in 50 mL medium in 300 mL Erlenmeyer flasks

with a baffle up to complete glucose consumption.

Media composition:
Fermentation medium:
(- Glucose 150 g/LL
10 Corn steep
liquor 375 g/L
KH;PO4 3g/L
NaySO4 1g/L
MgCl;x6H,O 1g/L
15 CaClx2H,0 0.3 g/L
‘ (NH4)2SO4 5¢g/L
CaCQj addition per 50 mL flask:  Medium 1.4 5¢g/L
Medium 1.5 10 g/L

Set pH value to 6.0 with NaOH and autoclave
20  Culture conditions:

Temperature (°C): 28

Shaking rate ( rpm): 150

Cell harvest was carried out by centrifugation after 144.5 h of cultivation. The cells were
subsequently freeze dried and the dry biomass determined. Cell digestion and fatty acid

25  determination was carried out by means of 2 hour long heat treatment in 10 % methanolic
hydrochloric acid at 60°C (under stirring). The esters were analyzed in a gas chromatograph to

determine the fatty acid composition.
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1.1043. 8% %@g% 9248. 33.350. 760. 19 Medium 1. 2159. 02. 3130. 3244. 04. 911. 490. 37

Medi um-1. 3281. 72. 8438. 5843. 99. 903. 820. 96 Medi um

1. 45108. 45. 0252. 9944. 815. 728. 332. 08 Medi um

-1.510111. 94. 7852. 3245. 513. 236.921. 73 DBM Dry bi onass; DHA/ DBM w % DHA
(docosahexaenoi ¢ acid) per unit of weight DBM g/Lxd space-tinme yield in
grans per liter per day; STY: space-tine yield; DHA area (% Proportion of
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stabi lization_and the increased|glucose cgnsunption assofi ated.therew-h,
hi ghefMedivmdds |4l ues | B8 achi ¢¢&H aﬁeﬁz 4478 re®A% of {Ha®, |af%o hi gher

DHA space-tine yields of about 2 g/l 18 _unded—t he-—abe Inwnnflnnacl
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The fermentation of Ulkenia sp. SAM 2179 in a medium buffered with 5 g/L resp. 10 g/L
5  CaCOs, respectively, enables cultivation up to glucose limitation without a strong drop in the
pH value. The thereby achievable biomass and the proportion of DHA per biomass are, with
about 58-64 g/L biomass and 20-22 % DHA/DBM, corresponding to complete glucose _
consumption, very high. It is found that a higher CaCO; concentration (10 g/L) leads to a larger
amount of biomass, although the proportion of essential PUFA DHA per biomass is slightly
10  reduced in relation to the lower CaCO; (5 g/L). However, the DHA space-time yield obtained

therewith remains approximately the same for both concentrations.

Example 3: Cultivation of Ulkenia sp. SAM 2179 strain for the production of PUFA under

15 optimized fermentation conditions.

Ulkenia sp. SAM 2179 strain was cultivated in 50 mL medium in 300 mL Erlenmeyer flasks

with a baffle up to complete glucose consumption. Optimization of the fermentation resulted

from a CaCOs concentration of 7.5 g/L and a modified preculture. For the preculture, instead of
20 using a stand culture in DH1 medium, a shake culture was used with the same medium (48h,

150 rpm and 28°C).




MyCl 2x GtdR£005/6386302x2H20 (NH4) 2SO4 CaCQy additi on per 50 nirpfiemkos/dviedsum 1. 4
Medium 1.5 Set pH value to 6.0 with NaOH and autoclave 20 Culture
conditions: Tenperature (C: 28 Shaking rate ( rpm: 150 3.75 g/L 3g/L |
g/L1 g/L 0.3g/L 549g/L 5g9g/L 10 g/L Cell harvest was carried out by

- centrifugation after 144:°5 h of cultivation. The cells were subsequently
freeze dried and the dry biomass determ ned. Cell digestion and fatty acid
25 det gidWid\@nhyoRitioAs carried out by means of 2 hour long heat treatment in
10 % et hanolic hydrochloric acid at 60C (under stirring). The esters were
anal yzed in a gas chromatograph to determne the fatty acid conposition.
12 PCTPeouliee npdm: D) madiEn 2. Fer nent ati on of U kenia sp. SAM 2179 strain
for the production of PUFA in different culture nmedia, pHvalue stabilized
excl usGhegoge mpneliyidtate E/L):603At i ti es of CaCO8, up to glucose linitation.

U kenia sp. SAM 2179 strain was cultivated in 50 nL nediumin 300 nL

Er | ennmi¥ieest ektrad kKg'L): 12.5 [Difco]
5  Tropic Marin (g/L): 16.65 [Dr. Biener GmbH, Wartenberg, Germany]
pH value set to 6.0 with HCl
Fermentation medium:
Glucose 150 g/L
Corn steep
10 ' Hquor 3.75 g/LL
KH,PO4 3gL
Na;SO4 1 gL
MgClx6H,0 1g/L
CaChx2H,0 0,3 g/L
15 | (NH4)2504 5¢/L
CaCO; addition per 50 mL flask: Medium 1.6 7.5g/L

Set pH value to 6.0 with NaOH and autoclave

Culture conditions:
Temperature (°C): 28
20  Shaking rate ( rpm): 150

The cell harvest was carried out by centrifugation after 99.75 h of cultivation. The cells were
subsequently freeze dried and the dry biomass determined. Cell digestion and fatty acid
determination was carried out by means of 2 hour long heat treatment in 10 % methanolic
hydrochloric acid at 60°C (under stirring). The esters were analyzed in a gas chromatograph to

25  determine the fatty acid composition.
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r educ ¢gd—-n—+-¢l sp—torihe—tower—Cattl-{ Safbr—hbyever—
yi el d Mistiumigy or ewi| 117 ermai ng'%e:p[;??go% Taf ] y HE same
concemteat+ors—earpte—3——Catttvat+omrof—trkenta—sp—SAM 2179 —str=arnm—f or

t he production of PUFA under 15 optim zed fernentation conditions. U kenia
sp. SAM 2179 strain was cultivated in 50 nL nediumin 300 nL Erl enneyer

f | asks Usingtoptiznizsaf fetmeentgsion sonditiphse vadeywhies Elicoiasinda Mol 790psi fistzat i on of

he f ' | : ' A /
o {1 SR BRI AIER 2t Upd  SOBRTin PP B RRE G Bl WP o] Bt
~cul § ur enbstanBhlly BRstoYE toan@batted 3031p/MA £Thig Sesuleprimaiily fidne a S grewthyim (48h,

150 rpm and 28C). WD 2005/ 045050 14 PCT/ EP2004/ 012715 .
' whereby the glucose limitation was reached in less than 100h. The use of 7.5 g/L CaCOs in the

bi ongass,
10
Lt e

fermentation medium enables a pH stabilization required for optimized cultivation. The use of
7.5 g/L. CaCOQj resulted from the results of example 2, in which 10 g/L CaCOj; resulted in higher
biomass values, while 5 g/I. CaCQj; gave rise to better DHA values. An optimal CaCO;

10  concentration for DHA production (i.e. largest possible amount of biomass with highest
possible DHA content) was consequently suspected between 5 and 10 g/L CaCO;. In addition
to the stabilization of the pii value, the use of the fermentation medium according to the
invention results in a surprisingly high DHA space-time yield of more than 3 g/Lxd at the time
of glucose limitation. Similar biomass values to those in example 2 were obtainéd in this case,

15  the proportion of DHA per dry biomass and the DHA quantities achieved were, however, larger
(more than 10 %).

Example 4: Fermentation of Ulkenia sp. SAM 2179 strain for the production of PUFA in
culture medium with and without pH stabilization by CaCO;.

20  Ulkenia sp. SAM 2179 strain was cultivated in a SL fermenter up to complete glucose

consumption.




Medi a wonpoesidseson: Precul ture medi umygDH nmedi um G ucosepemErotyget €
(g/L):56,25 Yeast extract (g/L): 12.5 [Difco] 5 Tropic Mann (glL): 16.65
[Dr. Biener GrbH Wartenberg, Gernmany] pH value set to 6.0 with HC
Fermentati on nedium  ucosel50 g/L 10Corn steep 3.75 g/L liquor KH2PO4 3
g/ L Na2S041 g/L MyCl2x6H20 1 g/L Cad 2x2H2Q0, 3 g/ L 15(NH4) 2S045g/L CaCCB *
addition per 50 nL flask: Medium1.67.5 g/L Set pH value to 6.0 with NaCOH
and aupRalaendeuitibr € conditions: 28 Tenperature (C): 20Shaking rate
(rpm: 150 The cell harvest was carried out by centrifugation after 99.75 h
of cultivation. The cells were subsequently freeze dried and the dry

bi onasEergentation mediunge| | di gestion and fatty acid deternination was
carried out by nmeans of 2 hour long heat treatnment in 10 % et hanolic
hydrochloric acid at 60C (G@hdese stirring)l50Fle esters were analyzed in a
gas chromatograph to

Corn steep
5 _ liquor 3.75¢g/L
KH,PO4 3g/L
Na, S04 1 gL
MgClyx6H,0 1 g/l
CaClyx2H,0 0.3 g/L
10 o (NH4),804 - 5glL
For fermentation with pH control: Set pH value to 4.0 with H3PO4 and autoclave
For fermentation without pH control: Set pH value to 6.0 with NaOH and autoclave as
well as addition of 7.5 g/l CaCO;
15  Culture conditions:
Temperature (°C): 28
Ventilation: 0.8vvm

Fermentation with and without pH control

Table 4: Fermentation parameters with and without pH control

pH CaCO,; | Glucose Time for DBEM |DHA DPHA/DBM |DHA |DHA-STY
control consumption | glncose area
consumption
(g'l) (g/L) (h) @) (%) (%) (L) |(gLlxd)
+ 0 150.0 i62 6609 (472 259 1735 (2.5
- 1.5 150.0 150 67.8 |46.7 26.9 1830 (2.9

20




25 detg@bBhisbng fatty acid conpositijgn. WO 2005/ 045050 Ifr/Ep2004/012715
PCT/ EP2004/ 012715 Table 3: Fernentation paraneters under optim zed buffer

condi tions CaCO3G ucosePHDBVDHADHA/ DBVDRADHA- STY consunpt i onval uear ea
(02)(92)(92) (%9 (% (92) (g/ Lxd) Medium 1. 67.5150. 06. 7663. 8444. 123. 0614. 723. 54
Using optim zed fernmentation conditions, under which U kenia sp. SAM 2179
was first cultivated for 48 hat 28C and 150 rpmin DH nedium the DHA
space- Thmeﬁf@lhe:ﬁaib@i-stalﬁdizﬁi feobettatiin mediym amrdh‘gdo the impendion lepabl®. 5 g/ Lxd.

Thi | t | b h
M gyl Bt SuATuReS fR b dtadf Dot BEHGRP o Sy 88838ST ¢ e
f er "enfeRhbRRiSRELIEMTRIGR! &§uﬁc&hk @a a8Btitd &aﬁtm Iéa%ﬂm 5 Bdtef BlovaPhd dHcgas

cultivation. The use of 7.5 CXB3 resulted fromthe results of exanple
2, in ofthe hccb&rgb@gmamonmmoedm alditiagh brger bionasses apaahesyedwhile 5 g/ L

b 10 f
O pr BAEEPR: i caneqtir ga O godedt G rob iR bt RS Petas i f B heat

possi binginkkiés SODHANM a¥lasved MERE e chtitish SIHRCIeeds (BRI ghi fvask iAbtegdel
CaC33. 'In addition to the stabilization of the pH value, the use of the

f er meningh¢ Bﬁmscﬁcmdd@if myre than A& % forF@biQsdmiicead femeeniation cemppien 49 ngl y
gh Id of nore than 3 g/Lxd at the time of glucose
I|n1t55§§ﬁ8§§ﬁﬁ§¢ |onass values to those in exanple 2 were obtained in
this case, 15 the proportlon of DHA per dry biomass and the DHA quantities
achi eved were, however, larger (nore than 10 % . Exanple 4: Fernentation
of U kenia sp. SAM 2179 strain for the production of PUFA in culture
ne jumwith and without pH stabilization by CaCO3. 20 U kenia sp. SAM 2179
stirain was cultivated in a 5L fermenter up to conpl ete gl ucose
consunption. WO 2005/ 045050 16 Medi a conposition: Fermentation nmedi um




G ucosgo i3 @édso 5 10 Corn steep liqugg 3.75 g/ L KH2PO4 3 mytiep204a®f@és 1 g/ L
MyC12x6H20 1 g/ L CaCl2x2H20 0.3 g/L (NH4)2SO4 5 g/ L PCT/ EP2004/ 012715 For
fermentation with pH control: Set pH value to 4.0 with H3PO4 and aut ocl ave
For fernentation wi thout pH control: Set pH value to 6.0 with NaOH and
autoclave as well as addition of 7.5 g/L CaCO3 15 Culture conditions:
Tenperature (C): 28 Ventilation: 0.8vwvm Fernentation with and w thout pH
cont r dExamaplee54 Fefasntationaof Suhisechytrirersp. WR2H 4 dthe pradeatioppic R0

HCaC@®BdJd Ti f ' - STY trol ti |
gons%{l}lu gt?@ﬁ%ﬁ?%ﬁ%ﬁ%ﬁ%&g& )(zog)ro consunpti ongl ucosear ea

+0150. 016266. 947. 225. 917. 352. 5 7. 5150. 015067. 846. 726. 918. 302. 9 20 WO
2005/ 045050 17 PCT/ EP2004/ 012715

Schizochytrium sp. SR 21 strain was cultivated in 50 mL medium in 300 mL Erlenmeyer flasks

5  with a baffle up to complete glucose consumption.
Media composition:

Preculture medium: GY medium

Glucose (g/L): 30.0
_ Yeast extract (g/L): 10.0 [Difcol
10 Tropic Marin (g/L): 16.65 [Dr. Biener GmbH, Wartenberg, Germany}
pH value set to 6.0 with HC1
Fermentation medium:
Glucose 150 g/L
Corn steep
15 liquor 3.75 g/L
KH;PO4 3 g/L
(. Na,SO04 1 g/L
MgClyx6H,0 1 gL
CaClx2H,0 0.3 g/L
20 (NH4)2504 5¢/L
CaCO; addition per 50 mL flask:  Medium 1.6 7.5 g/L

Set pH value to 6.0 with NaOH and autoclave
Culture conditions:
Temperature (°C): 28

25  Shaking rate ( rpm): 150




The usey®ioot/3052COB- st abi | i zed fernmepy ati on nmedi um accor denvgpdods/10e15
I nvention enables cultivation of U kenia sp. SAM 2179 up to gl ucose

limtation without pH control also in a 5L fernentation scale. The use of
sufficient quantities of CaCO3 |leads to a faster growmh as a result of the
accel erated glucose consunption. In addition, |arger biomasses are
achieved. 5 Furthernore, in connection to this, a greater proportion of DHA
per bi diassll haweé,ta\r?g@nmeQ@ahby candrifugdtiaprodten P6 hadlelbiveldor The eejlsrwergent at i on.

This leads to.a ns t _increase. DHA s yi el d of
nor e tﬁﬁl?fei%e“‘gcy f ?ﬁ‘?ﬁﬁ@ﬁ%‘? ‘grryg’do %f‘ﬁﬂegac%lgﬁﬁgﬁné’ﬂ ‘B@gﬁw"& ntroll ed
f er mentdgfetBmatiNtwdd Orfi0d 68 M&nP 6T Q EBR00AS Qda? Gbattnd il (F%anetirgiolent at i on
of Schi zochytrium sp. SR21 for the production of PUFA in fermentation -
medi umhyd®chlorib |ac1d@é60°§y(undea stjrringrahoasBehwesehglyEedimasgss cornztogrentdion was
cuI Y d.in.50 di um | 300n1_ErIenrreyerfIasks 5 wth a baffle up
n%ﬁ%%mﬁltﬁc%&aﬁ CQHWBF Medi a conposition: Precul ture nedium GY
rredl um G ucose (g/L): 30.0 Yeast extract (g/L): 10.0 [Difco] 10 Tropic
Marin (g/L): 16.65 [Dr. Biener GrbH, Wartenberg, Germany] pH value set to
6.0 with HO Fernentation medium d ucosel50 g/L 15Corn steep 3.75 g/L
| i quor TIBRFAF o3menthtidiBRPeMeters under optimized buffer conditions

CaCQ; | glucose pH DBM |DHA DHA/DBM |DHA |DHA-STY
consumption | value area
(g/L) (g/L) L) | (%) (%) (g/L) |(g/Lxd)
SR 21 7.5 £50.0 7.35 16612 |344 15.28 10.10 |2.52

The medium being pH-stabilized using CaCOj; described in the invention also leads to an

10  optimization of the production of PUFA in the case of other organisms belonging to
Labyrinthulomycota. Tt is thus possible to ferment the microorganism Schizochytrium sp. SR21
strain in the medium forming the object of the invention. The space-time yield of the essential
PUFA, DHA in SR 21 is slightly lower than in Ulkenia sp. SAM 2179 (see example 3), but if is
more than 15 % (w/w) of the total dry biomass in relation to n-3 PUFA DHA. This example

15  shows that the optimized pH-stabilized medium forming the object of the present invention

i enables fermentation without pH control for the production of PUFAs also in further members

of Labyrinthulomycota.




1 g/L MyC12x6H20 1 g/L CaCl2x2H2CD. 3 g/L 20(NH4) 2SO45 g/L CaCO8 addi ti on

per 50W %ﬁ%’% fsoMedium 1. 67.5 g/ L SetOpH value to 6.0 w tjriNaChiandis
aut ocl ave ture conditions: 28 Tenperature (C): 25Shaking rate (rpm: 150

WO 2005/ 045050 19 PCT/ EP2004/012715 The cel | harvest was carried out by
centrifugation after 96 h of cultivation. The cells were subsequently’
freeze dried and the dry biomass determned. Cell digestion and fatty acid
determ nation was carried out by means of 2 hour |ong heat treatnment in 10
% net hpateht laimBydr ochl oric acid at 60C (under stirring). The esters were
anal yzed in a gas chromatograph to 5 determine the fatty acid conposition.
Tabl e 5. Fernentation paraneters under optim zed buffer conditions

CaCO3gl ucosepHDBVDHADHA/ DBNDHADHA- STY consulrl’rg)bgl onval.uea

(g/L)( b./ 1A Wh_()d(ﬁyg Q%Y@pg%ngrggn&}n the gen raustochytri s es, characterized in
217. 5150.Q4 tﬁé%?cr&&gﬁgs‘%&?m% %&ﬁ?w&&a 152 feﬁh&tm HORRivRih RHStcARid d B8R USi ng

CaCCB3 descri |nvent|ona ads to an 10 optim zation of the
product i cidditfonRiflother thsitrz&nIu:zmg nmhnmﬁaetrfrcmm Gati0s meefbrbbnyithent ndding other
Labyri nt hul o%cota IS th 8' ble to ferment the m croorgani sm

Schi ZOCh)RH'IS lgﬁlg%‘iﬁ@?i@ﬁ ? ¥he medium formnming the object of the
invention. The space-tinme yield of the essential PUFA, DHA in SR 21 is
slightly lower than in U kenia sp. SAM 2179 (see exanple 3), but it is

2. The method according to claim 1, wherein the microorganisms bring forth a production of
more than 25, preferably of more than 35 and very particularly preferably of more than 45
wit% oil per unit of weight of dry biomass.

3. The method according to claim 1, wherein the microorganisms bring forth a production of
more than 10, preferably of more than 14, particularly preferably of more than 18, and very
particularly preferably of more than 22 wt% DHA per unit of weight of dry biomass.

4. The method according to any one of the preceding claims, wherein the microorganisms
bring forth a production of more than 1 %, preferably more than 2 %, particularly preferably
more than 3 % and very particularly preferably more than 4 % DPA per dry biomass.

5. The method according to claim 1 or 2, wherein 3 g/L to 15 g/L, preferably 4 g/L to 12 g/L,
particularly preferably 5 g/L to 10 g/L and very particularly preferably 7.5 + 0.5 g/L CaCO4

are added to the medium.

6. The method according to claims 1 to 5, characterized in that the medium comprises glucose,
corn steep liquor, magnesium chloride, calcium chloride, calcium carbonate, sodium sulfate,

ammonium sulfate and potassium hydrogen phosphate.

7. The method according to any one of the preceding claims, characterized in that the medium

has a pH value of between 3 and 10, preferably of between 5 and 7.




more than 15 % (ww) of the total dry biomass in relation to n-3 PUFA DHA

Thi s ewgr&g@,szo,‘}&oshows that the optim fed pH st abi | i zed nmeghwmbqrmmg t he
obj ect of the present invention enables fernmentation w thout pH control

for the production of PUFAs also in further nmenbers of Labyrinthul onycota.
WD 2005/ 045050 0 PCT/ EP2004/ 012715 Patent clains: 1. A nethod for
cultivating mcroorganisns of the genus Thraustochytriales, characterized
in that the mcroorganisns are cultivated in a fernentation mediumw th no
nore than a mnor addition of other pHstabilizing means apart from CaCQ3,
preferably w thout adding other pHstabilizing means apart from CaCC03. 2.
The neg homheag@RUhdgrdife o alyond of MePi&ietinghbains,whoargrnedsinghdithag forth a
production of nore than 25, preferably of nore than 35 and yes

par ti cul anltivaipetakenplace batwees K0 Crand 405°, nRpisrably bebwsen /¢ 284 3Sg ght of dry
bi omass. 3. The nethod according to claim1l, wherein the m croorgani sns
bring forth a production of nore than 10, preferably of nore than 14,
particularly preferably of nore than 18, and very particularly preferably
-of nore. tNemaRodaoidide emywnk bf tfe predediun obfimdy chatecenaebin that tHhe net hod

according to any one of th recedi ng .clai rein the m croorgani sns
bring fo Wétlﬁﬁf’g(ﬁ%l’}ia%&’éﬁ t&ré&ga}'shﬁ f a@y'@%&%ﬁ%’ﬁy nore than 2 %

particularly preferably nore than 3 % and very particularly preferably
nore than 4 % DPA per dry biomass. 5. The nethod according to claim1l or 2,
wherein 3 g/L to 15 g/L, preferably 4 g/L to 12 g/L, particularly

pr ef er 4@ Thesnethed aesoidingfo anyrome v the nseredingulaimsycherastegizehinghat the 0. 5 g/ L
aCO3 are. added.to.the nedi um The 0 rai t I | to 5,
(Eﬁ ar act erlplfﬁod)rgar?lﬁg?lo?%sem%%geﬁlﬁ? é'%hrzrzporc{lg%é‘% G%‘g%f@t@%ﬁ? QSl{i %%%J'Ti quor ,
magnesi um chl ori de, cal cium chl oride, calcium carbonate, sodium sulfate,
ammoni um sul fate and pot assi um hydr ogen phosphate. 7. The method accordi ng

to any _one of the preceding claing, characterized in that.the dium has a
pH val && Be %@b%é‘ﬁ’oﬁ%w 3y ong Pgﬁ“@rpéﬁqe@n@rﬁ%@m‘%@ﬁc?néﬁ%mfﬂm\}g 2005/ 045050
1 PCT/ EP2QRHE R dmiskr is Ulkenia sp. SAM 2179,

12. The method according to any one of the preceding claims, characterized in that the

microorganism is Schizochytrium sp. SR 21.

13. Utilization of a culture medium comprising exclusively CaCO; as pH stabilization means

for cultivating microorganisms of the order Thraustochytriales.

14. Oil having a content of at least 20 area(%) DHA, preferably at least 30 area(%) DHA and
particularly preferably at least 40 area(%) DHA, produced using a method according to any
one of the claims 1 to 12 and subsequent isolation of the 0il from the culture broth and/or the

biomass available therein.

15. Oil having a content of at least 3 area(%) DPA, preferably at least 6 area(%) DPA and
particularly preferably at least 9 area(%) DPA, produced using a method according to any
one of the claims 1 to 12 and subsequent isolation of the oil from the culture broth and/or the

“biomass available therein.




8. The method according to any one of the preceding clains, characterized
in tha&otza@jmglgbti vation takes place hetween 10C and 40C, pqired20642002 45

bet ween 25C and 35C. 9. The nmethod according to any one of the preceding
clainms, characterized in that the cultivation takes place for 1 to 10
days, preferably for 3 to 9 days. 10. The method according to any one of
the preceding clains, characterized in that the m croorgani smbelongs to
t he genus Schi zochytrium Thraustochytriumor U kenia. 11. The net hod
accor diGdPHA cfayleast 80 &% puity, prodecsdivsmgal ragthed acshuingtoany paelof theckyms { ne

m croorganismis Ukenja sp. S e 12 Th t rdi. 0 any one
of the prt%&z&flﬁiué‘ﬂ?:gla%e I,SOIéﬁ%H g@ﬁgﬁ@&%@ﬁgﬁ%@o%%@ﬁgﬁ}cg}éﬁg%% is
Schi zochyl ki iR BRreioR 21. 13. Utilization of a culture medi um conprising

exclusively CaCO3 as pH stabilization means for cultivating mcroorgani sns
of the order Thraustochytriales. 14. Ol having a content of at |east 20

area(? refer y at. | east 30 area(d : I oy

or of er Lbist et et 86 e i Sised vsBled e s ARk o R RhE BE AL e
any one 9f|2thg sehsBiudht ibolalord 3f R DAl BBanle Bilhirs btotli idionthe bivenass| from t he
culture broth and/or the bionass available therein. 15. G| having a

cont ent civaidable hesain3 area(% DPA, preferably at |least 6 area(% DPA and
particularly preferably at |east 9 area(% DPA, produced using a mnethod
according to any one of the clains 1 to 12 and subsequent isolation of the
oi | fr pgnibmassbbitaingblbbphiramnell aomefhod acduirding ssarwaielod itheecl b lefonl2 and

2005/ 045050 2 PCT/ EP2004/ 012715 16 Dl—t|ﬁ of at . least 90 % purity, produced
using a riEbsrsucacepraionPiihe RigpaghBoghe FUtES WOl 1 to 12 and subsequent
isolation of the DHA fromthe culture broth and/or the biomass avail able
therein. 17. DPA of at least 90 % purity, produced using a nethod according
t 0 anyl9néninfal fded comarisipg biomass a¢oadidg tautlsisylient i sol ati on of the DPA from
the culture broth and/or the biomass available therein.

20. Foodstuff for human nutrition comprising biomass according to claim 18.




18. Bi omass obtai nabl e by neans of a nethod according to any one of the
clains | to 12 and subsequent separation of the bionass fromthe culture
broth. 19. Aninmal feed conprising biomass according to claim 18. 20.
Foodstuff for human nutrition conprising bionmass according to claim18.
Abst r agfc e i nvention relates to an optim zed nmethod for the production of
PUFAs by cultivating mcroorganisns belonging to the group of

Stramenopiles in a fernmentation nmediumthat is pHstabilized using cal cium
carbonate and conprises 3-15 g/L CaCO3, whereupon the PUFAs are isolated
f r om t Flee mventibarrglates $orsn aptitnized tisthoddon theprofwetiomodiiF dnbpemtivatingar | y

relates.to navel ti.mzed nedia ving a,di.fferent. C . By
Usi g DHfeRTERET b bR N £ e B 0as Rampafls? 4t o BEERh R SRR
si npl i iraehbiived ASink @A16RM @irbAAteMNd cBmpiiea B1 5 gUACLCOB Ssher@ipoRtife PaRAbe
obtai ned at an increased oil content in the biomass. They all ow
ni cr oosrgaselateds fromshomisaerzanismp anddey thearedpim cEherigveniion pritisnledy relatembsut
control li the pH .thereby .. hal i i si gniElcantly
si npl i Iinglxlreﬂ gPtBUEi\‘? n-{_?tdxéx avipga nd_lﬁgtt%ﬁ{ EREHR cé)ryteﬁtnﬁgz%\ﬂn@ gd@c[ﬁﬂte dugﬂﬂltfiés%"i*
CaCO3, the process can be significantly simplified during fermentation while greater quantities
of DHA can be obtained at an increased oil content in the biomass. They allow microorganisms

belonging to thé Stramenopiles to be fermented without controlling the plH, thereby
substantially improving and significantly simplifying PUFA production.




