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Frerrerererrerererrerererrererer 2 rerrrrrl *159159*
Met hod for the cultivation of m croorgani sns of the
g:m”ﬂm chytriales by 'using an optim zed | ow
WWMfferent PUFAs (pol yunsaturated fatty
aci ds). g partlcul arly onmega-3 fatty acids (n-3 fatty
5 aci ds) are essential conponents of the human
nutrition. It is, however, known that in the majority
Methbd fordhséutiiedtionest nﬁaﬁobfg’aﬁlsnishﬁ tis gy 7 Qifauﬁmgh)ftﬂhley by using an
acids is insufficient. In contrast to that, th
overal | proportion afinfizad lpw seliancdivme . as wel | as t he
intake of saturated fatty acids and n-6 fatty acids,
is too high. This is due to a change in the
conposition of our diet, which has occurred
DifferER AR A el WP Fby APROPIng el BRESmaB0S JHETAS -3 fauy
acids) Mgt esserid] c&Bpered®)ofitioe bumsamppsdomance of dif f erent
chronic dlseases of civilization, such as, for

i R Eip AL RREly BTN SRR A B Ty i

is insusfi¢ichitekn d@a&amnmh ithecov@ ROMBRopdHEbN bﬁ’fat imBBAGieQhs Fell as the intake of
targeted increase in_the intake of n-3 fatty acids, in

Saturaisarfetnb%ﬂl% angkn-gifethsagidsatsdenbigh. Th}éul%jdl(eapm)changﬁ in the composmon

n |
of ou GRS BEGELBF LD LRI L R0 PYBR, o which i being
linked((ShﬁﬁjouRrseAelhleﬂ@eAhn\J e€lin.gwitare, 569 -6@Pao EHe&ipp@ﬂ@n@&Kf different
St udi Sopravvi venza nell'Infarto

chronif iseagego gsyvehng% SUE) &% dPyCrampls S#FEinvaTqUbH diieess ndlp main cause
of deaRPhrY RSkl AL lALL X g?f'gdtqﬁmﬁﬁgor's%uﬁemsrhag ffah®/hile shown that by

myocardi al infarction:” resul
meanSGifSSIarg@teei\nsmz:ame the irdke, oflradidaity &5ds, irtdattidday othucclssapetntaenonc

198 Ef f ect f ch f at h,
it P Ao SR LEDHRS, 1! Bt Wt e o
cardiol@&chfadrzki @NISSI-PRtve AZET )nvegt%alt(ﬁ@(‘(@truﬁ)o Iza':ﬂang6 i:lROStudlo della

Accordingly, many different organizations
Soprayipenzp SSEN[Infartgy | micshArdige)r | ﬂ?% Hoigtadat |so1upleretma910n with n-3

n nificant incre t he /i ntake of
pOlyuésg{i‘?mafglttgsg‘l(' r iA09 ERIAT 0 P Sﬂ mngﬁﬁcﬁaldm?ﬁﬂ‘b‘h 6‘??“?5 of the
GISSIFprS\l’I:nﬂdne AT ganckt B34, UM 7AsE dBurr andl., 1089, difféRE ehalges in fat, fish,

ease. CI rcul ation 2002, 2747- 2757) 'Sources for the

and le‘?TOWI% gth Fagpl/_@y%gqghah ergg\rlctlp@ uqhgtr anchregnfiagation trial (DART).
Lance?@"%@ ’%5 R@&Y&nﬁl ggﬂg'dﬁ?%gﬁloqgan%uw ﬁWHfd ﬂ@n,gHtAh?SSFAL

I''s extracted t SO narl
Brltlslrﬂ\lutmm)mg%nmmdatmn efvl)abcontraenba eignificantfinsigasetiavike ioéke of n-3 fatty

acids TREGTHRIRGn P AL: chilr CERSIPUBT dih Bl AR 1B dcids, and
Cardidva8il dri9i8&se. k&R0 0We, Plagdushy on does not pose any
cont am nati on

Sources for the production of PUFAs and, in particular, n-3 fatty acids are above all marine cold
water fish and the oils extracted therefrom, but also marine microorganisms, which, compared
to fish, have the advantage that they can be used in ferments 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
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risk, as is often described for fish or the fish oils

extracted therefrom (O sen SF. Int J Epidemol.

2001: 1279-80). In addition, “the conposition of the

extracted oils can be can be positively 30 influenced

by sel ecting the organismand the culture conditions

and is not subjected to seasonal I Il Il TiHII Il 1

~~~~ |11 *000002* 2 variations, as described for fish
variati®f§l &J eBsdpibedufer Sfishs aie®|fish( fraEBes MBZ@ et (mezlVMBLLASt al. Lipids

1999: 639-42). M croorgani sns suitable for producing
1999:63934DUFA are found, for exanple, in bacteria of the

genus Vibrio (e.g.: Vibrio marinus) or anong the

. . : ¢ h . .

Mo 8 AR Y 2R UER B B b PHARHLY, i bafidfl of the
genus S¥lrram@rppVibes maued) asinfingghadipbiyapeHates @igophyta), there particularly

G ossonmmst i x, .Phaeononas, Pi hgui ochrysis )
the 8B of BEUBEEHE g S Pory doc APl <O PbRg the Stramenopiles, such as
Pinguldpfiy QL8 S Blos@inashe TFRubBRbmk VRinRLBMGLk 0Pk, ibtsus and
bel ong to the Stranenopiles (or Labyrinthul onycota),
Polydochrysas. hrefarred mieroptganismidor thiarfemmsntative produaties of PUFA belong to

Thraustchytrijde and ther.e agai in.particylar, to .

e SypyBQRRLT 1% kbRETby PR 16 R D ey B ore” hRbsocRyriats,
(Thradspdigpsied yandi liHéreA'iijFilﬂ,r Nina, pak@dadrl Nbhyhol g@&fra Japonochytrium,
| anochyt ri um and kenia. It is known that sone of
Schizoc riﬁ@qﬂﬂ%mﬁ@@)chﬁ’tﬁﬂmﬁQb@inMaby;ﬁztbz@lo@igegﬂﬁl@nochytrium and Ulkenia.

i ndustrial production of fatty acids and

It is kwﬂtﬁmm&%%%%ﬁ&&i%x%gﬁﬁﬁe HeBELLA9G indusirial pyduction of

Accordingly, the internatio pat ent application
fatty a@ifsOindo® risbpatideng proessstshiavpriwdu clesaibe df ARtdrdiaglys itrginternational

pten ARGl Bl S T Y LEORA Singcxganisms of e
generi’Tﬁ’r@M@bk@ﬂri@tfn ahd SAR08H) 451N IWE YR1119 ¢ Al NGk &L MR Eroduction of
WD 96/ 33263 Al and the correspondi ng European patent

PUFAapysinigc@iporecedindung 28z SWA 961832013 Bd saridhtdre poodsinidong European

L Tt I NN T R ——

of the9@eMIOEBInibFSlDsLSWhNE thoT REe t dpplicAfonPWASIYEBA discloses the
nicrooaﬂgnisns of the genus U kenia. The natural

produgiian; of f{UTHYs ysing micseeremasmapEihe senenl/4amaand i n
particul ar of Labyrinthul omycota is 20 a narine

The ndig¥al hadfitat SO BEHEABE] YicrbOYeamis it SACR BANUSIDE REByrinthulomycota is
usual Iy cultivated in salt-containing nedia, ere,

a maring hahiié anspasatlpfthessenisrassganismsare nsiably cutthveteddh ssalt-containing
._cont e f sea water isgﬂefin d §2-35 [L and a, :
mediac SR ETbr B pBGRSE B plSetinishli Rl Bntip b Ti defined as
32-35 ?Ewlbﬂd faQdon€eat fof WBLISMY of RN afl CHRAIIBATYHER HEGED 188 cultivating
hr aust ochytrium or Schi zochytrium are based on sea
maringygyiggporganisms 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,
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).
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(e.g. ATCC (Anerican Type Culture Collection) 790 By+

medi um [ yeast extract 1.0 g peptone 25 1.0 g, D+

glucose 5.0 g, sea water 1 L]) It is, however, also

known that m croorgani snms of the order

Thraustochytrial es can survive in a culture nmedi um

wth very low salinity. However, belowa limt of 7.5

- 15 g salt/L, corresponding to a salinity of 7.5 - 15
Reduc¥@ salk £6nt81it9WE Abd SORB%I dfkes waker eV Ho e eYesy %Eé/n §QWibed for the

and wi thout internediate maximumlevels in the | ow
commgrgidl nj t {ermeafagen cmﬁ maleugyhalineh r aniggosgadison. y Accordmg to

Hende‘? OIE oV % 18‘1?0\/% 1010 1 errrent | ?y S%{ \ nIeto Inl ms ar those capable
BYOLRIET TR 4™ 5098 Magige ofggniczys
of ad]ﬁﬁﬁigCtﬁSmSésll/és W@bﬁl&ﬂ&a?e P QU clerd (HbrRlerss R aVWRY. eLawrence E.,

have nonet hel ess been escrlbed for the commerci al
Hendersanpedictienasy obbiokagigah irmael Oi e $¥2ganl Bs. Accor di ng

to Henderson's "Dictionary of biological terns”,

It haseéére){r@c'sblrl?ed”ﬁlra{ RERALGR o 's}ngoo%?o fhe §zframe opiles (or
Ves g

adj usting thense to a br range al t conten
Labyr (HMQ?G}’(SM]) SAn IEIOﬂu¢_GﬁlM@11(IBl,anlﬁiiQS (ﬁ PERAeinsfenhentation media with a

reduceii./cgjl enF %)ggnblgég 63)9% @?F%%at?ﬁ &P gPS’Hg' li’i ﬁé?g(%) Rlso described is

the uséTbLAuPQFAEd 8 WEthRAbREIdMdle Otk MG il tha BBREMd AFedRing the corrosive
Labyri nt hul omycota) can produce | arger” quantities of

effectsrofithe ichlofide fa tcafermentater equiwment4U.S. Pdt 6,4 b 28ht This has been

shovwr Wy edlip TorPies Bl ip e debe m s i apckSchizochyerium
using féﬁdblﬂamﬁ fhedialcOmamiMdhl GteieGR B cBRdenithiidh d&s ARInErS/ I ?J S. Pat. No
reducing the corrosive 10 effects of the chlori

5,340 81112 tUhe. Patr Ne 43561, HeuPphdiet 6,410, @1) Flgts alsqd(nown that cultlvatlon is
also pgss%Q u%ﬁé‘r) con-ﬁnﬁoﬁlfsr@sreﬁ)l?c%ﬁ saﬁ%ﬁﬂnt C g%re Iml:h Salt a'ater Particular

m Cr oor gani sns he genera aUS rrum an
refereiBehis padbhereitothe piemgobwnemsn WD I98ﬁ®36‘EUAa, ERPOtS2BnI78 QA 1, U.S. Pat.

ide in concentration of less than 3 g/L (U S.
N°6‘¥§;t5%l\gsé’a 3??‘3&%02 'S, Pat. No 6,451,567, U.S. Pat.
No 6,410,281). It is also known that cultivation is

It is fuﬁlih‘ép kRGOS ki orthd @8 rnfeandibh iop asmlefoof@ﬂwaf 8R! denGOSEB chytrium
npared with salt water. Particular 15 reference is

(Sclnzmglmrsé 8811 A GEa20H8) dotanismins lm©8¢l@@®7ylem of ERtyDacids is
achlevggﬁﬁegzgjé@%’cflt&rfée cglgéreth (gfolj\leg@, h? g rtzﬁ al%ount otl\é%lt used therefor

is lessftRanmEN®%adt the sef w&’tem;amf QD@8 Hus i Rinprikes Hen Cgzsodlum and chloride
Schi zoch trium g i zochytriumsp. S31; AT 20888) a
ions (%%511%1%9 fliand Y. I%&t NeSyilg§i%d8bf fatty acids is

achi eved at a sodium chl ori de concentration of 1.75

All the/ hhethdde detiBbd 3F0MPIdoOhoRaldr, WaRd dihevfitfks. 2"?hé &R ness of
than 10 % of the sea water salt content, but

fermentatisr proeassesris Haniterl parsieulatmbainier aitallrtabledeomassrasld (tlEPpI@duct content
per bi(gﬁgssglglzrtl%lrmgﬁg the o%s p?(%ucewanspasr&? p?elsegt fatty acid spectra which do not

necessarily correspond with the desired products, but must be procedurally modified first.
Processing is often complicated by the to some extent low product content per biomass because
of the relatively large amounts of biomass needed to be processed in order to obtain relatively
small product quantities. Moreover, all the methods described so far involve relatively high
total salt contents in the culture media. This leads not only to massive problems during the

processing of the products, but represents an extreme environmental disadvantage, since, not
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Al'l the nethods described so far do, however, have
di sadvant ages. The effectiveness of fernentative
processes is limted particularly by the attainable
bi omass and the product content per bionass.
Furthernore, the oils produced can partly present
fatty acid spectra which do not 25 necessarily
correspond with the desired products, but nust be

only 1pfgecafioindd by bioestisk Bl fé0 SlastewlleRCOSRAiRGg 18rgRf difbunts of salt are
conplicated by the to sonme extent |ow product content

mpl I .
genergied, viigheesd tgé@é@ggsed@ff. the relatively large anounts
of bi omass needed to be processed in order to obtain
In the Jigh@iNEdtite of BRI drt, RVARUdre BHAI dBid & D1 « ¥ i
! eﬁge nethodg descgibed sor?ar invdfve J%Fgﬁgvgﬁy”ﬁ?gﬁOme“ma
noveltsonple agd E¢onooric mwtiwdifor ¢ulievating Thra:stoetlyraiales nsing lneediscomprising

reduc%l?stallt%g%%pggﬁg?@ ?ﬂoﬂe‘?ﬁé&sﬁ%ﬁq@?&éﬂg @%{]}%Qs OLH(ri 88 Sgsilltg 9mplement

and erBN thORTERREAN peb RRGYRHE RYR puity AN of P UK b¥nth REEproducts.
anounts of bi omass, but al so wastewaters contai ni ng

. Iﬁége amounts of salt _are generated, which need to be

This agd SpBReanQlrexpliitly ilssqribgAttads, whishsqeat Bowevernee derivedqr deduced

withoMBcﬁfﬂcgﬁSf i ﬂleal@laﬂghse&fsc&ge& Y rir?trc‘(ﬁj[ﬁktibrp\é?@&]fh?&eh%y the object
provide’a novel, sinple and econom ¢ method T or

defineduh thewddims @f Ther @easnhomivyitidnal es usi ng medi a conpri si ng
5 reduced salt contents. Apart from being cost

An adefdtg@blLy dethodgon@il fhading Tawt.bdrdenyeagy id providel @?‘i‘lﬁg maihdd defined

. enabl e _the high yield production of high purity PUFAs

in claggm df FrirEamebad arompigsesr Bgueeléivatiomiod migfoprgepisms abtthe order

. iy . . ho be . .
ThranGEPAY kel §356 S e b S8 png B AURHR 1 Bns in solid o
dissolveal fatrh aths tadalselt ssentibeinighess itinr i@ dit tedtionas seaasdtb€v.ed total salt

by .t he obj ect fined in the clains of the present
Cm““VH@Lﬁ%ﬂ@ﬁ?p@@xAgg£@3antageous nmet hod for cultivating

. Thraustochytriales is provided by the nmethod defined

The invgntiqngfugthar coppprisesyp sdrpddonproideeing high putity PUEASon of

m croorgani sms of the order Thraustochytriales in a
Preferted W’ $loAs anepaticarding tortbeiinvaotdim PHAIDBmaad EPW.or i de i ons

in solid or dissolved form the total salt content

Particideilygh¢ essrobiganishd chitivated ély adaos of the abavenainéibned method present a
total. salt. copntent of |ess than approx, 3.5 g/L. 15
produciipn 4 {pRis; e 19 ot e rabbHBIorS oy wafhp?rafsularrlzs@aéfmaly more
than 18199 DHAIpEL Sy BidHsss. Preferred PUFAs are, according to
the inventi on, DHA, DPA and EPA. Particularly, the

Partic%@&qgé AABIS nféHlstéug‘f%i?e% %m@?xﬁn& ) af)%\?eénﬁng?ner% ?gthod show a

ementi on met ho resent a produc
produdtivarof bioréthamr efe preifid rgblymnare tiear? %4afd verp @apralarlgpréfetaply more

o) R
than 18%5%6‘&'98&'8{0%355“6‘” 18 % DHA per dry bi omass.

The PUFAs can be obtained in high yield and purity by isolating the PUFAs from the

microorganisms (biomass) and/or culture medium following the cultivation.

In addition, the present invention comprises a method for producing biomass, where the

biomass is provided by the cultivation method according to the invention.

This biomass can be used in all imaginable ways. In particular, this biomass can be used, for

example, in dried form (dry biomass), directly as foodstuff or animal feed.
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20 Particularly, the mcroorganisns cultivated by
nmeans of the abovenentioned_nethod show a production
of nore than 5 % preferably nore than 7 % and very
particularly preferably nore than 10 % DPA per dry
bi omass. The PUFAs can be obtained in high yield and
purity by isolating the PUFAs fromthe m croorgani sns
(bi omass) and/or culture nediumfollow ng the
In additidd, itk@inveRtioR alsb eopilistd O oiltthse PhRMER tobtINRNbY Qﬁ‘rrymg out the
conpri ses a nethod for producing bi omass, where t
cultivagjograeiBod accprding 9dbe myentina aad by isplating saigwilfeam the mlcroorgamsms
vention. This bionmass can be used
anmnégfapﬁ&ﬁ%gggwgg ghﬂays In partlcular thi s bi onass
used, for exa ried form (dr o
tn parfiffsen s S5 plldins SHERT ot i i P e trisdpopticatigs, can be
advan@getusiyoiked fHehunianenifii@sh. al so conprises an oil type
ichis obtained by carrying out the cultivation
Under”ﬁkh%dﬂ?&ﬁr%ceﬂhﬁ%t& e |iRVEROhO he? E‘gc&%rg ?@}n@t f/h@%by present a
said oil fromthe croorgani sns and/ or
produeimntqfn@ombhnﬁﬁ wi% oplapteifarablaof mdie shanSSam % bll pey pet of weight of
drv bi ich, apart frommany other preferred applications,
y I%Bﬁ“be 5 advant ageously used for human nutrition

%ﬂ er the conditjons according to the invention,
According 1o, fhegiavend i, ot dy wrﬁ&@%&t@rhe %Propergian of @bh@awor%rr@utral lipids

and att h:%E‘t §% f{%&{o 18hd§r @\ffll‘?cfhapé)r}‘ s ndED{o th%\ccor glis { ggftdLse;)ectrum of

unit ‘o dry onass.
leraustnv@mldzlenknmri toi the perskar sfkhldmﬂdn tle doe Tae peropd hpid@ theddb ya]‘omprlse at

o Al e e, 10 a0 Fesey B
the tri@RiceriSd Al %Hﬂ Mrion TaHnBHREL QBN 95be ?atllynﬁ’d’i@s bRd e 0lgcerm The

érson skiTled in the art. The neutral lipids ther®
possibg gl femmenting| @ awring Onigaargaglisne et isuds adnd S)ﬂthemcentratlon which

con SRRV D 23 AL Bl e S R v

pos&bﬂabl@ttionﬂﬁet%yf(ﬂéﬁehseaﬁfhtﬂSh@ﬁ“ﬁlﬁoﬁ/éﬂlklb{tﬁfd OF ididewhich dommate in sea
possibility of fermenting a marine mcroorgani sm at

water gpd Rounallywicsannt fopaprraxr A ook, thatidashaveBaklornn espontts, was totally
suran Iggs than 10 % of the typical sea salt content, and in
ticular the fact that it is possible to corrpletely
d| spense with the addition of Na+ and C - ions, which
Surprigioghynawpoe anky sﬂeafewmn@nloandsetfowmalploymldecbunntmfaﬂdmon to that, the

ropo B 8 R ! BN RS R 1t s
accordigy et advc@tion. IBRNmIBSURLBRIZHL ehat S effbd rREFhTy QhpeRsates, but
even etxrc]eetds atsqleght decrease in the produced biomass (example 2). The proportion of the
predominant PUHA DHA per dry biomass has hereby increased by more than 10 % in relation
to the comparative fermentation in medium 1 (50 % sea water salt content). Product processing
is simplified by the higher product concentration and lower contamination with salts, and all

this at an overall larger space-time yield.

Until the present invention, no known fermentation process was available for the production of
n-3 fatty acids in microorganisms of the order Thraustochytriales using a medium with such

low salt concentration and with no sodium and chloride additions.
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20 proportion of PUFA in the biomass significantly

I ncreases when using the Iow'salt medi um according to
the invention. Even nore surprising is that this
effect not only conpensates, but even exceeds a
slight decrease in the produced biomass (exanple 2).
The proportion of the predom nant PUHA DHA per dry

bi omass has hereby increased by nore than 10 %in

PUFAs ate@pdl pimsafueatthdng afpiariaty aedd eitie ohah 1eapth SCIEnHising at least
&50 Qbssa water salt content). Product processing 25
two dpublebog(s- 1§ A Whithe cal §adrodiced) dellovass dhn meaiqdopccarding to the
: ' ' ' | this at an
prescr VR i e pIAICL A 0% flly SEL o ARy heigh " 0 2
i nvention, no known fernentati on process was avail abl e
In thefsppsetdfehg predemstinvamtion, n-3-f3ity acitly (cmndgds3 fatty acid, ? -3 fatty acids) are

i.croQraanis of the order Thraustochytriale ing a. .
underJh Gl GRS ted 1 St Faod e BB B i R LR Rmprising a
least t8Q®r wibra dgulbbehdsd & hagddhd FiRdoule bEMF AT oA RUted between the carbon

pol yunsaturated |l ong-chain fatty acids wwth a chain

atomS|(é}]gt(hC4@tp2ting)ﬁ@mitb¢ A yhend. dwseordinghn faoudl fetthecids the first double
) [ f i th hqd
bond ElichAa'?‘eéiY\%g&%gct?ﬂ gcprgglp Et%g)%(‘(,eéjando&% gt\zliv}tlr}%rfreoni? hh%eaglpﬁieg% ar

accor resent 1 nvention p
n-3 fatty acids and n-6 fatty acids. In the sense of

Microptganisms skehengimg énthieogroup-@& thatliapydsthden{(yomagare ohsidensd for the
cid, ? at aci ds) are . 5 understood to be ) i

produfiin nfc RUFAT el loRRE chal vt  REBTdReE i e oreap invention

Microg@aﬁkﬁls%@ﬁ% &Qé?pfﬂrédts'?&:hglrialésgﬁgiautst\é@yt%dé&'?51_% ﬂ&%’gé@(Lewis, T.E.,

_ onds, where the first doubl ond I's conStitute
Nicholse Pvde MaMeckirarbdn Thet Biotecligolagidal Pbtaitat bf Ayraustonhyttids, Marine

. | kyl e Ac i,ngl for n-6 fat aci.ds the fjrst
iote gty 58 67 FRO DS drd Roph REBRvi el baPhisosh e e Tandboo of
protoctit@: Gheskaiidtifg &navadone mibkils, end 1Yk ChRRBANLE NBe eukaryotic
bel onging to the group of the Labyrinthul omycota are

micropgaRpe rBe thedr desendants exelysive tof eninstls, PUMS andfingii mguide to the
. oL dj I ipventi.on. ... .
g B RAH AEE ed BSRbEEEPRR:aors: rgti 1.
Corlisé,'ﬂlﬂ?amlkmm,iMdﬁai) Chktrpmamt &Xer dd@tﬁriél@&(ﬁnallqt&, lﬂ_!\chhanln, H.I., Jones
Ni c . P.D. Meekin, T.A . The Bi ot echnol ogi ca

and BSgEl HIPUSTSSF, IS S0 o R oalIoON b TS0 PeRaTBgysterred are
. - 7 . , . . eat

i S§3enRR BRI 0 4 P ST sptpachsun Ao

SchizoghyroiotmTérawstictiyviati anl, Uliabiat ©Xf shesanScAidokkyhusit Ghi@Btochytrium
d l@% t he eukarﬁ/qt.i G 3[5 m'.cr%grf%g[ni and their ,

un SR Ealts PATHTX BTt < TREfTarly) pitesred Ater fapagechyyium sp.

ATCUBLE7, t DhAalSocBYGRR , avibhm ApBRiculAh AT ©8811 and ATCC 34304),
sprorozoa, water nolds, and other protoctists.

Thrauggghygiinm mpauguNIEC R8210CEhtdusiochyariam, spvATKER 28890, MTCC 20891,
, itori.al coordina n ’
ATC%??Q@%%S?C Ea%n%s B%C?’?ﬁoé il tfgmszlgiggﬁggbtgn A?E&%@%‘chkochﬂr ium Sp.
ATCQO2(B83 20d 0B 20889 Schipoch3Bims SRR1, Bavdli &UWBEhY sp. SAM 2179 and
Ereferred are

SAM 2180.

Microorganisms suitable for the method according to the invention are both wild type forms
and mutants and strains derived therefrom as well as recombinant strains of the corresponding

organisms. The present invention especially comprises mutants or recombinant strains for

increasing the production of PUFA.
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m croorgani sms of the genera Japonochytrium
Labyri nt hul oi des, Apl anochyt7r| um Al t hornia, 20
Schi zochytri um Thr aust ochytrium and U kenia. O
t hese, Schizochytrium Thraustochytrium und U kenia
are very particularly preferred. Particularly
preferred are: Japonochytriumsp. ATCC 28207,
Thraust ochytrium aureum (particularly ATCC 28211 and
The mAtt6&2g@did8¢ hecording gt R%@Vﬁtﬁh\%‘ﬁhb@&%%mtﬁgfé@ b%/agé&latmg a liquid or
Thraust ochytrium sp 20890, ATCC 20891, ATCC
a solidopedipmayigh AP&QUQ@IESE these hrgastsmgt r i um aggr egat um ATCC
28209, Schi zochytrium sp. 25 ATCC 20888 and ATCC
Culturg mgiqu&:mmbbﬁw micuoorSRAdms afsthwetder asrabiceirdakpareSAM known

D N T e e R KU .
of aquéSUsTermedidionlih a0bgespOAdiAg E@dtﬁ‘iﬁerd eRAHBIEs T8t EQ®AGiner for such
wel | as reconbi nant strains of the correspondi ng

type oﬁfeg@ﬂntgmn quherlfg@rSéglelng flasksenbiaeactypeotiabd §0r cmrpplr: SRs (stirred

e YRR B b BT SURHESy ui speLSEE i Pyres o
betweérh €0 @,&EWG PYeetabBbedk enC2l°O Ml@tgﬂcbiﬂ?rtleﬂﬁﬂ¥ @Edﬁf&gb@ between
ure O ese

uid or a solid nediumwith a precu
25° C‘H}dg%QnCsW@.re rali¢ukgrey mréﬁﬁﬁahlmb@@eswgé?bm@ 395€ and in particular at 28°C.
m croorgani sms of the order Thraustochytriales are
In a fypghelr ekmtodiment @ftthe ppeseganvaition) thd low faltemeditm comprises less than
Typi.cally, but not exclusively, the culture is carried
L5 g/léﬁ‘ﬂal lt?haans 5 of aqueous fermentation in a
corres cont or a typl

Ex
tn @ R R TRarRdrBibogTRHAL ) e RSP HERIog M o iRl Coatgnt of the fow sal
medluﬁf@ffeﬁlgorfdls%K%I% opk q5ep6} fHeSalt %&g&ggyﬁ géa‘)&?t@mg&ﬂaﬁﬁlg of <12 %

Rs (stirred tank reactors)
and paa:tmltlarbeprﬁ&rEthof:aﬂd) ¥o.0&ry pan:icuiaﬂy atefé¢rextiien attairsel cofitent of < 8 %
d 40" C, preferably between 20' C and

between 10' C a '
Oftheggf?n?%ﬁf’??%‘i"%ﬂy preferably between 25'C und 30' C
articul rI referably bhetween 27' C und 29'C
No soqiimgaf e gkl Ned st 1y in 25a el sobiviig dureardasd to the low

salt mé&]@m%@&%ﬂig tb'?l‘(@‘f\%xﬂfb the | ow salt medi um conprises
[ ess than total salts. In a further preferred

ACCOF&“E%I m%n[%reﬁ{?t i \eel{l)lOﬁS?&]altlbﬁ“{srl]ltilhé)lgtOE)HqO lﬁgﬁ{ ﬁazldtdltfon in both

t ent ow sal nedi um corresponds
dissolefd aﬂd]sSll@/(fa]fn FbEeXwaaip.‘le clnadelitionodf sseavasic®tn nptlhefsﬁhﬁﬂéslt Y¥mounts,

f < % articul arl ferably of < 10 % ry. . .
would s, 5cBiling oy i Beatorogn pdcioR 6f s ameYd SoATidnElsr The eidition of
unusuPmddia %mebﬁerﬁ@lot th@%‘&ﬁﬁ% a%orﬁﬁ& B@ 'inveﬁﬁonc‘ ﬁ‘fi‘;’sy'}? these unusual

salts are added to the [ ow salt |um ride
mediaseompongnte dontaith @prregpoeding csotlhven Ioowhlorlde ions, also be understood as
addition of these salts. It is, however, clear to the person skilled in the art, that the usual (and
mostly necessary, i.e. essential) media components water (tap water), yeast extract, corn steep
liquor or similar comprise a very small, unavoidable own proportion of sodium and chloride.

The addition of such usual media components is therefore not understood as addition of sodium

and chloride salts according to the invention.

Yeast extract, for example, contains less than 2 wt% NaCl. If, for this reason, yeast extract is
added to the medium in the usual amounts, i.e. between 10 and 20 g/L, the NaCl content

increases by less than 0.2 g/L. This is not regarded as NaCl addition according to the invention.
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salt medium according to the invention. According to
the present invention, addition is understood to nean
an addition in both dissol ed and solid form For
exanpl e, the addition of sea water, even in the
smal | est amobunts, 20 would be, according to the
i nvention, an addition of sodiumand chloride salts.
The addition of unusual mnedia conponents to the medi um
In a padeQidy p@féreedtetbodimiEn] thRndBish is thbretdie $:@e BNsbdh and/or chloride
medi a conponents contain correspondi ng sodi um or
salt addHiamsi de i ons, al so be understood as addition of
these salts. It is, however, clear to the person
The togdisbdigm ¢omtemit of thetlow shlametiiven isswegl pafaaudarl ynpsferably less than 2 g/L,

et S5 e S BT S S SRR ES ot ke

chlori@O8aHtd i & f %e\/l@bvysaﬁrmédiumEQ9%@&9@9'1@53@% PEAPBFE AR yaEs athan 500

sodi um and chloride. The addition of such usual ned
mg/L anshyrah @attisulaglyipiefembbr lesniban 25imedt.ood as addition of
sodium and chloride salts according to the invention.
The svpaftthesteiglttiractions ek diapbes adb Y ddmssis |pasticutdnynpr2ferdtly less than
Nﬁd . If, for this reason, yeast extract is added to
L75g( e mediumin the usual anounts, i.e. between 10 and
20 g/L, .the NaCdl content 30 increases by |ess than
The logy f‘fzﬂgw@.wm yigher preferably cmpeiaes ong ORECre %@d%qrtsoarpes, as well as one or
[ ' [HeN. i cul —
more A DS oAy TR as Tartk AP RIREH Bl for gytivating
microgrgaiisms ahthe@rdar Whoatisaehysialds aschabll knmen tolthe pegbakkilled in the art.
sodi um content of the low salt nmediumis very

riicul arl ef er ahl ess, t han /L' preferab
UsablPRERST IRt o Pl ol skt Tl igost EFePRbRyfbse, sucrose.
maltodeg SSlubRadiarthOfutBid; -gluddSarhidk Allex tRng Bludirhideactd) th&Rssef glycerin or
the low salt nediumis greferabl y I'ess than 2 g/L,

mannifl O alsg bty andaids emiggebig hydiplysaigid very particul arly
preferably |l ess than 250 ng/L. The sum of the weight

Usabld ha@kdl HiGogeh &M@rée@@t&',qﬁﬂeﬁmﬁl@,nﬁe_]git&efgéatsi E?Ilr'?crt,l alt extract, meat
preferably less than 1.75 g/L." The w salt medi um
extract, gasanuno peids, somitsepdsppr drs@y boaes, nsablenirgarianitmigen sources are, for

) our.ces. .as Il as one or 10 npre nitrogen sources.
examply et Spdhre e WS Biiedne W a0 s MEBs dpt example,
ammofiint haeadté, NG mBhieMORdEeEn A FboRbte! HBMOAASY sulfate or ammonium nitrate
Thraustochytriales are well known to the person

can begyspql peaitiogen ppuireg-t . Usabl e carbon sources are for
exanpl e car bohydrates such as gl ucose, fructose,

The 10%Yda058ediSMThR SEntain TR Jtﬁé%om%ghémé EnoWBoGhe pdrliPa&Hed in the art to
gl ucosam ne, dextran, glutamc acid, nolasses,

assist ghe cattiviation ofnmmigioprgansmsabg ohd awrderafibraasioshyoriales, in particular
inorga\r/ue seatli%%k orh gx%rm%lléf at, E/lsg', K, Fe, Ni, Co, Cu, Mn, Mo or Zn. Phosphates such as
potassium hydrogen phosphate, or carbonates such as calcium carbonate, sulfates such as
ammonium sulfate, magnesium sulfate, iron sulfate or copper sulfate may be mentioned
examples. Further usable inorganic salts are, for example, halogenides, such as potassium

bromide or potassium iodide.

Where applicable, the medium can comprise additional macro- or micronutrients, such as
amino acids, purine, pyrimidine, corn steep liquor, protein hydrolysates, vitamins (water

soluble and/or water insoluble) and other media components well known to the person skilled



10

15

20

25

15 Usabl e natural nitrogen sources are, for exanple,
pept one, yeast extract, malt extract, meat extract,
casam no acids, corn steep i quor or soy beans, usable
organi c nitrogen sources are, for exanple, glutamate
and urea, but also inorganic nitrogen sources such as,
for exanple, ammonium acetate, ammoni um hydr ogen
carbonat e, amoni um sul fate or anmoniumnitrate can
in the B AaEdo@RinY dgeRGAn HOUHERY, i2Ebcdfibry. TWe SRldiurREh BHAERomplex
contain all other conponents known to the person
compaien(s|asdpeichemisallndefineg. assi st the cul tivation of
m croorgani sms of the order Thraustochytriales, in
- i - l. .
The alﬂkiaﬁﬁl:&e ?Hh??ndé\g?%é%’@ﬁbﬁr’léﬁb 3a§rv9firﬁ ag %E%E%@g% elg n% ﬁ%?ng/g effect on the
growtpot predudivityd thegeierqohngrmidnas, €he persaaskiiltodh de @ucin casly determine
h calc.i.umcarbf‘)n%ﬁe,d ﬁulfates uch ﬁs amoni um_sul f at e, )
¢ CORRGNEET o it i@l Gase aqeprdipgeloghe pegpementy of icamipggOrganism.
GenerRigy, RO ch DR GodRe AX DM S 2 EoHeRRAdISHL® 1d BOG gﬁf‘hrﬁi the nitrogen
salts are, for exanple, hal ogenides, such as potassium
sourceh plo i eharcontradion agfsi um J(bglild Prefevable thpplitregebl egntdritds adjusted in
ditional macro- or

3 :
dqm"@%%?%ﬁﬁ%%ﬁ&%@gPakﬁﬁwags““@HVﬁo aci ds, purine,
sat es,

rimdine, rn steep.liquor, protejin hydro
A parlitagly pectoried ' sQbmidiom dampatindt dhe £ gniPe) anadgfrom other
comp(gilshﬁrsu@ﬁcﬁ‘s,af&Q'fﬂl@lﬁl%‘?tnﬁtri’ﬁﬁl'e!co Wehts Ot 1Bt BRE SQP ts)%lected from the

illed 9 in the art. Anti-foam ng agents can
group gaagtising fmagmes swaulfateThalcimmd¢anipana teranciqrot assimnc pingspkate, where the

conponent s, or hem cal efined. The apounts of
sal () g R AR HERRL AR BRI P nafPuRaY REE Bt not more
than 1i SLRACH) S@eHolV the@bEPEAt @htdnb Gccoddig¥d tHRinRInBEH BEinki ek¥eeded. It is
. of the mcroorganisnms. The person skilled in the art
particdaily erefenred wheemagnesiug suHetec eatpiuni ¢arbonatoandepetssium phosphate
meadh&ﬁ%%hgﬂéhm%ﬁse according to the requirements of the
m croor gani sm Generally, the carbon source is added
at, a.concentration of 50 to 300 g/L d the nityroge i
Proferf{y) {Rird e COMROBRNE AL e SOSt: Yr S EX PR 30TT EOrMBIAEP AiagB (SL in the
usual {iatiféd ds0g8NasTaRh&HoninSorAdlit e Chnhfdne SIS REOWE ﬂﬁl%e?f:rsbﬁ' Skilled in
carbon content of the nmedium A particularly preferred
the arty ow sal t medi um conprises, as the case may be, apart
fromother 10 conponents such as, for exanple,
The plIYhluk b A : | ,
e pYSKE BEHE (RORIANSE! B e A 100801 PR BRI Bretervsy

5 to 7,0@rbpartitd ady drepatbly 5 ynadaigsplatapomdigs gcid bebassal t (s)
is/are preferably added at not nore than 3 g/L each,

It | . ..t . g/ L h,
s G S R T
person skilémitinole freiangckxbgedridieril¢ filtfation may be mentioned as examples.

Cultivation can take place batchwise, in a fed-batch mode or continuously, as it is generally

known to the person skilled in the art.

Batch or fed-batch cultivation usually takes place over a period of 1 to 12 days, preferably 2-10
days, particularly preferably 3-9 days.

The media components can be added to the low salt medium individually or as a mixture, a

previously prepared mixture being also possible. The components, in particular the carbon and
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particularly preferred when nmagnesi um sul fate, cal ci um
carbonat e and potassi um phosphate 15 are added to the
medium Preferred nutritive conmponents are gl ucose,
yeast extract and/or corn steep liquor (CSL) in the
usual quantities as well as further comon nutritive
conponents known to the person skilled in the art.
The pH value of the nmediumis set to a range of 3 to
nitrogdiDsoupes) e 3pd difidme iuth addatidis ¢th BE hdded rp?l‘b?f&ﬁ'dﬁrmg@h@cultlvcltlon
to.7, very particularly preferably 6 by adding a
The addiliombemdisciePepteronse oF spasd limpser gatlsorake phash sefinaously.
sterilized. Techniques for sterilizing nedia are well
he pFOQWRJtPUFRE arep?&g'&ﬁ‘ll}s kdIVlailﬁﬁlﬁ il fM@ BF tneutHt 24k a\f(l)rngxample as
and sterile filtration may be nentlonedlas exanp
triacylglyicetidest | o cpolat aHrpl(i}iI asechhatshwiae, example f e@hbs;:hahdylcholme

ntlnuo generally known to the
phOSpfé)aer leﬁﬁ)ﬁ "é 181 P\ ﬁ%atgﬁ'{mosé@? Batch or fed-batch
cul tivation usually takes place over a period of 1 to
Howeé, fbayis, plmp(mkelf d’a:l ptes%nﬂ.ihvelﬁﬁ))nsthenahtsl PUEF Ayd-$ fatty acid or n-3 active
pref erably The nedi a conponents can be added

S”bStaPBeSt%féuP‘éﬁKth‘é‘? {0 hal H%Sf% farmgunhjchothe gerrespendingrlaity acids can
i I i
exist, fg% r%% gﬁgiﬂltgy Qélrlﬁsp%sra \?«tgill ggufz(s[té{g etll:]lg car e§ gﬁ’qigngg §t otlTebr derlvatlves
All theso sulsse(sys oe smpma'rlfzécblnlthmﬁolllmwa@de)ttlaﬂﬂ sheaa:mnstm(e adﬁl&f;}nonymously.
the cultiv addi ti on can

on .

Furthefgoft, ﬁbgtﬁgjl:‘gﬁc‘:@n ¢ SBUGSH TmeasprEi B SReapaR chemical o
biocatRlyAE BafRBletifiBRILH, Yor ckRBpRNIHIGE heBETAuRLS gﬁiﬁﬁél(llyases) before

avai l able in form of neutral fats for exanple as
or after jsolatipn drope thejadtyre. or  pol ar |IpIdS such as, for

exanpl e, phosphati dyl chol i ne,

. I

T P T —

fatty atirspectRidr A, canridl diartukingaointn@r proeciudstkng@n 16 uﬁsﬁeasm@mued in the
re understood to be all possible forms in which the
art [Weagas @Ng“fwwda@r ds Yahidiek; Qmega-3 fathy apidegoncentrates: a
, t S Y
e R R SR DSl E(c 8" SEbRS Y SRk fifBey and Nuraceutica
Applicuibss, 2002 ppal &7-$Whmar i zed in the fol l owi ng text and
the terns are used synonynously. 10 Furthernnre t he

Figure ]hem Caﬁ@gl%gugl%\/o%rﬁﬁﬂ iftd e%ggr?c%rbtf gi{ceglﬁ an ?%olthe maximum

locatalytic ransesterl
in the exgept@rding o tHaen\I’Eelltlpn o clsatlyt vbibe (Gﬁla)ffmSeJ(dm;ﬂaSES) ;
before or after isolation fromthe culture The

Flgure ? o'ﬁ@%} 3%{?‘2‘%%%%@%%&?& Cél?éf %%H%%ter?ge 0 (t:lqeoggllg %(r)]rllc%rr?ratlon The

maximum in the range according to the invention is also clearly visible in this case (data from

example 1).

The fermentation medium forming the basis for the method according to the invention is
described hereinafter by way of some examples. The fermentation medium as well as the

invention is, however, not limited to these examples.
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fatty acid spectrumis carried out using conmon
procedures known to the person skilled in the 15 art
[ Wanasundar a, U. N., Wanasundara, J., Shahidi, F.
Onega-3 fatty acid concentrates: a review of
production technol ogi es, Seafoods - Quality,
Technol ogy and Nutraceutical Applications, 2002, pp.
157-174]. Figure | shows the production of DHA in

dence concentratio The m i
ExamBRERRES: B gl b FRESFTVIR: iR fion o PUFA by
Ulkeniispi SA®1 At a from exanple 1). 20 Figure 2 shows

bi omass and DHA content in dependence of the salt
concentration. The maximumin the range according to
the invention is also clearly visible in this case
(data from exanple 1). The fernentati on nmedi um

SAM 2 DrondtReh tihgehash. BE-9601: lwog%m% aasandifned InOsd B medium in 300
invention is described hereinafter by way of sone

ml Erlenmagysr dlasksTwigh # bpffier{tempeosiuieedd Winshakingtate: YY) iphe. 25
i nvention is, however, not linmted to these exanples.
Medlu@(@ﬂfgh@ rﬂedldrﬂﬂ uence of different salt quantities in
the mediumon_the production of PUFA by U kenia sp.
Glucogapppatporatsgir179 st $&Ph (U kenia sp. BP-5601;
Yeast YOPRPRHYE) was cul tivas ed [ipjrcaf m mediumin 300 5 m

Erl enmmeyer flasks with a baffle nBerature: 28' C,
TropicsMarin kgflp:at e: 150 rpnj6s 6Mrulmener Hpdhrigbaszucerseany]

pH\mﬂQ@ghMQﬂﬁkﬁhqgﬁL) 56, 25 Yeast extract (g/L): 12,5
[Difco] Tropic Marin (g/L): 16,65 [Dr. Biener GrbH,
Wartenberg, Gernmany] 10 pH value set to 6.0 with HC

Mediugb i PR mednpp (wishoulsalthni t hout salt) d ucose

Gluco@ﬂ@ﬁ@dﬁfd%@ é/gf L): 565855 Yeast extract (g/L): 125
[Difcol” pHYValue set’to 6.0 with HO 15 The salts of

Yeast ﬁ’é‘éﬁ%ﬁﬁ/m (Tropic Mari W-SwdPéfcaked in the fol | owi ng

pH vaﬁl@rasﬁatér(ﬁtvitﬁmﬁcl I X (medium 1), 0.75X (nmedium1. 1),
.5X (medium 1.2), 0.25X (nmedium1.3) and 0. 1 X

The saﬂtﬁﬁﬂhiéﬂ]u]n 4XTrop@M|ar1HﬂWM@$1tsed/\ﬁﬁh§ &dllowa Az BdticeMYations: 1X (medium
entrifugation after 48 of cultivation. The cells

1), 0. 7&&(@6%{%& doX|(pediugel. 8) GraSea(madium Hed) ang Otiu)ia(mfghum 1.4).
determ ned. Cell digestion and fatty acid

Cell harvest was carried out by centrifugation after 48 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
determine the fatty acid composition (Wanasundara, U.N., Wanasundara, J., Shahidi, F.,

Omega-3 fatty acid concentrates: a review of production technologies, Seafoods — Quality,

Technology and Nutraceutical Applications, 2002, pp. 157-174).
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determ nation was carried out by nmeans of 2 hour | ong
heat treatnment in 10 % neth £O|IC 20 hydrochloric acid
at 600C (under stirring). esters were analyzed in
a gas chromatograph to detern1ne the fatty acid
conposition (Wanasundara, U N., Wanasundara, J.,
Shahidi, F., Ormega-3 fatty acid concentrates: a
revieM/of production technol ogi es, Seafoods - Quality,

hpol tica i cations, 2002, pp
Table 1 IG5 or3fledegl L6 Eoneeie gu tBimeAGlion parunsiocs |
contentP on fernentatlon parinqter% 11. .V D'l % M P

wid, (B Medj o 1, 50715 6.6 420 2 11

Vedi urh' 11575 11 38 28 23.7 16.3 3 87 4 th”qm

1.2 25 7.5:48 22.5,18.9 4, 26,213 7CE Medj um 1, 331;
MediunBi 75 48 8.9 21.2 fb 22 21511 Meli umids 4 5 yhg5 48 21 0
Mediun2B1 9 5. 0Z7.2. 51 Medisum 240 0248 17:2319. B83. 25 1,63 F
MediumAvZr age \2al ues from t wo 4xpep.frent $8.9 r espest i vel y.13 CE
MedivnDBM  Dr y1257 onass; 3DHA/ DBM wil9% DHA2(Zlocosigiexaenditc )
Mediunplet d) perS unit of Mei ght48DBM2L.¢)/ Lx@&B-Space-®Ri ne yi.el d
Medium$ grans Ger |iterOper 4¥ay; 'hZ holt8 CE:3-25onpar 63 ve
' Averagew@aydmewcsxpdrabisges@aivelynf | uence of different salt

contents on the fatty acid spectrum114:0 1 ~~: O 16:0
DBM: D@ 2ipnmss;-l)|‘l)°\,'LD’BlYl:@’I@W#ocosa@ﬂﬁoic Gid)[Phr urit A weight BBM; gifxh spactifinie @ikd in grams per liter per
day: h: hdvie ol eompackiv@ex®pid. 7 32. 2 10.2 45.7 5.5 Medium1l.1 2.6

3.8 31.8 10.4 45.2 6.2 Medium1.2 2.0 3.6 29.5 11.2

47.4 6.3 ~CE Medium 1.3 2.0 3.9 30.5 10.8 46.3 6.5

Medium1.4 2.6 4.8 32.4 11.1 43.5 5.6 Mdium2 2.2
Tableg: 2nflaente b diffexéntisadt Gntents on the fatty acid spectrum

ERE {15:0 {6:0 12:5 230 Other
P DPAT S BEEAY 3 fatty avids

) {6} (e 4 {7y (43 i)
Medium 1 2.9 3.7 32.2 10.2 45.7 5.5 3
Medium 1.1 2.6 3.8 31.8 10.4 45.2 6.2
Medium 1.2 2.0 3.6 29.5 11.2 47.4 6.3 FCE
Medium 1.3 2.0 3.9 30.5 10.8 46.3 6.5 )
Medium 1.4 2.6 4.8 324 11.1 43.5 5.6
Medium 2 2.2 8.2 25.4 12.0 46.4 6.0

' Average values from two experiments, respectively.

14:0 myristic acid; 15:0 pentadecanoic acid; 16:0 palmitic acid; DPA? 6: docosapentaenoic

acid (omega6); DHA? 3: docosahexaenoic acid (omega3)

The fermentation of Ulkenia sp., SAM 2179 strain, for different concentrations of Tropic Marin,
starting from a sea water salt content of about 50 % to 0 %, shows that the biomass has a
tendency to decrease with decreasing salt content in the medium. The fermentation at a low salt
content of about 5 % of sea water, however, surprisingly represents a significant exception.
Here, the biomass production trend surprisingly features an intermediate maximum where
higher values are attained again. In addition, the proportion of the predominant fatty acid DHA
in the dry biomass increases with decreasing hydrochloric acid concentration and has its highest
value also at 5 % of the sea water salt content, decreasing again for even lower salt content. For

the space-time yield of the essential PUFA DHA, this results in a maximum at a sea water salt
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" Average values fromtwo experinlents, respectively.
14:0 nyristic acid; 15:0 pentadecanoic acid, 16:0
pal mtic acid; DPA ? 6: docOsapentaenoic acid
(onmegab); DHA? 3: docosahexaenoic acid (omega3) 10 The
fermentation of U kenia sp., SAM 2179 strain, for
different concentrations of Tropic Marin, starting
froma sea water salt content of about 50 %to 0 %
conterﬁ lobasortt 3t ($ceeT dbleonjaThis Mdskiumtlesd en gy ircfeatkes tBaHRIA space-time
th decreasing salt content in the medium The
yield qfé?%ﬁleaau%% 4 Bropewoga DHA ireeshe wfer SHbERNIZN 0 alfout S % is, in
e
relatchi5 (0% Rgal) DRWRKRS poBhih R0 1ok EREERERIdhe o jgpep ot contents
(see Table gl b&utlmravsraﬂgir(yddceaitw fe DIRA andterymeitsat 611 nfagmféwms however,

. her val ues are atta ned agai n.
atits *ﬁ@lﬁ%‘%‘a atP SISﬁerd PPING e6fTa'Plﬁé p?@dﬁw]salémedfuai pging thepbiect of
the pr@'é'ﬁt inb Ehtfoh& AT dévBloPEPScdl BR [IRAS SdpWbihd rdGié €asi ng
hydrochl oric acid concentration and has 1ts highest
value also at 5 % of the sea water salt content,
decreasi ng again for even |lower salt content. For the
space-tine yield of the essential PUFA DHA, this
ExampRSH/FrSdicfioR o RYFAUR r i i
xami) ab(;ut SOAJO(see Tab@Uﬁﬁég%:@lﬁgﬁﬁu&rﬁlﬁém gﬁ%?@%tnonmedla.

|ncrease of the DHA space-tine vyield of nore than 15
SAM @4 79r¢ieaip map sottiveredon Sopml medium we¥WOmal Brlewaditer Closksewith a baffle
0 relation to the overall fatty
(tempé}gtugepspe%tsrhé?dn%s?thﬁ%)lS)/m ‘'ower than for higher or |ower
salt contents (see Table 2), but the overall

Medium ddHilimédiymf or DHA and fatty acids or oil in general
ts highest level at precisely this
Gluco%eéwﬁ?&’(@ {_%{g 3. %; . ,

The | ow salt nedi um being the
Yeast oxfract (2/b):  t he b?é:t@rfCO]i nvention was devel oped based

T Q882 P8Otk e i e o ©

pH valugsptetatteld Wdh Hteldi a. SAM 2179 strain was cultivated in
50 M mediumin 300 M Erlennmeyer flasks with a baffle
Me_leﬁn_(E)_H@qjmmmmﬁmma'_S@,D_shakl ng rate: 150 rpn). Medium

Glucode mbhbhyied éggyL ose nonohydrate (g/L):56.25 Yeast
extract % Difco] Tropic Marin (g/L): 16.65

YedStF’DFaCtS/bher Grrb@5 Hednberg, Germany] 15 pH val ue

pH vaﬁ%keﬁt@@@utwﬁdj HCl Medium 2: DH2 medi um (wi t hout
alt) ducose nonohydrate (g/L):56.25

Medlum 3: DH3 medium (with salt supplement without sodium and without chloride addition):
Glucose monohydrate (g/L): 56.25

Yeast extract (g/L): 12.5 [Difco]
Magnesium sulfate (g/L): 1
Calcium carbonate (g/L) 1
Potassium phosphate (g/L) 1

pH value set to 6.0 with H,SO4

Cell harvest was carried out by centrifugation 48 h after 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

determine the fatty acid composition.
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Yeast extract (g/4 12.5 [Difco] pH value set to 6.0

with HC 20 Medium 3: DH3 midi um (with salt suppl enent

Wi t hout sodi um and without ¢hloride additi on):

A ucose nonohydrate (g/L): 56.25 Yeast extract (g/L):

12.5 [Difco] Magnesiumsulfate (g/L): | Calcium

carbonate (g/L) 1 25 Potassium phosphate (g/L) I pH

value set to 6.0 with H2SO4 Cell harvest was carried
Table® InfliercRmifdiffeigat s cohiets dhtfeFmenthiion phiffietede

cells were subsequently freeze dried and the dry

bi omass-:detier m ned. Celil: diigestiiom.andyfatty jaci d

det er nivnat:i-on :masu@arri ed out byteangwsof: 2-heur:l ong

heat treatiment: 1«10 % et hanolic 30 hydrochleric acid

at 600C (under stirring). The esters were analyzed in

. a.gas clir omat ogriaph t ¢ detérm ne+the fatty @cid .
Meduntbnposi t?bn. 14 Tabl ¢83: #ift | uelce of 4# fferht sdidprumic
MediuncOnt ent soon fernentatign paranmeters |'02511 Nig3! F U
MediunB) LOW DILA.; MPA D 48." I 2.7 U018 DRK! 439 j L1:414 1" |t
) Average Yalu wo e . specti 1 verdge va fro xperinten 52iv &
R e A B S T T

exanple,, Medium3 10 0 48 22.7 18.9 4,29 2.14 ) _
The l%wn@@@dw A R AT Suiphont ehlpwide aqdétgzsleetcew)@mgfp the invention
was fifdY 86cA4R e HBSn ARt RORE nEXRET bIRRLS10 SESRBELda\elt¥r salt content

The Iow salt nedium w thout sodi um and w t hout
(medigh| 3).i Hee ddethassem obtadneddihegewith takee sligvtbntlower imasmparison with

el SR LTS S, BB
howev3} lardgdtethik @ﬁ?ﬁﬁﬁ@lﬂ@ﬁ(ﬁh%ﬁgm‘}&ﬁi SY¥al Br & inbleahll ?ceétci)me yields

| ower in conparison wt ernment ations using abo
(sec Toblg 8x Thus isrofsansiderable edvantagedoDiHiter gmogessing ef thd bjomass to obtain

' I.S:. however larger, thus surprisingly |eadjn
DHA'Eg c}‘?%ﬁ%{ﬁ it &t ergror%&é%"? ﬁ}&aljégése%osglg ctf?-fqu'ﬁéta?foé’lsb’sgompletely
dispenss edthl el &iddjon dhisdiid £id/cromsiritRr @ magflvARt MORafWited for the

| ater processing of the biomass to obtain
fermentation.

Example 3: Influence of different salt quantities in the medium without sodium and without

chloride addition on the production of PUFA by Ulkenia sp. SAM 2179.

SAM 2179 strain was cultivated in 50 ml medium in 300 ml Erlenmeyer flasks with a baffle
(temperature: 28°C, shaking rate:150 rpm).
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DHA. Surprisingly, it was therefore shown that it is
possi bl e t o advant ageously %orrpl etely 10 dispense with
the addition of sodium and/or chloride (the main salts
in sea water) for the fernmentation. Exanple 3:
Influence of different salt quantities in the nedium
wi t hout sodium and without chloride addition on the
production of PUFA by U kenia sp. SAM 2179. 15 SAM

Medivdt 3 ID B Rl fies i Wit Ly iEd i RinSuio ”Eng%ng“gfg‘,tggﬁ%gloméde addition)
Glucoshmkiolyydrate €/L1L566.2pm) . 15 Medi um 3: DH3 nedi um (w th

)l ement wi4 hout.. sodi um and wi t hout chl ori de
YeaStggllglsctt?%gR €] ucos\gﬁrign@%{/cg?at e (g/L): 56.25 Yeast

Magnesxim aclfaté ¢¢/L):: 12. 51[ Di fcol Magnesiumsulfate (g/L):
|5 | ci arbonate (g/L salts Potassium
Calc‘ub‘h‘&%‘ﬁﬁ%ﬁ%&%fu | pL val ueP e, °8 0% o FBSO! The

Potassiath phogphaggilym 3 were useH in the fol | ow ng
oncent r at i '« OX comprising 10 g/L each, 2X

pH Va@Sr?ﬁtrﬁosqr'(ﬁ&'“‘gq'g%s “each, 1X conprising | g/L each, 0.5X
conmprising 0.5 g/L each or 0.25X 10 conprising 0.25

The salts of 8RAM Caleke RE Vet WBGYIBRICOARHinsPYOX comprising 10 g/L each,
centrifugation after 48 h of cultivation. The cells

2X coppprising 2 begeibrid somprisinge! @fli eashahdXtdempdisingtf). patiseach or 0.25X

' Il digestion and fatty acid
Comprgﬁ%g% a F%Cr?'swas carried out by neans of 2 hour |ong

heat treatnent in,10 % et hanolic drochl ori.c i d
Cent WiERn YRR obl by roetlTEedRE et hbh olRaigr, b pets were
subseque@P fEdREO MRe@nAPihet d}?' diomd sy ﬁét@lirﬁ‘iﬂ_e(!.héeli Qﬁée)éti&?'an fatty acid
conposition. Table 4: [nfluence of different salt

determipi{aany/as 6#fricd wk by dn¢asn Qat howstleng heat fk¢atment ig~1(h%Nmgthanolic

hydro%?elériiéu%;i% at(lq%%?u h{)% Is0 ?rg{@).é’g{eésgﬁ \g%@ agglygle.%lg%l\g(z:ilﬂh%matograph to

deterninerpimrfatty ¥ed cexpogitien. Medium 3 (2X) 20 0 48 23.8 20.3
4.82 2.41

Table 4: Influence of different salt contents on fermentation parameters

Towl salt Time DM DIA DA BHA

coniitt of DM gquaniity  space-uing

NCU WIS vieh!

¢ ca. g thy aefl) 00} {uils (g hah)
Medium 3 (10X) 100 0 48 325 12.5 4.05 2.03 COl“PﬂmlliVe
example

Medium 3 (2X) 20 0 48 238 203 4.82 241
Medium 3 (1X) 10 0 48 227 18.9 4.29 2.14
Medium 3 (0.5X) 5 0 48 227 21.2 4.82 241
Medium 3 (0.25X) 2.5 0 48  21.2 19.7 4.18 2.09

"7 Average values from three experiments, respectively.

Determination of the optimal salt concentration of the fermentation medium without sodium
and without chloride addition was carried out by fermenting the microorganism Ulkenia sp.
2179 strain in the abovementioned medium with different salt concentrations. In this case, the
DHA content per dry biomass was again the highest for a salt content of 5 % of sea water (see
also example 1). Productivity expressed as space-time yield also has an optimal value at this

salt content (see Table 4).
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Medium 3 (1X) 10 0 48 22.7 18.9 4.29 2.14 Medium 3
(0.5X) 50 48 22.7 21.2 4.82.2.41 Medium 3 (0.25X)
2.5 0 48 21.2 19.7 4.18 2.09 Average values from
three experinments, respectively. Determ nation of the
optimal salt concentration of the fernentati on nedi um
wi t hout sodium and wi thout chloride addition was
carried out by fernenting the m croorgani sm U keni a
Examgl?} Ft: :P(aocﬂﬂcﬁerll e.jtfrl%elina\Aiun;ixtghscfafmsmeﬁrmmlt1 Saaeobtﬁadt%ngﬁgﬂrium sp.,
iffe t salt concentrations. In this case, the
MYA'cléﬁil'eéf&&éfﬁ@rW dyffSrpidermgnéationansdia.ne hi ghest for a
salt content of 5 % of sea water (see also exanple
Schizobhytr RHPOSREL §¥did Wag RiOSSEsh 5 mS RRARME H‘Si)oyxhﬁtﬁerﬁhé% flasks with
has an optimal value at this salt content (see T ol e
a baffle)(tempgrat@es Aah1(s shakimy et wm)of PUFA usi ng
Schi zochytrium SR21 strain (Schizochytrium Sp.,

Medi @-é nediiiy823475) in different fermentation nedia.
. uMg |zgl§]2€(§?r8m SR21 strain was cultivated in 50 m
Glucopgeaopphydnatg (@Ly SERPenmeyer flasks with a baffle
Yeast Ck@apespt.ure: 28' G ssfiski,ng rate: 150 rpm. 5 Medium
eas_ 1: D.Hfé/nzdi um d ucogemniogr?. hydrate (g/L): 56.25 Yeast
TropieMariade/L)g/ 4 12. 56.pDi yoBienengmbHyAYartenperkl GermBiyds
pH value¥set B0 QAth@PH, Vartenberg, Germany] pH val ue set
to 6.0 wth HC 10 Medium 2: DH2 nmedium (w t hout sait)
.G ucose nonohydrate (g/L): 56.25 Yeast extract (g/L):
Mediupp 2sDHRimediam (widhouilsak) set to 6.0 with HCl Medi um 3:

j { t.h t suppl enent w thout sodi um and
Gluco%ﬁmdﬁ‘ﬂf g%% sé.g_'s

out” ¢ e addition 15 d ucose nonohydrate

Yeast exfracf (2/6F. 25 Yeast2-exiifeol (g/4 12.5 [Difco]
pH val¥egpeEsidinvitid@t e (9/L): 1 Calcium carbonate (g/L) |

Medium 3: DH3 medium (with salt supplement without sodium and without chloride addition)
Glucose monohydrate (g/L): 56.25

Yeast extract (g/L): 12.5 [Difco]
Magnesium sulfate (g/L): 1
Calcium carbonate (g/L) 1
Potassium phosphate (g/L) 1

pH value set to 6.0 with H,SO4

Cell harvest was carried out by centrifugation after 48 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

determine the fatty acid composition.
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Pot assi um phosphate (g/L) 1 20 pH value set to 6.0
wth HSO4 Cell harvest was carried out by
centrifugation after 48 h ot’ cultivation. The cells
were subsequently freeze dried and the dry bi omass
determ ned. Cell digestion and fatty acid

determ nation was carried out by neans of 2 hour | ong
heat treatnment in 10 % nmethanolic hydrochloric acid

t 6Q'C (under stirring). The esters were analyzed in
Tab'€3= éagum(e&?ﬁ‘t?%wabwlf epn)%ts qadermen{atiom parametorsci d
conpositio 17 Table 5: Influence of different salt
com)ents oﬂ)f éPnent gfl on p’é’rarﬁé‘f}érs mi ‘ot al’'’s; 11%”NA‘IM
1) 1ilo DHA "D1 3, Ld\(jul in jcliTf 104" D 1R
cljuiffl;iO~ ~I'MX-"A O oo Medi um | SR 21 50 15 48
27.1 13. 7 3.61 1.81. Oorrpar(;:-,l,tlvel exapp] e Medi um 2, §R
Medium201SH0210 48 1956 18. 2 3. 56 14878 h/Eﬂl umz33; SR %]6110 O 1%8 Comparative
22,3 18.7 4.17 2.09 Table 6: Influence of dlfferent example
Mediu 2lcontentr%on t he®f at t y*3aci ¢ 3pec 15: Q-7’8
Medum 3?1225 22 o1her® PA 1% R (% 6 . 3 f4r1§I 0 ~vi'ds
(Cr" Mediuml SR 21 3.5 3.3 43.4 7.5 37.5 4.8
Conparative exanple Medium2 SR 21 3.5 5.3 43 17.4
; 4. 4 1,1 3 4.8 5
Table%ﬁéé{léﬁv&e'}ﬁ?%f%p ﬁtéﬁigojhtgntgea t|]1'e fla:k ci'%v%eh Tlgﬂ al so

um descri
nLIr— A HE

1 1 " H
als Lt U I U I.IwIILal.I LLl UI l..llc 1 ubLIUI UI mOor 7} 111
N p O e prad Dihics

the case of ot her org@ |sn§“bgloqgngltoinﬁilm
Labyri nt hul pnyceta. It,,is thy§ possi bl e to; Ternent

MahmﬁngRgicrogggan|§y1bcqgaocnnglunlsgs SR2T q@ AT | Romparative
low salt mediumwi thout salt and w thout chloride example

Mediuny 48R 1 an_ 315n t hi34 ca<d] the 7HHA colftSent rel4 ed to the

Mediumy3 SR Ahss B15s0 hhk an44dpti mih val u¥.ffor a St content

of 10 % of sea water. Furthernore, an even stronger
ef fect on
The low salt medium described in the invention also leads to an optimization of the production

of PUFA in the case of other organisms belonging to Labyrinthulomycota. 1t is thus possible to
ferment the microorganism Schizochytrium sp. SR21 strain in low salt medium without salt and
without chloride addition. In this case, the DHA content related to the dry mass also has an
optimum value for a salt content of 10 % of sea water. Furthermore, an even stronger effect on
the space-time yield of DHA and, with it, on the fermentation productivity is manifested herein.
The DHA content related to the overall fatty acid spectrum is also slightly reduced in this case
(see Table 6), although without affecting a surprisingly high space-time DHA yield (see Table
5). The low salt medium on which the present invention is based leads to a general production

increase of PUFAs for different members of the Labyrinthulomycota.



10 the space-tinme yield of DHA and, wth it, on the
fernmentation productivity iz mani f ested herein. The
DHA content related to the Overal | fatty acid spectrum
is also slightly reduced in this case (see Table 6),
al t hough wi thout affecting a surprisingly high
space-tine DHA yield (see Table 5). The |low salt
medi um on which the present invention is based | eads

Patenttddaimhsgener al production increase of PUFAs for

di fferent nenbers of the Labyrinthul omycota. 15 18
Patent clains: 1. A nmethod for cultivating
m croor gani sms of the genus Thraustochytri al es,

M Croorgani sns a cul ti ted in
- A PREREL on B B BRSBTS et Pty iy wherein the
mx@l‘ﬂo@gdn@@nsszﬁbtcﬁltlvbﬁﬁ ih @tféilme‘ix?dtfonqﬂéﬂilﬁﬂtmﬁ@uﬂgddlﬁ@§oc¥1ﬁ‘lﬂr§alts and

g/L of total salts. 2. The nethod according to

Chhqr’éiﬁrﬁllis thgriatad palt eaéeniibeing desg dlnshd gy ofrigtal saltsh a
production of nore than 30 wt% oil per unit of weight

of dry bionmass, preferably of nore than 35 wt % oi |

. Theenetoq ad‘.voﬁfrﬁg&) cldim Th\@hdffeinhﬁd &6 0redhikehs 'b@in? @k hh bradfuction of
2, wherein up to CaC03, preferably L are

mge ded 0gvihetl ﬁérotmstrﬁgf weightiod dhetinpessapiebraly gf mereihyn 35 wi% oil

p e preceding clains, wherein the
pemal?rtgérpé%m sns bring forth a production of nore than

10 % preferably nore than 14 % and very
particul arly. rably pore than 18 % r dry
- ThsiBHE aC%)lef*E ﬁgﬁerﬁoldgfa%,cwwwguw EY-18 Shggafprsﬁ@bly 1 g/L are

ad@&g@qp}é R3dRin@i M8, wherein the m croorganisnms bring
forth a productlon of nore than 5 % preferably nore

than 7 % and very partlcul arly preferably nore than

10 % Th hod di
. T oot eRing " A2k AR 3 e BretEding R Rt Bhersadn nicoreanisms

bri\lf\l%efd% a prowact®dl bf WRAE URn tioe)! ?Pe@éraﬁ@il hloi:eorﬂﬁaﬁlntm% and very
ich isin the range<15 % of the salt content of

pagisylariyreferabby mpes thbh §8 % DRI Apeghy biamdsar |y pref erably
< 10 % and very particularly preferably < 8% 7. The
met hod according to any one of the preceding clains,

. Thehaéthed acdor@idlgitd anfhanetdiahs fBC@(ﬂm%tcl'h@mg\/e\kzﬂé'lr&nfﬂh@%k%gamsms
of Na' and C.- ions in the [ow salt nmedium conpri ses
bring £arth ﬁafpduglqrsoblpgre than 5 %, preferably more than 7 %, and very particularly

preferably more than 10 % DPA per dry biomass.

. The method according to any one of the preceding claims, characterized by the use of a low
salt medium, the total salt content of which is in the range < 15 % of the salt content of sea
water, preferably < 12 %, particularly preferably < 10 % and very particularly preferably <
8 %.

. The method according to any one of the preceding claims, characterized in that the sum of
the weight fractions of Na* and CI” ions in the low salt medium comprises less than
1.75 g/L.

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

sodium content of the low salt medium is less than 150 mg/L.



10.

11.

12.

13.

14.

15.

16.

17.

18.

8. The met hod according to any one of the preceding

clainms, characterized in that the total sodium

content of the low salt mediumis |ess than 150 ng/ L.

19 9. The nethod according to any one of the

precedi ng clains, characterized in that the tota

chloride content of the low salt mediumis |less than

250 ng/ L. 10. The nethod according to any one of the

precedi ng clains, characterized in that the | ow salt

medi um conprises glucose, yeast extract, nmagnesium
Thenethed aceoadliag tienaen oBo RALhe RIaerdinmelaises, gharpeleodzsdainghat the total

el FOeHPUARRIRP L AL ' P15 Bl obbi compri ses

gl ucose, corn steep liquor, magnesi um sul fate, cal cium

car bonat e and potassi um phosphate. = 12. The net hod
Theapcihe #rgordngioznmong o the precedingrclaimsyr Ghargteriged inghatithe low salt

S [ g e, [

e B ER e D R Sl B cafetf cfonate anc
poeasihm pdesphatail arly preferably at less than 1 g/L each.

13. The method according to any one of the preceding

clainms, characterized in that the |ow salt nedi um has

TH n%flad@édé@rd?ﬁgr@eéléﬂﬁﬁ N t8 926 rakBrizPd &f BLE@R %“anltﬁﬁ%dg‘gﬁ'%omprises

5 and 7. 14. The nethod according to any one o

glynoss edinsicepl lmjuas maghesiwwselfate axldium chrdbnatt end potassium phosphate.
cultivation takes place between IOl and 40' C
preferably between 25'C and 35' C. 15. The nethod

ThaCmemat Nech@idNYo @Renof0 bhe 1PR&EEEALECIAIHIB the low salt medium
characterized i1n that the «cultivation takes place for

compriges] Magegpim sukifter eddeipmf earbGhater agd gatassiumhephosplmte at less than
t.hqod C i n 0.any .one, of. the ecedi ng cl ai ns,
3 gﬁae? g}f gﬁcgfea yiF%efteﬁag?y %/tr%eess(? nc]r %@‘reﬁgﬁ'i sm bel ongs to

the genus Schi zochytrium Thraustochytrium or U keni a.
17. The met hod accordinﬁlto any one of the preceding
Themgthed acchdingtociny Aag of fetpieaedingelaims harcigaided m thaf the low salt

médidR Mg PH‘ vaRiN 4t deentBand 1o g{?fér O?B&W(?gf;l ﬁ%{lﬁq any

one of the preceding clalns, aracterize at the
m croorgani smis Schizochytriumsp. SR 21. 20 19. G|

havi ng a content of at |east 10 % DHA produced using
Thg ARG RS g0y Phang) BisePEred T claiipnghatadiesizeg I that the

cuftRdiiSvRkeaman bété‘v@érﬁi@°@f‘an9f40b@,lepggliegabé)LQJRVEWZ?@ ddrBoc,

broth and/or the bionass aval erein.

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

cultivation takes place for 1 to 10 days, preferably for 3 to 9 days.

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

microorganism belongs to the genus Schizochytrium, Thraustochytrium or Ulkenia.

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

microorganism is Ulkenia sp. SAM 2179.

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

microorganism is Schizochytrium sp. SR 21.



19.

20.

21.

22.

23.

24,

25.

20. G| having a content of at |least 5 % DHA, produced

using a nmet hod according to (gny one of the clains I

to 18 and subsequent i sol atfdn of the oil fromthe

culture broth and/or the biomass avail able therein.

21. DHA of at least 90 % purity, produced using a

nmet hod according to any one of the clains I to 18 and

subsequent isolation of the DHA fromthe culture broth
OiR&Vifg a chReR sTRSRst AVRIDHEAL grodieddisthg 2methBAc&rdl to any one

| east 90 % purity, produced using a nmethod accordin
ofthe elaimohéo &% anghsubspeyent isplatipp of gheapiti frombibie guiswre broth and/or the
Y J s 2e DPA fromthe culture broth and/or the
bl@ﬁ%ﬁ%gg@%éé\igﬁef% )l e therein. 23. Bionass obtainabl e by

nmeans of a nethod according to any one of the clains |

to 18 and subsequent separation of the biomass from

Oif feyingt conentse 8t least 240 DR rRipdyced ysios mprqtigdagceidingteany one of
th@eRRhd1Ng {arkd éﬁb@écﬁégt %?slatiﬁﬂ%‘i‘%ﬁéiéﬁ flfo%;i é&gﬁ@lfhrrﬁ Hroth and/or the

nutrition conprisin I omass accor di ng
biomass available therein.

DHA of at least 90 % purity, produced using a method according to any one of the claims 1
to 18 and subsequent isolation of the DHA from the culture broth and/or the biomass
available therein.

DPA of at least 90 % purity, produced using a method according to any one of the claims 1
to 18 and subsequent isolation of the DPA from the culture broth and/or the biomass

available therein,

Biomass obtainable by means of a method according to any one of the claims 1 to 18 and

subsequent separation of the biomass from the culture broth.
Animal feed comprising biomass according to claim 23.

Foodstuff for human nutrition comprising biomass according to claim 23.



