Process for the cultivation of m croorgani sns of the genus
Thraustochytriales D fferent PUFAs (pol yunsaturated fatty acids) and
particularly onega-3 fatty acids (n-3 fatty acids) are essenti al
conponents of the human nutrition. It.is, however, known that in the
majority of industrialized nations, the supply of n-3 fatty acids is

I nsufficient. ngg d oels 9RQL&d fl, fat in the
diet, as well asq)mt(:\c%g%Jr 5 ﬁp?a H' %rB ‘tise‘if?t‘ tg§7 agﬂxgs acﬁjgnnSG fatty acids,
is too high. This is due to a change in the conposition of our diet, which
has occurred especially in the |ast approx.. 150 years, and_which is being
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appear ance .of agieggegﬁﬁqg{gmp&,g&p&it& HiSeAReRnef civilization, such as, for
exanpl e, car I ovascul ar di seases - the main cause of death in
st,udi es has

I ndustrialized nations. great, nu whi l e own t hat
by neansltés hawevah 5@%@%&@%@@@@ Eptiiiietriaiite&ieemar: - Sspiiqg?{v B34y 8RS8 i
particul af J&Lffeieﬁpmeﬂts%m he 0P&thiPprbfarion oR EindRGRS 2 QXA 8IAE mtaRcord ( DHA),
it is possible to si ificantl reduce the cardiovascular risk
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British Nutritjon Foundati an C ant increaseint e
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2747- 2757) . Sources of PUFAs and, in particular, n-3 fatty acjds are
especi al Wdi?ﬁt‘si‘"i‘iéf 8 @ﬁﬁ&?rerqnélﬁnfahuest*gﬂem&F"rlgtpe%tailwe*d 1 i el but
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that they ‘can be used for produci ng PUFAs undér cost effective and
control | pa:lyunsnmtaiedi fnitéy . adkdsr ninintvaammeEp&f@dun!qcardlaboefgtcmt sods einghe

extr act clistarienEine G- danBLah LRSS bPe oL Riso iR ohliGesif B Bl <
and fi ber mtake on death and myocardial reinfarction: diet and reinfarction trial (DART).
Lancet 2, 757-761). Accordingly, many different organizations (WHO, FAO, AHA, ISSFAL,
British Nutrition Foundation, etc.} recommend a significant increase in the intake of n-3 fafty
acids (Kris-Eherton et al.,, Fish Consumption, Fish Qil, Omega~3 Falty 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
advantage that they can be used for producing PUFAs under cost effective and‘controlted
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

 for fish and fish products as well (Gamez-Meza et al. Lipids 1999:639-42).




addition, the conposition of the extracted oils can be can be positively

I nfl uenced by selecting the organismand the culture conditions and is not
subj ected to seasonal variations, as described for fish and fish products
as well (Gamez-Meza et at. |:aipids.1999:639-42). 1 M croorganisns suitable
for producing n-3 PUFA are found, for exanple, in bacteria of the genus
Fibrio (e.g.: Vibrio marinds) or among the dinoflagellates (D nophyta),
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Thraustochytrium WO 91/11918 Al di scl oses the product [ on of PUFAs using
Cr ypt hecod il 4B e@h Rimic of WOnQMEibR3 DEBohnismsdartbhused for indusigiokpeidngiorel opean

t ent | t, EP 0 823 475 PUFAs
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genus U keni a. cfhe nat ur I dideRels ik Slo@@kaaiT sms and in
parti cul ar 56 Pt Ch?’%f”ﬁ ?Jgﬁﬁmﬁfwégﬁulgﬁag&l abi t at 9Conse uently, these
i croorgawmmgwmb&yu@mkmm%ﬁﬁﬁ%laﬂntméﬁﬂwp‘rﬁ‘m?gr a, where, for

the pur pose, VAR bdc Qs thh du%aétfﬁmft&s&@i Rfcrosaaniwed er is
defined asP Eapg%atﬂ)/rn%%% 3hﬁA§n ecnt of. plgo 9‘510% of L"ﬁm and chl ori de.
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Thr aust och PUF%'&E BrebrliMs3f Be RS2, S€a Vat er (e . ATCC
(Ameri can ﬁgﬁ%{} ture Collection) 790 By+nedi um [ yeast extract 1.0 g,

pept one The natuoral habitat of the described microorganisms and in parficular of Labyrinthulomycota is
a marine habitat. Coﬁéequentiy, these microorganisms are usually culfivated in salt-containing
media, where, for the purpose of the present invention, the salt content of sea water is defined as
32-35 g/L and a content of 90-95 % of sodium and chloride, Typical media for cultivating
marine microorganisms such as Thraustochytrium or Schizochytriym are based on sea water
(e.g. ATCC (Ametican Type Culture Collection) 790 By+ medium [yeast extract 1.0 g, peptone
1.0 g, D+ glucose 5.0 g, sea water 1 1] ]). Ris, however, alse known that microorganisms of the
order Thraustochytriales can survivein a culture medium with very low salinity. However,
below a Timif of 7.5 - 15 g salt/L., comresponding to a salinity 0f 7.5 - 15 %o, its growth is
descnbed as being only very fow and without intermediate maximun levels in the low salinity
range. Optimal growth rates are only achieved above fhe abovementioned salinity lirait (Fan et

al. Botanica Matina 45, 2002, pp. 50-57).

A frequently oceurring problem of fermentative processes is presented by strong pH variations
. in the cousse of the cultivation as a result of the appearance of metabolic poducis and/or the
copsumption of individual media ccmponenﬁr. This applies in particular fo salt rich media for
" fermentation of marine microorganisms. For this reason, such fermentations often require
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1.0 g, D+ glucose 5.0 g, seawater 1 L] ]). It is, however, also known that
m croorgani sns of the order Thraustochytriales can survive in a culture
mediumwi th very low salinity. However, belowa limt of 7.5 - 15 g
salt/L, corresponding to a salinity of 7.5 -15 %, its growh is described
as being only very low and without internmediate maximum |l evels in the |ow
salinity range. Optimal growh rates are only achi eved above the
abovenentioned salinity limt (Fan et al. Botanica _Mrina 45, 2002, pp.

50-57). A pHeqguetingmpeansda thecismef lasgestsiedermerations hoEpten pit gentpliepdtieses i s

presented Ly .SkHQadnidaklc¥a! Hat ia@ifonal bodtalnbie a6 RIS EFHPiddinp Rids uildibhségt i On as a
result of e appear ance of metabalic_produ and/or t otﬂsurrption of

[ ) S e ¢
i ndi vi dual whiehionld eberyisakefised clsqpfiers fof Big frifesd ofia ‘W&F?ﬁlpeﬁ?“&rﬁ?@"ga? rich media
;or fer megtabd 1f@ﬂegﬁamﬂhé ﬁev%ae@mg@é @@lﬂiic:ﬂlﬁf_ﬁontrﬁﬁﬂ I BinSecti@aitiie SUC P |
ernmentations often requjre pHregu ' means, In t ase o arge
scal e fer nﬁ@ﬁ%‘?‘ﬂ‘lﬁ‘rﬁ’g{"‘bff’m&;‘@’?‘m’p& O(E’B’%’t‘lgg‘%‘{‘] %Wadpgxong%sp?l:vrgﬁﬁal addi t i onal
costs. Hergprdedlédidvaivalmetoftaiividfibthestae oftgut.r ed for addi ng acids and bases,
whi ch coul d ot herwi se be used el sewhere for the infeed of additive

conponent Svyﬁ,hgﬁﬁtggﬁgpﬁu%%%{eﬂétﬁé%iﬁe%ﬁstJmﬁﬂHh@éﬂicﬂﬂaﬁh%‘ﬁ‘aspH val ue mst be .

techni cal | ection with the fernentation of.
Labyr i nt hulisdwmaeses hewaveroBruaithvibur mppity drforex i RS FPEs s MOPH val ue
cont rol | e, kbt AR B AARS BPEH Taoflol i8S i gk, s ol €. pH val ue

control tAroug buffer systens of herw se cusfomary_in cel] culturing has
di sadvant awpesthanfolReddiion, THIG 4 2 badnfleyjn pid Fnges piless _B‘f';apf"ﬁ‘ft“’lgkarrpl e, TRI'S,
]lePES andré}{g‘l’vgpﬁﬁaxy hﬁﬁ?‘ﬁdiﬁﬁi a%ﬁ'sfeiyitdkeﬁiﬂfin @biﬁe?ng@ow@@meioﬁdqsf or PUSQ
ernment ati on becayse .of thejr pica val ue more .than 7. In. ition,
TRIS is a%@ﬁi‘%ﬂ%‘é’rah"ﬁ“ﬁﬁhﬁ é‘f‘fb@gu%%qs@s@s ?"ﬁﬁ}‘?ra‘?t?@f‘cgﬁ’b%?wg %{JI?I y reactive
primary apydRieiid tepfsaacd i dRhivnt bl afibis fiurthdd a Badwheitethyfemfentiivel ogi cal
reactions. Phosphate buffer, .a buffer th s also fre |y used, has
the char aBROEFeS ERIRgOr Sonspring qhgiPF%@ Age h"gftFm &5 P%t??‘%ﬁlefl%ea#%g} presence of

di val ent gativeasferng thnpSant bechize of the fixm thatthyy incencfabalizédduriegthatoeof processes
requiring_or, consum hosphat e. .Acet.at f $) Iﬂﬁ&:sesdf' ble due to
their naﬁ?W@@?‘ér’?‘%&ﬁF‘aﬁg"é a?an"%l' becatls St%# eﬁ’é&f’%&t#t at tell y are

nmet abol i zggtsduri ng the course of

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
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 or deduced
without difficulty from the relations discussed in the introduction, are achieved by the object

.deﬁned in the claims of the present invention.

An advantageous method for cultivating microorganisms of the ﬁrder Thraustochytriales is

provided by the method defined in claim 1. This method compriscs cultivating in amedium, the
© pH valueg of which is stabilized exclusively by means of CaCQOs, 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 medivm.
The invention further comprises a method for producing high purity PUFAs.

" prefermed PURAs are, according to the invention, DHA, DPA and BPA. "«
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the fernmentation. Mdreover, many alternative buffer systens are uneconomc
because of high costs. In the |light of the state of the art, it was
therefore an object of the present invention to provide a novel, sinple
and econom c cultivating nethod for marine m croorgani sns. Considerabl e
sinmplification ofthe process control should be achi eved hereby. Apart from
being cost effective, the nmethod should enable the high yield production
of high purity PUFAs. This and further not explicitly. described tasks,

whi ch can; Bagiselerd fhe@@rqsww&m&wﬂém@wf%ﬁw%w rf“?ﬂlf’a PSP om t he
relations q,;@mﬁ BfkndrPthb R %, PlefRdiyelotalin 148%Cnd ey RrRalabipréiishobj ect

defined in“the clains _of the present invention. An advantageous nethod for
cul tivat i ngnase SRS GRHASRIMOS . or der Thraustochytriales is provided by
the method defined in.claim1. This,netho [ i |Ng in a

medi um  t h&artigHlary, {he LICEPIRARReR C}'lgva?ﬁg’bﬁn?afmzcggl%%(%g ueglﬁlo\%we‘ﬁﬁéﬂ%)g\ﬁ%ecgﬁs of CaCCB,
CoNnpri si Ng padGAIcABE mwaharit %qkeferdlylhorgrhdn 236 dnd viefy paripllarly atsfesblytrioee f ol | owi ng
i sol ati on of t%??‘h”: fbromthe m croorgani sns  and/or the culture nedium
The i nvent f5R° BF “olF°ses a nethod for producing high purity PUFAs.

Preferred F r ' I | B s ddfbAwaand EPA. 3
parti cul ar%Je,ﬁ?‘i}%C%i%c%g%l(rﬁég%?%hné&gh%?ﬁtg%‘glg&%hﬁ%ans Sof t hég abovenenti oned
met hod pr esémdorganisps divwetst odovfultyrpmediyshiiowing g cullyadiper abl y nore than 14

"/o, and very particularly preferably nore than 18 %DH@%Sr dry bi onass.
parti cul arFythemmeze, fie pressalipuatios sempsgsg myhiedlr mfosretiunasy "ie™ahoverment i oned

met hod pr e§60ss & prdfdesisiotd @Rivitfon M6 debiadinglo e infingérer ably nore than 2 %
and very S%rt%scszulpgrly preferably nore than 3 % DPA per dry biomass. The

PUPAS can §ig; sibhah t@ e asad fiatl Bnaginelehways dn gaticilbrythis pioinsss katte ngditfire PUPAS f r om
the mcroorganis bi SS ngd/or cul i | foll owi ng the

cul tivat i offemP ?H’rﬁ‘é&’%f , ’?I%\agg’pddggshgn %?cﬁ@éfﬁ a;a%‘gaité%ﬁr’rpri ses a nethod for
produci ng bl onBS Sy WGKSh A1ddSomprises an oit type, which is obtained by carrying out the

cultivation method according to the invention and by isolating said oil from the microorganisms

and/or culture medium.
In particular, this is an oil type which, apart from many other preferred applications, can be
advantageously used for human nuttition.

_ 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
dry biomass. '

According to the invention, ¢il is understood to be a propertion.of at Ieast 70 % neufral lipids
and at least 2 % phospholipids, which cozrresponds to the pormal fatty acid spectrum of 7
Thraustochytriales known to the person skilled in the art. The neutral lipids thereby consist of

" at least 80 % triplyceridés and other compounds such as diacylglycerides, sterols, etc.

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

glycerin.

The possibility of fermenting a marite 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
fermentation of marine microorganisms the lack of suitable pH control very quickly teads to -

a
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bi omass is provided by the cultivation nethod according to the invention.
This bionmass can be used in all imginable ways. In particular, this

bi omass can be used, for exanple in dried form (dry biomass), directly as
foodstuff or animal feed. In addition, the invention also conprises an oi
type, which is obtained by carrying out the cultivation nethod according
to the invention and by isolating said oil fromthe m croorgani sns and/or

culture nedium In particular, this is an oil type_ which part from many
ot her pr ef sedion agidsftationawhichresullsin copation gfigromih epezimle l Eﬁ}g g&"*%o? human

nutrition.  \nder vt hesannshiddas adreserdingeyo the invention, the
m cr oor gani sns thereby show a production of nore than 30 wt%0 oil,

pref erably_of e than 35 .w % oi | ' ' : | onass.
Accordi ng Ty Odf"%"\?‘g‘r’% fog%,m‘g? OBF%mr%ﬁg‘gg%%ﬁ ?u‘({)\@%)%ﬁ%o%ﬁfggg[ﬁ on- of at
| east 70 %aheistabiliting tqpisd4ccondingtodfic itvention, pH valygstabilizitasndans ageyndeggiord h
corresponds,t f | dashemkd : riales known
to the pert§3ﬁ8‘§éﬁgfu{e&§f°@a lﬁg}%ﬁ@ﬂf%ﬁoﬁeut rtg%mﬁuﬁd ,?E%g%?g‘g{%gonsi st of at
| east 80 Yalusiegblished dudestharstiuroaidde vecohpydbnsrrems indhe szpdivaitadhAlGepler i des,

sterols, etc, g : ' ' | faf & blQBleCONpPri ses
about 95 %“f"ﬁ‘f“t“%@ﬁ@%ﬁ%“ﬁﬁ‘@?”gﬁé&%@‘iﬁﬁé&%ﬁ‘ﬁ%ﬁg%i ity o *ferment i ng a

mari ne nm CPRIS poiodphais foder arlodweto My IVORNS- Wi t hout extrenme  pH val ue

regul ation, in particular under conditions enabling fast growh at high
gl ucose i acdeqBagIAle itRRioNAHRCOPIs Heleysersiclmpans $or pY valtd stabilizqtior Eveaeb,y under such

diti wh int fe .at ' ' i the | ack of
Cui tabl o ety YRR bSf AT bE b aR S TE e E

i

| rumracidification,
resul ts i gomitioes Sethiadditionts ignhaled in thesention, anipligss CaCydenyydns thegssemial  and Chen,

F., 2003, Biote A . 21098 d0s hARE Hodeacaqr ding to the
i nvent i onn%eﬁ‘?sg?ri%gi% ﬁ‘gﬁ%&‘é@ﬁﬁ%ﬁ@d’l{gh}’%ﬁﬁ? Ee‘ﬂ%ﬁdﬁ i %ﬁf ot her pH
during cultivation because of an exceptionally fast growth of the microorganisins, then this

target valuie can be temporarily adjusted by adding acid or base, without this addition being the

essential means for pH value regulation.

The terms pH value regulation and pH value control or pH value stabilization are used
synonymously in the invenftion.

Essential means remains CaCO;, when the value of the difference in the pH values which can
be measured with or without acid addition - with CaCO; addition according to the invention in
each case - is smaller or equal fo 1, preferably smaller or equal to 0.75, particularly preferably

smaller or equal to 0.5, very particulatly preferably smaller or equal to 0.2, and most
particularly preferably smaller or equal to 0.1. Such addifion of acids and/or bases is understood
to be a minor addition of acids and/or bases according to the invention, which is included in the

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

Tn addition, many alternative buffer systems are uneconomical due to bigher costs compared o

the use of caleium 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 fimited solubility in
water, which leads to a decreasing buffer capacity during fermentation. '
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val ue stabilizing nmeans. According to the invention, pH value stabilizing
means are understood to be both the addition of acid or base from addition
tanks regul ated i n dependence on the pH value established during the
culture and the use of buffer systems in the nmediumitself, although no
econom cal ly exploitable cultivation nethods using buffer systens such as,
for exanple, TRIS or phosphate buffer are known to the inventors.

According to the invention, CaCO3 is the essential nmeans for pH val ue
stab|I|zatEcqmaEwnnmgdyﬂmﬁmu@&hmgmaﬁ&dﬂmmkﬁabémq®m$MQmmuw§mw%m%o adj ust the

pH val ue ”%Q{trﬁedcﬂﬁ&n‘?&ﬁ&rtﬁeﬂ%%g Bu&@bﬁ?ﬁ'u{‘theﬁaﬁbgésﬁg&ﬁ&ﬁﬂ HEBeArtE L1 0N 1 S

i ncluded in I nvent | on remal ns t e essenti al nmeans

for pH st ammg!ba?qkﬁﬁlCﬂwbﬂﬂatefséblh@}imwéacc@ﬁ’ég’fﬂ@eﬁﬁ'mﬁm@f’@p@f%el ow a specific

target val yﬁgn&gaémthggm&ge\{ﬁﬁza@&&@&&%%ﬁk@mﬁaﬁwﬁmuemtﬁst growt h of
g

the m croorgani sns, then this target value can be tenporarily adj ust ed by
addi ng aci thersby loading to 4iinorgtsd ShaptineiRl-t i on bei ng the essential neans for
pH val ue regul ation. The ternms pH val ue regul ati on and pH val ue control or

pPH val ue stjaftithd Faddt dwentisrendisieen fesyenatiynpeusssh yasiaveilthietor mudaring ©f. Essenti al
nmeans renma vaI ue, of 't | H val ues

whi ch can H&ac%énsrﬂircré’argan 1stnﬁoorc%d%rzhran{mc}£v?rg%¥g talglg(fiﬁ‘-npﬂ {ﬂﬁiﬁ@w addi tion
accordi ng ith ¢avin qaxbemtd, wierd inwaspashledadispense with orwt plevaluistabilizied to 1,

preferably smaller or equal to 0.75, particularly preferably "smaller or

equal to d}.'."%a,ns'very particularly preferably smaller or equal to 0.2, and
ddition of

nost particul arly eferably small er q to 0..1. Such

aci ds and/P&FAﬁégaégg?@a%@P%‘%ﬂﬂfauﬁ)“ é’”‘g ﬁ%ﬂ% ﬁ%a%%%%wswﬁa'g%ﬁs*ds and/ or
bases accqyddndletbonds FIFAB veBidh i28 Be prodiiced followidg e insthedlackardidye thenvent i on.
Preferred are cultivatjon syst Q l.ring,the use of any acid and/or
base addi PFTSFP““VF#?O%’%W fﬂgﬂx ﬁgﬁ%ty F‘?e‘?‘ﬁgt iy e %‘?ﬁffer systenms are

uneconomi cal due to higher costs conpared to_ the use of calcium car bonate

The hi gh &t fhieeenesoi 8 pesintinyemticnar-B &4 edds{emegef faly acflop-3difiviaridaeieng
M cr oor gag),&iBood o e PO kMR ed long-chain fatty acids with a chain length >C12 comprising at

least two or more double bonds, 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 jocated between the catbon afoms C6 and C7 starting from the alkyl end.

Microorgénisms belonging to the group of the Labyrinthulomycota are considered for the
production of PUFAs following the methiod according to the present invention.
Microorganisms of the order Thraustochytriales (Thraustchytrildeq) ave preferred (Lewis, T.E.,
Nichols, P.D., McMeekin, T.A., The Biotechnological Potential of Thraustochytrids, Marine
Biotechnology, 1999, 8. 580-587 and Porter, D. Phylum Labyrinthulomycota in Handbook of
protoctista: the structure, cultivation, habitats, and life histories of the eukaryotic .
microorganisms and their descendanis exclusive of animals, plans, and fungi: a guide to the
algae, ciliates, foraminifera, sprorozoa, water molds, and ofher profoctists. Editors: Margulis, L,
Corliss, J.0., Melkonian, M. and Chapman, D.J., editorial coordinator, McKhann, H.I., Jones
and Bartlett Publishers, ISBN 0-86720-052-9 1990, S. 388-398). Particulacly preferred are
ﬁﬁcmorganiéms of the genera Japonochytrium, Schizochytrium, Thraustochylrium Althornia,

‘ N Labyrinthuloides, zs{plana.chytrium and Ulkenia. Of these, Schizochytrium, Thraustochytrium.

. und Ullenia are very parficularbr preferved. Particularly preferred are: Japonochytrium sp.

 ATCC 28207, Thraustochytrium asireum (particnlarly ATCC 28211 and ATC 34304),
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Thraustochytriales is surprising, since the carbon dioxide fornmed only has
limted solubility in wafer, which | eads to a decreasing buffer capacity
during fernentation. 5 surprisingly, not only the fernmentation up to the
conpl ete glucose consunption was possible, but, in addition to that, the
proportion of PUPA in the biomass significantly increased when using the
cal ci um carbonate stabilized nedium according to the invention. Even nore
surprising is that the glucose utilization and, related ggé hat, the PUPA
pr oduct i on ZThrgusieebiningt rateaiy ATCE RE & Byansiaderring i BTQQZQSHQ’?@% %bpace-ti me
yield Untj bh@sgﬁaﬁﬁdﬁgczm\s,%@mom}mmﬁéﬁéy@mmﬁﬁcm,aﬁﬂi@awmﬂ@ess was
avai |l abl e on producing,n-3 fatty acids in 'cw{gﬁrﬁ?an%&q@ 7§f dtche or der
Thr aust ochdTFL 0388 2l T 20880 Wbiaﬂv%‘é‘ﬂ -3 G% ar bonat e,
where it wagm98si bl e to dispense with further pH value stabilizing means.
pUFAs are pol yunsaturated | ong-chain fatty acids with a chain |l ength >C12
conprisin t | | uced
fol |l ow ng%&”%@@%ﬁ%@%&% %%%g%%&@ng%ggézﬁmﬁ%ﬁf‘%ﬁﬁgﬁﬂfn parti cul ar
n-3 fatty adincéntpel sheiss degved hergfomas well ps reqembigraheiwaing o thewerrgspedisit i nvent i on,
n-3 fatty aci ( %95%5 ' D @Gh ; nderstood to
be pol yunsoggaﬂgglts'gg ongﬁ%‘%ﬁo{'\xsp%ﬁl g“g@%ﬁm émt'ﬂtt%]&a chﬂgl?}]mﬁglﬁsgf?ﬂjh >Cl12
conpri si ngnatasing &g preduchien SFURbr e doubl e bonds, where the first doubl e bond
is constituted between the carbon atonms C3 and C4 starting fromthe al kyl
end. Accorgic igdraorgahisms aeedddifgaé thy preentdisedtioearé dultivhtedigyutsicalatingafighidas | ocat ed
bet ween the carbon at,ons a Cr st.arting fromthe al kyl end.

oo R e R e s

M crporgaﬁ‘iS “thegroup of the Labyrinthulonycota are
consi der egf,0f iohlfueddh RAKG R Bhi BT e bt Rl R ARAhog COT di ng o

the present T nventlon. croorgani sme of the order Thraustochytriales
( Thr aust elothe persgeskilied indhasrteBypiesllychuf nobsgplysively, e culturgjs spEpdout iy means vt veeki n,
TA, The Bi PRIR68 i E%@%Eﬂdﬁi oBtiainkh RRkHIe0 FlAWhicdl AentaiddAfira@h
Bi ot echnoio%}gqu%leQQz aS. u%_80-5 37 ar%d PQI%tefd,ﬁﬁ]D. th%l um h’%ﬁ nt Qul onycota in
Handbook &/pe offededationsomerioe thaking flagsopfiereaciors rh A5 f97 GHmP e and 11
hi stori es,0f rehdiets)@ekdb)Qblusins. The culture is typically carried out at temperatures of

between 10°C and 40°C, preferably between 20°C and 35°C, particularly preferably between

25°C and 30°C, more patticularly preferably between 27°C und 29°C and in particular at 28
0.5°C. :

In a preferred embediment of the present invention the caleium carbonate content of the
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 particularly preferably of 5 g/L to 10 g/L. Vexy particularly preferred is a calcium
carbon-ate conteat of 75405 g/L.

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

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

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

~ ‘mannitol or also fafs and oils or vegetable hydrolysates.

- Usable natural nitrogen sources are, for example, peptone, yeast extract, malf extract, meat
extract, casamino acids, corn steep liquor or soy beans, usable organic nitrogen sources are, for
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m croorgani sns and their descendants exclusive of aninmals, plants, and
fungi: a guide to the algae, ciliates, foramnifera, spnrozoa, water
nol ds, and otherprotoctists. Editors: Margolis, L, Corliss, 7.0.,

Mel koni an, M and Chapnan, D.J., editorial coordinator, MKhann, H.1I.
Jones and Bartlett Publishers, |ISBN 0-86720-052-9 1990, S. 388-398).
Particularly preferred are mcroorganisns of the genera Japonochytrium
Schi zochytrium Thraustochytrium Al thornia, Labyrinthul oides,

Apl anachyt gasiplepgiutartcad e, bidklse iergayic niotH SERS At 2B AR PSSt achyt ri um

and Ul keni a are ?ﬂgcre&t DMOW%%%%&%’ EfehnRa shifstelk Afirhotived B0y 1 ed

ar e: . Tapontttt Ium s 7, Thraustochytrium aureum (particularly
ATCC 28211@%@@31&@9@@9 |  Thraustochytriumroseum ATCC 28210
Thraustochytrium sp. ATCC 20890, ATC 20891, ATC 20892 and Al e 26185,

Schi zochyt 'a\eﬁfhﬁﬁgma@mﬁboﬁ@mzm@@mﬁme@mmmmlgtpercomtszosss and AT

MC 20889, Sehl zochytri ' and SAM
2180. M crbt?f”@ %?Fésog%jﬁ‘rﬂegg'ﬁ aftg?as%ﬁgm q?‘ﬁgg&%g@ig%? ng to t e69| nvention are
bot h n;/)m I d thﬁmn‘ﬁks amcmmmgamcaamﬁa%mm %M&&&eﬂz&omwﬁa ?s vel | as
r ecombi nan [LL n

i nvention Mgﬁéq 3’?' ?séj tgs ﬁlu%t gé}?%h@&ph&gg |0§1&§1§mst ?éalg[?]egﬁlfﬁor

i ncr easi ngch;olmae,pnﬁlﬁcbmm @mnmbmﬁihlﬁﬁfate'ﬁhveﬁmwfﬁeg@n F@%O%@Wﬂﬁﬁ to the

present i nve tion.ar #.ad RQEc Rk BY, 16 ekd ghld@knidegy SOl 1 d medi um
with a préﬁ'ﬂ’ nonffaf%%é@iey anngé[rfrjlééI cure tecr?nlng)uwes dgw table for
m croorga%%pmmr@n@wpﬁﬁﬁﬁlm@@@?:WW? %{-’Ff‘ééaﬂ%ﬁ’ﬁ%es\ﬁéthas Wn to the

person skilled in.the art. Typically, but not exclusively, the culture is

carried o §enrreans of aqueous fer mant ation in a correspondi ng container.
Exanmpl es for typj.c cont.ai ners for D @R conprise
shaki ng f [Viaszapglicd deeé%eé{ugrcgncog@gﬁg exarrB'} gl stirred tank

react or s) Qncidh perieqlyrinddne, cﬁheteqxﬂqtzwwotmshxdquwﬁmbyﬂ@ feed out at

St g;ﬁ;blg;%d{ gggfgﬁ{}sog%&%ﬁﬁﬂm%a R Bhl AR YaoRBINBERAPGEIRAd 35C,

in the art. Anti-foaming agents can be added, if necessary. The medium can contain complex

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.
Generally, the carbon source is added at-a concentration of up fo 300 ¢/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 mediurm.
| A particularly preferred pH value stabilized medium comprises glicose, yeast extract, coml
steep liquor (CSL), magnesium chloride, calcium carbonate, calcium chloride, sodium sulfate
and potassium phosphate.
The pH value of the medium is set prior to the start of the fermentation to a range of 3 fo 10, '
preferably 4 to 8, particulatly preferably 5 to 7 and very particularly preferably to about 6 by
adding a corresponding acid or base,

Thé medium is subsequently sterilized. Techniques for sterilizing media are well known to the )
person skilled in the art, autoclaving and sterile filtration may be mentioned as examples. -




25C and 30C, nore particularly preferably between 27C and 29C and in
particular at 28 0.5C. In a preferred enbodi nent of the present invention
t he cal ci um carbonate content of the pH stabilized nedium corresponds to a
value in the range of 3 g/L to 15 g/L, preferably of4 g/L to 12 glL and
particularly preferably of5 g/L to 10 g/L. Very particularly preferred is a
cal cium carbonate content of 7.5 0.5 g/L. The pll-stabilized nedi um

further preferably conprises one o e garbon sources, as Il as one or
nore ni tro@éﬁV@%@Eé@?ﬂ%ﬁ%@ﬁﬁﬁ&a%@'{Eﬂ%@ et E‘B’Bwrya??dnwef‘ en sources for
cul tivati ngowltdth ' tRfartt he order” Thraustochytriales are well known
to the person skilled'in the art. Usable carbon sources are for exanple

car bonydr 3t g5, P BB e iR 3Gy HLGHRS Gor EATL 10 ELOBRREabIPBIb 0SE, SOl LbI e

starch, f gl ucosanm ne, xtran, glutam e acid,” nol aSses, glycerin
or i nannidagd, poticokdds preferably 3-8deyso0i | s or veget abl e hydrol ysates. Usable -
natural nitrogen sources are, for exanple, peptone, yeast extract, malt
extract, nRRned@¥édiRbdnts cGABANIAN BGhadim iodvidialBloesya atikiopd @rpredtoudoybeans,
usabl e organic nitrogen sources_are, for .7 | e | ut a;at e and urea,
but al so IRIRGARPET HEaRRIPLn P peererne deatrap pindh it ASRE N

acet ate, gpuEHY)vnephofitmegEm sdditdae taathe addedprioni trdusay thexukivgion.dbwroni um nitrat e
can be used_as niirogen.source. Ja addif] ' arbonate, the
pH—stabiIngﬁxﬁﬁﬂ%iﬁﬁ%ﬁﬁfmgaﬁf%?%hﬁy?m%?%%%%%%ﬁg%%éﬁkgﬂh%nomn to the person
skilled in the art to assist the cultivation of mcroagrganisns of the order
yhr aust oc i prodicest UArprpazaealy ayadiible ndrgohrtd s TSPt & exanpl e, Ca, My,
K, Fe, N g,0sty&HdesNRpolarMPidOsuciday, foPdxaailé) phadshatiyibiiag pot assi um hydrogen
phosphate, or chlorides suc S, nesi um chloride, sulfates such as
Sl

anmoni um Bhgsphatdyletiagamieg of P on sulfate or sodiumsulfate nmay be
mentioned as exanples. Further usable inorganic salts are, for exanple,
hal ogeni die:the pupoke of the prosestisveniinnbthowinsd UBA, ppblstsasidenn 6divele and al so ot her

car bonat eg; SUCH: 2SRQ8hddM bd WIGb LB TorRR IRRMA R corresponding fatty acids can
exist, L.e. as free faity acids, esters, triglycerides, phospholipids or other derivatives. All these
substarices are summarized if the following text and the terms are nsed é}rnonymous[y.
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
fatty acid speotram is caried out using common procedures known to the person skilled in the
art (Wanasundara, U.N., Wanasundars, J., Shahidi, F., Oméga-B fatty acid concentrates: a -
review of production technologies, Seafoods — Quatity, Technology and Nutraceutical

* Applications, 2002, S. 157-174).

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

ag 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 diﬂ‘erent.quanﬁties of CaCQs.
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Wher e applicable, the nediumcan conprise additional macro- or

m cronutrients, such as amno acids, purine, pyrimdine, coin steep

| i quor, protein hydrolysates, vitam ns (water soluble and/ or water

i nsol ubl e) and ot her nedi a conponents wel |l known to the person skilled in
the art. Anti-foam ng agents can be added, if necessary. The nedi um can
contain conplex conponents or be chem cally defined. The anpbunts of the

i ndi vi dual conmponents can vary, as long as there is no negative effect on
the growth or productivity of the m croorgani sns. The person skilled in
the art can easily determne the conposition for each individual .case
accor di Nng Ukkertidvp. SLAGUITP erabrieas odivatedis Strink misdipg 308 pl Erlameesr 88Ky, t he car bon
source is d t a concentration of up to 300 g/L and the nitrogen
source at H-concentration of 1 to 30 g/L, Preferably, the nitrogen content
is adjusted in dependence of the carbon content of the nedium A

parti cul arMsdiafeEPEPRd pH val ue stabilized medium conprises gl ucose, yeast
extract, corn steep liquor (CSL), magnesium chloride, cal cium carbonate,
cal ci um clHeonentiion iepdtdinum sul f at e  and pot assi um phosphate. The pH val ue of
the nmediumis set prior to the start of the fernmentation to a range of 3 to
10, preferably 4 to 8, partic@ilgpey prefer@BB¥ 5 to 7 and very
particularly preferably to about 6 by, addi correspondi ng acid or base.
The mediumis subsequently steFPWF?@H@“*ecﬁﬂgﬁﬂeS for sterilizing media are
wel | known to the personASkilk§%,'n the arf autoclaving and sterile
filtration nay be nentioned as é%ples. 8 tivation can take pl ace

bat chwi se, in a fed batch nDdeNggccontinuou§&y, as it is generally known
to the person skilled in the art” Batch or fed-batch cul tivation usual l'y

t akes pl ace over a period of Ih@nggg@ys, prgf erably 2-10 days,
particularly preferably 3-9 days. The nedi a conponents can be added to the
medi um i ndividually or as a m ghalxe,ca previogsly prepared m xture being
al so possible. The conponents, in particular the carbon and nitrogen

.. {NHz):804 5g/L
CaCO, addition per 50 mL flask:  Mediuml.} 0g/L
| Medium 1.2 { gL
Mediom 1.3 - 2gL
Medium 1.4 5 g/L

Medium 1.5 10gL

| Set pH value to 6.6 with NaOH and autoclave

(hﬂnuecondﬁknw:
.Temperature (°C): 28
Shaking rate ( tpm): 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
-' _hydmchlofié acid at 60°C (under stirring). The esters were analyzed in a gas chromatograph to
© determine the fatty acid composition. ' s : 3

10




source(s) or specific medium additions can be added prior to or during the
cultivation. The addition can be repeated once or several tinmes or can

al so take place continuously. The produced PUFA are generally available in
formof neutral fats, for exanple as triacylglycerides, or polar |ipids
such as, for exanple, phosphatidyleholine, phosphatidylethanolanrine or
phosphati dylinositol. For the purpose of the present invention, the terns
PUFA, n-3 fatty acid or n-3 active substances are understood to be al

possi ble forms in which the corresponding fatty acids can exist, i.e, as
free fatty acids, esters, triglycerides, phospholipids or other

deri vat i vegablalli Fathetation parpsterimdmpendenceonsbnraloinm zabpupty conpratratisn | owi ng t ext  and
the terns are used syponynously Ehernmore, the PUEAs.can he converted and
concentratjed by neaff$Ces |€hrerr calPEor|PBYi {Htat PEAIRM ({PHASHESEY f i cat i on

for exanplfe with the help of suittablie enzynmesi(lipasgs), pefore |or after
isolationffromthe [cultugfe e {i solfati on of PUFAs frlomthe fermented

m croor gafi snms or rrjﬁagﬁ,yum@zhﬂ t hg analgngi $eof tdwe f atfier)apinkaspeg¢trumi s

carried oyt using cdomonl!procedures kknown to the persion skilled in the art
(WanasundgMetisntLIN, .1 O\Wanagtfdar a,{ 18 || 25Raliddi , [¥5, ongde 3|% 4ttty 4cid
concentraLe&——vi—: a5 gyHew-oi—predycti-dn—tethnel-pgies—Seafopgds—Qugl i ty,
Technol og Ml Kut rglceut 5(bé'oal Ap%?}i cg({'%lzo 1451",0 23%%, S. 2?7 1?4) ) Tme

pH st abi | fggRfi8r meRt ati pn7; medi goks Jedesnpisbnejdas: S f{eez t fu@s met hgd
accordingjto the iinventjon is descrii bed| here] nafter {by
exanpl es. {Maemftdr nght at i d#f4nedi Whi2ag il |48 as|BFe i né#ti BRI s,
not limt bcaple 1 Fer Ehtatic Ukenrt-4 sp. SAM

| es—Examle 1 e+ p—of
2179 st r afMFRBMSt h Opro dgtgi on 2)?‘ﬁPEJI?RZi rfﬁdi fi?er ent gﬂzl t uIFﬂe rred;ra
pH- st abi | ¥=zed—exXTius] vei%g% T feremtTquant T ries, ol ﬁk\b 9~ U keni a sp.
SAM 2179 IBMaPH vijEs: TR “OFA (Freossyerpic IHAF o e O BP T dRfeyer f1 asks
With a bafyil e iter e SKF picefine vicld; DHA area (%) Proportion of DHA in the fatty acid
spectrun:

owever,

The fermentation of Ulkenia sp. SAM 21 79 in a fermentation medium lacking sufficient pH
stabilization Ieads to a slowdown in the glucose copsumption during the course of the
fermentation and to a cessation of growth as a result of & sharp drop in the pH value (see
medium 1.1. — 1.3.). Only greater quantities of CaCO; buffer lead to a stabilization of the pH
value during the culture (medium 1.4 und 1.5), Here, an increasing CaCOj; 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 sbout 2 g/Lxd

under the abovementioned conditions.
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Fernmentati on nmedium  ucose 150 g/L Corn steep liquor 3.75 g/L KH2PO4 3
g/L Na2SO4 1 g/L Md 2x6H20 1 glL CaCl2x2H20 0.3 g/L (NH4)2SO4 5 g/ L
CaC33 addition per 50 nL flask: Medium .l O g/L Mediuml1l.2 1 g/L Medium
1.3 2 g/L Mdium1.4 5 g/L Mdium1.5 10 g/L Set pH value to 6.0 with
NaOH and autoclave Culture conditions: .Tenperature (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
det er ni nedex4agild 2 Stgesttionnf WhatiekpSAY 240istin GetheproduionpBV/fMds carried out by
means of 2 our Qﬁﬂgﬁ 53@3 oric and at
60C (underdl Ty ﬁﬁ&%@%@%@?%&@\%ﬁ%&gng?/ﬁ% adngséjé cbﬁongdt ograph to
det er ni ne ghhesdimtieonaci d -conposi tion. 10 Table 1: ‘Fernentati on paraneter in
dependence on the cal ci um carbonate concentration CaCO3 G ucose pH DBM DHA
DHA/ DBM DHA DHA- STY '.. consunption val ue area

Ulkenia sp. SAM 2179 strain was cultivated in 50 mL medivm in 300 mL Erenmeyer flasks

with a baffle up to complete ghucose consumption.

Media composition:

Fermentation medium:
Glucose 150 gL
Comn steep
tiquor 3.75 gL
KHsPO4 3gl
NazS0y 1g/L
MgClx65,0 1g/L
CaClix2H,0 0.3 /L
(NHq)2804 SgL

CaCO; addition per S0 mL flaske  Medium 1.4 5oL
Medium 1.5 0L

Set pH value to 6.0 with NaOH and autoclave

* Culture conditions:
Temlieraturc °C): 28
Shaking tate { tpm): 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
 determination was carried out by means of 2 hour long heat treatment in 10 % methanolic
- hydrochloric acid at 60°C (under stirting). The esters were analyzed ina gas chromatograph to
determine ﬂle fatty acid composition. '
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(92) (g/L) (gll) (%9 (% '(g2) (g/Lxd) Medium1.1 0 43.0 1-85 22.72 483
.76 0.19 Medium 1.2 1 59.0 2.31 30.32 44.0 4.91 1.49 0.37 Medium
1.3 2 81.7 2.84 38.58 43.9 9.90 3.82 0.96 Medium .4 5 108.4 5.02 52.99
44.8 15.72 8.33 2.08 Medium 1.5 10 111.9 4.78 $2.32 45.5 13.23 6.92 1.73
DBM Dry biomass; DHA/DBM w\N DHA (docosahexaenoic acid) per unit of
wei ght DBM g/Lxd space-tinme vyield in grans per liter per day; STY:
space-tine yield; DHA area (Ye) Proportion of DHA in the fatty acid
spectrum The fernentati on of U kenia sp. SAM 2179 in a fernentati on nmedi um
| acking sufficient pH stabilization |eads to a sl owdown in the glucose
consunpt i mmfﬁ@mmnmm%aﬁﬁsmgmt@%m at | on and to a cessation of

grow h as_a result of..a-sharp-drop—i-f—i-he—pH ) ax I
1.3.). oy great efC§QarCipies G BH‘FHP 20" (A, g?'g‘lgiwl ilzati on of
LI wia 4 {and 1.5). Heére, an § ncreasing
c
t

the pH vplue duripg thecogmng;&dgqa,
creaded gl ucpse donsunpt) on during

CaCOB8 confcentratioh al sq - |eads
the culture. BecauserLof {tshe pH &0 !iﬂ’@ti on H#H t|#EPncrieased

gl ucose clonsunptioh assdciated { wit H_-hi-dher—bi-orgss+i—yatves| are

achi eved a@dwm&é al¥ esul[%8f t hat? Fﬁjghe?hE)I-IA ;}gg% %‘?qrre yifl ds of
about 2 gL g..u,lgj the; e T ORTeH [GENdIEaseNS. {3 2&ENanpl € 2§

Fer ment atfi” ﬁt‘“m% | Keni a sp SAM 2179 strlfain flor the produyction of PUFA in
di f f erent—cutture nedi a, pHvalue stabilized exclusively by different
gquantities of CaCO3, up to glucose |imtation. U kenia sp. SAM 2179 strain
was cul ti \fﬁégguénaumfmemqi QﬂMlzlﬁ?ﬁQQmadmmiﬁffemmfjegILfebIﬁm@L with a baffle

D 0 O 8L SR SR 8o oS SEROR ong G5 BR1 2 01

pH value. The thereby achievable biomass and the proportion of DIHA per biomass ate, with
about 58-64 g/L biomass and 20:22 % DHA/DBM, corresponding to complete ghicose
consumption, very high. Itis found that a higher CaCO; concentration (10g/L)leadstoa larger
amount of biamass, although the proportion of essential PUFA DHA per biomass is slightly
reduced in relation to the lower CaCOs (5 g/L). However, the DHA space—tame yield obtained

therewith remains approximately the same for both concentrahons

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

- optimized fermentation conditions.

Ullenia sp- SAM 2179 strain was cultivated in 50 mL medium in 300 mL Brlenmeyer flasks

- ‘with a baffle up fo complete glucose consumption. Optimization of the fermentation resulted
from a CaCO; concentration of 7.5 g/L and & modified preculture. For the preculture, instead of
ﬁsing a stand coltare in DHI medium, a shake culture was nsed with the same medium (48,

150 1pm 2nd 28°C).
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G ucose 150 g/L Corn steep liquor 3.75 g/L KH2PO4 3 g/L Na2S04 1 g/L
Myd 2x6HzO 1 g/L CaCl2x2H20 0.3 g/L (NH4) 2S04 5 gf L CaCO3 addition per 50
m. flask: Medium1.4 5 g/L Medium1.5 10 g/L Set pH value to 6.0 with
NaOH and autoclave Culture conditions: Tenperature (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 bionass
determ ned. Cell digestion and fatty acid determ nation was carried out by
means of 2pheMtorhesignheat treatnent in 10 % methanolic hydrochloric acid
at 6000 (under stirring). The esters were analyzed in a gas cbromatograph
to deter At L§lconposition. 12 Table 2: Fernentation

par anet er nl}'?’?’lér ?[1 ucos%m]a[ﬁm tatl on CaC03 d ucose pH DBM DHA DHAI DBM DEL

DHA- STY CO&EUJEP%&H %ﬁd .. (g/L) (g/L) (g/L) t%9 (% (gllL)
(g/Lxd) Medium 1.4 b5 6 49 5832 47.7 22.20 12.99 2.14

Yeast extract (g/L): 12.5 [Difco]

Tropic Marin (g/L): 16,65 [Dr. Biener GmbH, Wartenberg, Germany] -

pH value sef to 6.0 with HC1

Fermentation medium;
Glucose 150 g/l
Com steep ,
liquor 395¢L
KH,PO4 gL
NazSO; 1gL
MgClox6H;0 i gL
CaClx2H,0 0,3 gL
(NHg)2804 5g/L

CaC0, addition per 50 mL flask:  Medium 1.6 7.5 ¢/l

Set pH value to 6.0 with NaOH and autoclave

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

The cell harvest was carried out by centrifugation after 99.75 h of cultivation. The cells wete
 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
* hydrochlotic acid at 60°C (under stirring). The esters were analyzed in a gas chromatograph fo
- determine the fatty acid composition, | N : '
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Medium 1.5 10 150.0 6.58 64.65 46.7 20.54 13.28 2.19 The fernentation of

U kenia sp. SAM 2179 in a nmedium buffered with 5 glL resp. 10 g/L CaCQO3,
respectively, enables cultivation up to glucose limtation without a strong
drop in the pH value. The thereby achievabl e bi onass and the proportion of
DHA per bionmass are, wth about 58-64 glL biomass and 20-22 % DHA/ DBM
correspondi ng to conpl ete glucose consunption, very high. It is found that
a higher CaCO3 concentration (10 g/L) |leads to a |arger anount of bionass,
al t hough t Meblpp:ofsanaiaten rermegsederopimimdipfeopndiians bi omass i's slightly
reduced in relation to the lower CaCB (5. g/Ll) However . the DHA space-tine
yiel d obtgined thdCe%t ehmi et anBPYx |t o)AMY 8% 1PEASBbt |

concentrations. D jsanpl g 3., &l|thydti on|of U kenia <p SAM 2179} strain for
t he produg¢tion of RUFA uphder ™ optimfzed ferneptation|condfitions. U kenia

sp. SAM 2179 strainemas eyt vatjed i|eId0jh nEw um i NEBDO|@Fxd) Er | enneyer
flasks wWlth a haffile upttao completd glufose Fonsunptiion | Optinifation of

the fer meftediomd r d&iil t ed% r om|&7CAEH Fohcelfttati ofdf 7°8* g/ L hnd a
nodi fi ed precut-tHe—For-—t+he—prectture~+rnastead—of—ustng—astand cul ture
in DH nedium a shake culture was used with the same medium (48h, 150 rpm
G ucos oGP P B Y Aish <38y ath LR B 1 LT VB P o) Tr opi o
Marin (g/ lehkivaal 5482t 28°Biasi a0 rpent HH ! Weditre e Ry, sp@ertimziyield cogdbeval ue set to
6.0 with HQl  FenfRnt Al OBl g USRS Gt R o TR BbeE! SR,
whereby the glucose limitation was reached in less than 100h. The use of 7.5 /L. CaCO; in the
fermentation medium enables a pH stabilization required for optimized cultivation. The use of
7.5 /L. CaCO; resulted from the results of example 2, in which 10 g/L CaCOs resulted in higher
biomass values, while 5 g/ CaCOj gave rise to better DHA values. An o_ptimal CaCO,
concentration for DHA prodncfion (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 pl value, the use of the fermentation medium according fo the
invention results in a surprisingly high DHA space-time yield of more than 3 g/ I_..xd at the time
of glucose limitation. Similar biomass values to those in example 2 were obtdined in this case,
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;.

Uikenia sp- SAM 2179 strain was cultivated in a 5L fermenter up to complete glucose

consamption.
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liquor 3.75 g/L KH2PO4 3 g/L Na2SO4 1 g/L MCl2x6HzO 1 g/L CaCb c2H20
0,3 g/L (NH4 2S04 5 g/L CaCO3. addition per 50 nL flask: Medium 1.6 7.5 g/L
Set pH value to 6.0 with NaOH and autocl ave Culture conditions: Tenperature
(©: 28 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 determ ned. Cell digestion and fatty acid
determ nation was carried out by nmeans of 2 hour long heat treatnent in 10
% met hanol igeditweipseid: ori ¢ acid at 60C (under stirring). The esters were
anal yzed in a gas chromat ograph to determne the fatty acid corrp05| tion.
14 Table 3; Fer t at.l on paraneters under optim zed buffer conditions CaCC3
G ucose pHFﬁgf\‘?F DBM DRA DHA-M consunption value area (g/L) (gllL)
(g/L) (9 (%9 (9/L) (9g(Lxd)guMdium 1. 6@09'11 150.0 6.76 63.84 44.1 23.06
14.72 3.54 Using optim zed ]fer ment ati on conditions, under which U(irenia
sp. SAM 2179 was first culgqNatsgd for 48 h at 28C and 150 rpmin Dill

nedi um the DHA space-tine pjueld d coul d bgsgsubstantially inproved to nore
than 3.5 g/Lxd. This results primarily froma faster growh, whereby the
glucose limtation was reactiemo,n | ess gpan | 00h. The use of 7.5 g/L CaCC3

in the

Ng;80; 1g/L
MgClax6H,0 gL
CaClx2H,0 0.3 g/L
NH)S0; | Sgl
For fermentation with pH control: Set pH valtue to 4.0 with H;PO4 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. CaCOs

Culfure conditions:
Temperature (°C): 28
Ventilation: 0.8vvm

Fermentation with and without pH control

. Table 4: Fermentation parameters with and without pH control

fpH CaC0; | Glucose Time for pPEM IDAA [DHA/DBM _DHA DHA-STY
| conirol ) consumpiion |glacase area '
caasumption
&y 1) (b} @) (%) % (gL) |Lxd)
+ 0 150.0 162 669 472 {259 1735 |25
m_— 75 [150.0 150 678|467 |269 g3 |29
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fermentati on nmedi um enabl es a pH stabilization required for optim zed
cultivation. The use of 7.5 g(L CaCO3 resulted fromthe results of exanple
2, in which 10 g/L CaC3 resulted in higher biomass values, while 5 g/L
CaCO3 gave rise to better DHA val ues.. An optimal CaCO3 concentration for
DHA production (i.e. largest possible amount of biomass wth highest
possi bl e DHA content) was consequently suspected between 5 and 10 g/L
CaC33. In addition to the stabilization of the pH value, the use of the
fernent ati mmeﬁmnﬁﬁ@aﬁﬂﬁﬁzﬂbfﬂmmﬁmm@wmmthewwl@@@lﬁ surprisingly
hi gh DVA s | ucose

9 &ﬁda?rgllﬁ)%u% S&dﬂﬁﬁgs e tﬁm&ﬁose&mthﬂﬁtgf{%uﬁfﬂ%mﬁi g

limtation. ss val I n ex were obtained in

this case, fmm@nmmﬁqufmfﬁ@xm@mtﬁ qgsbﬁeﬁwf%ﬁwgfﬂwéawﬂﬁuantl ties

achi eved Wi, DM SIncosh Binfliption MRA®NRABer bibhnades B aR&. 4. Fernentati on of
U keni a sp. !%AM 2179%[stra| n orot he prod ucB:?llon oefS PUFA in culture medium

with and vﬁ?llﬂh@wf‘-"p‘HC@P%Pﬂoﬂ‘aﬁbﬁﬁﬁ%FUMMfD%R%WQa%@dIW 2179 strain was

cul ti vat edy i@ SFTOHALTRACRA ditfhe FAnGRITI, meﬁmcaq&%sl BatEREkON. 15 Media
conposition:- Fernmentation nedium G ucose 15 m st eep, | i quor 3.75

g/ L KH2PO# thg DE}4 spageimegield pf gyprp tham o % 63 Iferm@é"éﬂ?‘}?mt@ 3g/Lir
0" 142504 310doktrolled fermentation.
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For fernmentation with pH control: Set pH value to 4.0 with H3PO4 and

autocl 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 Cul ture
conditions: Tenperature (C): 28 Ventilation: 0.8vvm Fernentation with and
wi t hout pH control Table 4: Fernentation paraneters with and w thout pH
control rjl~ CaCO3 3 ucose Tine for DBM DAA : DHA/ DBM DAA bHA- STY

consunption glucose area consunption (,~ (% % (E,, ~~—~~" ( /h)

(92, ~/ ~' . ) Exhfly 5¢ Rermentgtidn of SehizotB0ing 61'6?%6@’9*&'&’.@“?&999‘?;?# 5925 150.0
150 67.8 46. 7 IRl : of the CaCO03-stabilized -
fermentati %ﬁmar?eég?% accér%?@ﬁ%@?%&?%?@nti on enables cultivation of

U kenia sp. SAM 2179 up to glucose limtation without pH control also in a
5L fermentation scale. The use of sufficient quantities of CaCO3 to a
faster growmh as a result of the accelerated glucose consunption. In

addi tion, Sdatzgyiris Bl dlesainwes eltivited g 80 mL pediuma F9PapleLriepmey ction to
this, a greatof sprOROLILERE sRifos fionbi OMass and larger quantities of DHA
are achi eved duri ng fermentation. This |eads to a not insignificant
increase in_the DHA space-tine yield of nore than 15 % for CaCQO3- buffered

f er ment at i MpAieATEY t 0 pH-controlled fernentation. 17

Preculture medium: GY medium

Glucose (g/L): 30.0
Yeast extract (&/L): 10.0 [Difco]
Tropic Marin (g/L): 16.65 [Dr. Biener GmbH, Wartonberg, Germany]
* pH value set to 6.0 with HCI |
Fermentation medium:
Glucose 150 g/l
Corn steep
liquor 375 gL
KHPO; - 3gL
NapSO 1g/L
MgClx6H;0 lgL
CaClx2H,O 0.3 g/l
(NH1)250¢ Sgl
CaCO; addition per Sd mL flask:  Medium 1.6 15gL

Set pH value to 6.0 with NaOH and autoclave

-Cu]_tu]:e conditions:
Temperature (°C): 28
- Shaking rate (1pm): - 150
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Exanpl e 5: Fernentation of Schizochytriwn sp. SR21 for the production of
PUPA in fernentation nmedium 1.6 stabilized by 7.5 g/L CaCO3

Schi zochytr'iumsp. SR 21 strain was cultivated in 50 nL nmediumin 300 niL
Erl enneyer flasks wth a baffle up to conplete glucose consunption. Media
conposition: Preculture nmedium GY nedium d ucose (g(L): 30.0 Yeast
extract (g/L): 10.0 [Difco] Tropic Mann (g/L): 16.65 [Dr. Biener QGrbH,
Wartenberg, Gernmany) pH value set to 6.0 with HC Fernmentation nedi um

d ucose 15®g¢@hawtwm@é®¢bm@$ﬁ@ﬁmf@vﬁéhowwnéﬂlg% NESSO4 1 g/ L

MyCl ZXGHZOﬂg;é%hﬂf@@geﬁﬁe%m m&ﬁ&m&hﬁﬂ%@é@%&c@ﬁ@%ﬁ addi tion per 50

m. fl ask 6 7.5 H value to 6.0 with OH and aut ocl ave

Cul ture codﬁpmﬁ@nwaﬁéﬁ%f%thxrﬂ@m{se%hoz Blongdat fpahgent igl @ %m € 150.18 The
cel | har vegls Yforis #did/8 ¢0°0 Wnd R Yeirh @i Estiebketediatived Bila pRGrbm@bgrphild | vat i on.

The cells were
determine the fatty acid composition.

Table 5: Fermentation parameters under optimized buffer conditions

CaCO; |[glucose pHd [DBM |DHA |DHAMBM [DHA {DHASTY
consumption |value al;ea
&L {g/L) @L) (%) (%) ) |elzd)
Sr21 7--5 150.0 7.35 6612 [344 15.28 10.10 [2.52

The medinm being pH-stabilized using CaCOs described in the invention also leads to an
optimization of the production of PUFA in the case of other organisms belonging to
Labyrinthulomycota. 1tis 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 it is
more than 15 % (w/w) of the total dry biomass in relation to n-3 FUFA DHA. This cxample
shows that the optimized pH-stabilized medium forming the object of the present invention
enables fermentafion without pH control for the production of PUFAs also in further members

of Labyrinthulomycota,
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subsequently freeze dried and the dry biomass 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 at 60C (under stirring).
The esters were analyzed in a gas chromatograph to determne the fatty
acid conposition. Table 5: Fernentation paranmeters under optim zed buffer
condi ti ons CaC33 gl ucose pH D13M DHA DHAJDBM D11A. DHASTY consunpti on
value area (9g2) (92) (92) (9 (99 (gti) (g2 x d) SR 21 7S 150.0 7.35 66.12
34.4 15.28 10.10 2.52 The nedi um bei ng pH stabilized using CaCO3 descri bed
in the invRaiedtdaimgl so | eads to an optimzation of the production of PUPA
in the case of other organi sns belonging to Labyrinthulomycota. It is thus
possible to ferment the mcroorgani sm Schi zochytriumsp. SR21 strain in

t he medi um f arpdieg fof beivalijsestro@bamisheofitegant Thonstochveales proeizdi yi el d of

t he essenti al UFA, i1s.slightl enia sp. SAM
2179 (see ex W??OIWS?I?G‘&V“%P?“F%% féd'b}%%véaﬁgﬂ%&b%t al dry

bi omass in rgdda;{ohmmeﬁpmst&lﬁuﬁéneﬂ%paﬁﬁomﬁaé%aprpﬂe@blyyﬁmad@ha@ﬂqu he optini zed
pHstabilized med. um f-ormn th@ ébbj ect of the present invention enables

f er ment at i onPFEE 'm”beﬁ’sé%aﬁ%” $0r the production of PUPAS also in further
menbers of Labyrinthul onycota. 19 Patent clainms: 1. A nethod for
cultivating mcroorgani sns of the genus Thraustochytrial es, characterized

n thal Unen(y shafkaahhs B e, Pl RS m@gr@gma@m@mmdu um with no
nmore than“a mnor addition of other pH stapi

f CaCQs,
pref erabl y vmorhmz%ﬁ&’ﬁ%@mflﬁ@ﬁb%ﬁaﬂmﬁhﬂlﬁ Pﬁg%?ge'gbnﬂgfet m ESQCB 2.

The met hod a@e qjeﬂguﬂ,pwé;%@bmr}bmmgrel n the m croorgani sns br| ng forth a
production o nore than 25, preferably of nore than 35 and very

particularly preferably of nore than 45

3. ﬁe method according to claim 1, wherein the mictoorganisms 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 wi% 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, preforably 4 g/L to 12 g/L,
particularly preferably 5 g/ to 10 g/L and very partioularly preferably 7.5 & 0.5 g/L. CaCOs
are added fo the medivm.

" 6. Themethod according to claims 1 to S, charecterized in that the medium comprises glucose,
corn steep liquor, magnesmm chlonde calcium chlonde calcium carbonate, sodium sulfate,

ammommn suifate and potassmm hydrogen phosphate.

77l. The method according to any one of the preceding claims, characteﬂzed_in that the medium
“has 2 pH value of between 3 and 10, preferably of between 5 ar_l_d 7. '
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wt% oil per unit of weight of dry biomass. 3. The nethod according to claim
1, wherein the mcroorganisns 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 than 22 wt % DHA per unit of weight of
dry biomass. 4. The method according to anyone of the preceding clains,
wherein the mcroorganisns bring forth a production of nore than 1 %
preferably nore than 2 % particularly preferably nore than 3 % and very
particularly preferably nore than 4 % DPA per dry bionmass. 5. The net hod
according to claiml or 2, wherein 3 g/L to 15 g/L, preferably 4 g/L to 12

g/L, particularl referably 5 qil.. to 10 g/ L and wver articularly
pr ef er abl y 87 The o U‘S‘ICEDIWY OQ?%IH%Y@W()“? Bh?‘%; Fﬁ%m%a:t he met hod
accor di ng t 0 oElkiitiB takestpRodhev@RAINADAne 10°C Gakficablyt Hatrteert 258 awd@5°Gm conpri ses
gl ucose, corn steep liquor, magnesium chloride, calciumchloride, calcium
carbonate, sodiumsulfate, ammonium sulfate and potassium hydrogen
phosphate. 7. The nethod according to any one of the preceding clains,
char act er i g.e@hé methdvcarding tremionsaf thepeeseding plimpahuectespedietigidien 3 and 10,
pref er ably of, ReiNPERe dlith o 1Ay oreiHifly IS POkupECOr di ng to anyone of
t hepreceding clains, characteri ze n that the <cultivation takes place
bet ween 10C and 40C, preferably between 25C and 35C. 9. The n®et hod
according to any one of the preceding clains, characterized in that the

cul tivati ofp {RkB8hddlad®lideqs any ohddf #Q ploddfg clpitg,fchirabliyedfiohat et 0 9 days. 10.
The net hod accordi n any one of .the precedi cl.ai characterized in
that the. - m BIOUFGRAR Lpsa eoftgens Serr Bt el T2 el

Thraustochytriumor Ukenia. 11. The method according to any one of the
preceding clains, characterized in that the mcroorganismis U kenia sp.

SAM 2179. 121, EAofTGLAI0M 35 606 oo b R, nckdifeats @@l ng ¢l ai s,

char act erilz croorgani smis Schizochytriumsp. SR 21.
microorganism 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 2 culture medivm comprising exclusively CaCOj; s 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
particulatly preferably at lsast 40 area(%) DA, produced using a method according to any
oneof the claims 1 to 12 and subsequent isolation of the oil from the culture broth and/or the

biomass available thereit.

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 thcrcin. '

-
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13. Uilization of a culture nmedium conprising exclusively CaCO3 as pH
stabilization neans for cultivating mcroorgani sns of the order
Thraustochytriales. 14. G| having a content of at |east 20 area(% DHA,
preferably at |east 30 area(% DHA and particularly preferably at |east 40
area(% DHA, produced using a nethod according to any one of the clains 1
to 12 and subsequent i sol ati on of the oil fromthe culture broth and/or the
bi omass avail abl e t herein. oi | havi ng a content of at least 3 area(%

DPA, preferab | e are DPA a e refgnably at

| east 9 ar@aP‘#‘%ﬁW”@ﬁ%ﬁ%@%&f@ﬂﬁs%% &mcgéo%y%ﬁé%%ggany one of the
claims 1 to ﬂeazaammwamndfﬂmmmmmmm@bmmmmm@scm ture broth
and/ or the %&Fﬁﬁé avail abl e therein. 21 16. DHA of at least 90 %purity,
produced usi & YHbd according to any one of the claims | to 12 and
subsequent isolation of the DHA fromthe culture broth and/or the biomass
avail abl e t he A. of Al ook t -' Sunedipsi ng a net hod
accordi ng Yol f;ﬁy?fgh tgq(;gptpﬁne ’@fal m; 8'ngcan %%1 gﬁent |}$nglaat| on of the
DPA fromt hemqmanmme@emmmmwwmmwwbr@wmoaﬁpbwwer ein. 18.

Bi omass obtain e%l?é{ means of a nethod according to any one of the clains
lto 12 and &t sequen separation of the biomass fromthe culture broth.
19. Aninmal feed conprising biomass according to claim 18. 20. Foodstuff for

human nut ri.ti.on & omEdmREY el BFBRSRAGERF R Bthaf the 6 B HAik81 to B3nd
subsequent.s‘eparation of the biomass from the culture broth.

19. Animal feed comprising biomass according to claim 18.

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