Met hod for the cultivation of mcroorgani sns of the genus
Thraustochytriales by using an optimzed low salt nmediumi. D fferent
PUFAs (polyunsaturated fatty acids) and particularly onega-3 fatty acids
(n-3 fatty acids) are essential conponents of the human nutrition. It is,
however, known that in the majority of industrialized nations, the supply
of n-3 fatty acids 1is insufficient. In contrast to that, the overall
proportion of fat in the diet, as well as the 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 especially in the | ast approx.
150 years i | i i nked.{Si nopoul os,, ALP., 1999, Am J. din.
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cause of death in industrialized nations. A great nunber of studies has
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(WHO,  FACE ounia, whighRatlopcuriBi éspéctily Mihe Tadt yiphoxFI806as, a@Dwhi i bdng €COMMENd a
signific i i | nt.ake of n- aci ds (Kris-Eherton et at,
Fi sh Congiﬂgﬁgt(?%ﬁﬁlﬁ—)lgs‘%pg dP@, M;@iﬁﬁ%? 9%6&?%9%3&%%&33: F HiddlrEeatul ar
Di sease. clepgdipeates efridli@tion, sz 7, 7 s@npleSotdicvesulialiseidhe- thy @duehicon of PUFAs
and, in padehth glih@striafin j I rine ld water fish

e strialized ndfdhd X A6l :ﬂ%:&?rr ozftgrg%\ﬁgs Abdwl o té%

and the oils xtrac{;{ed t heref rom 0 Nnarine mc tI??’sms, whi ch,
conpar ed™* 41 °F 4 @geteherease dhedatokant agdatyiaeids, itrayticularcfivisosasmatieriois f er ment s f of
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GISSI-prevenzione trial., Lancet 354, 447-455; Burr et al. , 1989, Effects of changes in fat, fish,

and fiber intake on death and myocardial reinfarction: diet and seinfarction trial (DART).

Lancet 2, 757-761). Accordingly, many different organizations (WHO, FAO, AHA, ISSFAL,

British Nutrition Foundation, efc.) recommend a significant increase in the intake of n-3 fatty

acids (Kris-Eherton ef al., Fish Consumption, Fish Oil, Omega-3 Fatty Acids, and

Cardiovascular Disease, Circulation 2002, 2747-2757).

Sources for the production of PUFAs and, in particular, n-3 fatty acids are above all marine cold
water fish and the oils exiracted 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 ojls exiracted therefrom (Olsen SE. 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 enlture conditions and is not subjected to seasonal




i nfluenced by selecting the organismand the culture conditions and is not
subjected to seasonal 2 variations, as described for fish and fish
products as well (Ganez-Meza et al. Lipids 1999:639-42). M croorgani snms
suitable for producing n-3 PUFA are found, for exanple, in bacteria of the’|
genus lrbrio (e.g.: Vibrio marinus) or anong the dinoflagellates

(D nophyta), there particularly the genus Crypthecodi nium such as C
cohnii, or anong the Stranenopiles, such as Pingui ophyceae, e.g.

G ossonmst i x, Phaeonobnas, Pingui ochrysis, Pinguiococcus and Polydochrysis.
Preferred m croorgani sns for the fernentative production of PUPA belong to
the Stranenopiles (or Labyrinthul omycota), in particular to the order
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of the genus Schizochytrium, while the patent application WO 98/03671 discloses the

praduction of PUFAs using microorganisms of the genus Ulkenia.

The natural habitat of the desctibed microorganisms aod in particular of Labyrinthulomycota is
a marine habitat, Consequently, these microorganisms are usually cultivated in salt-containing
media, where, for the purpose of the present invention, the salt content of sea water is defined as
32-35 g/L and a content of 90-95 % of sodium and chloride. Typical media for cultivating
marine microorganisms such as Thraustockytrium or Sckizocl';zytrz‘um 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+ ghucose 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 salinify 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). | -




described as being only very | ow and wi thout internediate maxi numlevels in
the low salinity range. Optinal growh rates are only achi eved above the
abovenentioned salinity limt (Fan et al. Botanica Marina 45, 2002, pp.
50-57). 3 Reduced salt contents of about 50-60 %'of sea water have
nonet hel ess been described for the comercial fernmentation of euryhaline
m cr oorgani sns. According to Henderson's "Dictionary of biological terns",
euryhal i ne marine organi sns are thoge capable of adjusting thenselves to &
broad range of salt contents (anderson W D., Lawence, E., Henderson's
di ctionary of biological terns, Cs' ed. 1992, p. 173). It has been
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No. 6, 451 56))@ LAl so described is he use of culture nedia with a | ow
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has been h;lf; .Qf ex%{% [ rrﬂg, gq ni.sns of the genera
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chloride in a concentration of less than 3 g/L (U S. Pat. No 5, 340,742,
U.S. Pat . It kep bgenglsseribeg that wrﬁlalumatlxcrommmméo@&m)o the Strangnaglifec(oknown t hat
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conpared with salt water. Par reference I's na here to the patent

docunent stedyerdmpgnayspdinm fons 50§ efz;saw(ms PatyNg, 6,4544567)- N:so &suibadis67, U. S.
Pat. No 6hdd offkure hbdid ﬁxtﬁugﬁﬁﬁsndﬁﬁamﬁnhﬁﬁe Jsbjaﬁwfehﬁrﬁ{i}tﬁfn@%{at:&m% gg 1a A d
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spectra Wy &451867, 8. ratnRs §380s | y correspond with the desired products, but
must be procedurally nodified first.

It is further known that for the fermentation of a mieroorganism of the genus Schizochytrium
(Schizachytrium sp. 831; ATEC 20888) a maximum in the relative yield of fatty acids is
achieved at a sodium chloride concentration of 1.75 g/L. The total amount of salt used therefor

is less than 10 % of the sea water salt content, but it comprises primarily sodfum and chloride
ions (EP 0 512 997 B1 and U.8. Pat. No 5,518,918)

All the methods described so far do, however, have disadvaniages. The effectiveness of
fermentative processes is limited pariicularly by the attainable biomass and the product content
per biomass. Furthermore, the oils produced can partly present faity acid spectra which do not
necessarily correspond with the desired products, but must be procedurally modified first.
Processing is aften 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 fo massive problems during the

processing of the produets, but represents an extreme environmental disadvantage, since, not




Processing is often conplicated by the to sone extent |ow product content
per biomass because of the relatively | arge anobunts of bi omass needed to
be processed in order to obtain relatively small product quantities.
Moreover, all the nethods ‘described so far involve relatively high total |
salt contents in the culture nedia. This |leads not only to massive probl ens|
during the processing of the products, but represents an extrene

envi ronment al di sadvant age, since, mot f 4 only |large amounts of bionass,
but al so wastewaters contai ning |arge anounts of salt are generated, which
need to be disposed of. In the light of the state of the art, it was
therefore an object of the present invention to provide a novel, sinple
and econgdl prgdBkARs of Biomesd) Buk MalvrR@wakRE daslReithd dntthes olisit g Nedi a
conprising reduced sal} $ontgg%s. Apart from being cost effective, the _
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conpri se&ﬁgedqgglpglgm{sg{cth%]gggﬂgwbgﬁgy_gh purity PUFAs. Preferred PUFAs are,
according to the i1nvention, DHA DPA.and EPA. Particularly, the
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The invention further comprises a method for producing high purity PUFAs,
Preferred PUFAs are, according to the invention, DHA, DPA and EPA.

Particularly, the microorganisms cultivated by means of the abovementioned method present a
production of more than 10 %, preferably more than 14 %, and particularly preferably more

than 18 % DHA per dry biomass.

Particularly, the microorganisms culfivated by means of the abovementioned method show a
production of more than 5 %, preferably more than 7 %, and very particulatrly preferably more
than 10 % DPA per dry biomass.

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 vsed in all imaginable ways. In particular, this biomass can be used, for
example, in dried form {dry biomass), directly as foodstuff or animal feed.




The PUFAs can be obtained in high yield and purity by isolating the PUFAs
fromthe mcroorganisns (bionmass) and/or culture nediumfollow ng the
cultivation. In addition, the present invention conprises a nethod for
produci ng bi omass, where the biomass is provided by the cultivation method,

according to the invention. This biomass can be used in all inaginable
ways. In particular, this biomass can be used, for exanple, in dried form
(dry bionmass), directly as foodstuff;or animal feed. | s rn addition, the

invention also conprises an oil type which is obtained by carrying out the
f cultivation nethod according to the invention and by isolating said oil
fromt heaﬂ;}n gq .Qor gani sms (bi omass) and/or culture medium In particular,
this is ifiony g veptipR Hso cQBRRSES M ailkiyieavirh frakisined bierearipgertdispl i cati ons,
can be atUEBAGROMSINoISLH thelhveRIRR BYdolatitd 01 oil HOA S diltSorgRRML t i ONS

according,fo tR i the m croorgani sns thereby present a
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% phosmﬂtﬂntapwdsyum&mhummuempmnds to the nornal fatty aci d spectrum of
Thraustochytrl al es known to the person skilled in the art. The neutral
li pi ds t ReEKetsle conditions seording 19 bainvengon, Yemidrerrgapions thesbamdemzher conpounds
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but possibility of fermenting a marine m1croorgamsm at such a low salt concentraﬁon whmh

corresponds fo less than 10 % of the fypical sea salt content, and in patticular the fact that it is
possible to completely dispense with the addition of Na™ and CI” ions, which dominate in sea

water and normally account for approx. 90 % of the ions available in sea water, was totally

sutprising.

Surprisingly, not only the fermentation itself was possible, but, in addition to that, the
propbrtion of PUFA. in the biomass significantly increases when using the low salt medium
according to the invention. Even more surprising is that this effect not only compensates, but
even exceeds a slight decrease in the produced biomass (example 2). The proportion of the
predominant PUHA DHA per dry biomass has hereby incréased 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 sakts, and ali
this af 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 Thraustochyiriales using a2 medium with such

low salt concentration and with no sodivm and chloride additions.




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 relation to the conparative fernmentation in
medium 1l (50 % sea water salt content). Product processing is sinplified |
by the higher product concentration and | ower contamination with salts, andf
all this at an overall larger space-tine yield. Until the present

i nvention, no known fernmentation prgocess was avail able for the production
of n-3 fatty acids in nicroorganisﬁs of the order Thraustochytriales using
a mediumwi th such |ow salt concentration and with no sodi um and chl ori de
additions. 6 PUPAS are polyunsaturated long chain fatty acids with a chain
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and Bartlett Publishers, ISBN 0-86720-052-9 1990, pp. 388-398). Particularly preferred are

microorganisms of the genera Japonochytrium, Labyrinthuloides, Aplanochytrium Althornia,

Schizochytrium, Thraustochytrium and Ulkenia. Of these, Schizochyirium, Thraustochytrium
und Ulkenia are very particulorly preferred. Particularly preferred are: Japonochylrium sp.
ATCC 28207, Thraustochyirium aureum (particularly ATCC 28211 and ATGC 34304),
Thraustochytrium roseum ATCC 28210 Thraustochytrium sp. ATCC 20890, ATCC 20891,
ATCC 20892 and ATEC 26185, Schizochyirium aggregatum ATEC 28209, Schizochytrium sp.
ATCC 20888 and AT!.EC 20889, Schizochytrizum SR21, as well as Ulkenia sp. SAM 2179 and
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.




and Ui kenia are very particularly preferred. Particularly preferred are:
Japonochytrium sp. ATCC 28207, Thraustoehytrium aureum (particularly ATCC
28211 and AT-C 34304), Thraustochytrium roseum ATCC 28210 Thraustochytrium
sp. ATCC 20890, ATCC 20891, ATCC 20892 and ATeC 26185, Schi zochytrium
aggr egat um AT, CC 28209, Schi zochytrium sp. ATCC 20888 and AT 20889,

Schi zochytrium SR21, as well as U kenia sp. SAM 2179 and SAM 2180.

M croorgani sns suitable for the method according to the invention are both
wild type forms, and nutants and strains derived therefromas well as
reconmbi nant strains of the corresponding organisns. The present invention
especially conprises nutants or reconbinant strains for increasing the
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mean an astthakticolarly grefB@bifiof < 10 %. Very particularly preferred is a total salt content of < 8 %

of the salt content of sea water.

No sodium salts are added to the low salt medium. No chloride salts are further added io the low

salt medium according to the inveotion.

‘According to the present invention, addition is understeod to mean an addition in both
dissolved and solid form. For example, the addition of sea water, even in the smallest amounts,
would be, according fo the iﬁvention, an addition of sodium and chloride salts. The addition of
unusual media components to the medium according fo the invention must, if these unusual
media components contain corresponding sodium or chloride ions, also be understood as
addition of these salts. It is, however, clear to the person skilled in the art, that the usual {an.d
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 wi% NaCl. If, for this reason, yeast extract is
added to the medivm in the usual amounts, i.e. between 16 and 20 g/L, the NaCl confent
increases by less than 0.2 g/L. This is not regarded as NaCl addition according to the invention..




di ssolved and solid form For exanple, the addition of sea water, even in

the smal |l est anbunts, would be, according to the invention, an addition of
sodi um and-chl oride salts. The addition of unusual nedia conponents to thg:
medi um according to the invention nust, if these unusual nedia conponents i
contain correspondi ng sodiumor chloride ions, also be understood as )
addition of these salts. It is, however, clear to the person skilled in the

art, that the usual (and nostly negessary, i.e. essential) nedia
conponents water (tap water), yeast extract, corn steep liquor or simlar
conprise a very small, unavoi dable own proportion of sodiumand chloride.

The addition of such usual nedia conponents is therefore not understood as
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is very partl cularly preferabl ess than g/L, preferably |less than 500
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250 ng/ Li.75T¢e sum of the weight fractions of Na ions and Cl ions is
particularly preferably less than 1.75 g/L. The |ow salt nedium further
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cul tivating croorgani sns of the order Thraustochytri.ales, are well known
to the G@F@%ﬂfsﬂmslof@éloﬁdw TE”FFE’S“'QW” ’GIE{E%B?IH‘“E%E’GIFF%&{)%? @d ¥ exanpl e
car bohydrates such as glucose, fructose, xylose, sucrose, maltose, soluble
st arch, Waablesmhongoweostafir wamp&smbmladratesﬁuﬁhaaaiueosaéiiuﬁoseﬁﬁ'lxoé%@?se»gI ycerin or
manni t Olmﬁ{ose L Rfle s@{‘cﬁ 1?&@8 glut:&ar?ﬁw,\&@;@l% 3Rk:Eid Wl AbMsal 8Feeribsabl e nat ur al
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Usable natnral nitrogen sources are, for example, peptone, yeast exiract, malt exiract, meat

extraci, casamino acids, corn steep liquor or soy beans, usable organic nitrogen souces are, for
example, glitamate and urea, but also inorganic nitrogen sources such as, for example,
ammonium acetate, ammonium hydrogen carbonate, ammonivum suifate or ammonium niteate

can be used as nitrogen source,

The low salt medium can contain all other components kniown to the person skilled in the art fo
assist the cultivation of microorganisms of the order Thraustochytriales, in particular
inorganic salis of, for example, Ca, Mg, K, Fe, Ni, Co, Cu, Mn, Mo or Zn. Phosphates such as
potassium hydrogen phosphate, or carbonates such as calcinm carbonate, sulfates such as
ammonium sulfate, magnesitim sulfate, iron sulfate or copper sulfate may be mentioned
examples. Further usable inorganic salts are, for example, halo genides, such as potassium

bromide or potassium iodide.

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

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




exanpl e, glutamate and urea, but also inorganic nitrogen sources such as,
for exanple, ammonium acetate, ammoni um hydrogen carbonate, ammoni um
sulfate or anmoniumnitrate can be used as nitrogen source. The | ow salt
medi um can contain all other conponents known to the person skilled in the |,
art toi ~. assist the cultivation of m croorganisns of the order '
Thraustochytriales, in particular ! inorganic salts of for exanple, Ca, M,
K, Fe, Ni, Co, Cu, Ma, M or Zn. Phogsphates such as potassi um hydrogen
phosphate, or car bonat es such as cal@ium carbonate, sulfates such as

amoni um sul fate, nmagnesium sulfate, iron sulfate or copper sulfate may be
menti oned exanples. Further usable inorganic salts are, for exanple,
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Preferred nutritive components are glucose, yeast extract and/or corn steep liquor (CSL) in the
usual quantities as well as further common nufritive components known to the person skilled in
the art.

The pH value of the medium is sef to a range of 3 to 10, preferably 4 to 8, particularly preferably
5 to 7, very particularly preferably 6 by adding a corresponding acid or base.

The 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.

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 petiod of 1 to 12 days, preferably 2-10
days, particularly preferably 3-9days.

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




Preferred nutritive conponents are glucose, yeast extract and/or corn steep
| iquor (CSL) in the wusual quantities as well as further common nutritive
conmponents known to the person skilled in the art. The pH value of the
mediumis set to a range of 3 to 10, preferably 4 to 8, particularly
preferably 5 to 7, very particularly preferably 6 by adding a
correspondi ng acid or base. The nediumis subsequently sterilized.

Techni ques for sterilizing media arg well known to the person skilled in
the art, autoclaving and sterile filtration may be nentioned as exanpl es.
Cultivation can take place batchwi se, in a fed-batch node or continuously,
as it is generally known to the person skilled in the art. Batch or
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review of production technologies, Seafoods — Quality, Technology and Nutraceutical

Applications, 2002, pp. 157-174].
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Figure 1 shows the production of DHA in dependence of the salt concentration. The maximum

in the range according to the invention is clearly visible (data from example 1).

Figure 2 shows biomass and DHA confent in dependence of the salt concentration. The
maximum in the range according to the invention is also cleatly 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.

stances are understood to |




revi ew of production technol ogi es, Seafoods - Quality, Technol ogy and

Nut raceutical Applications, 2002, pp. 157-174]. Figure 1 shows the
production of DHA in dependence of the salt concentration. The maxi mum in
the range according to the invention is clearly visible (data from exanple |,
1). Figure 2 shows bi omass and DHA content in dependence of the salt
concentration. The nmaxinmumin the range according to the invention is also
clearly visible in this case (data from exanple 1). The fernmentation

medi um forming the basis for the netldod according to the invention is
descri bed hereinafter by way of sonme exanples. The fernentation nedi um as
well as the invention is, however, not limted to these exanples. Exanple
1: | nfl ueBeengd 1:diffbee efdiffsad baliquaiitisstin RSmediurh hethe@Rodudion@i FUvebpr oduct i on
of PUFA b U ke SAM 2179. SAM 2179 strain (U kenia sp. BP-5601;
W09803671 k?ﬁé%‘%%‘@@red in 50 M mediumin 300 nl Erlenneyer flasks with
a baffle (tenperature: 28C, shaking rate: 150 rpm. Medium 1: DHLl nedi um
G ucose nonohydrate (g/L): 56,25 Yeast extract (g/L): 12,5 [Difco] Tropic
Marin (g/L): 16,65 [Dr. Biener GrbH, Wartenberg, Germany] pH value set to
6.0 wit h &mzmmkem Bfe&tﬁourWOWOBﬁo}mamalma)e(i nFuslos@ivrinedty dr at e

(g/L): allz%‘rf Ye%%; ﬂzg sw1 tb{l@g lel%e éég‘{CDshaﬁinérathgb Val ue set to 6.0 with

HCl The s rln) were-use |nthefoIIovv|ng
concentrations:; 1X (rredl um 1), 0.75X (nmedium1.1), 0.5X (nedium1l.2),

0. 25X (nededim LD medinm | X (nedium 1.4). Cell harvest was carried out by
cent ri f ugdtdosrmafobgtratd@/IN: of Wbt vati on. The cells were subsequently
freeze dryeggeﬁ&qt@ls; dry biomgss depgii ned, Cell digestion and fatty acid

determn rried out, b eat treatment in 10
% met hancailt“?pé“ W hloric ac%@ﬁaﬁ@b%eﬁﬁﬁz&’é’g ‘gr%lit‘?"g‘? &%maﬂ’i]e esters were |
anal yzed pHrvalve gzl e §hwitlnEHCogr aph to

Medium 2: DH2 medium (without salf)
Glucose monohydrate (g/L): 56,25

Yeast extract (g/L): 12,5  [Difeo]

pH value set to 6.0 with HCI

The salts of medium 1 (Tropic Marin) were used in the following concentrations: 1X (medium
1), 0.75X (medium 1.1), 0.5X (medium 1.2), 0.25X (medium 1.3) and 0.1X (medium 1.4).

Cell harvest wasg carried out by cenirifugafion after 48 h of cultivation. The cells were
subsequently freeze dried and the dry biomass determeined, 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 t6
determine the fatty acid composition (Wanasundara, U.N., Wanasundara, J., Shahidi, F.,
Omega-3 fatty acid concenirates: a review of production technologies, Seafoods — Quality,

Technology and Nufraceutical Applications, 2002, pp. 157-174).




determ ne the fatty acid conposition (Wanasundara, U.N., Wanasundara, J.,
Shahidi, F., Orega -3 fatty acid concentrates: a review of production

t echnol ogi-es, Seafoods - Quality, Technology and Nutraceuti cal

Appl i cations, 2002, pp. 157-174). 12 Table 1: Influence of different salt
contents on fernentation paranmeters Total salt content NaC Time DBM DHA/
D1- TA DHA of sea water in relation DBM quantity space-tine to sea water-
yield (ca- %9 ca. g (h) (glL) (% (g/L) (g/Lxd) Medium1l' 50 15 48 25.4
16.6 4.20 2.11 Medium 1.1 37.5 B 48 23.7 163 3.87 1.94 Medium 1.2 25
7.5 48 22.5 18.9 4.26 2.13 CE NEdluml.S 12.5 3.75 48 19.9 .21.2 4.22 2.11
J Medium1l1l.4 5 1.5 48 21.0 23.9 5.02 2.51 Medium2 0 0.48 17.2 19.0 3.25

1.63 . e val r t WO, expeyri nent.s ively. DBM Dry
bi omass; T% %%‘li}? /lll S% ?g’%t °8§t§?\t§§'b§ﬁ%enéat5}% |985a%{p%ger% unit of wei ght DBM
g/ Lxd space-ti Meyydelotterk M@l @8 TRRIDAM t €fuAper puglay; pha hour, CE

conpar ati ve exasrph@aefabl enrditiod nf | uence obemdi f uetignt spsatite cont ents on the
fatty aC|d spectrum 14: @ps§Sva@r 16 0 22: 5 22: 6 O her YA DPAWG DHAW fatty

aci ds t G (% ) q Med ng 37“’)22%(5[ 7 5.5 ) Medium
1.1 2.6 ;10.4 45, 62 di g 203 6 20s45 115‘&47.46.3~CE .

ﬁ 9 30.5 31@ 8 46 48 6225 ) isMemwml 4226 4.8%832.4 11.1 43.5
5 6 l\/EdlMﬁfmats 2122 8.2 2534512. 046.1496. Q12" t Merag%lival ues fromtwo

exper i mé¥lian Lt eSpect i vel §3 By BN -l

“ Average values from two experiments, respectively.

" DBM: Dry biomass, DHA/DBM: wi% DHA (docosalexnenoic acid) per unit of weight DBM; g/lxd space-time yield in geams per liter per
day; b: hour; CE: comparative example

Table 2: Influence of different salt contents on the fatty acid spectrom

14:0 1510 16:0 22:5 22:6 Other
Pa Dram6 DHA®m3I  faity acids

(%) (%) (%} (%) (%) (%)
Medium 1" 2.9 1.7 322 10.2 457 55 3
Medium 1.1 2.6 3.8 318 10.4 452 62
Medium 1.2 2.8 3.6 29.5 1.2 474 6.3 }CE
Medium 1.3 2.0 ‘39 30.5 - 10.8 46.3 6.5 J
Medium 1.4 2.6 4.8 324 1.1 43.5 5.6
Medium 2" 22 82 254 12.0 46.4 6.0

*} Average vatues 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 UZkenia sp., SAM 2179 strain, for different concentrations of Tropic Marin,
starting from a sea water salt content of about 50 % to Q %, shows that the biomass has a
tendency to decrease with decreasing salt content in the medium. The fermentation at a low salt
confent 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 sait content. For

the space-time yield of the essential PUFA DHA, this results in a maximum at a sea water salt




14:0 nyristic acid; 15:0 pentadecanoic acid; 16:0 palmtic acid;, DPAwWG:
docosapentaenoic acid (onega6); DHAnB: docosahexaenoic acid (onmega3) The
fermentation of U kenia sp., SAM 2179 strain, for different concentrations
of Tropic Mann, starting froma sea water salt content of about 50 %to O
% shows that the biomass has a tendency to decrease with decreasing salt
content in the nmedium -The fernentation at a low salt content of about 5 %
of sea water, however, surprisinglylBepresents a significant exception.
Here, the biomass production trend surprisingly features an internediate
maxi mum where hi gher values are attained again. In addition, the
proportion of the predom nant fatty acid DHA in the dry_ biomass increases
with decr@&&‘-‘ﬁ‘rﬁawgi Bdsee dpble DaBiimaximimelaads i an dirreasecd! ﬁa@ﬁﬁtssachﬂ@hest val ue

al so at Sywmetmtrbﬁaepﬁ%vnteefop&atﬁofmmseaQeersamt@eo%aﬁt@fytgr even | ower
sal t content For the space- tlnEéi( of the essential PUF A’DHA this

resul ts |W&5°%§1&W[h@%a%dé§e%$ fglﬁlétll‘twelﬁmn Bohighener lofer scontess o (see

Tabl e 1) . (seblaBle Qﬁﬁﬁtﬂé%&rﬂ@ﬂ&u&@t?&r Dmrzﬁ@ﬁiﬁy pfiastohsil iDEW-RRaGewdEE Vi el d of
nore than 15 gﬁé‘l ro ort on o a. sea water salt content of abouty

5 061, i A hghestlsver prgtieon B‘E?‘éteFT?béﬁlﬂﬁalﬁwéa%ﬁe‘EWEﬁﬂgt%qq fofy 1 ower
than for the gt ibfentionwrl déalbbedbanl 8Nthée simedgTabke 2), but the overall
productivity for DHA and fatty acids or oil in general is, however, at its
hi ghest | evel at precisely this point (see Table 1). The | ow salt nedi um
bei ng the object of the present i nvention was devel oped based on these

surprisi duct i U Kkeni 2 Sp. SAM '
3178 i n diepERd: r"f‘%?%%&@?ﬁ o Ak PR o LR AR v e I 50
m medlumln 300 ErIenrre er flasks with a_baffle iiSﬁ)errperature 28C,

shaki ng ro4féz2! 5@“?%*)"“ B m mpsfipm S mhfdopers Sasmviga ot e (g/ L) :

56. 25 Yeqminp@¥iilerTsC (sGiking ratd:2508pdhJA f co] Tropic Maria (g/L): 16.65 [Dr.
Bi ener GrbH, Wartenberg, Germany] pH value set to 6.0 with HO Medium 2:

DH2 medi ymgbw 1. they@ld): G ucose nonohydrate (g/L): 56.25 Yeast extract
(g/L) '_ 1 glucoEe mon%l?lyldrate (g/L): 56.25

Yeast extract (g/L): 12.5 [Difco]
Tropic Marin (g/L): 16.65 [Dr, Biener GmbH, Wartenberg, Germany]
pH value set to 6,0 with HC]

Medium 2: DH2 medivym (without salt):
Glucose monohydrate (g/L): 56.25

Yeast extract (g/L): 12.5 [Difeo]
pH value set to 6.0 with HCl

Medium 3: DH3 medium (with salt supplement without sodium and without chloride addition):
Glucose monohydrate (g/L). 5625

Yeast extract (g/L): 12.5 [Difeo]
Magnesium sulfaie (g/L.): 1

Calcium carbonate (g/L) 1
Potassium phosphate {(g/.) i

pH value set to 6.0 with HySOy

Cell harvest was carried out by centrifugation 48 h afier cultivation, The cells were

subsequently freeze dried and the dry biomass determined. Cell digestion and fatty acid

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

determine the fafty acid composition.




pH value set to 6.0 with HO Medium 3: DH3 nedium (with salt suppl enent

W t hout sodi um and wi thout chloride addition): @ ucose nonohydrate (g/L):
5625 Yeast extract (g/L): 12.5 [Difco] Magnesiumsulfate (g/L): 1 Calcium)|
carbonate (g/L) 1 Potassium phosphate (g/L) I pH value set to 6.0 with
H2804 Cel|l harvest was carried out by centrifugation 48 h after
cultivation. The cells were subsequently freeze dried and the dry bionass
determ ned. Cell digestion and fattysacid determ nation was carried out by
means of 2 hour long heat treatnent in 10 % nethanolic hydrochloric acid
at 60C (under stirring). The esters were analyzed in a gas chromatograph to
determ ne the fatty acid conposition. 14 Table 3: Influence of different
sal t contraeklt 3: Iefludues sf@iffeadnit ekt qoafeniyet BrueifgioalpasaieterNaCl Ti ne DBM D1- | N DHA
DHA content of in relation DBM antlt acetlrre sea water to sea .
water yield _ cd™og d“ac, T)‘“‘“’( % ﬁE I,g) ,ng<d) Medi um 1' 50 15 48
25.4 16.6 4.20 25;’1;2’; D ’;a;ve exarrp di d 0 48 17.2 19.0 3.25
1.63 Medium 3'* 10 0 48 22 18.9 4.29 2.14 Average vaI ues fromtwo
experiments, respestivehry.. ) (Avetzdpe @l ue&Lir ofgledir ee experiments,
respect iN®€ll Thé | ow dal t medBun?™i t gt s&fi umtdhd wi EBBIE chl ori de

addi ti onmangoer ding to tthe inveati o wad fisst uséd in the fermentation at
a concerMimmpon &Ff abot 10 %%f e sBA wat¥r s&ft content (nedium 3).
The bi 0nMBs6£S:6kindh At REEIGIM T ARkra ke Bih hrghfedmys lepwiety. | N conpari son with
fermentations using about 50 % sea water salt content, the DHA content per
dry bi omBisSow Salt di‘tﬁmﬁvﬁmohtaﬁeﬁﬁﬁ and withsut shivnbie iadditivgl aycokdiagdo thg inventiaver al | equal

or even wl;vartlscﬁrrsﬁ useca BOR nnen%alic%e at Xico%lcgﬁs.ration of about 10 % of the sea water salt content
{medium 3). The biomasses obtained therewith are .sh;ghﬂy lower in comparison with
fermentations using about 50 % sea water salt content, the DHA content per dry biomass is
however larger, thus surprisingly leading to overall equal or even increased space-time yields
(see Table 3). This is of considerable advantage for a later processing of the biomass to obtain
DHA. Surprisingly, it was therefore shown that it is possible fo advantageously completely
dispense with the addition of sodium and/or chloride (the main salts in sea water) for the

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 m! Erlenmeyer flasks with a baffle
(temperature: 28°C, shaking rate:150 rpm).




(see Table 3). This is of considerable advantage for a | ater processing of
the biomass to obtain DHA. Surprisingly, it was therefore shown that it is
possi bl e to advant ageously conpletely dispense with the addition of sodiun
and/or chloride (the main salts in sea water) for the " fernentation.
Example 3: Influence of different salt quantities in the nmedi um w t hout

sodi um and without <chloride addition on the production of PUFA by Udkeni a
sp. SAM 2179. SAM 2179 strain was cyktivated in 50 mM nediumin 300 ni

Erl emmeyer flasks with a baffle (tenperature: 28C, shaking rate: 150 rpn).
15 Medium 3: DH3 nedium (wi.th salt supplenent w thout sodium and w thout
chloride addition) d ucose nonohydrate (g/L): 56.25 Yeast extract (g/ L):

12.5 [Dl f 1 dium MEges bdam S fal Spdl@hdat dithodt s%ﬁhﬂ&%ﬁ&t@ﬁ&ﬁe%ﬂ&tﬂﬂ-) I | X

salts assi um te ( 1 pH value set to 6.0 wth H2S04 The salts
of i nedi u 1CqRp pan %%%ﬁgrgﬂ“)t he%r%ﬁ) | owi ng concentrations: | OX conprising 10

g/ L each,Yeatxxashfgfidsi ng 2 glAS eacHDifdoK conprising 1 g/L each, 0.5X

conpri si ngs cMéd}faﬁ .or 0.25X cqonprising 0.25 g/L each. Cel | harvest
was carr out trlfugatlon gfter 48 h of cultivation. The cells were

subseque Wfaé ed and t he Bionass deternined. Cell digestion
and fatt)Poacandnﬁ&islﬂfam(gmll on was cdrrl ed out by neans of 2 hour long heat

treat rrenIPH‘;aluJege“{g g@d ¢ hydrochloric acid at 60C (under stirring).
The esters vvere an yzed'In a gas chromatograph to determine the fatty

Tab] e

?gir(rjre(r:]?at' & E’Emjr%’ere‘;l‘g&%nrtéeggpogﬂ?ﬁgf’%{%ﬂ?{’% %@%ﬁgmﬁi C)content of|

in relat izéﬂtoﬁBM1ngLBg7{L edel, IXpameridiigries/L el OiXicemprising Dcq/Makiesr W58l d ca. % ca.
g (h) (”c))mﬁ?@n(ogfslg)l,éaghl-)(d) Medium 3 (10OX) 100 O 48 32.5 12.5 4.05 2.03
Corrpar ati &

Cell harvest was carried out by cenfrifugation 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.

Tabie 4: Influence of different salt contents on fermentation parameters

Total salt  NaCl Time DBM DHA/ DHA DHA
content of  In relation DBM quanfity space-time
sez water 10 sea water yield
ca % ca. g B (L) (%) {g/L} (e/Lxd)
Medium 3 (10X) 100 ¢ 48 325 125 4,05 2,03 Cﬂmpsiralive
example
Medium 3 (ZX) 20 0 48 238 203 4.82 241
Medium 3 (130" 10 ¢ 48 227 189 429 2.14
Medivm 3 (0.5X) 5 0 48 227 212 4.82 241
Medium 3 (025X} 2.5 ] 0 48 212 197 4.18 209

"t Average values from three experiments, respectively.

Determination of the optimal salt concentration of the fermentation medium without sodinm
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 wag again the highest for a salt content of 5 % of sea water (se¢
also example 1). Productivity expressed as space-time yield also has an optimal value at this

salt content (see Table 4).

ERR




example Medium 3 (2X) 20 0 48 23.8 20.3 4.82 2.41 Medium 3(1X)" 10 O 48
22.7 18.9 4.29 IN Medium 3 (0.5X) 5 0 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 "t Average values fromthree
experinments, respectively. Determi nation of the optimal salt concentration
of the fernmentation nedi umw thout sodium and w thout chloride addition
was carried out by fernmenting the mcroorganism U kenia sp. 2179 strain in
t he abovenentioned nmediumwi th diffesent 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 exanple 1). Productivity expressed as
space-tine yield also has an optinmal value at this salt content (see Table
4). 16 Bxumplet: BrodiRfiadd CUFAmsiog SdAiRkywism 882 Sarain £8nbhrydhyicumsBR21 st rain
(Schi zoc ARV R Ay ’ _ ) in different fernentati on nmedi a.
Schi zoch;}%i?f’*u%g@g%%s R A A S T
Erl ennmeyer  flasks with a baff|e (tenperature: 28C, shaking, rate: 150 rpm.
Medi um 1:§Cm5%%’ﬂ’? %ﬁ‘ﬁl@ﬂ%{’@é"’hﬂﬁ#&épﬁ‘? E‘“E“&} 300 %Erﬁm%gfs%‘%’fhr act (g/L):
12. 5 [ D faoafie lenpiraud/@8TC, (igking ratclB0@5m)[ Dr. Bi ener GibH, Wart enber g,
Germanyl pH value set to 6.0 with HCL Medium 2: DH2 nedium (w t hout salt)
A ucose npoalY drafig.adil) : 56.25 Yeast extract (g/L): 12.5 [Difco] pH
val ue set_to_b‘.—U‘Wt‘h_ggl_ Necﬁ%i gm 3: DH3 medium (with salt suppl enent
wi t hout SHUCSHPUARKIR Gt A81%ri de addition) @ ucose nonohydrate (g/L):
56. 25 Yed&astestaptdgl): (gl L) : 3255 [ DiBito]

Tropic Marin (g/L): 16.65 [Dr. Biener GmbH, Wartenberg, Germany]

pH value set to 6.0 with HCL

Mediom 2: DH2 medium (without salf)
Glucose monohydrate (g/L):  56.25

Yeast extract {g/L): 12.5 [Difeo]
pH value set to 6.0 with HCE

Medium 3: DH3 medium (with salt supplement without sodizm and without chioride addition)
Glucose monohydrate (g/l.):  56.25

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

pH value set to 6.0 with H,S0,

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 cartied out by means of 2 hour long heat treatment in 10 % methanolic
hydrochloric acid at 60°C (umder stirring), The esters were analyzed in a gas chromato graph to

determine the faity acid composition.




Magnesium sul fate (g/L): | Calciumcarbonate (g/L) | Potassium phosphate
(g/L) 1 pHvalue set to 6.0 with H2804 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
determ nation was carried out by nmeans of 2 hour long heat treatnment in 10
% nmet hanolic hydrochloric acid at 60C (under stirring). The esters were
anal yzed in a gas chromatograph to determine the fatty acid conposition.
. |I°r 17 Table 5: Influence of different salt contents on fernmentation
paranmeters Total salt NaCt Tine DBM DHA! DHA DHA content of in relation
D.BM quantity space-tine sea water to sea water yield ca. %ca 5 (h) (c!lL)
(% (9! L)l bt ¥ biedon 0 comPhsd G nckaibn pbafoer1 181 Comparal i ve
example Medium2 SR 21 0 0O .5 18.2 3.56 1.78 -MediunB, SR21 10 O 48
22.3 18.7 4.17 2.09 Tckablte B&Cll an'uleano&Mof DdiAf f BNt SAlit contents on the
fatty acid spectrum qefrer@of] Singplatig: 0 22: 5 22 DEMQOx Mgty PAPRRIARNG DHAWS fatty
acids (% (%9 (% (H*(% PH*¥Mdium1 SR 21 3.5 3.3'#5.4 7.5 37.5 4.8

Conpar ative exanpl e, «J}/Edl umZ SR @L gnp S¢d 43.¢dy7. 4 (36> 4. 2 Medi um 3 SR

21 3.5 4AnMedidliskzV. 1 6.1 4. 8 48 271 13.7 3.61 1.81 Compalranvc
example
Medium 2 SR 21 0 0 48 195 18.2 3.56 178

Medium 3 SR 21 10 Q 43 223 18.7 417 2.09

Table 6: Influence of different salt contents on the fatty acid spectrum

14:0  15:0 16:0 22:5 22:6 Giher
FA DPAme DHAw3  fafty acids
(%) (W) (%) {%) (%) {%)
Medium 1 SR 21 35 3.3 43.4 73 375 4.8 Comparative
. cxample
Medium 2 SR 21 3.5 5.3 43.1 7.4 36.5 4.2
Medium 3 SR 21 3.5 4.1 444 7.1 36.1 4.8

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. It is thus possible to
 ferment the microorganism Schizochytrium sp. SR21 strain in low salt medium without salt and
without chloride addiﬁoﬁ In this case, the DHA content related fo the dry mass also has an
dptimum 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.




The | ow salt nmedi um described in the invention also lead's to an
optimzation of the production of PUFA in the case of other organisns
bel ongi ng to Labyrint hul onycota. It is thus possible to fernent the

m croor gani sm Schi zochytrium sp. SR21 strain in |ow salt nedi um w t hout .
salt and wthout chloride.addition. In this case, the DHA content rel ated
to the dry nass al so has an optinmmvalue for a salt content of 10 % of
sea water. Furthernore, an even stronger effect on the space-tine yield of
DHA and, with it, on the fermentati o productivity is manifested herein.
The DHA content related to the overall fatty acid spectrumis also-slightly
reduced in this case (see Table 6), although wi thout affecting a
surprisipgly bi.gh space-time DHA yield (see Table ©5). The |ow salt nedium
on which the present invention is based | eads to a general production
i ncrease of PUFAS for different nenbers of the Labyrinthul onycota. 18
Patent clains: |I. A nethod for cultivating m croorganisns of the genus
Thr aust oghytdiah 65 culivaghShidrobiaanisnisiof the gengalfiremeciatredaiteicipdbed in a

fermentation medi.um wi t hout addi ng sodi u il QLhegqsal ts, the
‘total sal t TEERPFEANEMIAE HYHRIELE A &ﬁ?gtém%nma%ngkﬂﬁ%t *Salts. 2. The method
accordi ng tigorfik stttk tomhatmnmnﬁuamgtmﬂhanéﬁﬂnvfgm splfsi ng forth a production
of nore than 30 wt% oil per unit of weight of dry bionass, preferably of

nore than 35 wt%oil per dry bionmass. 3. The net had accordlng to claiml
or 2, whr BhamaipdneoBing/id clbmEOFherein i micstorspnipmiring & 2 PEdRRYER ¢ t he medi um

4. The met hod tﬁﬁg@w 61?%3 %@%e@ﬁl%f:ﬁ%bx%ﬂ%s, Fele Ml dTehofd B35 wiokbier ei n t he

m cr oor gani Sns a production o nore than 10 % preferably nore
than 14 % padd biastess- particularly preferably nore than 18 % DHA per dry
bi omass. 5. The nethod according to any one of the preceding clains,

wherein the m croorgani sns bring forth a uction.o han 5 @6

pr ef er ab?-y Thgrethog gerrdingdg clajmd ‘\?g{“ihef%"r‘lplt%ﬂgfgﬁ 861’ pretbe%afg yre?%\/%?%/ nore than 10]
% DPA per ghdyd dakmermdmm. 6. The net hod according to any one of the preceding|
clains, characterized by the use of a low salt nedium the total salt
content of which is in the range < 15 % of the salt content of sea water,
pr ef er abd. yTh'e dholacopaiingitcaiyand of thprmedoedingslajmsc whegeinghg FECTOBEANSHAr t i cul ar |l y

preferably brmg forth a production of more than 10 %, preferably more than 14 %, and very
particularly preferably more than 18 % DHA per dry biomass,

5. The method according to any one of the prece_ding claims, wherein the microorganisms
bring forth a production of more than 5 %, preferably more than 7 %, and very particularly
preferably more than 10 % DPA per dry biomass.

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

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

the weight fractions of Na* and CI jons in the low salt medium comprises less than

175 g/L.

8. 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.




8% 7. The method according to any one of the preceding clains,
characterized in that the sumof the weight fractions of Nat and Cr ions
in the low salt nediumconprises less than 1.75 glL. 8. The nethod
according to any one of the preceding clains, characterized in that the
total sodiumcontent of the low salt nediumis less than 150 ng/L. 19 9.
The met hod according to any one of the preceding clains, characterized in
that the total chloride content of the low salt nediumis | ess than 250
mg/ L. 10. The nethod according to amy’ one of the preceding clains,
characterized in that the low salt nedium conprises glucose, yeast
extract, magnesium sul fate, cal cium carbonate and potassi um phosphate. 11.
The net hod according to clains Ito 9, characterized in that the | ow sal t
medi um cofpii FR380 ary R cal ci um
car bonat e anéﬁggfgggﬁun1p hosp g%%&ﬁﬁ%%hﬁgﬁﬁﬁgdﬁﬁ@%ﬁ%ﬁgﬁ%ﬁln o claim10 or|
11, charact@@W?é&“ﬁ$?ﬂﬁﬁbwﬁ@“ﬁﬁ%ﬁ@&k@t%@aﬂhwﬁbonpr|ses nagne3|un1sulfate
cal cium carbonate and potassi um phosphate at | ess than 3 g/L each, :
parti cul I¥ pr fgrabl at | ess than 1.9g/L each .13, The net hod accordlng tao
any one of l?‘?émgi” a%as %@t‘b‘l"éﬁoﬂ%" tepiepeding shais champsierizadio thepfBo owvpls al t  medi um
has a pH Varlnkt&mﬁ)éonﬁﬁbée@ﬁﬂos& yodtlexciGot, nipipRbi0ih alltaie, QlciRetRele dand 7. 14. The
met hod accor? nﬁn one of. the preceding clai ns, characterized in that
the culti D place bet ween 10C and 40C, preferably between 25C
and 35C. 15. The net hod according to any one of the preceding clains,

char acter 8 o DRl 05 L DY RSO BTAT ol S St
pr ecedi ng cghwpwontﬁtﬁap la(moemaz@@iumnulfahaialchﬂmaarbmatemo@pcmnmphomhtangs to the

genus Sehi zochytrium Thraustochytriumor U kenia. 17. The nethod
according_to any one of the preceding clains, characterized in that the

m cr oor gAki Saelod presing tosaim Ay K gcharacteriged i Frat thelowselt mediror di ng to any one|
of the pr e@eﬁpms BhgRbINEn sulhNR AlefuBl chrbSifdtelafd fobRdiud PR spHHeGf BQHEANI SM s :

Schi zochytr,
y ﬂaci? pamculaﬂ]jr pre%crably at less than 1 g/L each.

13. The method according to any one of the preceding claims, characterized in that the low salt
medium has a pH value of between 3 and 10, preferably of between 5 and 7,

14. The method according to any one of the preceding claims, characterized in that the
cultivation takes place between 10°C and 40°C, preferably between 25°C and 35°C.

15. 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.

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

microorganism belongs to the genus Schizochytrium, Thraustochytrium or Ulkenia.

17. The method according fo any one of the preceding claims, characterized in that the

microorganism is Ulkenia sp. SAM 2179,

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

microorganism is Schizochytrium sp. S8R 21.




19. Ol having a content of at |east 10 % DHA, produced using a nethod
according to any one of the clains | to 18 and subsequent isolation of the
oil fromthe culture broth and/or the bionmass available therein. 20. Ol

having a content of at |east 5'% DHA, produced using a nmethod according toj.
any one of the clains 1 to 18 and subsequent isolation of the oil fromthe

culture broth and/or the bionmass available therein. 21. DNA of at |east 90
% purity, produced using a nethod aggording to any one of the clains 1 to
18 and subsequent isolation of the DHA fromthe culture broth and/or the

bi omass available therein. 22. DPA of at least 90 % purity, produced using
a nethod according to any one of the clains 1 to 18 and subsequent

i ﬁ ol ati Ongii b6y até%’ﬁteﬁthﬁmetaag?%!bbm r;@odb@eamfingaendém a'gd‘h@ddm oamaEe avail abl e
therein Bi gnmass obt ai nabl e of . a net accor to any one
of the cl affthe qlm’ﬁ’ﬁlTBIS su ?ﬂ%@ﬁ%@ﬁ’ﬂ aﬁéﬁ)"é‘rfﬁ’f‘i tge "&”etbﬁ)@‘ %’ld%ﬁlggs fromthe
cul ture brgbiass 2éhilabihéraih, f eed conpri sing bi omass according to claim 23.
25. Foodstuff for human nutrition conprising biomass according to claim 23.

20. Oil having a content of at least 5 % DHA, produced using a method according to any one of
the claims 1 to 18 and subsequent isolation of the oil from the culiure broth and/or the

biomass available therein.

21. 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.

.22, DPA of at least 90 % purity, produced using a method according tc any one of the claitns 1
to 18 and subsequént isolation of the DPA. from the culture broth and/or the biomass

available therein.

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

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

25. Foodstuff for human nutrition comprising biomass according fo claim 23.

i




