Process for the cultivation of microorganisms of the genus Thraustochytriales

Different PUFAs (polyunsaturated fatty acids)-and particularly omega-3 fatty acids (n-3 fatty

acids) are essential components of the human nutrition.

It is, however, known that in the majority of industrialized nations, the supply of n-3 fatty acids
is 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 acifi's, is too high, This is due to a change in the composition
- of our diet, which has occurred especially in the last approx. 150 years, and which is being
linked (Simopoulos, A.P., 1999, Am. J.-Clin. Nutr. 70, 560-569) to the appearance of different
chronic diseases of civilization, such as, for example, cardiovascular diseases - the rﬁain cause
of death in industrialized nalions. A great numﬁer of studies has meanwhile shown that by
means of a targeted increase in the intake of n-3 fatty acids, in particular of eicosapentacnoic
acid (BPA) and docosahexacnoic acid (DHA), it is possible to significantly reduce -the

cardiovascular risk (GISSI-Prevenzione Investigators (Gruppo ltaliano per lo Studio della

Sopravvivenza nellInfarto miocardico), 1999, Dietary supplementation  with n-3

polyunsaturated fatly acids and vitamin E after myocardial infarction: results of the
GISSI-pevenzione 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 reinfarction trial (DART).
Lancet 2, 757-761). Accordingly, many diffcrcnt organizations (WHO, FAO, AHA, ISSFAL,
British Nutrition Foundation, etc.) recommend a significant increase in the intake of n-3 fatty
acids (Kris-Eherton et al, Fish Consump‘tion, Fish Oil, Omegﬁ-B Fatty Acids, and
Cardiovascular Disease. Circulétion 2002, 2747-2757).

Sources of PUFASs 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 controlled
conditions. Fermentative production does not pose any contamination risk, as is often describe'dﬁ
 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).
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Microorgatisms suitable for producing n-3 PUFA arc found, for example, in bacteria of the
genus Pibrio (e.g. Vibrlo marinus) of among the dinoflageliates (Dinaphyta), there particularly
the genus Crypthecodinivm, such as C. coluii, or among the Stramenopiles, such as
Pinguiophycede, e.g. Glossomastix, Phaeomonas, Pinguiochrysis, Pinguiococcus and
Polydochrysis. Preferred microorganisms for the fermentative production of PUTA belong to
the Stramenopiles (or Labyrinthulomycota), in particular fo the order Thraustochytriales,

(Thraustchylriideq) and there again, in particular, fo the geaeta Japonochytrium,
Schizochytrium, Thraustochytrium, Althornia, Labyrinthuloides, Aplanochytrium and Ulkenia.

Tt is known that some of the mentioned microorganisms canbe used for industeial production of
fatty acids and corresponding processos have been described. Accordingly, the international
patent application WO 91/07498 Al discloses the production of PUFAs using organisms of the
genera Schizochytrivm and Thraustockytrivm, WO 91/ 11918 A1 discloses the production of
PU!‘As vsing Crypthecodinium cohnil, WO 96/33263 Al and the comresponding European
patent application EP 0 823 475 A1 describes the production of PUFAs using microorganisins
of the genvs Schizochytrium, while the patent application WO 98/03671 discloses the

production of PUFAs using wmicroorganisms of the genus Ulkenta.

The ﬁatural habitat of the desoribed microorgenisms and in particular of Labyrinthulomycota is
a toarine habitat, Consequﬁnﬂy, these microorganisms are usuatly culfivated in salt-containing
medis, 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 sodiom and chloride, Typical medla for oultivating
marine microorganisms such as Thraustockytrium 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 L] ]). Itis, howevet, alsa known that microorganisms of the
order Thraustochytriales can survivein a culture medium with very low salinity. However,
below & Timit of 7.5 - 15 g salt/l,, commesponding to a sakinity of 7.5 - 15 Yo, its growth is
descﬁbad as being only very fow and without infermediate maximun levels in the low salinity
range. Optimal growth rates are only achieved above fhe abovementioned salinity Himit (Fan et

al, otattica Marina 45, 2002, pp. 50-57).

A, frequently ocenrring problem of fermentative prooesses is presented by strong pH variations
in the course of the cultivation as a result of the appearance of metabolic poducts and/or the
copsumption of individual media compononts, This applies in partioular to salt rich media for
formertation of matine microorganisms. For this reason, such fermentations often require
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pH-regulating means. In the case of large scale formentations, however, pH control leads fo '
substantial additionaf costs. Here, additional containers are required for adding acids and bases,
which could otherwise be used elsewhere for the infeed of additive components. Moreover, the
ftration for regulating the pH value must be technically controlied. In connection with the -
fermentation of Labyrinthulomycota for obtaining PUFA on a production scale, pi value

controlled cultivation methods are used in the state of the art.

pH value control through buffer systems otherwise customary in cell culturing hes
disadvantages, however. Thus, the buffer capacity of, for example, TRIS, HEPES a2nd MOPS is
insufficient in the pH range required for PURA, fermentation because of their pK,; values of
more than 7. In addition, TRIS is a bad buffer in pH ranges of less than 7.5, a potentially
reactive primary amine and can actively take part in a variety of biolo gical reactions.
Phosphate buffer, a buffer that is also frequently used, has the characterisiic of precipitating out
of solution in the presence of divalent cations and is further a bad choice for fermentative

processes requiting or consuming phosphate, Acetate boffers are not suitable due to their
nacrow buffering range and beoanse of the fact that they are metabolized during the couse of
the formentation, Moreover, many alternative buffer systems are uneconotic because of high

costs,

In the light of the state of the ar, it was therefore an object of the present invention fo provide a
ziovel, simple and economie cultivating method for marine microorganisms, Considersble
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 deseribed tasks, which can, however, be derived or deduced
without difficulty from the relafions discussed in the introduction, are achieved by the object

.' defined in the claitns of the present invention.

An advantageous method for cultivating microorganisms of me-;:rd_er ﬂ:mustoc}’zytﬁales is
provided by the method definedin claim 1. This method comptises cultivatingin a medium, the
pH value of which is stabilized exclusively by means of CaC0y, comprising a CaCO; content of
3-15 g/ and, if applicable, the following isolation of fhe PUFAs from the microorganisms

and/or the culture medium.
"1’11_3 invention fiurther comprises a method for producing high purity PUFAs.

Preferred PUFAS are, according to the invention, DHA, DPA. and EPA.
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Particularly, the microorganisms cultivated By means of the dbovementioned method present a
production of more than 10 %, preferably more than 14-%, and very particulacly preforably

more than 18 % DHA per dry biomass,
Paticulatly, the microorganisms culfivated by means of the abovementioned method preseat a
production of more than 1 %, preferably more than 2 %, and very particularly preferably more

than 3 %'DPA per dry biomass.

The PURAs can be obtained in high yield and purity by isolating the PUFAs from the
microorganisms (biomass) and/or culture medium following the cultivation.
Furthermore, the present invention oomliﬁses amethod for producing biomass, where the
bion1ass is provided by the cultivation method according to the invention.

This biomass can be used in all imaginable ways, In particulat, this biomass can be used, for
example in dried form (dry biomass), direetly as foodstuffor animal foed.

In addition, the invention also comprises an oil type, which is obtained by carrying out the
ocultivation method according to the invention and by isclating seid oil from the microorganisms
and/or culture medium. '

Tn partioular, this is an oif type which, apart from xaany other preferred applications, can be
advantageously used for human nutrition.

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

dry biomass.
Aceording to the invention, oil is understood to be a propartion.of at least 70 % neutrel lipids

and at least 2 % phospholipids, which corresponds to the goxmal fatty acid spectrum of

Thraustochytriales known to the person skilled in the art. The neutral lipids thereby consist of
" af least 80 % triglyceridés and other cornpounds such as diacylglycerides, sterols, ete.

Furthermore, the triglyceride weight fiaction comptises about 95 % fatty acids and 5 %

glycerin.
The possibility of fermenting a marine mictoorganism for producing PUFA without extreme
pH value regulation, in parficular undet conditions enabling fast growth at high glucose

consumption, was totally surptising, It is precisely under such conditions whete in the
fermentation of marine micraorganisms the lack of suitable pH control very quickly leads to -
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medium acidification, which resulis in 2 cessation of growth (see example 1 aud Wen, Z.-Y.
and Chen, F., 2003, Biofeclmology Advances 21, 273-294).

The method according to fhe invention surprisingly gets by without the addition of other pH '
value stabilizing means. According to the invention, pH value stabilizing means are understood
to be both the addition of acid or base from addition tanks regulated in dependence on the pH
value established during the culture and the use of buffer systems in the medinm, itself, although
no economically exploitable cultivation methods using buffer systems such. as, for example,
TRIS or phosphate buffer are known to the inventors. '

According to the invention, CaCQs is the essential means for pH value stabilization, Even so,
adding acid ot base to the culture o adjust the pH value may be necessary under certain
conditions. Such addition s incloded i the invention, as long as CaCOs remains the essential
means for pH stabilization. If, for example, the pH value drops below a specific target value

during cultivation because of an exceptionally fast growth of the microorganisms, then this
target value can be temporarily adjusted by adding acid or base, without this addition being the

essential means for pH value regulation.
The torms pH value regulation and pH value control or pH value stabilization are-used
synonymously in the invention.

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 cage - is smaller or equal fo 1, preferably smaller or equal to 0.75, particularljpreferably

smaller or equal fo 0.5, very particulatly preferably smaller or equal fo 0.2, and most
particularly preferably smaller or equal to 0.1. Such addition of acids and/or bases is understood |

to be a minot addition of acids and/or bases according {o the invention, which is included in the
-ipventiont.

‘Preferred ate cultivation systems not requiting the use of any acid and/or base addition,

' n addition, many alternative buffer systems are uneconontica! due to ligher costs compared to
the use of calcinm carbonate,

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

"wafer, which Ieads to a decreasing buffer capacity during fermentation,
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Surprigingly, not only the formentation up to the complele glucose consumption was possible,
but, in addition to thaf, the proportion of PUFA in the biomass significantly increased when
using the caleinm carbonate stabilized medium according to the invention. Event more
surprisingis that the glucose utilization and, related to that, the PUFA productionis accalorated,
thereby leading fo an increased space-time yield., .

Until the present invention, ne known fermentation process was available for producing n-3
fatty acids in microorganisms of the order Thraustochytriales using & medium pH-stabilized
with calcium catbonate, where it was possible to dispense with further pH value stabitizing

means.
PUFAs are polyunsaturated long-chain fatty acids with a chain length >C12 comprising at least
two double bands. PUFAs which can be produced following the method according to the
present invention are in partionlar n-3 fatty acids and n-6 fatty acids.

Tu the sense ;}f the present invention, n-3 fatly acids (omegs-3 fatty acid, @-3 fatty acids) are
understood to be polyunsaturated long-chain fatty acids with a chain length >C12 comprising at
ieast 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 fatfy acids the first double
bon is located between the catbon atoms C6 and C7 starting from the alkyl end.

Microorgﬁnisms belanging to the group of the Labyrinthulomycota are considered for the

production of PUFAs following the method according to the present inventio.
Microorganisms of the order Thraustochytriales (Thraustchytriidea) ere preferred (Lewis, T.E,,

Nichals, P.0., McMeekin, T.A., The Biotechnological Potential of Thraustochytrids, Matite
Biotechnology, 1999, . 580-587 and Porter, . Phylum Labyrinthalomycota in Handbook of
protoctiste: the structure, cultivation, habitats, and fife histories of the enkaryotic
microorgenisms and thefr descendants exclusive of animals, plants, and fungi: a gui&e to the
alpae, ciliates, foraminifera, sprorozoa, water molds, and ofher profoctists. Bditors: Margulis, L,
Corliss, J.0., Melkonian, M. and Chapman, D.J., editorial coordinator, McKhann, H.L, Jones
and Bartlett Publishers, ISBN 0-86720-052-9 1990, S. 388-398). Pazticulacly prefezred are
ﬁﬂcmorganiéms of the genera Japonochytrium, Schizochytrivm, Thraustochyirium Althornia,
Labyrinthuloides, Aplano.ckytrz‘um and Ulkenia. Of these, Schizochytrium, Thraustochyirium.
und Ulkenia are very parﬁcularbr preferred. Parficulatly preferred are: Juponochytrium sp.
ATCC 28207, Thraustochytrium aureum (pactionlarly ATCC 28211 and ATHC 34304),
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Thraustochytrium roseum ATCC 28210 Thraustochytrium sp. ATCC 20890, ATEC 20891,
ATHC 20892 and ATEEC 26185, Schizochytriuum aggregatum ATHC 28209, Schizochytrium sp.
ATCC 20888 and ATEC 20889, Schizochytrinm SR21, as well as Ulkenia sp. SAM 2179 and

SAM 2180.

kﬁcmorganiéms suitable for the method according fo 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.

The microorganisms according to the present invention are cultivated by inoculatlng a liquid or

a solid medium with a preculture of these organiams.

Culture tccbniques' suitable for microorganisms of the order Thraustochytriales ate well Imown
to the person skilled in thoat. Typically, but not exclusively, the culture is camried out by meas
of aqueous fermentation in 4 comresponding container. Bxamples for typical containers for such
type of fermentation comprise shaking flasks or bioreactors, such as for example STRs (stirred
tank reactors) or bubble columus, The culture is typically carried out at teraperatures of
between 10°C and 40°C, preferably between 20°C and 35°C, particularly preferably between
25°Cund 30°C, more patticularly preforably between 27°C und 29°C and in particular at 28 £

0.5°C.

In & preferred embodiment of the present invention the caleium carbonate confent of the
pH-stabilized medinm corresponds to a value in the range of 3 /L. to 15 g/L, preferably of 4 g/l
to 12 g/L- and pamcularly preferably of 5 g/Lto 10 g/L. Very partticularly preferred is a calojum

catbonate content 0f 7.5 + 0.5 g/L.

The pH-.stabilized medium further preferably comprises one or more carbon. sources, as well as
one or more nitragen sources. Substances usable as catbon and nifrogen sourees for onltivating

microorganisms of the order Thraustochytriales are woll known to the person skifled in the att,

Usable carhon sources are for example carbohydrates such as glucose, fiuctose, xylose, suctose,
maltose, soluble starch, fucose, glucosamine, dextran, glutamic acid, molasses, ghycerin or

mannitol or also fats and ofls or vegetable hydrolysates.

Usable natutal nifrogen sources are, for example, peptone, yeast extract, malt extuact, meat
 exlract, casamino acids, com steep fiquor or soy beans, usable organic nittogen sources are, for
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example, ghitamate and ures, but lso inorganio nitrogen sources such as, for example,

ammoninm acetate, ammonivm hydro gcu carbonate, ammonium sulfate or ammonium nitrate

can be used as nitroget goures, |

Tn addition to calcium carbonate, the pH-stabilized medium can contain all ofher components

Lnown to the pesson skilled in the art to assist the cultivation of microorganisms of the order

 Thraustochytriales, in particular inorganic salts of, for example, Ca, Mg, K, Fe, Ni, Co, Cu, Ma, -
Mo or Zn. Phosphates such as potassium hydrogen phosphiate, or chlorides such as magnesium

chloride, sulfates such as ammonium sulfate, magnesium sulfate, iron sulfate or sodinm sulfate

may be mentioned as examples. Further usable | inorganic salts are, for example, halogemdes,

such as potassium bromide or potassium fodide and also other carbonates such as sodivm

hydrogen carbonate,
Where applicable, the medinm can comprise additional macro- or micronutrients, such as

amino acids, purine, pysimidine, com steep liquor, protein hiydrolysates, vitamins (watet
soluble and/or water insoluble) and other media components well known to the person skilled
i the act. Anti-foaming agents can be added, if necessary. The medium can contein complex

components or be chemically defined.

The amounts of the individual components can vary, as long s there is no negative effect on the
growth ot productivity of the microorganisms. The pesson 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 to 300 g/L and the nitrogen
source at 2 concentration of 1 to 30 g/, Preferably, the nitcogen content is adjusted in
dependence of the carbon content of the medivm, '

A particulerly preferred pH value stabilized medium comprises glucose, yeast extract, comn
steep Hquor (CSL), magnesivez chloride, calcium carbonate, calcium chloride, sodiun, sulfate
and potassium phosphate.

The pH valuc of the medinm is set prior to the start of the fermentation to a range of 3 to 10,
preferably 4 to 8, particulatly preferably 5 to 7 and very paruculady preferably to about 6 by
adding a conresponding acid or base.

The medium is subsequently sterilized, Techniques for sterilizing media are well known to the
erson skilled in the art, autoclaving and sterile filtration may be mentioned a5 examples.
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Cultivation can take place batchwise, in a fed-batch mode or continuously, as it is generally
known to the person skilled in the art. '

Batch or fed-batch cultivation usually takes place over a period of t to 12 days, preferably 2-10
days, particulardy preferably 3-9 days. '

The media components can be added fo the medium individually or as a mixtute, a previously
prepared mixture being also possible. The components, in particular the carbon and nitrogen
souree(s) or specific medium additions can be added prior to or during the cultivation. The
addition can be repeated once of several times or can also take place continuously.

The produced PUFA. are generally available m form of neutral fats, for example as
triacylglycerides, or polar lipids such as, for example, phosphatidylcholine,
phosphatidylethanolamine or phosphatidylinositol.

" Por the puspose of the present invention, the terms PUFA, 03 fatty acid or n-3 active
substances are inderstood to be all possible forms in which the corresponding fatty acids can
exist, i.¢. as fiee faﬂy acids, esters, triplycetides, phospholipids or other derivatives. All these
substanices are surumarized if: the following text and the terms are wsed éynonymous[y.
Furthermore, the PUFAs can be converted and concentrated by means of chemicai or
biooatalytle transesterification, for example with the help of suitable enzymes (lipases), before

or after isolation from the culfure,

The isolation of PUFAs from the fermented mictoorganisms or medinm and the analysis of the
fatty acid spectrum is carried out nsing comimon procedures known to the person skilled in the
art (Wanasundara, UN., Wanasundara, J., Shahidi, F., Omega-3 fatty acid concentrates: a
review of production technologies, Seafoods — Quality, Technology and Nutraceutical

© Applications, 2002, 8. 157-174).

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

ag the fnvention is, however, not limited to these examples,

Example 1: Fermentation of Ulkeria sp. SAM 2179 strain for the prbduction of PURA. in.
different culture media pH-stabilized exclusively by dszerent quantities of CaCOs,
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Ulkenia sp. SAM 2179 strain was onlfivated in 50 mL medium in 300 mL Erlenmeyer flasks

with a baffle.

Media composition:

Fermenfation medivm:
Glucose 150 /L
Com steep liquor ~ 3.75 g/
EX2PC4 3L
Nap80y 1 g/l
MgClix6H0 1g/L
CaClx2H;0 03 gL

| . (NHg),S804 5 g/L

CaCOs addition per 50 mL flask:  Mediuml.1 0g/L
Medium 1.2 1 gL
Medipm 1.3 - 2g/L
Medium 1.4 5S¢/l
Medium 1.5 10 g/L |

Set pH value to 6.0 with NaOH and autoclave

Culiure conditions:
.Temperatvre (°C): 28
Shaking rate { rpm): 150

Cell harvest was carried out by centrifugation afier 96 h of cultivation. The cells were
- subsequently fieeze dried and the dry biomass determined. Cell digestion and faity acid
' determination was carried out by means of 2 hour long heat treatment in 10 % metbanolic
' ,hydroohloﬁc acid at 60°C (onder stirting). The esters were analyzed in a gas chromatograph to

determine the fatty acid composition.
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Table 1: Fermentation parameter in dependence on the calcium carbonate concentration

CaCQy | Glacose pH  |pBM |[DEA (DPHAMBM [DHA DHASTY
consumption value area

gty el @) () {(%) el) |(ehxd}
Medfum LI |0 43.0 185 2272 [483 335 076 (0.9
Medium 1.2 1 590 231 13032 440 491 1.49 0.37
Medium 1.3 2 817 2.84 §38.58 (439 9.90 382 |0.96
Medium 1.:1 5 1084 502 ]5399 1443 1572 8§33 |2.08
Medium 1.5 10 1119 478 15232 {455 13.23 692 LT3

DEM: Dry bioinass; DEADEM: wis DHA (docosatioxaenoie acid) per unll of weight DBM; g/Lxd space-time
yield in gratus per liter per day; STY: space-Gine yicld; DHA. area (%) Proportion of DHA in the fatty aold

spectrun:

The fermentation of Ulkenia sp. SAM '21 79 in a fermentation medium facking sufficient pH
stabilization leads to a slowdown in the glucose consumption during the covrse of the
Ffermentation and fo 2 cessation of growth as a result of a sharp drop in the pH value (see
medium 1.1. ~ 1.3.). Only greater quantities of CaCO; buffer lead to a stabilization of the P
value during the culture (medivm 14 und 1.5), Here, an increasing CaCO3 concentration atso |
Jeads to an increased ghucose consumption during the culture. Because of the pH value
stabilization and the increased glucose consumption associated therowith, higher biomass
values are achieved and, as a result of that, also higher DHA space-fime yields of about 2 g[Lxd

under the abovementioned conditions.
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Example 2: Fermentation of Ulkertia sp. SAM 2179 strain for the production of PUFA in
different culfure media, pH-value stabilized exclusively by different quanut{es of CaCO;3, up to

glucose limitation,

Ulkenizt sp. SAM 2179 strsin was cultivated in 50 mL medivtn in 300 L Belonmeyer flasks

with g baffle up to complete glucose consumption,

Media composition:

Fermentation medium:
Glucoge 150 g/L
Com steep :
liquor 375gL
KHaPO4 3/l
Naz S04 1 g/l
MgClx6H,0 I gL
CaChx2H,0 0.3 /L
(NH)2804 SglL

CaCO addition per SOmL flaske  Medium 1.4 sg/L
Mediug 1.5 10g/L

Set pH value to 6.0 with NaOH and autoclave

~ Culture conditions:
Tem;‘:emtul‘ﬁ (°C): 28
Shalcing tate  epm): 150

Cell harvest was carried out by ccnmﬁlgatwn after 144.5h of cultivation. The cells were

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

determinstion was carried out by means of 2 hour long heat treatment it 10 % methanolic

hydrochloric acid at 60°C (under stirting). The esters were analyzed jn a gas chromatograph to
' determine ﬂ}e fatty acid coﬁiposiﬁom -
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Table 2: Fermentation patameter after glucose limitation

[ C2C03 | Glucdse pH  |DBM |DHA |DEADBM (DHA |DHA-STY |
conguruption | value area _ )
(gL) (gfb) L (R |R @) |(elxd)
Medim1d |5 508 Ay [Sis [ai7 |22 1795 |24
Medmm 18 |10 150.0 658 |6465 1467  |20.54 11328 {219

The fermentation of Ullenia &p. SAM 2179 in a medium buffered with 5 g/L rosp. 10g/L
CaCOy, respectively, enables cultivation up to glucose limitation without a strong drop it the
pH valve. The thereby achieveble biomass and the proportion of DHA per biomass are, with
about 58-64 g/L. biormass and 20:22 % DHA/MBM, comesponding to complete ghucose
consumption, very high. It is found that a higher CaCOs concentration (10 g/L) leads to a largcr
amount of biomass, although the proportion of essential PUFA DHA per biomass is slightly
yeduoced in relation to the lower CaCO; (5 g/L). However, the DHA space—hme yield obtained

therewith remains approximately the same for both oonoentmhons

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

- optimized fermentation conditions.

Ulhenia sp. SAM 2179 strain was cultivated in 50 mL medivm in 300 mL Brlenmeyer flasks
‘with a baffle up to complete glucose consumption. Optimization of the fermentation resulted
- froma CaCO; concentration of 7.5 g/L and a modified precutture. For the preculture, instead of

usinga stand culfare in DHI medum a shake culiure was used with the same medmm {48h,
150 rpm and 28°C).
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Media compositior:
Preculture medivm: DHI mediom

Glucose monohydrate (g/L):56,25

Yeast extract (g/1): 12.5 {Difco]
16.65 {Dr. Biener GmbH, Wartenberg, Germany] -

Tropic Marin (g/L):

pH value set to 6.0 with HCl

Fermentation medinm:
Glucose 150 g/L
Cora steep .
liquor - 375 g/l
KH,PO, 3 g/l
NaySO4 1g/L
MgClxoH;0 1g/L
CaClox2H,0 0,3 gL
(NH2804 SgL.

CaCO; addition per 50 mL flask:  Medium 1.6 7.5 ¢/l

Set pH value to 6.0 with NaOH and autoclave

Culture conditions:
Temperatare (°C): 28
Shaking rale { rpm); 150

The cell harvest was carried out by centrifngation after 99.75 h of cultivation. The cells were

' subsequently freeze dried and the dry biomass determined, Cell digestion and fatty acid
determination was carried out by means of 2 hour Jong heat treatment in 10 % methanolic

" hydzochlotic acid at 60°C (under stirdng). The esters wete analyzed in a gas chromatograph fo

determine the fatty acid composition,
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Table 3: Fermentation parameters under optimized buffer conditions
Hvr |DHA  |DEADDM |PHA |DBASTY

CaCO; | Glucose PH

consumpiion {value area
@ e e | e @ @)
676 |63.84 (441 23.06 1472 |3.54

tedinm 1.6 7.5 150.0

Using optintized fermentation conditions, under which Ulkenia sp. SAM 2179 was first
cultivated for 48 h at 28°C and 150 rpm in DH1 medium, the DHA space-fime yield could be
substantially improved to more than 3.5 g/Lxd. This results primarily from a faster growth, '
whereby the glucose limitation was reached in less than 100h. The use of 7.5 g/L CaCO; in the
fermentation medinm enables a pH stabilization required for optimized cultivafion. The use of
7.5 g/L. CaCOj resulted from the results of example 2, in which 10 g/L CaCO; resuited in higher
biomass values, while 5 g/ CaCO; gave rise to better DHA values. An optimel CaCOs
concentration for DEA prodnction (i.e. largest possible amount of biomass with highest
possible DHA content) was consequently suspected between 5 and 10 g/I. CaCO;, In addition
to the stabilization of the pI value, the use of the fermentation medium according to the
invention results in a susprisingly high DHA space-time yield of more than 3 g/Lxd at the time
of glucose Hmitation. Similar biomass values to those in example 2 were obtsined in this case,
the proportion of DEA per dry biomass and the DHA. quantities achieved were, however, larger

(puore than 10 %},

Example 4: Fermentution of Ulkenia sp. SAM 2179 strain for the production of PUFA in
culéure medtun with and without pH stabilization by CaCO3. '

Ullenia 3p. SAM 2179 strain was cultivated in a 5L fermenter up to complete glucose

consumption.

- 15
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Media composition;

Fermentation medivm:

Glucose

Corn steep

liquor
KHoPQ,
" NagSOq4

MgClax6HQ

- CaClox2H,0
(NH4),804

For fermentation with pH confrol:

For fermentation without pH control:

Culture conditions:

TFemperature (°C):

Ventilation:

Set pH value to 4.0 with H;PO4 and sutoclave

150 g/L

3.75 gfL.
gL
1glL
lgn
03 gl
5g/L

Set pH value to 6.0 with NaOH and avtoclave as
well as addition of 7.5 g/L CaCOs

28

0.8vvm

Fermentation with and without pH controf

. 'T'able 4: Fermexntation parameters with and without pH control

. fpH CaCO, | Glucose Time fox DBM |DHA |DHA/DBM |DHA |{DHA-STY
1 control consumpiion |glucose area
consomption
& L) ) (EfL) (%) (%) @L) |Lxd
T 0 1500 62 69 412|259 1735 |23
- 751500 150 &8 (467 |29 7§30 {29

16 . -
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The use of the CaCO;s-stabilized fermentation medinm according to the invention enables
cultivation of Ulkenia sp. SAM 2179 up to glucose limitation without pH control also ina 5L
fermentation scale. The use of sufficient quantifies of CaCO; leads to-a faster growth as a result
of the accelerated gluc;)sa consumption. Iu addition, larger biomasses are achieved.
Purthermore, in connection to this, a greater proportion of DHA per biomass and larger
quantities of DHA are achieved during fermentation. This leads to a not insignificant increase
in ﬁc DHA. space-time yieid of more than 15 % for CaCOs-buffered fennentation compared to

pH-controlled fermentation,

17
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Example 5: Fermentation of Schizachytrium sp. SR21 for the production of PUPA in
ferrmentation medium 1.6 stabilized by 7.5 g/l CaCO;

Schizochytrium sp. SR 21 strain was cultivated in 50 mL medivm in 300 L Brlenmeyer flasks -

with a baffle up to complete glucose consumption.

Media composition:

Preculture medinm: GY medivm

Glucose (g/L): 30.0

Yeast extract (g/L): 10.0 [Difeo]

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

© pH value set fo 6.0 with HCI . ‘

Fermentation mediumn:
Glucose 150 g/L.
Corm steep .
liguor 3.75g/L.
KHPOq - 3gL
NuSO: 1 gL
MgCLx6H,0  1gL
CaClx2H,0 03 gL
(NH):804 5 gL

CaCO, addition per SOmL flask:  Medium16  T.5gL

Set pH value to 6.0 with NaOH and autoctave

Clﬂture conditions:
Temperature (°C): 28
. Shaking rate {rpm): 150 '

18
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‘The cell harvest was carried out by centrifiugation after 96 h of cultivation. The cells were
subsequently freeze dried and the dry biomass determined. Cell digestion and fatty acid
determination was carrded oul by means of 2 hour long heat treatient in 10 % methanolic
hydrochlotic acid at 60°C (under stirring). The esters were analyzed in a gas chromatograph to

determaine the fatty acid composition.

Table 5: Fermentation paratieters under optirized buffer conditions

[ ‘ Cal’0; | glucose pH [DBM |DHA |DHAMEBEM |DEA [DHA-STY
consampiion |value axl-ea
(&/L) {g/L) @) (%) (%) g} |(glxd)
SR 20 751500 735 G612 |34 1528 010|252

The medium beinp 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 Schizochyirivm sp. SR21
strain in the mediumn 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. o n-3 PUFA DHA. This example
shows that the optimized pH-stabilized medium forming the object of the present invention
enables fermentation without pH control for the production of PUFAs also in further members

of Labyrinthulomycota.

ig
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WHAT IS CLAIMED IS:

1. A method for cultivating microorganisms of the order Thraustochyiriales, the
method comprising cultivating the microorganisms in a fermentation medium
containing CaCQs3 as the essential means for pH value stabitization, wherein
~ the content of CaCOjs in the fermentation medium is 3 — 15 g/i;

 — said method comprises cultivation and following isolation of the PUFAs from
the microorganisms and/or the culture medium,
- said method results in the production of more than 10% DHA per dry biomass;
— the pH value of the medium prior to the start of the fermentation is set to a range

of 5 to 7 by adding a corresponding acid or base.

2. The method according to claim 1, wherein the microorganisms bring forth a
production of more than 25, preferably of more than 35 and very particularly

" preferably of more than 45 wt% oil per unit of weight of dry biomass.

3. " The method according to claim 1, wherein the microorganisms bring forth a
production of more than 14, particularly preferably of more than 18, and very
particularly preferably of more than 22 wt% docosahexaenoic acid (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 % docosapentaenoic acid (DPA) per dry biomass.

5. " The method according to claim 1 or 2, wherein 3 g/L to 15 /L, preferably 4 g/ to
12 g/L, particularly preferably 5 g/L to 10 g/L and very particularly preferably 7.5
+ 0.5 g/L CaCO; are added to the medium.

6. = The method according to claims 1 to 5, wherein the medium comprises glucose,
~com steep liquor, magnesium chloride, calcium chloride, calcium carbonate,

" sodium sulfate, ammonium sulfate and potassium hydrogen phosphate.
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10,

I1.

12,

13.

14,
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The method according to any one of the preceding claims, wherein the medium has

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

The method according to any one of the preceding claims, wherein the cultivation

takes place between 10°C and 40°C, preferably between 25°C and 35°C.

The method according to any one of the preceding claims, wherein the cultivation

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

The method according to any one of the preceding claims, wherein the

microorganism belongs to the genus Schizochytrium, Thraustochytrium ot Ulkenia.

The method according to any one of the preceding claims, wherein the

microorganism is Ulkenia sp. SAM 2179.

The method according to any one of the preceding claims, wherein the

microorganism is Schizochytrium sp. SR 21.

A culture medium comprising CaCOs as the essential means for pH value

stabilization for cultivating microorganisms of the order Thraustochytriales,

wherein
— the content of CaCO; in the culture medium is 3 ~ 15 g/l;
said use comprises cultivation and following isolation of the PUFAs from the

microorganisms and/or the culture medium;
— said use results in the production of more than 10% DHA per dry biomass;
— the pH value of the- medium prior to the start of the fermentation is set to a range

of 5 to 7 by adding a corresponding acid or base.

The method of any one of claims 1-12, further comprising isolating oil from the

culture broth or biomass available therein.
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15.

16.

17.

18.

19.

20.

21.

22

Oil comprising at least 20 area(%) DHA, preferably at least 30 area(%) DHA and
particularly preferably at least 40 area(%) DHA, produced using a method

according to claim 14,

Oil comprising 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 claim 14.

The method of any one of claims 1-12, further comprising separating the biomass

from the culture broth.

Biomass obtained using the method according to claim 17.

Animal feed comprising biomass according to claim 16,

Foodstuff for human nutrition comprising biomass according to claim 16.

The method according to any one of claims 1-12, 14 or 17, the culture medium

according to claim 13, the oil according to claim 15 or 16, the biomass according to claim
18, the animal feed according to claim 19, or the foodstuff accotding to claim 20
substantially as hereinbefore described with reference to any example thereof.
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