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CONTAI Nl NG POLYENO C FATTY ACI DS BY VERY HI GH DENSI TY CUCTURES OF
EUKARYOTI C M CROBES | N FERVENTORS 5 FIELD OF THE | NVENTI ON The present
invention is directed to a novel process for grow ng ﬂgrmg@“qsms and
recovering mcrobial lipids. In particular, the prese on is
directed to producing mcrobial polyunsaturated |ipids. |0 BACKGROUND OF

THE | NVENTI ON Producti en of polyenoic fatty acids (fatty acids containing 2

or nore unsaturated carboncarbon bonds) in eukaryotic m croorgani sns has
been generally believed to require the presence of nol ecul ar oxygen (i.e.,
aerobic conditions). This is because it is beI ieved that the cis double

bond f ox4EdNCED PR éﬁ&lﬁ;b‘ﬁ %@%M LC .
wcrog SR I %ﬁg R op et on

{that are known to reqU|re nDI gen i ncl ude fungal and pl ant
“§terol s, oxycarotenoids (i.e., xanthophylls), ubiquinones, and conpounds

de i,pids (i.e., secondary netabolites). Certain
g%kar‘rlgg ﬁ%&ﬁ%ﬂi@?fh@ﬁ as al gae; fungi, including yeast; and protists)

have 2 0 b‘hepreﬁkhmsﬁtfoahedirécadh@a gorllpREad firrewial Migbygaiing matty acids in-

fermentors. ery high de Slt cultiyvation (greater_ than about 100
g L T HiET i ol D preseTiBreEliah ISR ol t o _
decr eris@biapsdlyidedtinateti dipidy. aci d contents and hence decreased pol yenoic fatty |
acid productivity. This may be due in part to several factors including the

difficulty of maintaining high dissolved oxygen |evels due to the high .

megmdganmﬁjmipyntpggqmnh@ml gh 2 5 concentration of mcrobes in t hig
f er ment at h@g br ot h. ds tQ mmintain higher dissolved oxygen | evel ::
i ncl ude i lé%t'é’i“ﬁgpqlﬁé‘m& typrighiatypeidsgontagnng &9rmpremseuigted gaben- nst ead of;

ai r feabo@Bdndt) iR BukardliOmickdiesARmk RG bedhSeAGhllytelifRd to’ﬂlte&uﬂethetp%eﬁcéf ment or .
These soLeutl ons generally increase the cost of |ipid production and capl tal

cost O5MOEY Ay 8T (bf» AERMGAPRGions) aneaheceaisses brligived thatahe gisrdepblens. For

eXanbed fohrfed 8 AaEtnARIAOF AMnGARRAR chbbr) BB thidrBors BHERENF Pl B ObI ems 1
the 3 0 fernentor_at high cell densities and inéreased mxing can lead to:

APcr GBYW RATCT rdegdlarg o iRacHay (oxidadKsmisrabind Aesqtwpesesysiemsk hOtlieer ment at i on :

br ot RukdrjYtR nfi@¥si8Rigidiehdt bR ikASwi 18 rdird ﬁbl@@cﬁﬁ‘& nﬁr{&ﬁldg mgﬁgﬁcﬂ; n broth

where they can becone oxi di zed and/ or degrad e by enzy crobi al 2 6
JUL Stsods, oxysaptengietr axpathophydlp), phiguiroaessendsempousds inpdedeom @ypﬁmse have
undengRine. éwlsgcroggﬁpn{etal%lt@g)l on or . -. depletion to induce lipid formati; on
resulting in weaker cell walls. ; As a result, when |ipid-producing "
eukar yot i EcHdiR F‘é‘lﬁ@’é’“&ﬂ%‘”@‘?‘-’é\mchﬁs glggey fungigincluding yeaticrad protistese t hei r

bopi BgerdRABhAated tERIYRH ro@ﬁ'éeYs of BSYerd thtty @f@%%&%&%&(&@@ﬂ Qer;' atty acids,
5 For ., exanpl e, the yeas ceS starke has been grown density of
153 gigh dtﬁSt%thl@sqypt @arqrﬂm aboe Ho&f mistobis bl@maeaesgvc@llvnt qommemhr s using

al coliglle)dgn RaFRIRQRaCOPEIFEN dche %jtﬂt t of the
yeast a(t) con?:ent r at ?Sony(é?egtcerbt han 0%%t¥g egﬁge%g%?%bﬁ“@%yof t ot al

f at t geiddreficliibop bhisgnayr bnflee i Rt tof sexeralfistofs inolnding filet dijficably @fat a cel |
dens o Ohing e s oo AR 83, B,
275-280. Tltrtltgs gr elégu tsolx%( ; leér?glth%lhtghog eg%ﬁérﬁ@tdeve cﬁ’%&;gﬁ%‘?}g@?on of onl y

éBoutco@eE}“’glPll of Hcrales Ay é,}teé'g@‘lep@tl?“ebr@ihe Metheds tachaintpin déhet dissotvgd of only -

aboutxfhef :}’eszeg{n%@é mct%ggféé iheaahtioh ra{erlﬁd/gxnus\{n%ré/ SRRLS rﬂcség(? ¥ Ak report ed ' n.;

the yeast |ipids was : Anot her yeast odot'orula glutinus, has been
denpAFeHGE Of Hersasies thhagatae‘metgfe in thﬁ?dnepmmq wlmrpnxgenqblbuncreﬁsem g/ L/ hr,,,
but  &le3@sdr HiWp QUG Rh b me@gt e ds 15 (°

15. 8% ofstotllgwpfatty ar(I: E @&étl%‘égglg&% @aéaﬁ% %f)aﬁdlhb ting in a
pol y@rbileanst ot sxampledmprewd@cmmrtc}nﬁasxlywdbaseabrecfodmmg problemei the about 0. 047
g6 L/ tf“é’rm@l'?tg h%ﬁlelgéénlsxlﬁFs An 1&9&5«4@%?&4@0 IE d%”mg osial chgre%agé Eue 8" esent
inventors has previ ous That” cert

or denncmsmtardhvts mathe&rmanatim beoth éthisenatsep ﬂmdtmcsrts befrelpashq/fmhe c fatty

2 paderr b RITB Abre oy e BB Bdaboed O BBy RIS il | Svel s and
Thraustochytrl ds that exhi bit an average pol yenoic fatty aC| d (DHA,

C22: 6n-3; and DPA, C22:Sn-6) productivity of about 0.158 g/L/hr, when grown
to cell density of 59 g/L in 120 hours. However, this product|V|ty was only
achieved at a salinity of about 50% seawater, a concentration that woul d .
cause serious corrosion in conventional stainless steel fernentors. 2 57
Costs of producing mcrobial |ipids containing polyenoic fatty acids, and
espe0| ally the h| ghly unsaturat ed fatty aC| ds such as C18 4n 3 CZO 4n 6,
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The present invention provides a process for grow ng eukaryotic _—

m croorgani sns that are capabl e of producing at |east about 20% of their

bi omass as |ipids and a nethod for producing the lipid y the

| i pids contain one or nore polyenoic fatty acids. The ; %c@se@gﬁprl ses

adding to a fernentati on nedi um conprising eukaryotic m croorgani sns a

carbon source, preferably a non-al cohol carbon source, and a limting

nutrient source. Preferably, the carbon source and the limting nutrient

source are added at a rate sufficient to increase the bionass density of

the fernmentation nediumto at |east about 100 g/L. In one aspect of the

present invention, the fermentation condition conprises a biomass density

i ncr sal |bm3k§ealg@nah@eaéed pisblsmpinrslie thab havet ungergoncheitregen limiatign @fmss densi ty

i ncr ource and the limting S
,nutr?%étp%oté?@%ge ﬁ@g?&%ﬁ&fn ?egﬂh mhvrkglt«?gﬂpgtag;e conprises adding the car”Don"‘"”-
%:Sour ce wi Ascutesdtidihey hpideprbdwmglqtigarVMtcrmembes grogreven eiovery bigheelbondi tions =~

whi ¢ Li ent S

verehatta B W Buadonly Y ANGI S BE AT RhoL B BEEEET, |

medi Uior elarriptegthielyenst Liporjcpy seatlgyt Iila@ heegxtgag’el tb 8 déngityeef 16D g/h withaesaltingint  of “

di ssql ved n nt .l £ rR | il bi omass

densﬁipyflo %rnégtg?nnog%g glEe’.M(?lrll&uesglfsm §ot E&%E gg%té S(glélwgnt ﬁé dfjér}g)ygﬂ(?ci nvention, .

m cr dautygeid ®n&neofeﬂ1esyehsemttcenteﬁnratmgfeetegthaxuhm(gdnmesa@ém@lwz%lo@@eﬂ fungi '

Choc d) A% ERRLRE naPLOhERLE 1 ARBH B B8 LR KLLIGR PloPfan? O wheren -

I | pi antdoalti ehdJ. Me@dhdml,ll%héllﬂéﬂéao t"ﬂnsxeqﬂns nfapmleemufaay aodygen for#

eir s esi usef ul roorganis sent

ol ererentan Sonlrbhic Rtk 8 Srdtes RObRA 437 a5 RrRhet A pPERY Cici ng -
I i pi Ch%oﬁto.(ﬁsfgﬂrnﬂfemdahuoﬁﬂlynﬁdbMyrpdymﬁj‘faﬂtﬁbﬁi repdrted rothe y¢aedipidsivan 3% of -
saturation. In still another aspect of the present invention, e
m cr nisnms are grown in a fed-batch 2 5 process. Yet still another

aspect of Anb@epyasteRkodorvaln lueinuspha\biectedentombtidtal toihage mvemggmﬁdl evel of T

l ess th abouyt . 3% tionint ferrre at i ring the -
soc oo RO ebed e Bl i oy BreabroRBE RS st olFsHEIBHE e present
i3V ent $.89 ditel A acdsp 1 ATRIH 8120ind 120010 C8: Bigreshlthgdn i pblyendic farty a¢idbi al i pi ds

conprisjng:, . JUL 2004 4 (a r uka Croor. anlsms in a

fer né’ﬁ?éi“t’g‘ﬁﬁ' ‘Héﬁ‘? B?f?Lgt W%ﬁuﬁc?fé’éfg' Qbogt fwg{‘%ﬁﬁ%cgg&jn%% ‘Ibf°“§‘ fY%f erment ati on -
medi walt@. at | east about 100 g/L; (b) providing fermentation conditions
sufficient_to_all ow said nicroor ms to produce. said |i and 5 (¢)
recoveri n&%ﬁf@e P’iebelnﬂ‘gve’\m%l?aéPﬁv‘g}‘gé‘?eé‘?onftﬁé %BW‘HIW“SF“JS%?% lipids are

pol Yy Uh g@btieatiggustdcRyttlsles o%ﬂBéékﬁélleﬂﬁjﬁ@;ﬁter@&fpbb@nd%ﬁﬁjﬂiﬂidshmféﬁﬁﬁntw provi des a

pid rec very rocess t er fromsaid
f2é>r ebpCta 3 s Bt @Wﬁ%ﬁwﬁfﬁ aaffifp?ﬁlaﬁlmb idg haelioétgaf i sol ating
said Halv@ﬂéi&ll:feﬂma%&bdlydfd! t}m}] &dh]glﬁxrag awr@apoly?ﬁ&% _ﬁftﬁ@dld’(DFlzﬂ l@%ﬁﬂn@’ 5 ermvgl
step c ri ses_contacting the [ medi um |rect on .a drumdryer
with %ﬁ G2 aRAt BP %g&gi%”ﬁbw foet s g\%@%www e ellident i on |
pr ovi eRods| Hewele, ﬁﬁ@p&ﬁdﬂétxﬁk}i)ﬁﬁ%ﬁlytablﬂéve@Qf%allﬁ@&)falﬁdiﬁ 50% eatvhegat he ~ ‘
fermentation broth { Eerrreabl lize, lyse or ru%tfre t 2 15 mcrobial cells;.
and (PCTERERRAA U FaUSEI SN CPFQSHANIH BV ERPBASIATISH SBF Py Sgr avi ty 1o
sgpar at | 0rcost@Bﬂp@a@i@rxﬁbﬂomanwsrobﬁtuﬁaﬁgIp@@encm faﬁy Qdadsvmﬁdh@p&lanmeal d of a =
wat er - sol ubl e solvent .to aid in er _emul si o

Pr ef digliy ynsaturpiedfpity adsafuch ay ¢13: 4<§1r:§ C@P é&'@e@lzq ?1‘389%5‘( %)C%Zrﬁ‘a? aI“@r ment or or - a

si m | @f2.5£5 38V e redalted Righ i pAridag o BSRARL Rhsilifi8o MhRRSRY higlydyhbien, a net hOd_ T

for enriching the polyenoic fatty acid content of a m croorganismis

pr ovi lgéyacidpaatapphSeaiypatg Iw@e?w'ﬁbwmgwngaﬁéthﬁlw@%@@gﬁ? arEanilfya growt h.
nedi WHiavined Bgh MELorREntaliSROnY 86k RYNG 8¥nath8S Sedb B dBi4e ighur t her
aspect of the invention is a heterotrophic process for producing products
afd rﬁf@ﬁil@él”@anl sns. The process includes culturing the m croorganisms

cont ai ni ngrh%kafg%e'réi@a geeﬁf&xaﬁots@s%r genss nhiftofroSHi MPhiBRntimraRd mai nt ai ni g
the level of dissolved oxygen in the culture at |ess than about 10 percent.
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s DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention praovides a
process for growi ng m croorganisnms, such as, for exanple, algae, fungi ‘
(including yeast), protists, and bacteria. Preferably, mcroorganisns are i
selected fromthe group consisting of algae, protists and m xtures thereof. !
More preferably, | 5 mcroorgani sns are al gae. NDFEOV?F Jpnezmﬁpcess of the r
present invention can be used to |, produce a variety J% i pid conpounds,

in particular unsaturated |lipids, preferably polyunsaturated lipids (i.e€., |
lipids containing at | east 2 unsaturated carbon-carbon bonds, e.g., double :
bonds), and nore preferably highly, unsaturated lipids (i.e., lipids

containing 4 or nore unsaturated chr boncar bon bonds) such as onega-3 and/or f

onega- 6 pol yunsaturated fatty acids, including 10 docosahexaenoic acid

i. €. SU%XRY%F'I?L“NVE‘@’Y?I@' |y occurring unsaturated, polyunsaturated and |
Nj ghly unsaturated conpounds. As used herein, the term"lipid" includes =% |
phosphol i pThggresént swerftion prpvides afuocessforgrewiog evkatybtic raicicdgganitms tamptegl ycerol's;

stero : jds: | xanthophylls, {e. .
oy Cor BrEAD S b g oERAGE R 3% B RO ERaceas AP R Hehibhradeing otner - - |
| i pi dthekipidan Rrefernhly thé lipiddicnatriy apkiok Imdre pdlgenoir fatty kbidsbrThe pasckiscul ar |y,

proce - Qf i ion_are. useful in.produci ng eukaryotic ~ |
i cr obi s%oﬁdgggéc?%?e?rg%@kog\ﬁeg@fn é(:oénrpgts ’8%8?‘8’&“? &Hgfa?f%‘t‘a?%ﬁ %afrjboﬁhyt osterol s,
xant hespregl preferablyiaquinateobky carhordsootch.and i dioptirgmiribntenice e Bre€pabpgeieds whi ch had

been r ieve Ll require n for produci.ng unsaturated -
car bo%?%bgr%g;ﬁxsx%ﬁgf q'(‘l“.g%é. ?Ut%éélrt S%Wq%e %83@4%%2%3@ S’éﬁ‘&‘egtet(?dﬂ 455 et abol i t es
t her elgpmasSdemsity o€tk formenpatinnesaiasn ofat lehe abiue $@&Ng/LI nventi on are useful in .2

W ng mcroor.gani t hat. praduce pol yenoic fatty acid(s), and for
g{rdc))duci ng hrlno%er%g?céf’ts tg%f’rﬁ%eﬁé‘ingenﬁgf’_?v fg%‘?%_taé‘?r.‘ Caffiition C%’P’Ef(‘,sé%_é‘gméqs the pres
I nvendensity ioereashng stige dnd olipit prudactioh dRgs, avhieRiny/the bioasy Rasigandrédmgand to = =

obt ai n. pol yunsat urated Lipid containi ng compounds produced by the sane, ;f'o.f;'-,... }
the. se SRR et isarroRiiiatians B i e GerParriose oHics aetatpdd
descrprpdiction stb.gdvm benprised addlirfy ﬁmgmm:% Mrw;j\bithdﬂ't Sé‘d-ix?@ t}i_égﬁﬁiﬂﬁg? fsribAr grow ng3
m crogr.gani sns ich are,.capabl e rduci ng i |1 pids conprising onega-3 -
and/ o‘?"%é?ﬂ%ﬂ tB8F?Gr¥§ﬁcﬁﬁ?r5twg’éflhf’%‘f“f’§/ﬁ%lgPH’Q}‘“WH' particul ar nicroorganisms
timt are dapniteeaspéctpfthelpresentintdndor, e afloORQF HissofledbBderERAUAGS such as =

referred. m.croorgani sns i nclude m croal 8ae, fungi

d .

DPA, ~ ' PA or Al .. Pref |
(i ncl %ﬁ?ﬁ?ﬁ‘%%i“j‘%r% fhe dipid-produgtion stage is lowgiethe e gmeynt 9f dissolve
M Cr Cuxygenpresest in thetfErenentifiehedigh dirdi the BibmkNs Abnsoy Hépeadindstagdl. | ed
St rarrenopill es v\ht'bch i ncl gq‘gs m croal gae and al gae-li ke m croorgani snms. The. -
St r amenopiT 8% FREFLATRSE REMF SIE TG o TiFsoBEanS AR sedesisd Sivm theianat or es,
Pr ot egroupoevasisting(¥falda efungilei¢RIdMP 3% &td) Sprofdtd) Ib@REHY Snd bl tHRiebE, dS,

raus{geoech te“.ds Bi.oseci ds, 1Oéﬁ)trrycet,_es, z 6 ~uL 1~~~ 6 -

pochy TP Hi° GHY B RUSTMSEHRRY 100! Progur g pplyersirfatonacidser adertinidighat
Pel agad bemigsperdllylbeli®led to require mlLec BRCARGEhTor tRaf JRILES:s. %ﬁhﬁﬂ?use?‘@nt hophyt es,
Phaeorgig%t es .gbro al %ae)., Eust i gmaxét ophytes, © .; ©,.;:.,, _, ;
Raphi dGpRIFFEETS %W’ﬁrpf N IDNERRATASS CYkaROtE dFTgORMISBT Rl C7ngRIS 16 s | : |
Pedi fpedduaing $ipidBaict fRedNIIOs InediGRloY $RABHVelSH 85ut S Hah DAITEMaEG] es. - |
Hydr ur al ezd i bbgr diales; and 5 Chronul jnales. Qther preferred groups of |
m cr oal gae® IENGE 2pReEt BN BV entien, IgCeorEapisgarre sy ndn aisttbaigel | ates, | . |
izsc| yadodegs. nenbers of the genus Crypthecodium More particularly, preferred = |
enbodi rrengs O'ﬁl thﬁ pr eseogt invention will be discussed with reference to a :
process foFt YIGHARY 2PREFY N EeRiessnb b epdion srayides maigiininganioaygealeyelef such as.... . |
Thr auess aledayabbuthss OF sdriratiol Mahe TR Bhfi B RAE M heal Iy
Thrayst ochytri al es of the genus Thraustochytriumand _;;,:-; : v:v 10
Schi W?FK?WCQS?\CI udi ng Thraustochytrial es which are disclosed in
commonl y A%5H6N6HbddiFent Rt BBpra: . invondibf poAad! prboed Orof Hoqub N T SsUEd Lo
Barclay, aJl .of which are incorporated herein by reference in Their o
et | F8¥W°t1°tm1§495@‘ Ypidseconpriaiag:t hat nmny experts agree that U kenia is not a |
separate genus, but is in fact part of the genus Schizochytrium As used -
herein, the genus Schizochytriumw || include U kenia. 15 Preferred o
m croorgani sns are those that produce the conpounds of interest via R
pol yketi de synthase systens. Such. m croorgani sns include m croorgani sns
havi ng an endogenous pol yketi de synt hase system and m croorgani sns into
whi ch a pol yketi de synthase system has been genetically engineered.
Pol yketides are structurally diverse natural products . that have a w der.: -~
range of biological activities, including antibiotic and pharnacol ogi cal 2
O properties. Biosynthesis of the carbon chain backbone of pol yketides is
catal yzed by pol yketi de synthases. Like the structurally and

. . . o » - o T
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| It is to be understood, however, that _the invention as a whole is not

intended to be so limted, and that one skilled in the art will recognize
that the concept of the present invention will be applicable to other

m croorgani sns produci ng a variety of other conpoundi ‘gguw® [ 10 ot her

| i pid conmpositions, in accordance wth the technique @ ed herein.
Assuming a relatively constant production rate of |ipids by an algae, it is
readi |l y apparent that t'he higher biomass density wi-ll lead to a higher
total anmount of |ipids being produced per volune. -Current conventi onal
fermentation processes for growing algae yield a bionmass density of from
about 50 to about 80 g/L or |ess.4The present inventors have found that by

.using 15 procegs esmhlﬁgwka@y&@ﬁﬁ&odrgaﬁaﬁts tmen&nétlmédlﬁ@tmcyeate gher bi omass

density than currently known bionass ensrtly can be achieved. Pref erany,
ar ocessesthpPiomAss dﬁﬁ‘sé%’@ﬁﬁalﬁi Frimasntation medivante et eﬁﬁté‘?mlééOQj&(hsr ty of at | east:..
-about 100 g/ L b)mor gropidfizsrabhition boddRRSS sufRRdht to B %d—mcﬁ%t‘%aljus :
preferably at | east  about 150 g/L, yet still nore preferably at Ieast about
170 g/ L, @REPdaesseiddividsesshl y greater than 200 g/L. Thus, with such a high

by omass densi (g, e&@@vehf]ggé}@hélupl ds 2 0 production rate of algae is
decreased slightly, the overall |ipids production rate per volune is
srgn}"’t‘?‘él&rgfqaiﬁrmagh@“tﬂhérﬁ’fﬁﬁtﬁhlé@ﬁqrw%ﬁmmpﬁdélesises Processes of the
present i

"Thr austo@%@ﬁ%@%gﬁmg&%\g&eﬂgﬁdr rQ&I&%gl‘i} arr@cogé%gr E%nghgﬁgmgnssegur ce of a .. ..
limting nutri{@nt ¥eaozingewaishtfeom Gn\dn@mmmtmnmedlsmng) tphavidei dryoor gani sns at

arate s%lfci?gtsggﬁ%mg .QpiNcrease the biomass 2 5 density of the fernentation; .
e

medi um t Scri bed above. As used herein, the term"limiting i

Hutrient sour€Q" risslating sais lipidsdiacmiddry aicrotrgamsms. (including the nutrien

itself) gs aly f n| t hat .. when the -
&@BE thel\%t dxt 0951&“%) co p{l sr@oﬁ{ag 1#9&1 fg Qitxon 1 e dlgﬁlsence

limting nutrl rom §
substilémtl)’aﬂla?mm-tilwtrswth@etmocpm@mpem f rom gr owi ng or repI icating furt her .
However , nc t.he organi sm.can...
conti nue ‘?Ao%ng g an@hgﬁésegéégnéﬁg{% %‘ﬂ(?e?t ?g ‘% ‘T%?r%gesgﬁétfg“é‘%‘%eécer lular = -
products. By &hoosireating thep&ringrtation| tmothi tn perugabilizat lysomernupame ¢ent rol t he

{ype of produst &H% hal are accunul ated. Therefore, providing a limting:-
nutrient source at’ a certain rate allows one to control both the rate of

growt h of the(e) 2re6ovdtihg thelmdsfrnmdredeung:amtsmrbmﬂnbytgim@rsqﬂmbh on or

accumul at i u nt ation
process, a\lrrtﬁgrre %;agﬂgc%g{n%grﬁgaépglu ougthf %’dﬁpawatz: %?I‘g%cnso%ﬂr’ 2°%nd a liniting-
nutrient @@kmgﬁmjimﬂwataremadded i n increnments, is gener ally referred to as

a fed-bat ] .1 ha bee t hat. when the substrate
i s added I?%eéﬁgwﬁgh’%%bﬁﬁe%s atgi?%%tedr%é ©) f%ae%ggnffng?ré)éaa%ﬁh‘fesﬁ car bon

Xour ce prlagénthef spept of albtpcﬁsexﬁﬁ)ﬂexgi’oh amethod for pvichiy the polhoibifatyass density)

had alaﬂ%rttrﬁeata m%téogga[tnﬁ léh faesmghga“'@ﬁug dtgﬁgfut bei ngﬁbound by any

I's belie a hi e causes
d et rmmmahlseﬁ freecgrswth mediwml hatgngxslmzﬁl ofdissolved sxyde bf REaha0I0gani sns and

i nhi-bits ciivi ani s ocess s of the present
i nventi or{Sk ?&%ﬁ” fés?fqﬁen ‘é%nrtlg% aélgﬁogrr?ﬁolﬂ EOC%SISIE%CP{ ¢ 89 gt“iﬁﬁ i ng a 10
suf fmwrmanamauﬁhe pfoctsh énciudes tulmting the nac:bo@msxhheonwmg mdB&etdebed bi omass. -

ns f ni s Pr.oce resent ntion for - oowe
235?\ véy%‘g‘a%géﬁeg?“ i srrrse%ganan ﬁ%ﬁ‘“ﬁ%t%‘“%ﬁ’ﬁ ed%oggls szgrof‘Rjgef‘r‘fbtb%%\“gPWg stage. 'In
t he dilesathesabenil peycenhicr easi ng stage, the primary objective of the
fermentation process is to increase the-biomass density in the ferrrentatron )
medi umto obtain the 15 bi onass density descri bed above. The rate of carbon
sourBRIEdBESCRIPTK)NWI”DHEIQmeiINGm ned at a particular level or range that
does not [ detrl effect on oductivity of
i croorgafﬁu&r@s aeaill?qah‘g fogfif‘falnf"g‘/“ ‘g‘cﬁ?’bﬁ’%ﬁ?ﬁ%‘wgﬂn‘ﬁ‘cf%%?‘??‘ng from
Ams ufeksus tieninotapdistdl tddasy g 1ﬁhﬁ:nf1&ﬁiﬁbﬂﬁ1&ﬁhﬂﬂ equi pment to renove heat from

and transfer gases to and fromthe liquid broth An appropriate range of the
amount of carbon source needed for a particular mcroorganism2 0 during a

fermentation process is well known to one of ordinary skill in the art.
Preferably, a carbon source of the present invention is a non-al cohol L
carbon source, i. e., a carbon source that does not contain aIcohoI. As

used herein, an "alcohol" refers to a conpound having 4 or |ess 'carbon

atons with one hydroxy group, e.g., nethanol, ethanol and isopropanol but..

for the ' purpose of this i nvention does not include hydr oxy organic acrdS‘
such as lactic acid and simlar 2 5 conpounds. Mre preferably, a carbon
source of the present |nvent|on is a carbohydrate |nclud|ng, but not
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It was previously generally believed that the presence of dissolved oxygen

inthe 2 5 fernentation nediumis crucial Tn The production of

pol yunsat urated conpounds, including onega-3 and/or onega-6 polyunsaturated
fatty acids, by eukaryotic mcroorganisms. Thus, a.reﬂeg gu $%ge anount
of di ssol ved oxygen in the fernentation medi um was general l'y ieved to be
preferred. Surprisingly and unexpectedly, however, the present i nventors
have found that the production rate of lipids is increased dramatically
when the dissol ved oxygen | evel during the 3 0 production stage is reduced.
Thus, while the dissolved oxygen level in the fernmentation nedi um during
the biomass density increasing stage is preferably at |east about 8% of

o oadort Sl sERIERIAN Of Tl §330uR8R *7%°% 3200 Sove o the T
er4vent at Tae pféedit iveht$on @ovidech proceld @it gr&%tgfnu&%bxlghﬂBMQ RuéH as|, @FS,

€ preferabl --_saturatijon more preferably about® 0967 ,
D s arpaile uﬁt@@ﬁ@ﬂ%\%tﬁtﬁtﬁ RS Ppigacters ProfB iy PRHSRE B0 can be at .

or nealbct&afrblhahd grouBshsting 6fealgie CirofitsSar@mitukds thevedt MM grefedatlly,i ft down to

tE J ow DO setpoints. In one particul ar enbodj nent of tbhe present
verRiFGREARIRS BreAlgisn (MYFOVER B PRses 9% yfehTeseat, Byention ik bf #5adeAt at i on

medi ypadduse MAFG AL GIE bdtghouh®, 1hgérﬂaflttraﬁdaafatar1@ﬁe§§efeﬁg yakRhRedf or a
fermentation tine of From about 90 hours .to-

ferrren tion process wth total
about‘pfjg@ el'lé‘ﬂ“t%é contajpingiptdeagh 2 pasptugted)aebonzsgrbpn bonpds g Heybiebands)i s nedi um i s
mai ntn&ir@@éfe?dbl)ﬂhgluﬂ' uSHeuehidd lgﬁklst(h? IpidsebntdiftinB Wk &oreﬂ*ﬁ%raé%’%grﬁ&m about 24*h -

hour to about 40 hour ; bout 5% or I'ess from about 40 h hour to_ the -
end GFTOPHPORdS) rﬁéﬁlt éﬁl%ﬁgb‘?’o@é@é oquaﬁhwlmwteéffam gsids.vgludinggen pr eser

h0 t ecdseemmmbRtac:. mwaﬁ@&hmaﬁmtyro@tdrﬂgg xlil')éatﬁ %t@dr 1@1&3&1&!&8 amount 6

oxygen in_ the head-space of the fernentor, ferably by controlli ng: _'_t_;hej__{_,_-:
speednhishhyjuasatiragd F‘é‘f‘l?ﬁélﬁ@sat‘ts()‘ﬁe‘h}é“d?lﬂ’rﬁh? IR llmlét @Glué@ﬁrpl@mhpheé@), For
exanmies fat§y &iddNeAGt botaktp 'ﬁm(i@rtr&:%'lg'i)rclﬂ%&) st"el‘?‘)liseanrde's%t'é)lte%tei‘sn c@rofeﬁ&?s“ vely hi gher
amount of _dj ssol ved oxygen in t fermentation mediumthan a [ dw agitati on ...
r at e XeBePhxls (e <oxyFasotencids); hyAtosabers; isprsenoid-deryed carspayatly end athepaci ty the ™
agi t apideRndvi dngogﬁgma,tg, skfilgpurbaut 50 rpmto about 70 rpm durl ng the first
12 hours, from about S pmto about 80 rpm during about 12" " hour to S
about 18 Mommrtlcetmlymrwsab@ﬁjbeprcﬁentpmm@orwm@uﬂeﬂ@m preducingewagietiot 18" hour
to thgestd ghiytife Rl BaEALd CRRgalt hi oxygen

| evel ((:ZII scugse’d a(hove for aangg[ngfdQ %elnag?ﬁoﬁﬁ ?ggljggsq%arﬁt@h\é?sdfrom about

90 h@bﬂ&lntmﬁa@émthqre@pm@}ﬂéeﬂwdgampwm ahich dad beenfeengplisabalioreddpeeds needed
to a@&fuﬁy@xﬁeg & p‘?@d’ut:fn%‘dhﬁfurﬁé@éﬁp&onc&far%h% rﬁis\( ded a%}%ﬁﬂ;e MOISSEQan?Ier ment ation
medi um can readi | et erm ned one o I'nary e art. A

pr ef &F5OBYRIY étﬁ?é?l&?%frhéfe?%rSPﬁ@ﬁ@@élyslefgC%ﬁStoﬁélemr@s@ntlvelnhvem|Ub:ﬂﬁlllls at |east
aboulyr e m%r&@éﬁnsﬁ)ﬁsethﬁrﬁm%e iBlyLrE)?csfatt?QgH{s% 206 fo d mREdpiagr ably at

| east about 30 It shoul d be apprecia iat col can retain a

hi gh@Py‘éﬂﬂﬁﬁqﬁY@ﬁld@] ssol ved oxygen than Warmwater 2 5 Thus, a hi gher

f er ment at il HRgteldd b MROprade it A R0Mkd ko B BANAL i) ofeduci ng the
amount. of di ssol ved oxygen, which is particu desired as’ descri bed S
abov&icrogrgemsms Frdcte @btaglamlmtmyd ulleldmon@nalmnmaurmsam@hmd lzyrths aliné

i nekahs it Bacd ruTBRLALLABERELMIPARG, 87 dnmTIAREBlS oedpecially
chloride ions, can causé corrosion o d er dovvnstream
BP oc &usnting Véﬂ@ll%hsé [procespes for growing n@lprop@dm@ms tvhlels ereuapibd oferoddeibg ef f ect s due‘;- B
to aj S rmentatlon
rod Upe g oke SopR T aRUY, oflest? QLR ANT REFSER o riflel g o
non- @h‘Ff@WE@eintﬁdhfttaﬁeﬁiimgles)ﬁmrpdlmng@wt(or plpwseﬁabﬁyommnmushdsmﬁe in the RN
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f er mend bacteoin. Ove grquplof prfearsd microarpdndsmisde the-mandetsaifthengicsddil grougal ts. For. |
a t. 0.0, sodi,u t he.fernentati mediumis : © .-
gélolgp%lg&g gtgﬁlzenégum Cﬁ&érl'n gié ”%lrcéoal%faeefagga%qufkgs?m{hoe{hanmut q.gﬁ% and nore |

pr ef etraménppllessigcludiathe :ﬁctibmtng?ﬁ%ps'ﬂﬁmxcmmgmsmmlammf Pttoteeormcme@nt i nvention

or ot PR RBoreliy CIbbER < B RRMIES, 1B by B TEWhes Soout "250

ng/L and nore preferably betmeen about 60 ng/L and about 120 ng/L.
Non-chl ori de containing sodiumsalts can include soda ash (a m xture of

sodi um car bonate and sodi um oxi de), sodi um carbonate, sodi um bicarbonate,
sodi um sul fate and 10 m xtures thereof, and preferably include sodium

sul fate. Soda ash, sodi um carbonate and sodi um bi carbonate tend to increase
the pH of the fernentatlon nedlun1 thus reqU|r|ng control steps to mai nt ai n

Y b1 N




&

2

5 enmul sion and the resulting m xture is separated by gravity separatian,
e.g., centrifugation. This process can also be nodified to use other agents
(water and/or lipid soluble) to break the ermul sion. Alternatively, the

m croorgani sns are recovered in a dry formfromthe feg %@}F medi um by
evaporating water fromthe fernmentation nediun1 for ex gﬁ ontacting
the 10 fernentation nediumdirectly (i.e., without pre-concentration, for . f
exanpl e, by centrifugation) with a dryer such as a drumdryer apparatus,
i.e., adirect drumdryer recovery process. Wen using the direct
drun}dryer recovery process to |sogate m croorgani sms, typically a

st ea gldg)gnum dr i § erl{)I. | n _addi tion when usi ng the direct
drum reCO\yé? r° an, jel WPB?W§?8‘€FE‘P@MR¢19@PCQCW, Hicalent at i on

'rredr-umuescqgcwf ImmaiﬂéyD&korﬁseXaﬁho@bﬁ&kt P}ilaé&bhgt/eér(brd%r ?ga%gﬁﬁl/gﬁlgﬂo}ﬁ?% ﬁlt glheaSF e

‘dbout and ref erab |'east about
Bi onas%&gdo#qlnﬁ? g‘éf‘r’é‘?% |y éé%‘# eéd f ofinglpdingj r e cRhigne tipastesy ecovery

proc eB@imﬂdanﬁe:ts&bhaesb QhBsortiridARS SartiBfdhinsialeb, l@@d&%mw&aa@ g&%d' um '
COMPr L5 ﬁuff i ent unt of. water to cool 'the drumsignrficantly, thus
{:I ng %a ?Sncgﬁlﬁﬂgf%n SFOYRy OBWIQW%B}CMW@meGFWéﬁW gwehdge of drying

r esul ,
cel | sand dmd,ﬂagellwess RicRMin@I tértGErs 6 @e Wenls @9@:‘»&0&&”9”% A p%f%hﬁﬁ&y skill 1n |
the art Processes of the present 1 nvéntion provide an average lipid . |

pr odu%’F’i’eBFnd ?’5‘?08"6?“%%”}6@5@%avdérmonal%bgdlmsﬂed wish mf@mbtqp padcedsdast about 0.7 = |
g/ L/ hgrowﬂ?grrﬂarﬂll’eﬂﬁ@{o@@aﬂxsﬁ& ih %&%Eulﬁ’xb‘ﬂége QiR aggllhéatﬂ c}b%}@ﬁgds m?%he ef erably at- |

Ieast about 1.0 Nor eover I p1 ds produ FocessesTof the
' pr esBEusf "m}@ﬂ'tﬂ%ﬁl%%ﬁﬂeﬁiﬁr‘ialb’on}fﬁﬂﬁ@ah)ﬂﬂdcse@f th¢ génds Thwutthézyammﬁ greater {
timan a{mu&hyﬂrﬁ% mtaruaf I EkrhostddhRALIES 0°9qp{59 ef.erably great
t han }%? n% nor e r}g fer awmme?ipgb%dglr éa er [ytaﬁ QE{)%t 30% and
nost bﬁ %40&9@&{“&5 S hare. dpussughbin Barelay, ad of avhidheare exayened from ei ther
dri echemiCbpR gl HitBeiPéntitdtP M H6! e f ntatl on medium.
Gener al | %/ )Olgt least about tp 0% of d%g&gﬁ?%lggm%@o%ﬁ %‘e%tha't & 81 oor gani S

in tHe'H °86’é€e§€§“50l?“tfsﬁéfﬁSF@ﬁ@rﬁihﬁgmﬁt?lilmqhﬂnwnomwasd&eandﬂmgemﬁega 6 e
pol ytmsg&dﬁpﬁiu@dvﬁlaﬁ&ydeagkg,ga preferably at |east about 30% of the lipids

are onmega-3 and/ or onega-6 pol é{;nsaturat ed fatty acids, nore 3 0 preferably
dC | east &Fdutedamigrosreanisas| arpithese dhat woduga-tBe amdt)@mds)mégﬁtex@stpﬁhyunsat ur at ed-
f at t Yolyke€dedsuntiad YERSHs, PK e abaout 50%0of the i |ds are '
one %{l)oiy anc?/%ﬁrn omegs;a- *ho S%}ﬁég(’? %’Jar:/r &ﬁs&l fg‘t% élf}e é%‘°‘8%rga‘}iffflseﬁ‘h"a’es \9 ‘
procé’§ QEENQYE pplyketid Pél'éfél?ﬁse pstearand oncrpgrganigiesntawhich2 pﬁl)dketfde s?xﬁﬁh%e 13 aver age
ONegayslerh Bid B éndtm q ) 0 bout 0.2 g of”
omega- 3 fatst e.g T Iollgm% PB{Y)EIAW{%EQ“&& J‘%ﬁS’f%Pa é@g‘fts about 0.3 g

of o%@éa‘a‘? f i raep &f(‘%OI%lca PEivitids/ Mcluding' antibiotic randafpeirmb&qlogadall east about
Q04 greplrRAmBey Akl DHA ferably at |east
aboutg r% go y?)’lms a§Mh@&¥%fgg‘g?b c‘( .g?){,p%glgﬁ (}efﬂsﬁ?ta dtbgPﬁalfq ely,

pr océ%‘g'éaéesolekﬁ@eFrtrb?f@@an m@nmlstaallypredmédd&tqamcxavmm@ pcmﬂﬁbﬁd@ fatty acid

(e. gsynthdBéc@NvAR" tiv out o7 a-6 fatty
aci ds:’(lnet aDPy tﬁ)éjHﬂ: Aﬁ%lﬁd%?%?ng? C{% ag‘%%sbb §5"6’Bt“ﬂ tg‘oﬁst?ﬁ r%ﬁega 6 fatty.
aci deftémg‘hec hG}‘l"N ¢arbonpsagimer wac\a:b,luyhlatfattmﬁjtsyﬁbab& pély aadg of ~onega- 6

fatt b bout 0.17
of oyylﬂms% (gagtgtg?/ergggégf factord] ESEK%H%& ;EE?’ %e d g 5‘?0? Q{dfvé‘ii%la?‘? 3‘* at | east g
ab ouﬁyn%@% ystems gan dqthis h}'SISlDElﬁta(tibasmck anhrermhabetéte,tbryymmﬁn@ﬁlaﬂymeﬁ hyl ester )

pref ehabhYomd: t %d t about 35% and: m)sf
pr ef erglbl y at higlgtexgeg % ﬁg W&’ rgg ﬁfgﬁ&tyvel‘iyﬁé oogﬁ‘ES?fetda@Péd therefrom:
t he BehydmEen prdhenonl reductibe en the|q@tad<em<gmmfdnam mer@@dntuoaaanmiaﬁ ohereof can- be

used t f. u h r edi i n beverages,. - -
saucggh&ggl l? %réggl%%% 1?%%{511@%%%% bl}nﬁ?‘% g‘@)‘ljiﬁrﬂ?at gen@érg 05413)'.1&- crean) and
bakeéehysrag@wep canibe mtmn@hanhembpﬂoem NFurftier) atkREH HRsddoubRBb&s afeor M8) ; f eed

f or_.any, a at. or products are consuned by -
ﬁd ﬁﬁﬁu? ﬁé g%qﬁnffr%l FRtionsthey °a§€%°§"beéf8§t°fn§ oY %ﬂ‘?gg?rﬁtfoa‘rf?unldé? Bifa; and
phar @ad: etbti p;cweso@lfa‘tty(hcrds«:f intetese) Gy GAHimatib &oMBNzaB bR 'B%ﬁltthé)ﬂ@h?'drﬂ'ée term -

"ani gal neans an ani sm bel ongi n o the kingdom Ani mali a and i ncl udes,
th%@tlsq %}g%nlr%%\étlorg 8?1°uﬁﬁ’ltLq"?r}’g‘?ﬂcgﬂ{‘eﬂ]eﬁwpﬂ%enneat seaf ood, beef, pork’

or lamb is derlved Seafood 2 0 is derived from w thout Iinitation, fISh
shrinp and shellfish. The term "products” includes any product other than
meat derived fromsuch animals, including, wthout limtation, eggs, mlk-

or other products. Wien fed to such aninmals, polyunsaturated |ipids canibe:r:
incorporated into the Mesh, mlk, eggs or other products of such aninmals to
increase their content of these lipids. Additional objects, advantages, and
novel features ofthls |nvent|on mnll becone apparent 2 5 to those skllled
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A "scale-down" type experiment was conducted in 250 TL Erl enneyer flasks to
mmc the effect of | ow oxygen contéent onm theDHAcontent——A—Sechizochytrium
sp. cells cultured in 15 |arge-scale fernentors. Schizochytrium sp (ATCC
20888) was cultured in 04-4 nedium This culture nedia consisted of the
followng on a per liter basis dissolved in deionized Anbt L 088s04 12.61
g; MyS047H20 1.2g; KO .0.25 g; Cad 2 0.05 g; nonosodium glutamate 7.0 g; J
gl ucose 10 g; KHzPO4 0.5 g; NaHCO03 0.1 g; yeast extract 0.1 g; vitamn mx . |
1.0 m,; PIl netals 1.00 nL. PIl nmetal mx contains (per liter): 6.0 g i
Na2EDTA, 0.29 g Fed 36H20, 6.84 g H3B03, 2 0 0.86 g MiCl24H20, 0.06 g : \
Znd z, 0.026 g CoCd z6H20, 0.052 g Ni S04H20, 0.002 CuS04H20 and 0. 005 g |
NaZM>042H2 OrefdrhBIA R 4bcHh At 3l er liter): 100 ng thiamne, 0.5 ny |
bi ot i goand 0.5 rrg cyaﬁg?gggﬁgmeﬁfes%gwﬁﬂ%f‘E’?tﬁé‘femhl‘tmpeesm;ﬁoaide adj usted;
10" 7. 0 HANGIng e pedhmidrorganiseis.eThd proeds rxﬂ%bi}d&ﬁxﬂ?ﬁ%dﬁgu@hiﬁ scal e- down |
{QQXperimbrgM%iiﬁag%hgy&gdigrg@ gebls in shall)ge flasks wt Edf'% ferent s
vol umes._of culture ned a PH RS T"Ilgﬂgogrg%%@mﬂmalpofyﬂ(a@csymscg. 200 nL in |
a 250 ST nERET0|va die)evbof dissolved oxyerie hain@ied o5 ek, 4 AP gq0G L her efore as
the celotdprefeRBly o RV flisS3LVEL ox%ﬁgn condi tions woul d ba’ §EFEFYt ed. |
Therefore 4 treéatments were Bat AbMCeRseferbly phlsssehansationetpercerata conduct ed
i n duploregaelerably af leys thatabout Fpeaskis filled with 50 ni cul ture nedium (2) 250
mL fl asks figlt A 00 L culture medium (3) 250 nmL flasks filled w.th
150 nh 3 0 cul {:g ﬂ%‘*é“e?r%’oﬁ%ﬁ’rﬁwezﬁrd*ﬂmﬁe BEFNtiON a%mvﬁae?efm poskisteddell keelsk ¢oi t h 200 ni -
cul t ur@ssard et oma elillest intthreariwiittcobhiad st HOSNLARGH Ledowith cells froma.
48 h i i ot R el ot |
owHll Kl afp1écdbit W §in&f ig,%&! zochsytr ui cultured’in nder the
conditjons 1N treatment 1. eaRgnsAro 8182 & Nereznef athemeompaundd) akcRiding abl e. 2564
e Lipigl comppsitiagis gihimedokdandeswittane lebiihi @O IRAhNGS © Placed on a shaker. -
. and cultured for 48 hours i

table (22 | ilhcubat or (28C) ~,
the dark. (A/iflg‘?hge“eglﬁ‘ Vé& ¢ ténté’?ﬂé‘?tioﬁﬁ‘l‘ﬁthﬂidéh)oam@iedtdy@dily(@@)redteveI s inft }
each thtakghigher biomemsiansint will lead & afifbhefliots ALY & o PRGN TELEL ,  pH of the f
cul t WoRinfB ekt WaR alosg cdet er m ned, and the dry %EI gite B3P u87§f)9°§ and their
fatty acid conté\%ﬁl Toal fermgntatiqnpracessesdor gToveing elgad yiidd obiombe densper | ment are--: |
out | i%&@M #hoTa to aboufTRbp/Re dk lesRe THS bRsét irveAbS 1OV, SFREL Liment exam ni ng |
ebf eGhocafsed e&’i ssqhVed.  oxy ep_concent rations ony\?%’g F‘Fﬁby CHeEn highly . |
unsa&}ur atsfe}‘1 nﬁ‘gwtry aé’?vﬁné%*fég"t‘ Iapilyhighea bipmagsi dgheity tiofn cGr &t ReEWE ri um sp. 10 |
15 2biopBssrlensisd camberddhicl 8a F e R © ) Bi (/L) Final PHDO (% 1
sat) SRMAsSuentinth 21, 43110047 06, B Pk o bt B8R i hlidriroBisems, o 4. 51. 86, |
93 The results 1 ndi CaROYH 807 pypfgrablyrat dsast abast 1%0 FAlVE}ill afdek DHA cont ent |
(% dPefenetily htt Ipasivatrcat SQBES yé: 6fill gk ﬁeﬁgb{y%?%stﬁ]bohﬁw8%¢50hved oxygen - |
eve e hi ’

| evebSpaahh r i ssol ved oxygen PRESY pi d and DHA
cont gﬁtf?rabﬁr’h %gt?‘ysﬁﬁfhéﬁf}%@t Z‘fﬁ’%é‘@%}d@%ﬁ dhigh dierniraslddnsityy eyemifrisd lipidsel i eved to

P& npeduadtian yate of digaeris deesatodsAERKE, 6 GWERlIE); lt is surprising that so

WChsi%&?@Zh{gﬂ& d at IF di sslgi ved oxy énoq}g(\ﬁ]é:fl?n f?éecpﬁﬂg‘gew is one of

the nBst unsaturated Fattygwn grocesgst hough t he bi omass production decreases

as the diRewbseecblomggpmesdnevslenicn dGCy m\,{yﬁ&ﬁ nt _is increased.
rowt h

cont

Ther-pgrglF it id.S. an eous to _have a A28 Wit eh‘?rﬁ?{er di ssol ved
oxyggn Sgo\fg*t éalte %mgﬁé‘f ﬁ‘#@% 3 ourer Of rasbancnd gfsolrcoofis Emiting rubién thawer -
t he igimetdtion thediumgomptisivethe R rdBBo4hidhe A 2 kR ain.fatt id production. -
@(an&lrl?tﬁof?ﬂifefsmgﬁtgtﬁ%: ng erdIBllelF é% at esr:hg% Zr e%ﬁg?dg?? @ﬂ?‘i:gﬁj tgf?’glﬁ?“ggesse_st ﬁf the
present °i nvVent | on &dpgC B ddws@heresi, g tér@rmRAmer s With a
nomi mdienisnukden g ford kdlireoude of a 2B eH Ik AG; resulld ng ferpentation broth
vvasrﬁq_g“(}&leo rated and microor anties?rél. yve?%th}:}ll%.ten nﬁ%ﬁe%esgerﬁ?%?@f:yer. Li pi ds .
frorfal I qudt S EERE™ B Virg the imboe gatriestrs depleedebdnt aeteeshrnd puri fied
t 0 pneobiusdtsabsendestiRthntiRlyEasRekh miaRd i.zed .o | . roxi mately 3,000 ppm
of disast pcio(geqlgr %L acetate was nélddeﬁ%gﬁﬁ%ﬁéﬁ?%?{éfﬁ’g%ﬂﬁ?@%m ation
pur poses -priertt YrEREIGRES &e g i pnlange, the opganismcan-guntinueto makeend: ' - . - Y- - - .
St st o g b LD

) can céAxﬁroF tl!;e type ofd products that are accumulated. Therefore, providing a limiting T

nutrient source at a certain rate allows one to control both the rate of growth of the



-. shown in Table 2. The dissol ved oxygen | evel was about 8% during the

first 24 hours and about - -'' 4%thereafter. Table 2. Fed-batch
fermentation results for the production of DHA from Schi zochvtriumsn_ 5 10
15 EntryAge (Hrs)Yield (g/L)DHA (% FAVE 26 JUL 2004

(% Productivity1100. 3160. 717. 849. 50. 28S299. 8172. 419. 45| . 30. 33S384. 7148. 714.
441. 40. 2S3490. 2169. 519. 753. 90. 370S99. 0164. 112. 538. 90. 2076113. 0187.119. 747. 2
0.326797.0153. 513. 741. 00. 217892. 8174. 816. 448. 60. 309Aver . "' 97. 1166. 416. 746. SO
.288Std. 8.412. 32. 95.40. 058CV' (% 8.7 __, y ey - 0.417.311.720.2 1.
act ual yi el d of biomass den5|ty 2. gDHA content as % cel | dry weight. 3.
ry weight (nmeasured as nethyl esters).

t ot al
4.Q ?grlg%%&oyo%a %Az)nﬁ qﬁ?—lpr Od"gz%%g\?é th@@uggon of gﬁﬁﬂgﬁf Elfodwfi @tg olipids). dossf ficients

of - v-arfl’ealhnntautlmyproéazsef\nfherz:|oeélbxsn&é subafdts%bé%'édér%ﬂk Lﬂ}%ﬁé lg&g' cate a
Qgﬁr ocessﬁ*rg%bg&rp I Lent reproducibility, ues et wee Und 10% i
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KIS0 £8Rpprngs. na{lqge prefgatdy, ) eartﬂmsrourwzﬂ the present invention is a carbohydrate,

including, but not limited to, fructose, glucose, sucrose, molasses, and starch. Other suitable

simple and complex catbon sources and nitrogen sources are disclosed in the above-referenced

patents. Typically, however, a carbohydrate, preferably corn syrup, is used as the primary

carbon source. Fatty acids, in the form of hydroxy fatty acids, triglycerides, and di- and mono-
30  glycerides can also serve as the carbon source
Particularly preferred nitrogen sources are urea, nitrate, nitrite, soy protein, amino acids,

protein, corn steep liquor, yeast extract, animal by-products, inorganic ammonium salt, more
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~ =z ~~~ 2004 5 to 15 18 10 ng/L (9-11); thianine 9.S ny/L (4-1S); vitanin,

Ita
B,Z 0.1S ng/L (0.0S-0.2S) and ;. Calcium ~Pantothenate 3. 2 mgrt—I—3=S1)~ |
In addition, 28%N\H40H solution is used as the nitrogen source. The ash |
content of the dried m croorganisns is about 6% by wei ght. Exanple 4 This |
exanple illustrates the effect of reduced di ssol ved oxygen | ey in the |
fermentation nmedium on the productivity of microorgard gniUht(mﬁe
| 4, 000-gal | on scale. Using the procedure described_in Exanple 3, a
14, 000-gal I on nom nal volune fernmentati on was conducted using a wild-type
strain Schi zochytrium which can be obtained using isolation processes :
di scl osed in the above-nentioned U.S. Patent Nos. 5,340,594 and S, 340, 742.
The di ssol ved oxygen | evel in the $ernentation nedi umwas about 8% during

the f pre&rabBrantmenian satofitulfdé hydmidd)endtost pREHbI} SmbbEiuAGydrcR@d! and about |
M hour fermentation procesg Results of this 1
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Schi Zr?l% trlgg B reduced di ssol ved oxygen concentrati on ry Age (Hrs).
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JALL %@ale 1pt not hmlted to MgSO4e7H,0; MnCl,04H,0; ZnSOQ,e7H,0; CoCl,e6H,0;
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£08103. S1¥éhegaBnRuignGsused as Onitddgsa Sbe2, 1hd Fdmétitation medium becomes acidic

s 84 410 41.10. 3912172. 0172, S22. 892. 843. 20. S46227+
3 or S5 ioh! kel et sk tifed e adpong lygrosicesire sxthe. o210 o
1. 742riEBrSUOcRe $outcsH catliliodd Bsed BproAddeiR okrob 150 nfiforgsRmb4Pime0. 4082770 SL |
34. 3 o
"14. 3% dhrutechyirislesjn partigular Thiaustoshystialesf the sopynBhrgystorhgpiymand. 442, S0. 4553
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1. .1 61CV16. 098. 294.1. 6%. 7
?}) Th%()pé&%%aﬂé@f}o? rfat%g? ’{I??étlcé‘glf miGrogganisas withindhedaomedee efopgen | evel in
t he fskilladmttiadron nedlun1on the productivity of nlcroorganlsns on a

41, 000- ga rocedures as Exanple 4 were enployed
except t hglltog{lﬁ %Brefea{‘tt "bvﬁat\’i\(?é‘sg’étg??d‘ﬁ?ﬁ BYrreqisapiss @ogantlude 4 er nent or-.
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20 apprecxated that lipids are also produced by the microorganisms during the biomass density

increasing stage; however, as stated above, the primary goal in the biomass density increasing
stage is to increase the biomass density. Typically, during the productlon stage the addmon of
‘the limiting nutrient substrate is reduced or preferably stopped. _
It was previously generally believed that the presence of dissolved oxygen in the AR |
25  fermentation medjum is crucial in the production of polyunsaturated compounds, including |
omega-3 and/or omega-6 polyunsaturated fatty acids, by eukaryotic microorganisms. Thus, a
relatively large amount of dissolved oxygen in the fermentation medium was generally believed
to be preferred. Surprisingly and unexpectedly, however, the present inventors have found that
the production rate of lipids is increased dramatically when the dissolved oxygen level during the
30  production stage is reduced. Thus, while the dissolved oxygen level in the fermentation medium
during the biomass density increasing stage is preferably at least about 8% of saturation, and

preferably at least about 4% of saturation, during the production stage the dissolved oxygen in




S Entry Age (Hrs) Yield (g/L) YOHA %-AVEYDHA rel, to FAMEDHA Productivity‘

(g of
DHA/ L/ hr) 175. 011. 6. 11 7. 346. 137. 40. 268299. 0159. 31 7. 447. 037. 10. 2803103. 0152. 6

16. 047. 233. 80. 237468. 0l 36. 817. 9_4S. 939. 10. 360584. 0142. 017. 547. 037. 20. 296Avg
85. 8141 .417. 246. 636. 90. 288St d15. 11 6. 60. 70. 61. 90. 046 é iﬂilméa 294. 39%. 294 1
5.8% Exanple 6 This exanple illustrates the affect of f'rogen on the :
fermentation process of. the present invention. Four sets of 250-L scale
fed-batch experinments were conducted using a procedure simlar to Exanple

4. Two control experinments and two experinents containing extra anmoni a

(1.1 Sx and 1.25x the normal anount) were conducted. Results are shown in"
Table 6. Table 6. Affects of extrdaoammonia on fermentation of S
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ches where extra anmmoni a was added.
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exper usi, n cedyre simlar to Exanple 4. Kinetic j
o o P2 bRS CABIITD Furin B BT of hgianof Fperdancader o achiove a

20 partlcular amount of dissolved oxygen in the fermentation medium can b> readily determined by

one of ordinary skill in the art.

A preferred temperature for processes of the present invention is at least about 20°C, , i

“more preferably at least about 25°C, and most preferably at least about 30°C. It should be o |
appreciated that cold water can retain a higher amount of dissolved oxygen than warm water.
25  Thus, a higher fermentation medium temperature has the additional benefit of reducing the

amount of dissolved oxygen, which is particularly desired as described above.

Certain microorganisms may require a certain amount of saline minerals in the
fermentation medium. These saline minerals, especially chloride ions, can cause corrosion of the
fermentor and other downstream processing equipment. To prevent or reduce these undesired

30  effects due to a relatively large amount of chloride ions present in the fermentation medium,

processes of the present invention can also include using non-chloride containing sodium salts,

preferably sodium sulfate, in the fermentation medium as a source of sodium. More particularly,




2 6 JUG 200 . Table 7. . Schizochytrium r; 22 ' Kinetic Profile for a

1, 000-gal l on scal e Fed-Batch fernentation of Age (hrS)Yierd (g/C)yBromass
Producti vi tyConversi on Efficiency?HA Cont ent %-AVE Cont ent DHA
Productivity241184.92 g/ L/ hr78. 2% . 418. 80. 36 g/ L/ hr301384. 60

g/ L/ hr 60. 3940. 630. 90. 49 g/ L/ hr361383.83 g/L/hr. 46.6%1. 636. SO. 44

g/ L/ hr421754. 17 g/ L/ hr49. 8943. 441 . 70. 56 g/L/hr48178%g§1j9[LﬂmA45.1

%48. 752. 80. 69 g/ L/ hr48*1643. 42 g/ L/ hr41.5%5. 333. 10 L/ hr 541 963. 63
g/ L/ hr45. 7946. 651. 20. 60 g/ L/ hr601903. 17 g/ L/ hr41. 79%46. 933 90. 54

g/ L/ hr721892. 62 g/ L/ hr39. 1945. 631. 80. 41 g/ L/ hr841952. 32

g/ L/ hr 38. 5%46. 432. 70. 38 g/ L/ hr902002. 22 g/ L/ hr39. 0948. 833. 30. 42

g/ L/ hr901711. 90 g/ L/ hr33.3%2. 261 160.42 g/L/hr ** ~ Two separate sanpl es
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|IIustrates t he effect,pf nutrient limtation on carbon conversion
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fol | aking trArGaAME el (iRt the PpH of the fermentation medium, thus requiring control

steps to maintain the proper pH of the medium. The concentration of sodium sulfate is effective

to meet the salinity requirements of the microorganisms, preferably the sodium concentration is
(expressed as g/L of Na) at least about 1 g/L, more preferably in the range of from about 1 g/L to
15  about 50 g/L and more preferably in the range of from about 2 g/L to about 25 g/L.

Various fermentation parameters for inoculating, growing and recovering
microorganisms are discussed in detail in U.S. Patent No. 5,130,242, which is incorporated
herein by reference in its entirety. Any currently known isolation methods can be used to isolate
microorganisms from the fermentation medium, including centrifugation, filtration,

20  ultrafiltration, decantation, and solvent evaporation. It has been found by the present inventors
that because of such a high biomass density resulting from processes of the present invention,
when a centrifuge is used to recover the microorganisms it is preferred to dilute the fermentation

‘medium by adding water, which reduces the biomass density, thereby allowing more effective
separation of microorganisms from the fermentation medium.

25 The very high biomass densities achieved in the present invention also facilitate
“solventless” processes for recovery of microbial lipids. Preferred processes for lysing the cells
in the fermentor are described in U.S. Provisional Patent Application Serial No. 60/177,125
entitled "SOLVENTLESS EXTRACTION PROCESS" filed January 19, 2000, U.S. Patent
Application Serial No. entitled "SOLVENTLESS EXTRACTION PROCESS"

30  filed January 19, 2001, and PCT Patent Application Serial No. entitled
"SOLVENTLESS EXTRACTION PROCESS" filed January 19, 2001, which are incorporated

herein by reference in their entirety. Preferred processes for recovering the lipids once the cells




concentration): Goup | ingredients: Na2S04 ( 18.54 g/L), MySO ~7H20 (2.0

g/L) and KCL (0.572 g/L); Goup Il 1ngredients (each prepared separatety):
gl ucose (43.81 g/L), KHZPO4 ( 1.28 10 g/L), Cad 22H20 (0.025 g/L) and
(NH4) ZS04 (6.538 g/L); Goup Il ingredients: Na2EDTA (6.0 ng/L), Fed 36H20

(0.29 ng/L), H3BO3 (6.84 ng/L), Wd 24H20 (0.86 ny/ L}, %UES 20 (0.237

ng/ L), CoCl 22H20 (0.026 ng/L), Na2Mb042H20 (0.005 ngl b, H20 (0. 002
ng/ L) and N S046H20 (0.652 ng/L); and G oup IV ingredients: thiam ne HC
(0.2 ng/L), Vitamn B 12 (0.005 ng/L), Calcium pantothenate (0.2 ng/L). .
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then i noculated with Schi zochytri uth and grown under controlled conditions
of 30@e R?Flln@bglzahdbrdqesQolweﬂlnqu/@anemfr (R ehablaattkd B¥ill @PulRhitd beraXi mum cel |

densi ntlnuous afion mpde was then established by
Csi mul E’ﬁ’#ﬁ%ﬁ“@%ﬁx%’ ﬁé“P?‘ 33 1B DR Sleicdromamiatess AVRace Wt ot or ang

rem)vPﬁ’@ﬁﬂﬁewfbclotsmmpmaedlhﬂgnnwhefzaﬁ&kyfhrltswm&@} | & @ls PodebOaiee sufficient

to ma ut e of a steady state is reached.

To i n\lsl(gelg?{e g%’?%"%k‘ {1( %T#] chto of acﬁi?f‘?l‘%ﬁ({deil t‘?ﬁLi’Fa?Eli' er W‘%‘ﬁﬂ&?ﬂ?d gont ai ni ng

t he sp@uﬁsxfonenﬂtheqsmn@mum is esphrated bb@m&ﬁﬁ@pmﬁn&h@ gl EMuFrudged @#@l umsuch =
leted.in the outl et cel-contalnln oth, so that

t hat {

gr owt ?Ss Qﬁe fégl% g étd eﬁq%uﬁeeathﬁryagéﬁtéé‘ﬁ@@ WQTH@‘%&?“W&IPé’ﬁakéhﬁu red 2 5
nut r i emtlsionce steady state operation was established for each condition,
final brOtX']t resi.dual glucose, and linmiting nutrient

concent r at’i ohs %V%V’pﬁganﬁ‘gﬂ?rgﬂ‘ﬂs”@far‘f Freoverad)in 4y fomm frasmthefermetitatione cel | s wer e'

meas umdiumﬁyeva;mmtmgwawa fiefrf the felGatidh nfEUNGD 35 echnko Q{ﬁgﬁaé’iﬁ ]?' cul gt eg by .
al dried biona&s forme R

dj yi dkgg ttage t ot.al é% co Stgrred by the tot

expr eSSed on" & B’é‘ h¥EP prg-concrRations e example, by pantrifugptigniont h by ea

i ndi vivilbiabirystsuth Mdm@r@yﬁhpﬁitﬁd Ry, ard%&%?drﬁ'-géjer}eﬁméﬁpﬁpé 'Wﬁ“{ or each &
S .

|nd|V|du (futr I|sted|nthefollovv|n s are
summary’ zgg;ae FBFT TS6AVAY Progeisde isolate miggooy, mlsmmﬁp@ﬂyfatbareh&tedEf fect of

nut r i émtn-drieriig ﬁ:ﬁplmdollhﬁ&ﬂ&ldﬂlﬂf{ﬁ%ﬁng{h@hgectgg{yg@gf ggo‘gb{ﬂrgéegp% . (dl UCOS,V_e.;_T.,_.E |

-> bi omass%1 &1 ontent and DHA content zochytrrum’s . pl, v
Li mi t DARaEEs “Eﬁ grReaafion medum iy proferably atllqagtiaboutd 3 g ndistpreferably

Gont enlldabtabas eh (Sgli%d%s%gfeﬁgli'%”eis'f 280D 073 Op130h; Shiomas? dg’nst@}cl) gphatel7. 844.

50. 837. OSJDOJhJ ac{}' th? 518.°87. 71

. Zi ncEFaeTaldegeddorthadirestdspmuryenteomsnpieestecaws: 8 Chlvat blmzﬁagsaelsaﬁ 022.26.9Ni ¢
kel 17h8An&@atioR eGBmlb ﬂée'é g N 231.33.426. 18. OI\/Bgne
Sium 3. 934 85 31 5. 76, Ao feibt arigh B AU GAN AR G dotitnciey)
1219. 'BUHgeing ianesmnpiyipiryisa eHisrg @ aiyms ©ther S1egiods of drying cells, including

~7. oemty@m@gqaﬁem@egngpog%@oﬁglamgmqﬁg 944.81.821. 88. 2Pot assi um3. 032. 5
g814 | 5. % i concentratlon of dry bionmass (grans/liter) 2. yield

&efficie EOoEBEBR d%@%seﬁ?@Hﬂ@éﬁp@l"@ee@evmémmﬂ))dlﬁuozsratercﬁ”at Bual gl ucose
 concebbutdts gm/m liiréﬂérﬁ’&lgat(léﬁ's%ﬁtld'ﬁ )hrmors prgfera%‘l_wtllegl O‘!‘B?i Bfgf Wf dry

bi onasapé)g 8,0 AVE /% dr I omass Bt bi omass (g
FF&E@)‘“ feastjapoytd . Mprgover Hipidsgipbducediat prmetssres)gemel imtation
resutptr@énu iAvdikien Rb&BSol %Me&itl f ?h f al | owed by
pho pﬁ% sodi um ni cie%aﬁl mangan 91@ iR flebggxgw%{e% anf S‘:%"d iron. This
i nf o ‘ETF‘B}ﬁgTG%Eﬁ”B@aéﬁ‘ﬁ|28¢elaor@@mlxbi gitdtar thap abm@lj%gtlbnﬁre@refmlya of these:
petr Ig@d’:ltestﬁaﬁ)aﬁbub?d%rhnﬁ%{o@?ﬂ?&@rtabl é fi nt g0 limt cell e
gr owt rLFt he nost preferred cgs%(re {eﬂ@?éggogtrlgd} if”@ Sc?‘PberF‘iOH?rf’ ng manner to
t he 5%?1 bijrh"éirff”ﬁfqoﬁgﬁmtsﬁls REAP R th@mwh@r@ﬂAmomﬂmnﬁenma‘ntdnbem&lbhns Q her
: nutrl@ﬂ&rslb( Qf led¥t adollf BB, bGE BRGY in.ald manner. to maxim Ze"
production of bionass orﬁﬁgt hpégﬁgeﬁ %‘Terqwroor g{ng m'&ﬁré’?esf)‘is(?fogl cally .=~
r eqU|d?eé’(5"S€‘}té‘H‘E‘Pft°§ agyomega-3 ancﬁor@mga}ﬁp@mm&amfauyemgpxtemmy\aelegt not
eval uBd@ B0 UE bh gUbfeUs Qqu ! nutrients in
. this fer ner?’?lz%]l oneconrllqtg‘réo z;ng{o?e??ﬁe% %g\ﬁwtg@gﬁtfy A ﬁ’?qr?)n in )
égr i Btederehipaideasbationt 40%of ﬁl}@lésldtmpmn@al snd/cmbtrﬂtgds ,po]@ﬁﬁsi@nsa‘i&leattySySt ens
and/ @§idaRRA mRYsH Srefit ct.ed, and desc herein, including.
5 vari ous embod rr?en%bz}; e %§ ki ‘f‘ra?z’t/fjgﬁlé‘e lpids asrﬁlﬁ’%g%g @P%B‘Peg%ose of skill
in t Relyarsatugied fatindeidst arhtdmhmwlyt, pravedses ofiutic peertlaveptios pRvVidenyent i on af ter
under st andi ng the present disclosure. The present invention, in various .-
enbodi nents, includes providing devices and processes in the absence of _
itenms not depicted and/or described herein or in various enbodi nents
hereof, including in the absence of such itenms as nmay have been used in..
previous devices or processes, 10 e.g., for inproving performance,
achi eving ease and\or reducing cost of inplenentation.
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invention to the formor fornms disclosed herein. Al though the description
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know edge of those in the art, after understandi ng_the present disclosure.
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15 17. The process of Claim 14, wherein at | east about 25%of said |jpids
i s docosahexaenoic acid. 18. The process of CQaim1l1, wherein said

m croorgani sns are selected fromthe group consisting of algae, fungi

(i ncluding yeast), protists, bacteria and m xtures thereof, wherein said
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process o aim1, wherein said mcroorgani sns are Stranenopi I es 24. The '
process of Tlisaxampls illudtetes il effait 3f dXiygénQ0n@AIh & FBmatRi RAfmddRe, &1 :
Thgau%%&g%\yny al es. 2 0 JuL 2004 5 10 15 20 25 28 25. The rocess of
ein said mcroorganisns are selected fromthe group - -

consi st i nch:fneﬂ'thMmrssudxeh@&hiz&u%ytrzﬁammatzbsw& vaels f@vé‘l% Y &so Jggber eof. 26. A
bl

proce [ eukary croorganl sms capable of producing-at |east = |
about %%%/R P& ev?'err Ble%SHﬁgs S%%Hgs ¥4 i Fipwedswheo S siresgduaddi ng to a |
fernenormbmtmmOmaﬁhugmmﬂrmrwsismgcsmwe] Ami croorgani sns a carbon source and a = .
limting nutrient source at a rate suff|C|ent to i ncrease the bionass R
density of said fernentation mediumto at |east about 100 g/L, wherein said
pmceExalppladuces at least an average rate of about 0.5 g/L/hr of |ipids,
and V\herel st aﬁﬁ}ét 15% of the total |ipids produced by said

ni cr oor gan ﬁ)IF‘i/ ek B etfeqtiopilers oxgeen cphientpmdbe $smedtatidnai m 26,

wher eimadismiot mﬂﬂ@ﬁﬁ@t(%fdbhﬁélgmpmé ﬁﬁ?bxoﬁx@@s ?orﬁk pmass density increasing
stage, whe the di ssol ved oxygen | evel P e fernentation nediumis at

=
| east abo Zfé}qe dﬁhﬂ VBS CXReTPEh WhS W@Cﬁﬂdmlﬁﬁmbﬁrlm@g& flagksdto miimict he =
di ss othv effeaxy gﬁho)dngﬁéontdﬂt e DRATERLCAL § fn %&HW $. LR cul%uheaﬁ' about 1%
c ar

im26, wherein sai on source I's '8n- al cohol

(Z:igsr bon & c?ﬁ‘ﬁ‘& germ?‘éors gﬁgz‘ffﬁlﬁ'ﬁ’é@ §P G¥TQE 21888 )6as culter@inO4saimddibinniThisng nutri ent

sour calture 1nedi® eérRitell 0P Mhd RECTIMP YR aGRPFited s spur ces, carbon
sour ¢ phos&’hate sour ces, ?amaﬁ&sourtgggs}gfig%oé da"sl%\%mf“é?é)‘ﬁ’ atgr o’ sour ces,

pant oﬁ‘ﬁéﬂaﬂ%é VeSO« THeRi 128 K@l S 3 E2€)2,0.05 @ oenowidaim gioumses.oguch as zinc
sour cg;ﬁcos&np@gﬁqu@w§?§qa}m§llsgéirCeg actOrln ckel SO}%;‘?QE'?‘LSP(S{I?” sources,

i
manganese sour ces 'ybdenum g8l (such as J
|
\

nagne’s@%ﬁ?s%@é@bﬂux@aﬂltemﬂ@ﬁslaw (6é)gNzeEH’|l‘Am SQDglFéG};‘-ﬁHEU)S C? Hgm)zsour ces), and |
Sid T qpges QU . tyr of The rocess. of ai m29, wherein |
sai délgsg}%epﬁr}g?z Lﬁpgbtr?rdée f éz t;bg(fZE r?é’%g’FG %?SgaNtSQs‘éTZQCQ@QHrom t he |
grou i) dnd §.005 ngnlzN/IaG)mH{(ﬂ Vet xhﬁl%o% Ik BoePfitef h@gngf@?%é (such as |
My SO ZnS047H20;  CoCl 26H20;  Na2Mo0 2 LfSHZO . S
Ni SoflOG’Jf}ggb %gﬁlm Cyapagepalamin, ghopH piithe culfyee m@mpdjamﬂ tn7Xtod es t her eof . |
31. Thweasph@ﬁ‘ﬁte5staﬁllzaial m 26, wherein said linmting nutrient source -

conpri ses |tr ce. 32. The process of C aim31, wherein said
ni t rogen gg Eaebeggﬁg? g]§ WnF’f?G'F”@‘é‘ﬁWV@S wrprsTE thmcslisin shak@flBkSgith The process

86 Cldaffarer Golumbeseiulurs aicdiat G ARkIARISBA A" sk%?L gcfoggnsL {nba?CSE) i

%O)r(lts I&E%g ?l?ﬂcg Pvgg]fi%ot mlevslljelill%ln a slllali]<g ltaltJ){jeIarrllg th%r?:?osrcte as the cells grew, low dissolved
oxygen conditions would be generated. Therefore 4 treatments were established in the
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0O4-4 medium under the conditions in treatment 1, and at 28°C and 220 rpm on a shaker table.




“wherein said mcroorgani sns are of the order Thrausto
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produci ng polyenoic fatty acids or other
believed to requi reoxygen for their synthesis.
wherein said m croorgani sns are Stramenopil es.

wherein said mcroorgani snms are mcroal gae.
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process of C aim 26, wherein said mcroorganisns are selected fromthe
group consisting of Thraustochytrium Schizochytrium and m xtures thereof.
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Example 3

This example illustrates the reproducibility of processes of the present invention.

d oxygen levels to maximize the formation of biomass and then lower

Microorganisms were produced using fermentors with a nominal working volume of

1,200 gallons. The resulting fermentation broth was concentrated and microorganisms were

25

dried using a drum-dryer. Lipids from aliquots of the resulting microorganisms were extracted

and purified to produce a refined, bleached, and deodorized oil. Approximately 3,000 ppm of d-

l-a-tocopheryl acetate was added for nutritional supplementation purposes prior to analysis of

the lipid.

49. The process
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nitrogen source. 51. The process of Caim SO, wherein said nitrogen source

conpri ses an inorganic amoniumsalt. 52. The process of Caim40, wherein
said nitrogen source conprises anmoni um hydroxi de. 53. The process of Caim
40, wherein said mcroorganisns are selected fromthe group consisting of

al gae, fungi (including yeast), protists, bacteria aqyﬁ Jg% 2@ﬁ t her eof
wherein said mcroorgani sms are capabl e of produci ng pol o] fatty aC|ds
or other |ipids which had been generally believed to require oxygen for
their synthesis. 54. The process of C aim 40, wherein said m croorganisns .
are mcroal gae and al gae= |ike m croorganisms. _ 55. The process of
Claim 40, wherein said m croorganigns are Stranenoplles 56. A process for

produci ng Rk rising:. (a) grow ng eukaryotic
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said |1 p| ds; d (c) recovering said |ipids,wherein greater than about 15%
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; 7.8 4
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di ssol ved oxyljgen | e¥88]in sai &7%4r nent ad9.h 5 rred51u3n duri ngo.33s :
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the I'{gtd prdducing9ep is | &95(t han abauf 1% 683.9]. The mmvﬁss of Oaim. .
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wher e} 1f sai d {ni cr odiyani sns are.1 apabl ej@f| produci iy poryenpix] fatty aci ds
or otp Hpirds vw—%—meag%ae@ﬂeli eved ta requiré okygen for
their ?vnt hedis. 617 %he pr oce39|of da 3|56, whetldi|n sai dOn’zlla' oor gani sns

are St r&anmenopi I es. 28] The prpmg$s~oT TN 56, vigerern aouO\.BO Ccroorgani-sns -
are n .Uc" ard—al-gae—ti-ke m ¢croorganidne, i 1563. The progess of Caim
56, V\Eg‘feél n dai d m &-Hor gani s84hre of - 168 or der 458 aust ocloye] al es. 64.
The p{rsméss of O a g p6, WNer gh i Sar o icgjoot-gant Wt ed fromthe
gr oup—eensi-sting of THraust ochyftium Schijzochytri and M%Pures thereof .
65. TI‘FeVM’bc pss of @-Him56, wAdfein thw.afotal ampght of onegar 3 and .
OBEga- BT al bYiud YEId6! Bismiss deke cast—abett—26%-ef—sald—wicrobial |ipids. 66
The processoia LdnfheD el r‘@’{lg at |east about 25%of said microbial -
lipids3s dqg@p@ﬁ; ce;h{é w ? %r%aess of Claimb56, wherein said
process pro gﬁg%ﬁxaenm Q’m?ﬂg}é{ Mgy é?%‘@@ylr?ifeéﬁ)of at | east about
0.2 g/ls/hr., e process of Claimb56, wherein said |ipid recovery -
gsbep cqpri §t§1§darc(&’e)wa‘h‘8HDV' ng water fromsaid fernentation mediumto provide
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Corn syrup was fed until the volume in the fermentor reached about 1,200 gallons, at
which time the corn syrup addition was stopped. The fermentation process was stopped once the

residual sugar concentration fell below 5 g/L. The typical age, from inoculation to final, was
about 100 hours.

20 The fermentation broth, i.e., fermentation medium, was diluted with water using
approximately a 2:1 ratio to reduce the ash content of the final product and help improve phase

separation during the centrifugation step. The concentrated cell paste was heated to 160° F




2 0 JUL 2004 32 70. The process of Claim56, wherein said lipid recovery

step conprises: (d) treating the fernentation broth to perneabilize, |yse
or rupture the mcrobial cells; and (e) recovering the lipids fromthe
fermentation broth by gravity separation, 5 with or without the aid of
anagent to aid in breaking the |ipid/ water emnulsion. 2 6 JUl710 The process
of Caim70, wherein said mcrobial cells are treated in step Pd) in a
fermentor or a simlar vessel. 72. - The process of Claim 70, wherein said -
gravity separation conprises centrifugation. |0 73. The process of Claim
56, wherein said m croorgani smgrow ng step conprises adding a carbon
source and a limting nutrient soyrce. 74. The process of Claim 73, wherein

sai d b SOUrCE. .S non-al.cohol . 75. The process of Claim 74, wherein
sai d §§ 32 §8ﬁ“rdc@388%%?%“éaiéﬂ% ‘@’&Plstsiﬁy’el,ﬁlé{%&’?@ﬁ”m?éefgpbizzéwemr, d ai m 73,
Aher emivraagatishis atd drieg dneatryioaatdr@ﬂxufyeﬁwitﬁou%ﬁﬁ&%&ﬂEI Lo, 15 the group
{g‘a’onsi sti ng%_lof itro eﬁ] s‘ciur,ces car bon sources, p &Sphe

sources ( SUCHMAYSYTesH: ol Iipids exBagtedoBom pliquess 196 wadheensiesrio lablet hisani ne

sour cemjmarizédiaerabR3al sources (such as zinc sources, copper sources, cobalt -

sqQurc ickel, sgurces, iron sources, nmanganese sources, nolybdenum
S % r crgaz’je, ) mg'ﬁ‘éjog‘h{e petrehialbimasssoquseriin thededrbajetefeimemtasions andined mal ci um

sour CEsble. 30di um sour ces, potassium sources), silica sources, and m xtures

thereof. 2 0—%/—TFhe process of O aim76, wherein said trace netal sources ..

and maj or fet &M¥our ceg “aPHAselatve te §AMB M|t Total guippdith tpowmsi 5t i ng of sul fate
and chl ori gle"sal'ts of yhese Tet '05 {such—as—MgSeaAH26—MaCl 24H20;
ZnS047Hz0; || Cod 26Hz0 ; Na2l\/b042ﬁ20; CuS04$HZO, ~N"S046H20] ; FeS047H20 ;

CaCl 2; KzS(Q4; KCl; and|{NazS04).¥®&d ni xturgs thergmf. 78. [The process of;
Claim 73, Jlelgi msard -t tags gt -ert—geurce—conprisesf a 2 5 nitroge
source. 79| The process$ of C aiy‘z’r?‘l 8, where¢in sai ﬁl-ﬁitrogen source conpris

an inorganjc .4. ammonjum sal t.3680. The pfocess @fgCTrai {78, wherein sai o

ni trogen sepuree—corprses—anmoni-um-hydroxilde 3 0 _81. A process for SR
aY

produci ng uka?yoti c mcrobial 3Izilpi ds comprising®2.8a) addi ng a non-al cohol
carbon soufce @nd a TTfiting Nufri €Nt SoUTTE tU g fermentjati on medi um E
conpri si nglsaid—m-croofgani sne; 2 6 JUL 2004 5 10 1520 25 30 33 (b) -
provi di ng fonditions shfficienB33for said fi croor4fehi sms tlo produce said

m crobial [TprglS; and [C) T ecOogRI My Sardnicrobial—++ptegs, wherein at

| east about—15% of saifd microbial lipids are polé}u‘hsatureted i pids. 82.

The procesp dfvedgai m 8[l, wher ei3f.8t he di ssplved osdygen Ie!el in said
fermentati gur Ty a b prass—densty—-nRereasihg
t he di ssol V%&Uﬁ;i’d\}%{{é)h level in s%?d fermentation fedi um dyri ng a lipid
produci ng stép¥' (83. _ [The process of O aim 81, wWaerern the dissol ved oxygen
| evel in lsoli d fc"rg‘r‘.* at-Hon—redi-um-during-a-biomass densitly increasing step
is at |east abzégjgiagl%/gi' 84 The process of Caim8l, wherein the dissolved
oxygen | eyel i a%l g;‘fi’b? %t ati on medi um during a lipid producing step is
about 1%‘?r | ess % » K& nrocess_of d ai m 81, wherein said mcroorgani sns
are sel ected FPRRFEREC Vﬁ% %quf@wrﬁ fyprighiliy values bslpiw 5% indicates ng yeast ),
protjsts, bactdfPE Nl Hi Cg e fRpryribilgs vaiuge bpiwsen 8% afl 100@i m 81, .
wherei n said ?E g 'gggé‘?‘ﬁe? ichhgs soad gepradycibiprandNalues hsteen d0% ast i ng of

al gae, fungi (PACPUETT Rrasess yhichhasreasenableenrodueibiitand mi xt ur es t her eof ,

wher ei n said nicroorgani sns are capabl e of producing polyenoic fatty acids

05 ot her Unlgss dtemdisestatddnte RERMASNAERh YisdRhbEMB: tﬁé)E){a?rﬁHéis ERugrygen for ,‘

their 1anttheisils.. . . .
mcludes the Tollowing ingredients, where the first number indicates nominal target concentration

and the number in parenthesis indicates acceptable range: sodium sulfate 12 g/L (11-13); KC10.5
g/L (0.45-0.55); MgSO4e7H,0 2 g/L (1.8-2.2); Hodag K-60 antifoam 0.35 g/L (0.3-0.4); K,S04
0.65 g/L (0.60-0.70); KH,PO4 1 g/L (0.9-1.1); (NH,),SO,4 1 g/L (0.95-1.1); CaCl,#2H,0 0.17
20 g/L(0.15-0.19); 95 DE corn syrup (solids basis) 4.5 g/L (2-10); MnCl;04H,0 3 mg/L (2.7-3.3);
ZnS04e7H20 3 mg/L (2.7-3.3); CoCl#6H,0 0.04 mg/L (0.035-0.045); Na;M00,#2H,0 0.04
mg/L (0-0.045); CuSO4¢5H,0 2 mg/L (1.8-2.2); NiSO4e6H,0 2 mg/L (1.8-2.2); FeSO4¢7H,0

phat e -sources, vitanfmn =~

tep is higher than




87. The process of O aim@81l, wherein said mcroorgani sns are Stranenopil es.

88. The process of Claim8l, wherein sald m croorgani sns ar € m croal gae and
al gae li ke mcroorgani sns. 89. The process of C aim 81, wherein said

m croorgani sns are of the order Thraustochytri al es.
Claim 81, wherein said mcroorganisns are selected fr
consi sting of Thraustochytrium Sclaizochytrium and

' 90 The process of

G$egﬂﬁhereof

The process of Clai m8L, wherein said process produces sald m cr obi al
i pids at an average rate of at

Claim9l, wherein the tota
| east about 20% of said m crobial
wherein at | east about 25% of salé

d

élpl

S.

| east about 0.5 g/L/hr.
amount of onega-3 and onega-6 fatty acids is at
93. The process of Caim 81,

pi ds i s docosahexaenoic acid. 94. The

92. The process of

pr oceds ML Pdili mammmé’r%umgﬂse(ﬁdmrwtaem Bie QUL eng/Ho@Selkds) aemrdoi ¢ aci d at
an avefiaes, patBneatdd. 2k

#process of O alm 58,

xxxxx

and (e) ik

proce

proc
treat

br ot f}néayur?ér?%]e&;)/odgxﬁﬂ?t&%%h?c% r n11;s

br eaki

ss of

$ntHle £

I ng t

ng

d

a4 dfte R \E})ﬂ

alm 95,

re

ere

f1.2boy

I'n sal

el dridll Hicebdr

g wat er

I n sal

dRgig

rennvvﬁﬂﬁﬂﬁﬁwwefron1sald fermentation nmediumto prOV|de dry m croorgani sns;
ganisms. 5 96. The

IZ%‘*/.”NH?OI;

recove

s%ﬁ'léjab%{ly 6%

PRy e

water fromsaid fernmentation medi umw thout prior centrifugation.
$ aim8l, wherein said lipid recovery step conprises:

e fermentation broth to perneabilize, _
m crobi al Tbelekmplalﬂidstm@&s@E)efﬁeeo&wéuqedlgssoh&d bxyged Bvélinthe fdraerfaiorent at i on

\i% SS %rrnegt%tlo

conpri ses cen

G ai /Y 7 ey

group’cohst’'s

dgat i on

f eechsso &97fytgem

{]

HelegthI;"é

97 I,
RGP et B |
non aliog rmllatxoarpbmcssesodjsqt@ed: drihe |abm-rmnoamdddmydPaére Nds04,340]39¢ apd ocess of -+

%ted fromthe _ .« -
g % sourcesxw%F 

trient SO

é&‘em&‘é‘?“o‘B W g gout

bt i el

ei sald

ce i

sc&lut‘gok‘{l'ls gggﬁs éé 95. The: '

Ses!:

conpri

L pre s

(d)

p conprises evaporating -

97. The
(d) |

| yse or rupture the

|d of an agent to aid: in..
®of daim 97, wher ei n.
sai d m cr &singl thceplrdxsdlae edeseribad eni ExampleeB, ¢ did,000- galldremaiaimhlolvol@me a siml a

ss. of
hafcre usmgla5w

ravil

G et e

s sel

ation
ein said:

vi t arfirst 24 bours; calsm(t $%(ﬂ'0nathe %"’t}&)m t0 118, 42" BB AEshou RS ﬁbhﬁmtoé hewHds ces,

thlaqke

sourc

caIcHu&lao

es

mi xt uf &g
sourdssﬂammmnymummm&ﬁkmsources are selected fron1the group consi sting Qf

sul fa
MhC12
FeS04
proce
nitro
sourc
103,

4FEO

cehl

rirln anlt o
\® A>3

ur

+h

n'F

e

enepgpm

Rl S PREES. FrulietBilFeg
n6l yhbddhmnprecasses es)shovenih Tabjear, net al

e pr PFBlg LSS

e

ch, as

|umso

s (such

S ST e

ce
2

2 5

o
\.IIII AV A B |

ﬁ@eCGH?S)

Dlm

(0] e.

SUrto

ZnS047H20; Cod 26Hz0;

PoTcT—rTot

el NEAMEX

no_nutriel

nt

sour.ces,

&e sources, -
sour ces (such as nagnesiun1sources,-
silica, sources,

: .
")cmﬁf"é?trfe%ﬁj trace netal .

ok e!s 5

n-—said

YoRes anigypPr gy

ni.t roge

a3 S

SQLrc

hi 1403,

Ses._anmm

: 0418 pProg
un1hv

2y

[oxide.

2004

6.72R pro

hc 8393 f or

produ

Cing eu

kaft@dtic

i crobi al !im

conpr
fernme

. d
i)

Cll 938.C

nealrum G

ar_ oo
onpris

SOUT CE
ng euk

SN -
aryotic m

t Y IIL_ItI et
Cr oor gani sns

condi
about
| east

tidns

éQﬁﬁlCl

eht3.@ o n

Ed3dt ai

n5a3dis

sohﬁﬁd oxy

gen ltemel of

i

A
apout

g

bigél'}-;u at

lﬂ(&bllt

bEp o

L 1

u IJIU

ons

a dis

and pf

sai d

soffve

di@xyger

11$NBI

adi t1 Anc o

g

f23about

ybEiei

530% 0

F hess In

Ll ow sai

copper

and

as—MyS047H20;
12 - BBHAC, JoRISAPIoduCHyitg)46H20:

W sphenert -
source conprises a

erei®ai d nitrogen

103. The

ess of Cdaim
2 ~ JUG
ds

souree to a

and -provi di ng
at
ensity of ‘at:

icient to nalntaln

sal d d@gment ation nmedi.um .

.%gguuu\

LS

ﬁng

ST

rdbtal i

m-croor n:.\nl sns to pr dduce

i bi d
9

100.0

coV
166.4

22.5

53.5

42.1

0374

10

97.0

182.6

22.8

51.6

441

0.429

11

87.5

176.5

19.8

45.6

43.5

0.399

12

67.0

170.8

18.8

48.1

39.1

0.479

| east ...




10 wherei n at

| east about 15% of said m crobial

l'i pids are pol yunsat urat ed

| i pids.
sel ected fromthe group consisting of algae,
bacteria and m xtures thereof.

proti

. al gae,

sts,

f ungi

(i ncl udi ng yeast),

protists,

fungi

107. The process of Cl ar m 106, Whereirn sal d i croorgansns—are

(i ncluding yeast);
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This example illustrates the effect of reduced dissolved oxygen level in the fermentation

medium on the productivity of microorganisms on a 41,000-gallon scale.

The same procedures as Example 4 were employed except that the fermentation was

conducted in a 41,000-gallon fermentor.

target compound concentrations at this scale. Results are shown in Table 5.

Table 5. 41,000-gallon scale fermentation of Schizochytrium

Culture media volumes were increased to maintain

ating said

s less tHan3."




2 ~ JUL 2004 37 129. The process of Caim 126, wherein said polyketide

synt hase genes occur naturally -- In sard m croorgani Sns. 30— The
process of Claim 126, wherein said pol yketide synthase genes are
genetically introduced into the said mcroorganisnms. 5 131. The process of
Claiml26, wherein during an initial growh phase, th ev L zﬁndissolved
oxygen is greater than about 10 percent and during a s ﬁgé@ e producti on
phase the | evel of di'ssolved oxygen is |ess than about 10 percent. 2 6
JUL 2004 38 ABSTRACT The present invention provides a process for grow ng
eukaryotic m croorgani snms, which ~ f -.. ,
lipids, in particular, |ipids containing polyenoic fatty acids.
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Sugar target: 7 g/L, Base pH set point: 5.5, Acid pH set point: 7.3, 1.0X NH;
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In general, extra nitrogen has a negative effect on fermentation performance, as significant
reductions were observed in the DHA productivity for the two batches where extra ammonia was
added. As shown on Table 6, the control batches resulted in final DHA levels of 18.4% and

5 22.1% oftotal cellular dry weight versus the 9.2% (1.15x ammonia) and 12.6% (1.25x ammonia) . . _

for extra nitrogen supplemented batches.

Example 7
This example shows a kinetic profile of a fermentation process of the present invention.
10 A 1000-gallon scale fed-batch experiment was conducted using a procedure similar to

Example 4. Kinetic profile of the fermentation process is shown in Table 7.
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¢ cells were measured. The conversion efficiency of glucose to biomass was calculated by

dividing the total glucose consumed by the total dried biomass formed, and expressed on a
percentage basis.

30 The effects of limiting growth by each individual nutrient were studied by repeating this
experiment for each individual nutrient listed in the following table. Final results are

summarized in the following table:
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Table 9. Effect of nutrient limitation on the biomass yield, conversion efficiency

24

- (glucose -> biomass), lipid content and DHA content of Schizochytrium sp.

It is clear from the table that nitrogen limitation resulted in the highest accumulation of
DHA in the cells, followed by phosphate, sodium, nickel, manganese, glucose(carbon), zinc and
iron. This information can be employed commercially by feeding one or more of these nutrients
to a batch fermentation at a rate sufficient to limit cell growth. In the most preferred case,
nitrogen is fed in a limiting manner to the batch fermentation to maximize the DHA content of
the cells. Other nutrients (or mixtures thereof) can be fed in a limiting manner to maximize

production of biomass or other valuable products. Other biologically required elements or

Lipid Content’ | DHA Content®

Limiting Nutrient | Biomass' (g/l) | Y,s> | RCS? (/) (%) (%)
Glucose 18.7 46.8 0.0 19.8 7.3
Nitrogen 14.5 36.3 0.6 47.5 10.3
Phosphate 17.8 44.5 0.8 37.0 8.2
Thiamine 7.5 18.8 7.7 11.1 4.0 .
Zinc 16.0 40.0 1.3 27.8 7.2
Copper 14.0 35.0 10.4 13.8 5.3
Cobalt 14.5 36.3 0.0 22.2 6.9
Nickel 17.8 44.5 0.0 21.9 8.0
Iron 15.9 - 39.8 3.5 18.5 7.2
Manganese 12.5 31.3 34 26.1 8.0
Magnesium 13.9 34.8 5.3 18.7 6.4
Calcium 16.7 41.8 4.3 18.7 6.4
Vitamin B12 19.6 49.0 0.0 17.5 6.3
Molybdenum 18.9 47.3 0.0 193 ° 7.0
Pantothenate 19.2 48.0 0.0 20.4 6.7
Sodium 17.9 44.8 1.8 21.8 8.2
Potassium 13.0 32.5 8.8 14.1 5.3
1. concentration of dry biomass (grams/liter)

2. yield coefficient (% biomass produced/glucose consumed)
3. residual glucose concentration in broth (grams/liter) . .

4. lipid content of dry biomass (g lipid (as FAME)/g dry biomass)

5. DHA content of dry biomass (g DHA/g dry biomass)
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nutrients that were not evaluated, such as sulfur, could also be employed as limiting nutrients in

-

... =~- this fermentation control strategy.

The present invention, in various embodiments, includes components, xhethods,
processes, systems and/or apparatus substantially as depicted and described herein, including
5  various embodiments, subcombinations, and subsets thereof. Those of skill in the art will
understand how to make and use the present invention after understanding the present disclosure.
The present invention, in various embodiments, includes providing devices and processes in the
absence of items not depicted and/or described herein or in various embodiments hereof,
including in the absence of such items as may have been used in previous devices or processes,

10 e.g., for improving performance, achieving ease and\or reducing cost of implementation.

The foregoing discussion of the invention has been presented for purposes of illustration
and description. The foregoing is not intended to limit the invention to the form or forms
disclosed herein. Although the description of the invention has included description of one or
miore embodiments and certain variations and modifications, other variations and modifications

15  are within the scope of the invention, e.g., as may be within the skill and knowledge of those in
the art, after understanding the present disclosure. It is intended to obtain rights which include
alternative embodiments to the extent permitted, including alternate, interchangeable and/or
equivalent structures, functions, ranges or steps to those claimed, whether or not such alternate,
interchangeable and/or equivalent structures, functions, ranges or steps are disclosed herein, and

20  without intending to publicly dedicate any patentable subject matter.
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WHAT IS CLAIMED IS:

- 1. A process for producing lipids containing polyenoic fatty acids from eukaryotic

microorganisms capable of producing at least about 20% of their biomass as lipids comprising
adding to a fermentation medium comprising said microorganisms a non-alcohol carbon source
5 and a limiting nutrient source at a rate sufficient to increase the biomass density of said
fermentation medium to at least about 100 g/L. .

2. The process of Claim 1, wherein said process comprises a biomass density
increasing stage and a production stage, wherein said biomass density increasing stage comprises
adding said carbon source and said limiting nutrient source and said production stage comprises

10  adding said carbon source with no or little additional said limiting nutrient source to induce

nutrient limiting conditions which induces lipid production.

3. The process of Claim 2, wherein the amount of dissolved oxygen present in said
fermentation medium during said production stage is lower than the amount of dissolved oxygen
present in said fermentation medium during said biomass density increasing stage.

15 4. The process of Claim 3, wherein the amount of dissolved oxygen in said
fermentation medium during said biomass density increasing stage is at least about 4%.

5. The process of Claim 4, wherein the amount of dissolved oxygen in said
fermentation medium during said production stage is less than about 1%.

6. The process of Claim 1, wherein said non-alcohol carbon source comprises a

20  carbohydrate.

7. The process of Claim 1, wherein said limiting nutrient source is selected from the

group consisting of nitrogen sources, carbon_sources, phosphate sources, vitamin sources (such

“as vitamin Bj; sources, pantothenate sources, thiamine sources), trace metal sources (such as

zinc sources, copper sources, cobalt sources, nickel sources, iron sources, manganese sources,

25  molybdenum sources), and major metal sources (such as magnesium sources, calcium sources,
sodium sources, potassium sources), silica sources and mixtures thereof, e

8. The process of Claim 7, wherein said trace metal sources and major metal sources S
are selected from the group consisting of sulfate and chloride salts of these metals (such as
MgSO4¢7H,0; MnCl;#4H,0 ; ZnSO4¢7H,0; CoCly06H,0 ; Na;MoO4e2H,0 ; CuSO4e5H,0 ;

30  NiSO4e6H,0 ; FeSO407H,0 ; CaCly; K,SOq4; KCI; and Na;SOy4) and mixtures thereof.
9. The process of Claim 1, wherein said limiting nutrient source comprises a

nitrogen source.
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10.  The process of Claim 9, wherein said nitrogen source comprises an inorganic

-

. ~- ammonium salt.

1. The process of Claim 9, wherein said nitrogen source comprises ammonium
hydroxide.
5 12, The process of Claim 10, wherein pH of the fermentation medium is controlled by

said limiting nutrient source.
13. Theprocess of Claim 1, wherein said fermentation medium is at a temperature of
at least about 20°C.
14. The process of Claim 1, wherein said process produces lipids at an average rate of
10  atleast about 0.5 g/L/hr.

15.  The process of Claim 14, wherein at least about 15% of said lipids are

polyunsaturated lipids.

16.  The process of Claim 14, wherein the total amount of omega-3 and omega-6 fatty
acids is at least about 20% of said lipids.

15 17. The process of Claim 14, wherein at least about 25% of said lipids 1is
docosahexaenoic acid.

18. The process of Claim 1, wherein said microorganisms are selected from the group
consisting of algae, fungi (including yeast), protists, bacteria and mixtures thereof, wherein said
microorganisms are capable of producing polyenoic fatty acids or other lipids which had been

20  generally believed to require oxygen for their synthesis.

19. The process of Claim 18, wherein said microorganisms are capable of producmg
lipids at a fermentation medium oxygen level of about less than 3% of saturation.

’ 20.  Theprocess of Claim 18, wherein said mlcroorganisms are grownina fed-batch ~
process.
25 21. The process of Claim 20 further comprising maintaining an oxygen level of less

than about 3% of saturation in said fermentation medium during the production phase of said

fermentation process.
22.  The process of Claim 1, wherein said microorganisms are microalgae and algae- : |
like microorganisms.
30 23.  The process of Claim 1, wherein said microorganisms are Stramenopiles.
24, The process of Claim 1, wherein said microorganisms are of the order

Thraustochytriales.
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25. The prdcess of Claim 1, wherein said microorganisms are selected from the group

- =+ consisting of Thraustochytrium, Schizochytrium, and mixtures thereof,

26. A process for growing eukaryotic microorganisms capable of producing at least
about 20% of their biomass as lipids, said process comprising adding to a fermentation medium
5  comprising said microorganisms a carbon source and a limiting nutrient source at a rate
sufficient to increase the biomass density of said fermentation medium to at least about 100 g/L,
wherein said process produces at least an average rate of about 0.5 g/L/hr of lipids, and wherein
at least about 15% of the total lipids produced by said microorganisms is polyunsaturated lipids.
27.  The process of Claim 26, wherein said process further comprises:
10 | (@)  abiomass density increasing stage, wherein the dissolved oxygen level in
the fermentation medium is at least about 4%; and
(b)  ahigh lipid production stage, wherein the dissolved oxygen level in the
fermentation medium is less than about 1%.
28. The process of Claim 26, wherein said carbon source is a non-alcohol carbon
15 source.
29.  The process of Claim 26, wherein said limiting nutrient source is selected from
the group consisting of nitrogen sources, carbon sources, phosphate sources, vitamin sources
(such as vitamin By, sources, pantothenate sources, thiamine sources), trace metal sources (such
as zinc sources, copper sources, cobalt sources, nickel sources, iron sources, manganese sources,
20  molybdenum sources), and major metal sources (such as magnesium sources, calcium sources,
sodium sources, potassium sources), and silica sources and mixtures thereof.
30.  The process of Claim 29, wherein said trace metal sources and major metal
“sources are selected from the group consisting of sulfate and chloride salts of these metals (such ~
as MgS0407H,0; MnCl;04H;0; ZnSO4¢7H,0; CoCl,06H,0; Na;MoO4e2H,0; CuS04e5H,0;
25 NiSO4#6H,0; FeSO4e7H,0; CaCly; K,SO4; KCl; and Na;S04) and mixtures thereof.
31 The process of Claim 26, wherein said limiting nutrient source comprises a
nitrogen source.
32.  The process of Claim 31, wherein said nitrogen source comprises an inorganic
ammonium salt.
30 33. The process of Claim 26, wherein said microorganisms are selected from the

group consisting of algae, fungi (including yeast), protists, bacteria and mixtures thereof,
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wherein said microorganisms are capable of producing polyenoic fatty acids or other lipids

R which had been generally believed to requireoxygen for their~synthesis.
{ _ 34, The process of Claim 26, wherein said microorganisms are Stramenopiles.
35.  The process of Claim 26, wherein said microorganisms are microalgae.
5 36.  The process of Claim 26, wherein said microorganisms are of the order
Thraustochytriales.
37. The process of Claim 26, wherein said microorganisms are selected from the
group consisting of Thraustochytrium, Schizochytrium, and mixtures thereof,
38.  The process of Claim 26, wherein the total amount of omega-3 and omega-6 fatty
10  acids is at least about 20 % of said lipids.

39.  The process of Claim 26, wherein at least about 25 % of said lipids is
docosahexaenoic acid.
40. A process for growing eukaryotic microorganisms comprising adding to a
fermentation medium comprising said microorganisms a carbon source and a limiti ng nutrient
15  source atarate sufficient to increase the biomass density of said fermentation medium to at least
about 100 g/L, wherein said microorganisms are selected from the group consisting of algae,
fungi (including yeast), protists, bacteria and mixtures thereof, and wherein said microorganisms
are capable of producing at least about 20% of their biomass as lipids comprising some
polyenoic fatty acids.
20 41.  The process of Claim 40, wherein said process produces microbial lipids at an
average rate of least about.0.5 g/L/hr.
42.  The process of Claim 41, wherein greater than about 15% of said lipids are
“polyunsaturated lipids. _ ) .
43.  The process of Claim 41, wherein the total amount of omega-3 and omega-6
25  polyunsaturated fatty acids are at least about 20% of said lipids.
44.  The process of Claim 41, wherein at least about 25% of said lipids is
docosahexaenoic acid. 4 '
45.  The process of Claim 40, wherein said process produces on average at least about
0.2 g/L/hr of docosahexaenoic acid.
30 46.  The process of Claim 40, wherein said carbon source is not an alcohol.

47.  The process of Claim 46, wherein said carbon source is a carbohydrate.
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(b) providing fermentation conditions sufficient to allow said microorganisms

to produce said lipids; and
(c) recovering said lipids,wherein greater than about 15% of said lipids are

30 polyunsaturated lipids.




BO! "K96 1008& () - k9% 10%& () - T k9% 1098& () - k% 1098& () - fk% 1096& () - f dDVVEW

L?

BC! "k9% 1098& ()-fk% 109%& ()-f k% 10%& () -k 10%& ()-f k% 1096& () -f k9% 10%

$& () - f mvkvVEko6 1096& () - f k96 10988 () - f ko6 10088 () - f ko6 10968 JUL- 728042

BC! "k9% 1098& ()-fi N-vV5 %A 0%&' ()- k% 10%& () - f 5W.?

BC! " K% 1098& ()-f k98 1098& ()-fko% 1098& ()-fvUs 10% & ()- 10%': & ()-

10&10&10& & #1098& ()-Ff J& #10%DD& ()-f —%W/(iO(V&& ()-#)1_2vW4 “p

10%:& ()-"p 10%:& ()-'p 10%:& ()-p 10%:& ()-"p 10%: & ()-

f10% : & ()-1>TYago_?vU4 p 10% & ()-"p 10%: & ()-‘p 10%: & () -

10%:& ()-'p 10% : & O-"p 10% : & ()-osmvtvWUa ' p 10%:& ()- " p 10%: & ()- P

10% : &() SWE ePl “p 10%:& ()- 3l 10%: & ()-1-vU4 p 10% : 3() SWE ePl " p

10% : & () s7p 1986 &&Qof@al%%%wh?ér a disso

10% - & ()" p 10/01’ o1 e%u% dis %%S(Q)X)% %geveh}{%%%ﬁm&? {a)tlon

1 0% r@dwm ingspid gllcrwsan&n(gyovag 5.'&@’/6 hl@l’leé‘ )}mnﬂleﬂﬁiélx((ef o@gerjl-g(;él(ﬁ?éﬂxe(: )& (5 2/\; Ep PI St

<10% - p 10% - p b ePl
D 1of§2dehf§wge&%%{ﬂ%§%%¢p%é’%gﬁ “p 10%: & ()-5WE ePl “p 10%:& ()-'p. .

10% : & ()38%p 1 Pf@eQS)Of blmm/ovh@:e(n)the@wsmmdoxygdnztevpl ihGaid ferrpentAflith : & () - p

1606 ’%“E‘%’E ‘E‘ o8 g Bmifitingila s oPedPilonie) 0 008" & () Lo V0P
mvi v p §99% : Bheprocess of Otm 86, Wherzip the@idsol8ed(oxy ot ebiRkaid fridfdtios’ ()- p

1056 n&d?%n &ur}ﬁ%ﬁ pi&{ °“§é¥‘v’%&’~w s abg‘i‘é % &&( § ): ppléoo/z/? &'&( § ) pp

10% : & () 60-p ﬂi%pr&eés) of ( (plaxj:ro%, v&ex(e)n—saml riiia%orgﬁn(sbns gﬂ:l\iéléhig;li ﬂoﬂngf{é7 & ()- U4 :
; e N Grivt vU4:.p
10 bbbl o0 1o G A b e

g% v&e(c)n GidRiepirganigtis prd Gfabl&of profding I&B}enmb fdt@%c;(& c(r)othephéi@% & ()-

9 Kk 10% - p 10%: & ()-'p
8£ ‘?‘)had Be’%’ er%b‘%‘mgv \3%‘6'59‘*‘% gﬁyﬁe‘b?"ié%’ S&Ft%‘SSISnN vU4'p 10%: & ()-p
10% : & ()6I.p I1D%bprdegs)of ‘lelilﬁ%wl&re(u) sald)mib&%ga&mﬁ‘ﬂsaﬁ\&tﬁnﬁﬁﬂ l@sﬂM vU4

9 SWE ePl p 10%

10%0 A)&&( § 32c nB | ?h%g’&%sgﬁﬁlfgi#g %?“("5‘ g*)fi Tti%%?%(’)sms g‘fr‘l‘i’t‘“o%ﬂ Bésaef
yF(-lle@%t&rg@msinsyF( 810% & () f-yF(- &10%a§0()&f vvug . lngl 1(1)8/()1& O-1
0, ' - 0 - 0, ' 1 100 - 0 * \ )
1808 & ()P Tootte trbcys BRI 36, TvieEhR auit)migropeasigme Jarq oL oy gy - 947
AGL N Nhsabtochy B8 () - 1 10%& ()-1 10%& ()-1 109 & ()-1 10%& () - 5w>

QWZAd 10 -1 109 & ()-5W )1 10% & ()- |
Iio% & (%‘V ;@”f ?%%f O(E)Clﬁ%%/%vﬁefg aid nig %&(92)“61)18 are splepted fr?m 1h8100/¢ & ()- 1
10%) &tofap ec}nsi%uhgloﬂfhl&l%oihﬂ;@% &‘cﬁz)ochytﬂ«@r%a%dGﬂlgéﬁ%@i{%cf.%f ((& ) ()1 10% & () 1
igég«&Ag( 2 0 3")&“65’?‘5%“ S%f"f@f *hi“’i%%“%umﬁ%’%saéaw0@%-6 fat%%k & ()-3
ZQO%(Qi@Slé)lt-leastéﬂbmﬂ%()ﬂsal\irhﬁ:ﬁ%l iBids) - 109%, & ()-3WI[:F4 1 10%

0 0 1090808 *1096* UR& ( * 109VBUVE. () -
S B A Y e S
+10‘%mﬂ&h¢))aen&ﬂédlﬂl% & ()- 2% 10%?HN$ Rgc/()&O(D?baENA410k 1 110988 ()-
1 109 11 - Y. Mb10%-+

iooz&i 8 7bno%f 3‘@%&&3@5& aip 56&5557&%& 7 y2jd proceprpgaducss. dosophagaompir acid atogg! () -
I 109&RAve)age ralOSRklchst-ab&d BRL/M/MOYRE () -

25 68.  The process of Claim 56, wherein said lipid recovery step comprises:

(d) removing water from said fermentation medium to provide dry
microorganisms; and

(e) isolating said lipids from said dry microorganisms.
69.  The process of Claim 68, wherein said water removal step comprises contacting

30  said fermentation medium directly on a drum-dryer without prior centrifugation.
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70.  The process of Claim 56, wherein said lipid recovery step comprises:

(d) treating the fermentation broth to pe;meabilize, lyse or rupture the
microbial cells; and
(e) recovering the lipids from the fermentation broth by gravity separation,
with or without the aid of anagent to aid in breaking the lipid/water emulsion. -
71. The process of Claim 70, wherein said microbial cells are treated in step (d) in a
fermentor or a similar vessel.
72.  The process of Claim 70, wherein said gravity separation comprises
centrifugation.
73.  The process of Claim 56, wherein said microorganism growing step comprises
adding a carbon source and a limiting nutrient source.
74.  The process of Claim 73, wherein said carbon source is non-alcohol.
75.  The process of Claim 74, wherein said carbon source comprises a carbohydrate.
76.  The process of Claim 73, wherein said limiting nutrient source is selected from
the group consisting of nitrogen sources, carbon _sources, phosphate sources, vitamin sources
(such as vitamin B, sources, pantothenate sources, thiamine sources), trace metal sources (such
as zinc sources, copper sources, cobalt sources, nickel sources, iron sources, manganese sources,
molybdenum sources), and major metal sources (such as magnesium sources, calcium sources,
sodium sources, potassium sources), silica sources, and mixtures thereof.

77.  The process of Claim 76, wherein said trace metal sources and major metal

| 10988 () -

sources are selected from the group consisting of sulfate and chloride salts of these metals (such - -

as MgSO4e7H,0; MnCle4H,0; ZnSO,4e7H,0; CoCl,#6H,0 ; Na;MoOQ402H,0; CuSO,45H,0;
"NiSO496H;0 ; FeSO487H,0 ; CaCly; K,SO4; KCI; and Na;SO4) and mixtures thereof,

78.  The process of Claim 73, wherein said limiting nutrient source comprises a
nitrogen source. ’

79.  The process of Claim 78, wherein said nitrogen source comprises an inorganic
ammonium salt.

80.  The process of Claim 78, wherein said nitrogen source comprises ammonium
hydroxide.

81. A process for producing eukaryotic microbial lipids comprising:

(a) adding a non-alcohol carbon source and a limiting nutrient source to a

fermentation medium comprising said microorganisms;
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(b)  providing conditions sufficient for said microorganisms to produce said
microbial lipids; and , )
(©) recovering said microbial lipids,
wherein at least about 15% of said microbial lipids are polyunsaturated lipids.

82.  The process of Claim 81, wherein the dissolved oxygen level in said ferméntation
medium during a biomass density increasing step is higher than the dissolved oxygen level in
said fermentation medium during a lipid producing step.

83..  Theprocess of Claim 81, wherein the dissolved oxygen level in said fermentation
medium during a biomass density increasing step is at least about 4%.

84.  Theprocess of Claim 81, wherein the dissolved oxygen level in said fermentation
medium during a lipid producing step is about 1% or less.

85. The process of Claim 81, wherein said microorganisms are selected from the
group consisting of algae, fungi (including yeast), protists, bacteria and mixtures thereof,

86. The process of Claim 81, wherein said microorganisms are selected from the
group consisting of algae, fungi (including yeast), protists, bacteria and mixtures thereof,
wherein said microorganisms are capable of producing polyenoic fatty acids or other lipids
which had been generally believed to require oxygen for their synthesis.

87.  The process of Claim 81, wherein said microorganisms are Stramenopiles.

88.  The process of Claim 81, wherein said microorganisms are microalgae and algae -

like microorganisms.
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89.. The process of Claim 81, wherein said microorganisms are of the order

Thraustochytriales.

) 90. ' The process of Claim 81, wherein said microorganisms are selected from the ~

group consisting of Thraustochytrium, Schizochytrium, and mixtures thereof.

91.  The process of Claim 81, wherein said process produces said microbial lipids at
an average rate of at least about 0.5 g/L/hr.

92.  The process of Claim 91, wherein the total amount of omega-3 and omega-6 fatty
acids is at least about 20% of said microbial lipids.

93. The process of Claim 81, wherein at least about 25% of said lipids is
docosahexaenoic acid.

94.  The process of Claim 81, wherein said process produces docosahexaenoic acid at

an average rate of at least about 0.2 g/L/hr.
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95.  The prdcess of Claim 58, wherein said lipid recovery step comprises:

(d)  removing water from said fermentation medium to provide dry
microorganisms; and
(e) . isolating said lipids from said dry microorganisms.
96.  The process of Claim 95, wherein said water removal step comprises evapbrati,ng
water from said fermentation medium without prior centrifugation.
97. The process of Claim 81, wherein said lipid recovery step comprises:
(d)  treating the fermentation broth to permeabilize, lyse or rupture the
microbial cells; and
(e) recovering the lipids from the fermentation broth by gravity separation,
with or without the aid of an agent to aid in breaking the lipid/water emulsion.
98.  The process of Claim 97, wherein said microbial cells are treated in step(d)ina
fermentor or a similar vessel.
99. The process of Claim 97, wherein said gravity separation comprises centrifugation.
100.  The process of Claim 81, wherein said non-alcohol carbon source comprises a
carbohydrate.
101. The process of Claim 81, wherein said limiting nutrient source is selected from the
group consisting of nitrogen sources, carbon sources, phosphate sources, vitamin sources (such
as vitamin By, sources, pantothenate sources, thiamine sources), trace metal sources (such as

zinc sources, copper sources, cobalt sources, nickel sources, iron sources, manganese sources,

molybdenum sources), and major metal sources (such as magnesium sources, calcium sources, -

sodium sources, potassium sources), silica sources, and mixtures thereof.

’ 102. ~ The process of Claim 101, wherein said trace metal sources and major metal

sources are selected from the group consisting of sulfate and chloride salts of these metals (such
as MgSO4e7H,0; MnCl,04H;0; ZnSO4e7H,0; CoCl2#6H,0; Na,Mo0,e2H,0; CuSO4e5H,0 ;
NiSO4#6H,0; FeSO4¢7H;0; CaCly; K2S04; KCI; and Na,S0,) énd mixtures thereof,

103.  The process of Claim 81, wherein said limiting nutrient source comprises a
nitrogen source.

104.  The process of Claim 103, wherein said nitrogen source comprises an inorganic
ammonium salt.

105.  The process of Claim 103, wherein said nitrogen source comprises ammonium

hydroxide.
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$10 #E& (), malntaln adi 1ssolved(c?xygenlieve?of at least a%out 4% in said fermentatlon medlum to

5 produce a biomass density of at least about 100 g/L;

(b)  providing conditions sufficient to maintain a dissolved oxygen level of
about 1% or less in said fermentation medium and providing conditions sufficient to
allow said microorganisms to produce said lipids; and

(c)  recovering said microbial lipids,

10  wherein at least about 15% of said microbial lipids are polyunsaturated lipids.

107.  The process of Claim 106, wherein said microorganisms are selected from the

group consisting of algae, fungi (including yeast), protists, bacteria and mixtures thereof.

108.  The process of Claim 106, wherein said microorganisms are selected from the
group consisting of algae, fungi (including yeast), protists, bacteria and mixtures thereof,

15  wherein said microorganisms are capable of producing polyenoic fatty acids or other lipids

which had been generally believed to require oxygen for their synthesis.
109.  The process of Claim 106, wherein said microorganisms are Stramenopiles. ‘ | .
110.  The process of Claim 106, wherein said microorganisms are microalgae and |
algae-like microorganisms.
20 111.  The process of Claim 106, wherein said microorganisms are of the order
Thraustochytriales.
112.  The process of Claim 106, wherein said microorganisms are selected from the
“group consisting of Thraustochytrium, Schizochytrium, and mixtures thereof,
113.  The process of Claim 106, wherein at least about 20% of said microbial lipids is
25  omega-3 and/or omega-6 fatty acids.
114, The process of Claim 106, wherein at least about 25% of said microbial lipids is :
docosahexaenoic acid. ' R
115. The process of Claim 106, wherein said process produces docosahexaenoic acid |
at an average rate of at least about 0.2 g/L/hr.
30 116.  The process of Claim 106, wherein the lipid recovery step comprises:
(d)  removing water from said fermentation medium to provide dry

microorganisms; and
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a. culturing said microorganisms in a growth medium wherein said
microorganisms contain polyketide synthase genes; and
b. maintaining the level of dissolved oxygen at less than about 10 percent.
127.  The process of Claim 126, wherein said level of dissolved oxygen is less than
30  about 5 percent.
128.  The process of Claim 126, wherein said level of dissolved oxygen is less than

about 1 percent.




. & ()-, 10#10#10# - @ +10%t& ()- @ +1099#9& ()- Z@
+10%4& () - AA&BCCCCSC CQvU4/ 1 1099+9& ()- $1099+98&' () - GLOX$SXLOXEXLOXSX A
, 109X$X&' ()-e , 109%$k& ()-e , 10%(Y& ()-e' CCID$SC Cva/ 1 1@adhe
$1099+9& () - GLOX$SXLOX$XLI0X$X A , 109X$X& ()-e RY+10%B& ()- gY+10%r & () -
~ Normal " ™ Headi ng 13]c" " Headi ng 23] c" "Heading 33]c" "Heading 43]c"
"Headi ng 53] c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading 93]c"A.
"Default Paragraph Font US%v0;
<GR] Ni )t nF_CQHS$- a6#>@ AFHILNPRTVXZ\ ~° bdf hj | nprtvxz| ~X}. TigJDffl
"[ &a( (- 31u4; 2JBHLIRV] Maeh q) wL{OnG t G~(<Xg+": Qy| ~, BQ | x! 7H o/ I b
* A] { 8VpKh" <V 1f | n6V| / 3Z9Y1o%er " GoxBLd} b: Vp5TvgKl /\ B\ x 6 Nh:

1df9% ). 0B3g/\ 56789: S
<=>7 @E@%@@ﬁf@’ﬁﬁ%@ °§%Q”nuv%?v‘§?e\{%@dé‘&yé‘e gﬁm%weﬁsq%%m%{ | }~6Ti nes
'ﬁ;-«.New R FhIRICror@Bismser New'h Root Ent r yWor dDocunent | ¢

CFTHSUR
< 57 @\B(C?Z)Ifgl? |Tf]}%?o%éé%?éﬁbv%??ﬁe\rﬁ“’\sma’i?&é‘é?‘&ﬁ?’?ﬁ%ﬁﬁ%‘ﬁﬁ?%ﬁﬂ%%{ |}~
| " #$agrodyoed into ﬂ@f@slmm@gamsms N
<5708 G R TN WA Rl o205 48 Bl R SRAE S g (1~
<= >7 @8 PG‘&@WQ&SW&@&& dirogelsgbieitentioaenst prawme | | } ~

level of dissolved oxygen is less than about 10 percent.
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