;e3eJDl cJAXXYd[ LH\ b6cTl c2 6 JUL 2004 ENHANCED PRODUCTI ON CF LI PI DS

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,

NN NN NN N N NN PN N NN N N

al n rmarine“mcroal gae in the




-~ SUMVARY OF THE | NVENTI ON The present invention provides a process for
grow ng eukaryotic mcroorgani sns that are capabl e of producing at | east f
about 20% of their biomass as |ipids and a nethod for gr dﬁ@i @“4 he 1i pi ds. §
Preferably the lipids contain one or nore polyenoic fa t§ ; The !
process conprises adding to a fernmentati on nmedi um conpri sing eukaryotic
m croorgani sns a carbon source, preferably a non-al cohol carbon source, and
alimting nutrient source. Preferably, the carbon source and the limting
nutrient source are added at a rate sufficient to increase the bionass
density of the fermentation mediumpto at |east about 100 g/L. In one aspect
of the present invention, the ferffentation condition conprises a biomass
densicely breakagsais iangnereasert prohlemain| qefls éhap heseundprgpnesnitrggen Nithidatien o t he bi omass
de”S'Je%leh&%%?n%'cgﬂ;gﬁff&&@u&P 1h§ge§n@cQ9éé@81&/ g, carbon source and the '
| nutrien our ce production stage conprises addi 7y"
{1‘ he car bomssaomstde whien hmmpraumnggukamotiq nncmbngarmmwrentt vergbighsellt o create
condi of the '
or o5 cap AT k! AR o RE b ol kol HIRRRG. BRPRGLS .
f &r ot atampte ﬁedﬁasrmmmycnsgtarhez has peadt gmvovctqatiem@xw oftlagg/Livathiresulting t han t he
anou Y. i uring the
o1 omPAS RaRRAGen e LR TR0 BhaE e iyt df LERERNAL ERAEEIRETT 3 0
i nverfatyoarid dmnmnuﬂnl@aznassmomeetr&tmh gmutedhﬁrr mgmwemgw@lybﬁ%loftotMg of aI gaeﬁ,

ey S50 BB IER P LA P IS ML ARODEL 1, 20
or OtYP&diaubhl pi dlsJ. tthzerinaf(éclbzeE,ri 98 18é,2354290. bﬁhs resudts ntacpoﬂwqmc faﬁy aod ecul ar =

ygen fo t heir rtlcularl use m,cr n of the
L Ghee Rhmiahcar RS PR c nc pod . Tl oy Bl R o
pr ocisoutrdg2b igfli/ks Artditiandllyy the nilg bolgenoiefdityuvideey@ed id thy gtasdipidisant | ess than o
3% omgiduratl on. In still another aspect of the present invention, AR
m cr nisns are grown in a fed-batch 2 5 process. Yet still anot her L

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 | @52:6£5 38\ e remafhed Righ id paktdieto BSRAREI @hsilifGo MhRRIY higydythbien, a met hOd T
for enriching the polyenoic fatty acid content of a m croorganismis o

pr ovi lgéyacidpaatapphSeaiypatg Iw@e?w'ﬁbwmgwngaﬁéthﬁlw@%@@gﬁ? arEanilfya growt h.
medi wpihayihBg @Bk 8MELorRéntaliSRUnY 8k PYNG 8EnRathi8S Reddbtb dve Righur 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.

BRI EFVIDESEH ﬁamh@ltqsayrream wwcmc%hmdgmréammg golyenoisfpey ails- a pl ot of vari ous .
| i pid production paranmeters of a microorganism3 0 versus the anount of -
di ssol ved oxygen in a fernentation medi um




2 6 J~~ 2004 s DETAI LED DESCRI PTI ON OF THE | NVENTI ON The present invention
provi des a process for growi ng m croorgani sns, such as, for exanple, algae, ‘
fungi (including yeast), protists, and bacteria. Preferably, m croorgani snms i
are sel ected fromthe group consisting of algae, protists and nixtures !
thereof. More preferably, | 5 mcroorganisns are alg g , the

process of the present jinvention can be used to I, JLce a varlety of

i pid conmpounds, in particular unsat ur at ed Iipids, preferably - |

pol yunsaturated lipids (i.e., lipids containing at |east 2 unsaturated

car bon-carbon bonds, e. g , doubl e Jaonds) and nore preferably highly ] |
unsaturated |ipids (| ., lipids containing 4 or nore unsaturated '
car boncar bon bonds) such as onmega-3 and/ or orrega 6 pol yunsaturated fatty f
aC'QSSUMMhRQ"@ﬁT%&g@@ PG aenoic acid (i-e., DHA); and other naturally = |
gccurring unsaturate yunsaturated and highly unsaturated conpounds: ~—As o

Used her eiThe present inwention PromddsaprmiiSdMO\phg)ap:hxybuq:mtdmorgamems thattatey aci ds; o
ester [ .erol s rol ,esters; : i
car ot tZa gllglat)?ﬁr{ﬂucﬁl% ﬁl%a%ﬁlﬁu@f(y’} g% %? F%‘)%J“g%raé 1%18%?@53111&?8#0{5%3?%&%

i sopr élndlp@ﬂSdechfeedlyctbmhrmdaetentamcbnetohemore poiypnohd faittgl cids.0 Whe tppocesse  Of

ordin i artic ocesses of the present

i nven‘facl{ rﬁé é;ér?lghllﬂl % | ‘%{t%%%ﬁeé‘%%“éfp K3y ’tlﬁf lelml%ogrrgﬁrﬂfrﬁﬁaﬁétﬁ‘?en0| c fatty

aci dssoumrmcfenblydtsxon-fatmgdIcarboresoutcs,, anp hymﬂmtgemcrieat soufR! Prefigbly, the L

bi d-d whi ch had b
encr S0 Bl By i PRATR Bhies 55 a8 oF 2 PR AOERIsH! ricarir e

car boblomaﬂSldmltboﬁﬁis fqrinetatjonasadoini © acmmiabdwm&) g/lLand secondary netabol it es’

t.her eof . ecrfl C £SS resent. jnvention are useful i
g{;&cw ng ni c? 00T 8] ﬁ Ils%%p{) egfmﬁ 58%3‘25 E’HB‘? gondlitiop gomprisgy & yiomassy £ or
pr odudsnsity 1mrezrsﬁfg|saige pmd glﬁp‘ldlpfbdflaioh)étagé;lvdx(efe)n th¥BiohRsd s SH@8asR the present‘**‘" 1
|nven |on can eﬁg Q (\l{vr ﬁ vari ety of m croorgani sns_and Lo
obt ai nagﬁ Pmﬂfh%%?qﬁ‘r% Tl OBFCHKC(?&H e e ounsY arereehTouEacad e iridhe sarre for

t he sprkmhlcoén btaga/cmmnsesomdmgu the) @b shurdel Wisdufbdduy tHehinsiifehakibRd

descrj.ption of the will djscuss processes for growing

m cr oor Gani SIS (e feéf?cg?(g??fgﬁ‘%ﬁ\(‘ ‘%‘F EQISB{?SP?{@“ lipids conprising omega-3

arsd/ or Orrﬂgmoﬁnepmdpydﬂ Bﬁtaé preseheiflivenfibd, YheafmoGi®t of difsoR234 Bi}fgb'ﬁ }%Eseﬂﬂlﬁglgor gaﬂ' sms
ounds such as

t hat | |y | at
DP,%\ feme ég B\ ﬂ@ﬁ‘@ﬂ%ﬁm‘ﬁ%ﬁ%ﬁﬁg’%@g‘?ﬁgﬁgﬁwtﬁf dishicdae, fungi

(i ncl axgpencprysentsin Jhe fﬁfr@hﬂaﬁélﬁmamin Basigahd Bom§R Aekit) %réaﬁmgstegeer red
m croor ga ers of the mcrobial group 3 call ed

Str amenoplri"l1 egsa\%iﬁrhasp?% Pﬂ@&gmﬁ?f’é YR PR e MIFERPTEANI S A redectpd drosbibgani sis. The -

St r ?@m@mdnmmgrm alghe, fuhgi (irmluldm‘gﬁylagstsg [ 0, BhctéfiL bAP fSaites MRreof@MAL OF €5,
O er.,onon

nes ayel I a, Dipl ophry Labri nt hul i’ ds,
P LR B Fisr ot el Bks oIy ot s polverpl ety donds o ath Lipids tht
Hypodia;lbedn(gbmgmﬁkﬁe/,ed maqmemuculaerxygw BSROAS hihesiEHARARRY AR ful
Pel agococcus. Aur eococcus; Parmal es, D atons, Xanthophytes,

Phaeophy ﬁropreggma;rB? 8%}\}{%’ e XF egggg)invegggit g ﬁlg{awﬂy tnggroorgamsms that are capable of |

Rap hipiadabing digids wmal&xxom&umsygehn@devwae&tms Yol b%mithﬂaé@}l es, - |
Pedi nel | a ochal Chrysoneri dal es, Sarcinochrysidal es, |

Hydr ur al ein aﬂlaﬂhtg?%‘ﬁpﬂ”e%f CRFRICTS I HHIOM MicEoaTE@BismepR gfowrie® Bdbash gr oups of . |
iziscr gadagsse | ncl ude the nenbers of the green al gae and dinofl agellates, =7 % |

i ncl udi ng ers . of the genus Crypthecodium Mre particularly, pref erred
enbodi rnent\m3 sg’ﬁ aP‘PfB“ﬁF@&'éhﬁ‘ePW@htﬁv%loﬁp{WIdﬁem@P@W@XweﬂF‘?VFle’fer ence to. a_ ]

procees thaarabgitoa B8 sdiraiidiinThe foAREATh HhBliun} Burf th SaoRd nat 98Ge Such as "0
Thrayst ochytrids of the order Thraustochytriales, mor e speC|f|caIIy

Thr adST5BRYPIPIEFES of the genus Thraustochytriumand _;;,:-; : viv 10

Schi zochynb@en embéditeitner T, din

conmon assigned U. S Pateng@ﬁ§EQQg¥%ﬁg%%§%k§ﬁ%%gmgﬁoogigﬁhgﬁ h issued to -
Bar cI® TV%WFmSPb@hM%ﬁ“§F@“PW%orporated herein by reference in their |
entirety. It should be noted that nany experts agree that Ukenia is not a
separate genus, but is in fact part of the genus Schizochytrium As used .
herein, the genus Schi zochytriumw Il include U kenia. 15 Preferred R
m croorgani sns are those that produce the conpounds of interest via

pol yketi de synt hase systens. Such. m croorgani snms include ncroorgani 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 engi neered. Sl
Pol yketi des are structurally diverse natural products . that have a w de
range of biological activities, including antibiotic and pharmacol ogi cal 2

0 propertles Blosynthe5|s of the carbon chaln backbone of polyketldes IS

.

o - o,
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m croorganisns in a growth nmedi um wherein the nmicroorgani sns contain a

pol yketi de synthase system Preferably, the |evel of dissolved oxygen is
mai nt ai ned at |ess than about 8 percent, ' 5 nore preferably at |ess than
about 4 percent, nore preferably at |ess than about ieé)ega n@pt‘ and nore
preferably at |ess than about 1 percent. | isto ood, however,
that the invention as a whole is not intended to be so limted, and t hat
one skilled in the art will recognize that the concept of the present
invention will be applicable to other microorganisns producing a variety of
ot her conpounds, including 10 other lipid conpositions, in accordance with ;
t he techni ques di scussed herein. Assum ng a relatively constant production

rate of |ipidgaby aRdwilg@aRarydti miGodrR@id ¥ APRRLEALN hbfkm lh&rdibgher bi omass

density will lead to a hlﬁ%her total amount .of |ipids being produced per |
frmentation mediumda abtee%ehoslééo%fk growi ng al gae yi-el.g-.. !

-84 bi omass denghyty providingRrRbRhtion 26hditRnRPitienB aflbl sl micRBRanidhhe Pr esent o

i nventors have found.that by using 15 processes of the present invention, a

si gnifi cafﬁtpf%?u‘tﬁséﬁ‘étp“ﬁr @'HjB.SS density than currently known bi onmass density

cain be achi eved. Pfe@(f,@hﬁggaydh%a@cesses of the present invention produces

bi omass denS|t¥ of at |east out 100 g/L, nore preferably at |east about

130 Yhereingrqafer %P@“ﬁﬂ@ﬁ@fvaléimmﬂsmwﬂ lipgs. g/ L, yet still nore _, |

pr ef er abl g, than 200

o/ L. Thus‘é{nc’\?}etr %\s‘égﬁ%fﬂbﬁlé%eamgﬁngérdgggﬁ engp ﬁ%e&@&&ﬁfa@%&%ﬁuﬁ&foﬁ?h ds 2 0 o

production raf@® of regloying wgtedécqneasnédfegmrgattomymedmm m/@ﬁa/ilde diypi ds o

producti %c?o@{g@m?r% @l ume i's significantly higher than currently known:;::

processes cess€s of the present invention for grow ng microorgani sis

the order Th(@ust@@lht]llgSlaaﬂlmsdﬂfmmsmdbdradmrnggmsmr ce of carbon and a

sour ce of 0 diu r|S|ng the

m croorgapn?fgllﬁglg'atﬂe%tg}tj}eewggﬁ ?rfplg Sn‘?"ﬁ%?‘ré‘{ Elet meﬁp})l?mrégs) 5 densi ty of.

the ﬂlmﬂemaﬂmmﬁdrmrdmhwtqurh@mgbemrl bed above. As used herein, the term

“limiti n%ﬂotﬂ%l"&s@éf?§th§@’$§eﬁﬁnveﬁxﬁ§ﬁr§\{1%egangg UGGy Blocdls Bt dolnbhles | ncl udi ng..

the nutrient 1t enti a m Croor Wsmlnthat
when the |im{dng meating dhet feryerdaiohdiretti tb rpprmdabidizeyr kyvd br rupteelither i ts

\
sence Staldal limts the m croorgani smfrom grow ng or replicating |
f%rther.s‘ﬁomévere gsa:n%ce the other nutrients are still in abundance, the i
|

organi sm can €ont i imcevetiog tha kipidafrom $he(fementarivh bioth byrgra\a@eéﬂatdnaﬁ and/ or
extracel | 03| ic lim ent one can
cont r ol aﬂ &refepgb%ﬂ#gttn%ﬁgg? s ﬂg’ru gthgggﬁhﬁvgfr'sc?lubsﬁfggggg Torovi di ng -@=«ee |

limti ng hmkmgelwthpstﬁwatceemlsxm certal nrate allows one to control both the |
rate of ni smand t he production or
accumnul at| on @t' qgeélilpc?%%alﬁrg%s tﬂé(]:{]%me 1N 8ep (cﬁn % g&oﬂﬂr §Slmlﬂf Fisnt at i on

3 ocess, Inhéythensspeatof ﬁDIpBiS@mbB!bmwhﬂSméthocgfor emah&rgbhmpcﬁywme&t@nd alimting

1 ol SRR of RO BhRar A B, "HAE RO st HRER kRt he cubstr ot e

i s auiteadrgapisms bred grhwfhemcrbmm hovigga lpved ofdissolviae oygde b RssthmLIt.. of car bon

SOurce pr L.or r 60, g/L of mass density) '
had a detlfﬁlﬁtgértaé? ecg?ftﬂeeg%%ntno?ﬁahgt(e }rSBIPl&BWCESErE‘?r PW‘%"%‘B&PIOS%? Hbound by any
t heomigroorganisms.b@hé proeebs tifvhtdes adtnriag the@hcxaaﬁgu:ntmoéomaaxtxbg)rpomwdee causes, . . .

tr udi P smot |,.c.str m Ccro ni sms and - ..
2(138 %3’Hﬁggeaéﬁ'i’et:%HafgCf Bvrvgldﬁ::bt%% n%d?alﬂ‘i“%b J)crvalaoﬁﬁg?pgve%lgg%gg@ tg%g‘ "t he present .
[ nveatﬂqsethaavbmude;bnr@nUndem red detrinmental effect while providing a 10 . ..
sufficient anpunt of the substrate to achi eve the above-described bionass-
density of the microorgani sns. Processes of the present invention for

gr ovaRUEFrDESﬁEI]gDIIOI%mF”DHEDmeIdesa bi omass density increasing stage. In

N e i LN

mdl\wnsusdteabfoammf‘dhﬁ)l\ieﬂohyghﬁ&ﬁsfdﬂxﬁﬂﬁatioﬁnféﬂﬁﬁ{.l bed above. The rate of carbon
source addition is typically maintained at a particular |evel or range that
does not cause a significant detrinental effect on productivity of

m croorgani sns, or the viability of the m croorganisns resulting from
insufficient capabilities of the fernmentation equi pnent 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
carbon source, i. e., a carbon source that does not contain al cohol. As

used hereln -an "al cohol” refers to a conpound having 4 or |ess 'carbon

oy



10 When ammpniumis used as a nitrogen source, the fernmentation nedi um

becones acidic if it is not controlled by base addition or buffers—Wren
anmoni um hydroxide is used as the primary nitrogen source, it can al so be
used to provide a pH control. The m croorgani sns of thq prg@[ 2004
Thraustochytriales, in particular Thraustochytrial es of  the genus
Thraustochytrium and Schi zochytrium w1l grow over a wi de pH range, e.g.,
fromabout pH 5 to about. pH 11. A 15 proper pH range for fernmentation of a
particular mcroorganismis within the know edge of one skilled in the art.
Processes of the present invention for grow ng m croorgani sns can al so
include a production stage. In thiss stage, the primary use of the substrate

by t 1 G i i t he bi omass density but rather

usi nﬁ%ﬁﬁ@gsmﬁ@%%ﬁ r}ﬁm%t shoul d be 2 0 appreci ated that

Aipids ar @hab&@emﬁmtsmdprbwésmpm&s B GARing mﬁcxdwgbmﬁmi Rectbasppgrss density =

& ncreaS| % f %l“ Ie we a st at ed gbov r}e rimpry goal in the bi Omass:__-
densiR Fr@lggS Mg (el égg ?'%as STty 0 DACtE e Pissiey gsm’(%’i%%aﬂ?ms §pical ly,” |
duri mgleététefrﬁhohhlgxbhpaorsisﬁ@eoﬂdl@eagddthdtdQﬂrﬂ&hﬁé@&héréd’ﬂ N4} prerablgNt substrate
% reduced ar preferably sto wzs previ ously, gener al | y bel i eved t hat

t Re PPHESRIFEUSTHY 21§ M%‘e%ﬁggﬁgﬁmﬁe% the' pyesent EFtionicam br¥sidum i s cruci al’

| n trpeodaemﬁ&dy@nhpmc oumgabmanﬁdnﬁﬁmﬁlfmﬁ;préf&ﬁblygblp&s&m%&a 3 and/ or

unsaturated fatty acids, by eukaryotic m croorgani sns. Thus, a -

r eI at 'ip{fiéf’f ligidy eonzipingit I%thd‘l“ia%?t% rl??k‘f@@ﬁ“???dﬁ & Mertlerrnddi A medi um was

genemadré prefedblyenigxly hﬁ’saﬁ@atwlgﬁﬁr([eeC‘}plc@éfnﬁﬁlhfngagbl' Morhsitranaegb&d! y, however,
t he present inventors have found production rate of lipids is |

i ncr €A% bARdSerl 45 |omegRrd rAndifE Qiiegadl RRlnsatygA fakty ecidguinchidinghe 3 0 ¢
pOOd et dseHex Sdn8BRcidY. 8. @Hﬁ?@nd Jﬂﬂéﬁwatu‘f‘ﬂlylo%cdrﬁﬁ% sHsamnkaehioi¥aeehevel in & e

ferment atjon nedi um duri ng bi omass density | ncrea5| ng stage is
pr ef éRhpighly dpsaturated comprayp SB%SdﬁFS@%]éﬁtf?}P,dil? tsim “Hpid” ipeludes rbosnhokipidy; east about
4% offres Fttyr RIdsOsterslBf fallY atib@ tﬁic@%@x‘oﬁn stefoROfd ol s RO LY B gy geN i N 2
6 J~JL 2004 to the fermentation diumis reduced to about 3% Of saturation,
or | @aathophylls @rgamxycaa%mld51o}avéwocarborz@atsmrmqldzﬁermed cerspounghandrashes preferabl y
aboutipfi¥aRdwsBtonk 8t br@fda %klutlﬁlqletgggl nning of the ~.:.. fernmentation the DO
can be at _or near saturatlon and as the mcrobes growit is allowed to - .
dPfi ft dowMlorepartralasly| mogepes efdhqaesantdnventionareusshitl in predugingewksaadtinent of t he
Pr eseftrobidl polERI i AdLR 0 e '
fer mentrgtll oﬁ B' medi umtﬁgavarl el(.jbm%]l(jfralE nﬁln?ﬁ Ltgr%gngﬁ%gt&%glns’ \&rglglééédigﬁyFor exanpl e,
f or é&blﬂémﬁ@qtaaldu%wrpﬁoe@égé dgived cp@p@nm é’hwbrhaféb¢e@rgetl¢rnli3' eefiefedden about 90
hour $edufte 80R4E fokQPodiid Lhe I ment ati on
medi uer%hlg %lglént alq)g% %%gsaoutedgé%ﬁgrcl\éﬁogn? ﬁé’cﬂ?{‘e a‘%}’o%kc i?gglfrugﬁs) aﬁ%ut 4% from
aboutecPRdary Rstabolites terseft Specificallyuprocessed ofihewresentinsention s wsdfuldm about 40" h
bour ot ik 5i@0 g Rfisnis\Batl BERE awfg% i ssol ved -
oxyggn Sr%sént |gnls hse ?teﬁr?rrent gt@ls%r%%rr% ?3%%@%&1@ lh%rntro épq;ygcontrol l'ing
t he Q%mc%ﬁyw%}en in the head-space of the fernentor, or preferably by
control | i yit hoctREEds Ble %l’@éeﬁhmtvaﬁloﬁeéaﬂq%tt%t:&? 9 Rl UL oA Lt ed (or
stirred). For exanple, i agitation (or Stlﬁl‘ln rate results in a
rel amlvewamsr@qmd tambtam qufunénnsrs@d Vipid contpiping qomppmaisfpeqdnreentmmgn medi um
t han sgand ¢ ikt t | 4,000 15
gal I Sn cawatglgt%}& t(e)&%‘;l? g%nivgrg&lrcg?ggplsﬁtradog ?] (?ertﬁﬁa dggctr 18{38?@'1#,[ o abouti 70" ..
pm dYERtng Vt'lHé‘lSPPSSsprocmefh@n8@erfgrlmmoatg@m5mSN5wh pmcapabdmnfmrmﬂ@ng pmduring =
abouy t bg r ut 90 rpm -
fromlg%%ucon%%&gh%ﬂ%g?gtd{l %fgr g’r'{%gyé ?ﬂﬁln%&ﬁ)%gt W 3709(15 Rﬁﬂeﬁ ag“ct% {O%Pachl eve the:._j.. .
di ssmlvwgwwéhﬁw@va?abhloﬁmg@ymllfb‘b(peclbmlymlatedt:ahpMdmchzaﬂJP@n process
time r t nge of
gt ¢ A on oo Bl iR BN Rl il G RRRIE AR Blop TS P e
oxygend basterine Ohe igroap tofi pictenredredéroorgaasmstis theenmhue;s of ¢ieaniviabéadigloyp one of .

di t eferedte turefor cesses of the
305 S0, Silrhcnopfhs; Dcf hetudle PRisRleRS Gt PR et BFalf aatf oast about
25C Stamienppdes xpcletﬂeethalﬁcblgowtg grelastofabcmmgaﬁﬁxs Harrratmwl Elrobaeora:pl]ad:eCI ated that

2”5 A, SERREET DReth i PRI, b S QP RO TRl  Tone

beneflt of redUC|ng t he amount of dissol ved oxygen, which is particularly
desired as described above. Certain mcroorganisns may require a certain
amount of saline mnerals in the fernentation nedium These saline o
mnerals, especially chloride ions, can cause corrosion of the fernentor ™~ °
and ot her downstream processing equi pnent. To prevent or reduce these
unde5|red 3 0 effects due to a relatlvely | ar ge anDunt of chlorlde |ons

oy - a4 = o S Y b1 oy o




2 6 JUL 2004 12 are perneabilized, broken or lysed in the fernmentor (which
enables the lipid enmulsion to be -. broken, and the lipid-rich fraction to
be recovered) include the deoiling process outlined in WD 96/ 05278 which is
incorporated herein by reference in its entirety. In thfHQ %ﬁﬁcaa wat er
sol ubl e conpound, e.g., alcohol or acetone, is added t oi ter

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

Al ternatively, the nicroorganisns gre recovered in a dry formfromthe

fernme ter. fromthe fernentati on nedium for
e'xarrpl gi %g‘r‘]‘g%’r’ﬁyﬁ%fﬁ g:é efle‘ggs@ﬁ,aea‘i’|P6Hg%%a&rﬁeéﬁg9@t§€qsy0 licole, , without
pr-e-cénerceat Pannaled, Dratmsaxmiﬂﬁ;ph)bbs m@@éﬁhytfey@?éu}n%@ae \A‘E{lg]gﬁlagg%}? su\c/@ as a .
‘ ess en vTEATIE

“drum aratu , direct drumdryer recovery pr

g‘\‘u5| ng %%%08 ﬁg(ﬁt drg)(ﬂ 81|d§/er é‘é%‘{)’é‘isy pr §8¢uding o | sRhizackromubinastasgani sms, |
typi ca¢dn}ellale$De:a5mcm1) mrﬂémméysacmscr@ﬁmaey @f}mk&s%@b&a&? x&ﬂren usi ng -t he -
dlgec& %r %graqrye{) %grpr oc?' t he ‘'w bi omass densi

f et mentSraw ﬁlﬁ{f?rg *PPEFarRsy vucaealsaea@%udatmmenmm 0§¥hE greemalgaepr ef er abI 'y

15 at ardedindflagbititds, kleRdfiglmeratites HOGE LRRS €Y, | egSte pqggufa 80 g/ L. Thi s' |
hi gh bi rra(?s dens i s generally deS| red or t e “direct drumdryer _ |
r ecovef {} J?@reéﬁntélw%mlw%bmssedlwnbretftwnCt:tmelpr@esséafrt ation - -

medi ugfb@ﬂ@lﬂdrﬁﬁ&n iBrootphahisBt, A baeh f st |
Si gnl,I_]lgcant thlus ir%slul t] ntpal n %%%‘%p i a@ h}a%StS&génésr})?th 5%ni sns. her -

met hotuaystochytijpl Ay MEE F&e"‘ﬁi"ﬂb’l Uﬂﬁ‘ﬁtj’c@ﬂﬂdﬁ @frttw gepus a"hzezuwedhbztriumam to one §
arcdi nameoaiytrtdm maluuhrg ﬁfr&usto%hﬁnﬁé%&ﬁa?fd@&os%‘gl it l ”Vﬁr”dé on provi d
0 ou

an av §I u{) 55 uction rate of east a as?'%"?e ‘pref er ably
B8 R>:>74 gnd ARAO, 7%rbethprsercbroamﬂrslasatauroéa@nchaamutco@oateg/ L/ hr, and™

m)st Hét"diﬁ B RBrdhcain th@A&Hiréd AWhotidBe Qbibd bt rﬁi\% ?@ g § reb i (9% ’ﬁpr oduced by

processes of the 'present 1nvention contal tura Bids in t he
anpourftot YFBYRIe RSt i fact Pasiaf the isertus Seltizoghygrieat @s usdddereahthaiger?9% nore -
pr ef eScaRbdny@heA R IndR Rt 25% still nore preferably ~i, 2 5 greater -

t han about 30%_ and nost preferably greater than about 35% Lipids can be
recover ed Pref@rrdemicrorganisms dareitease shayaprpdurs the chbmponntihef Miteestovigani sms i n

t he Ivrewdead b about 2Q0% of the |ipids

pr odrf? y?:Ir@tby tyﬁgﬁﬁ%g%@gagﬁgﬁs@rg&gﬁzéﬁr g‘?@sse °r8?rgf1ﬂ§mspﬁ‘%§%la“| nvent i on

are & oys palykeside syrtbase &/sisel apd microergaiseds mtatvsm;chaqxoljfkeuqers@{tmabl y at |east -

abOUkyﬁ&?/%&fbeérhgeﬂeh&'llg%n?ﬁ&réam?glgkghd@% gtn}fggnelgrf dl}/fﬁgo a Qsat ur at ed fatty:

aci ds e preferably at LA omega- 3
and/ &atg;grﬁga g %&%Grﬁa@@?w%dm\a@@ymcludmgdsmbmnd aﬂd)$>harma&ﬂ@i@b| y at | east
abou QXet. Bib&nihe a5 ki turgted fatty
aci dgm%Al ter aaﬁnvefiigﬁgﬁé&g@ses o? k@ﬁgoﬁ’ ’isﬁ?}glhf%éghp ?’Wg%les an 26

J~f L Sysengesy ik he siyactunably anBme chanisticaliy d:lz(t«ﬁi fgtty addHé)ntipk@dpsIikeane rat e of at
| easkydRQe cabhiyreGhof 92[1&9 L/ hr, preferably
at | ejas ; abcglu t)22€ ep Oﬁﬁg%&&%ﬁ%@g condéeiésia?oxzsdbeé,weeglﬁﬁﬂw;zqﬁerst ab ore .
pr ef Extan the ‘élqunéh@tl Wéﬁb@monélam tipeoHoweneg anBkef fatyta¢idagitbastLpdyketi@HA) / LF hr and 3

nmost rahl a :

T Tl s R L
Aver SYehashigErs cimda thisdwivging starjing uDRATthed thap modate thiyatiliziag @e@fl- of | east about ™
0. 276%%319”%%% & &e;are&xlgg%hﬁ (,g@ b va%ggﬁfﬂ%)rgwhvre cyﬁgfogfkg{ogq%}é biohy y' cast egggut .
aboufiehydrpgory angf en@wlergéue@on an the tetiicio grogp forBRAMS ehdd dohdenadidn St pref erably

at | att cid 6)/L/hr. Still . .-
o) ¢ cFaitua kO] 9l 0B TEARS Spb8} RS bingh il e omopsat bl By t ot Al fatty
10 aémdm@mmp @stbere)tamwnerlereampmdmt Ferart, anlsigh th38&0%GoubRbendafgf er abl y at

t f t ahout  40% M
175; it adpal SlIRRh FEEREGRTuEL 1 B smAgaandpindimPHAGK 1 aGL T on o |

conb(anapihgrrwlydneucémfy acals obeztemse@yghiye@hhbysoa,ﬁn%t,&gocﬂ;(ormggh @é;l,y@rggel, ksuch as an -

i ngr gdi;e sauce air ased foods (such aS m yogurt,
cheegn((gi and W%é’"é?aééﬂﬁ%"%a“ﬁér?é afgenﬁ’f)%%o SFHiATOXYSBnal suppl ement (in j
capsul e or tablet forns); feed or feed suppl enent for any ani mal whose neat
or products are consuned by humans; food suppl enent, includi ng baby food

and infant fornula; and pharmaceuticals (in direct or adjunct therapy - -
application). The term"ani mal" neans any organi sm bel onging to the ki ngtem::
Animalia and includes, without limtation, any aninmal fromwhich poultry
nmeat, seafood, beef, pork or lanb is derived. Seafood 2 0 is derived from
vvrthout limtation, fish shrlrrp and shellflsh The term products

o Y T . o,




14 while the follow ng examples only list the amount of DHA, one can
readily cal culate the anmount ... oOf L)l-’/-\(n O producet—by—us+rg—t-he—
above-disclosed ratio. ' Exanple 1 This exanple illustrates the effect of
oxygen content in a fernentation nediumon lipid 5 productivity.
Fermentation results of Schizochytrium ATCC No. 20888 Zab Mlmﬁ!} | evel s of
di ssol ved oxygen content were neasured. The results are shown in Figure |,
where RCS is residual - concentration of sugar, and DCWis dry-cell weight.
| 0 Exanple 2 This exanple also illustrates the effect of |ow oxygen content
in the fermentation nediumon DHA content (%dry weight) of the final
bi omass product. A "scal e-down" type exper| ment was conducted in 250 nL
Er | enmeyer Pidfashs if &c t of gen content on the DHA
content in. Schi zgchytﬁdﬁﬂnﬁgggnﬂlegfefe ?@u?’lt’ﬁf‘é et?rﬁ%lfmﬂllq:apgeessp@wded ermentors. ;
SchiZo¢ er?‘?‘iclP&npéqﬂuetAmmemsmsTwrbme efepab%oé}nﬂ;g% ’rn&*‘hs culture
| SSO e :':’.”‘5:} e

%.qr,redl a ndaiosgst n er iter ‘basi's
dei on| zed galing lﬁfagﬁoliﬁh %%Lrg%&gm%ﬁ PiB#pismsxgntaua|potykatisle gyntiGad 2 0.05 g;

Tonos 84 LFrimtle 17 lqveoo@lssgwmgenmnﬁmtmp@fess%? fhogHED3 O 1 g:  yeast
exSraﬁ{oréDpréfeﬁbly‘éH 4B St Aned E@‘F Jretal s Lo oPt P PRSEM i x
contains (per [it eg%% Gy RS ﬂ\re%e ggblyaﬁthMut?ape&engaddSB% 2 0

0. 86 5‘°mzr&h42@tlesstb@@omc5emen@ 026 g CoO z6H20, 0.052 g Ni S04H20, 0.002
CuS04H20 apﬂ;gtgbg ZMO042H20. Vitamin m x contains (per liter): 100.ngy
t hi amj.ne, . 0. ngg@e%tt(}xg géﬁ%vﬁr aﬁBeW%[ﬁ’BEGbﬁWéﬁiensndthmermddm‘betdae culture
medi a4 areﬂ thaftaag skiled7inOheeartviVlirécogmise thkvafe édnk%p‘% ﬁ’%%;ésfl zed. . The idea

behl nﬁjutﬂy ri.ment was to cultu 1t dveRtionh ok e flas‘ksﬁ -
Py e B S BB el rodiP s ey ofochencorhboumits mludngoat 1 Ul |- -

fll sk%t f(rélpgi compositidns; in aeco&ﬁﬁcdﬁatfﬁth&ié%nﬁc*n@?&cu\é‘é%ﬁlhgrenOt mx well on a s ha"‘

tabl e and Asﬁﬁﬂxﬁ%?{ Em%h ;t:het cel ow di ssol ved oxygen conditi ons )

woul d_be generated. Therdf B?té’roﬂu‘itpééf‘t“‘rﬁﬂif”ﬁls heanalgastitibteadibegpirent t he o

experthatdhthighsnblomesridosityed!l iead Ml%ﬁ@'foﬁﬂ athodnt b lﬁpgg o, flasks T111ed with 50

L C"Uohhﬁeecﬁ}?g-*ti!ﬁver(l 15'50 m flasks fi11ed wi PIurmarradicsdne nedi um (3)

250 f1 asks e ?{“‘f%%“%@mge%es(fmrwegmmammas(s@ns&ﬁo nL. shake

f 1 asied fiom about 0 tormoBOOBE/L s THEBRIATIERGR 1l KGO (Lrasks was

ugoc abad tﬁe}br&gﬁt hour ol ture o ugg YR i ui cul tured.
? d‘wum under vteﬂtémc%ﬂ%ﬂ‘ 5athshigher biomassidensity thanandermly kdd and 220 rpm

\(/)\gr 2}3@“@4@?@‘%;;?;@“@ l;e ?{&eﬁetﬂ UEre?e%gw 'pﬁ)cessé: é}f tgé ?%r(s:% t ugavse% f g@&c&e expeglnge nt

cul tured forn 9'8 ours 4 E’ﬂmalﬁégﬁawre prgferahly aéllﬂastcalbomthléO@dpeﬁll R , dissol ved ‘

oxy g Breferabdy af lea.seblmut hsEaThyd |sas quwr@fel%‘ Tad Wby A agég'apﬂ'éfgf' ved OE%'QG][\
y weight o

mete f di um was al so et erm ned,
gveaegﬁl}pﬁee%trgle?’a? @;Fg@l B%ﬁ‘f‘@rf?ch/\hblgélbmnass deaiy)reven ifBeligi@sul ts of the
%Q(peplioﬂmmlpﬂaa‘t@Of)EllgdelmMrdaﬁbd-Eﬁ 119, the oVl $oids priRRRHLL Fat of S@al e: down

expe ef f ow di ssol've oxygen CEREYHEF Kt i ons on the
Iongglgﬁ%ﬂgl}%ﬁ%@l@%ggfﬁs 8HnP@Pﬁs§esaC| d content (DHA %dry wei ght) of

Schi zochyRrpdesses sqf. thtOprkEen? QnvatisH ¥e oWy \Wre bSEAL R R ( o, AT Y Wt ) Bi omass

/ L= .
ggt )%%hmaghwggﬁﬁ%‘d%%’@oﬁsfmﬁe obearlopp apg %gmebﬂeghmmnﬁuemmae @35. 91%4. 51. 86.
93 Tieamengadioh trediumatompdising tharhlcﬁd&?gahl'srﬂé fa Fﬂ@stu@fg:rleng B3nct V\Paa A%E%)‘P and DHA cont ent

% re hi her for cells culture Véd oxygen :
2I(50e(3/e %S‘W‘{fﬁg %rgx\ggtpn &%@&%smbmw e\sellsedtlieaald)ﬂgh@m “tifgingi pi d and DHA

bo neeonsary 1o Torm Abeat it o (Ao e HRGaPRRh PEREH e g that -so

%‘E&S%y to formdesaturated (dou

MICHORRGISTY 10| thay Wheadhs mitingpptyient Iseleplted fepatisgrd¥id i s one of

the nmhmmumsbﬁehkreahmhfaﬂ Dhni@Gh the b oma dyction decreases
ol R SR

as tItI\(?we%rsglo tF gxy en |evel is de S increased.
Ther'et or s> Sfge fisotherplirentsars sfdl in abundance, shegrmisin comeeinyith iaki gher  di ssol ved

3y Ferurhigate infratcDlulaPXI i SQrdcBuId: O, L, QRS t hen. | ower
the dis ssol ved og‘%z&en level to rﬁgf:a?n&gzgglcggosggﬁé‘?eﬁ%\‘cgﬁlg}"gd?}fr&nbr oduct i on.
Exanp ok t H‘E)P@p‘iofhlcéfstf‘?tafwcwm'éatﬁ@pifbmfmebpidvtdyngoj lipfiggesses of the” |

premn’ient Boetd k08 celvhif MART AR IXE r ng fermentors with a
nom nal worki ng vol ume of Wofirbl” OS5 S8 e #%rowth of the |




1,200 gallons. The resulting fernentation broth was concentrated and
m croorgani sns were dried using a drumdryer. Lipids fromaliquots of the

resulting mcroorgani sns were extracted and purified t roduce a refined, |
bl eached, and deodorized oil. Approximtely 3,000 pbih dUEdZGM t ocopheryl |
acetate was added for nutritional supplenent at| on purposes prior to
analysis of the lipid.. u.:: ::~s:~ ~: X. Y. T~ Y. 2 6 ;
J~JL 2004 16 Nine fernentations of Schi zochytrl um ATCC No. 20888 were run - |
and the results are -. shown in Table 2. The dissolved oxygen | evel was |
about 8% during the first 24 hours 8and about - -'' 4% thereafter. Table 2. |
Fed- bax‘hﬁ: %%nglnatn%ttkon nesults for f production of DHA from _ ;
Schi zochvtrium sn. 5 PEUSOERT ASFAGEIapey §§ dasEpdiproghaty Or UmigsAVEs |

R h i e

7441, 4 .919.753. 90. 370S99. 01
g‘ﬁ 326%3‘%‘ %‘%g ?f%g D BTPRYYS feracralivrelumd Goasz0dbeich fepTiertding. 416. 746. S0 |
 208Stmlo@se 1B ReciBoutia MBREM 8o sadded toa bt foenfyifh frofh lne 720- 2,1 |

act aI A density 2. DHA content a .
tot§ajtl ?féfg ‘@"8 C%fgﬂ‘t g‘fsttceatges;%tdégb apouf 20R igfher I(m;asuﬁétg&aefbmhmﬂ ester s).

4. (grchmsty))ti dRdétyiehtal offeSt ondledth t Vi ffl cients
of varégty I I;X‘ﬂt Co ffle enotns of@%gl; Flggln f’?@‘g@'&?&‘g"%‘g{‘o’o@“ﬁg}é% fcate a :

process adc fé’éﬁ URQunf eheasRAmCOBIcE icpupes dqnmemalbarem,emcls&mgnd 10% -

i ndi cavsmowc mea@,eﬁn‘: Midioolrahigs: Qﬁ@q r ang val ues .between 10%.-
vess nﬂlﬁga&sgl?%gs[}g ul%{létyr 8gr SYOTRIRY v, Cor n

and Zq,% in ‘bﬂh process
syrup Was Fy ﬁPTeFe“f HeveRtion awd; ﬂHS prdesifed detrithental re&'aﬂhdﬂle@bcmﬁmgla 200

gabl onsfficieht afiduah of kH¥EsubRRIC R £th st opped.
fer ment.ati on %‘F ocess was st oppedﬁgétgie% %ﬁgé ?éé'g%?bcf\aetfml?ﬁsﬁ gy et ¢ration &
e i

bel OWrrgcr&?rEam typical age, frominoculation to final, was about 100

hours. 2 OPrbbegsdsF tHeptedtidt R rent ati on, nedi um was dil ut.ed'
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An appropriate range of the amount of carbon source needed for a particular microorganism i
20  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-alcohol carbon source, i.e., a carbon source that
does not contain alcohol. As used herein, an “alcohol” refers to a compound having 4 or less
“carbon atoms with one hydroxy group, e.g., methanol, ethanol and isopropanolbut for the - b
purpose of this invention does not include hydroxy organic acids such as lactic acid and similar
25  compounds. More preferably, a carbon source of 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



Entry% DHA relative to FAMETotal Lipid % by

wt . 136. 072. 3237. 870. 3334. 861. 5436. 5
_74.832.152.8641. 767. 7733. 449. 9833. 761. 4Aver age35. 863. 8St d.
Deviation 3.0g:1CV'"' (9%8.514.2 see i aoie ~. see discussion above.
standard devi ation. coefficients of variability. Coefficients of
variability val ues bel ow 5% i ndi cates a process which Ba&bem | ent
reproduci bility, val ues- between 5% and 10% i ndi cates a process whi ch has
good reproducibility and val ues between 10% and 20% i ndi cates a process
whi ch has reasonable reproducibility. 15 Unless otherw se stated, the
fermentation nmedi um used t hroughout the Exanples section includes the
foll owi ng i ngredi ents, where the f9rst nunber indicates noninal target
conc eprefezebiyommmpordurt selts o siifate, hyir@adee Bidvasdt Eréfé?&ﬂl% AhfiSni Q%QQ,% e range:
/§‘\odi_p§}b§ Ilixﬁ‘?‘%en]t%ﬁ%“‘ 11-?1)%); KA 0.5 g/L.(0.45-0. 85);%’% 047Hz0 2 g/L -
£(1.8°2. ﬁj; HBR A R S PSSRl frdom o uRes (a5 defined ahgve), hesphate s@Bces, L
(0, oottt s tighis ltoft, AhonieE 04 ukaihl ol el | Co0 2210
0.17 2.0 g/ L 0.1115-0. 1921; 95 DE corn syrup (solids basis)”4.5g/L (2-10); .
vha 2BEBITCYCER(FCh ps2fe sqtrges, CopRegsonyees pobalisgpuces; mickel sugyes, 0o G2@H20 0. 04 ng/ L -
(& 03Baripafiedd ourdda 2MoR8dendm $dufdds) EHdlmd;iOr ) e L (1.8-2.2);
Ni S046H20 2 mg/ L 1.18}-2.,2); FeS047H20 ior nggﬁgauzcj:@égéﬁg%%%‘eﬁmw 10 ng/ L
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er i i was ut..8% during the first 24 hours, about 4%from. ..
the 300 ThAR GRS 3 BO0 Titifehuiiles lisehoRireuiookrimiodr to t he ond
of f echiersliptivonwilk growsrer Revidel pibrange, lai, FrdD¥RIL S S36YGH pOXMOen | evel in o
f.er I LM processes are shown in Table 4. Table 4. Results of |
114% %%%ﬁ%ﬁggtggﬁgn ot I-OBQE %‘??rtfcé‘ﬁﬁg‘fﬁr%&rg%’fé" isPitBiatheknewiades efimnat r educed
di sscekilediindkggen concentrations. Entry Age (Hrs) Yield (g/L) %DHA
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JAIL ir%pegénglaage; hdwever, as stated above, the primary goal in the biomass density increasing |

stage is to increase the biomass density. Typically, during the production stage the addition of

‘the limiting nutrient substrate is reduced or preferably stopped. ‘ . ‘
It was previously generally believed that the presence of dissolved oxygen in the e |
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
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g/ L/ rfpmmmﬁ)mzamm tBh 160G agitationrre) 13&&;(5}8131:] ih/aTEARRYGPabd¥#in,004%0. 50 .
/ L/ g?/éég%?é g}glﬂ% i{/ Por 45 2047, 0/@47 49 [ L/ hr8421 92,61 g/ L/ hr
3 eI f’frs‘@t(fﬁ 913 abeyt o @Ph &bt 94 oy duringdbafit 2g/ L/ hr Sugar
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o/ L f IEmA98% PRy ralp ?]urt our to e end of the fermentation process to
achieve the dlssolved oxygen level discussed above for a total fermentation process time of from
about 90 hours to about 100 hours. A particular range of agitation speeds needed to achieve a
20  particular 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,
more preferably at least about 25°C, and most preferably at least about 30°C. It should be
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,
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1. g&@ﬁg@n% 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
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effect of nutrient [imtation on carbon conversion efiiciency 0 DI OnESS;
lipid and nost specifically DHA. 5 A conti nuous culture experinent to
investigate the effect of nutrient Ilimtation was perfornmed by culturing
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concentration): Goup I-ingredients: Na2S04 ( 18.54 g/L), MySO ~7H20 (2.0

g/L) and KCL (0.572 g/L); Goup Il ingredients (each prepared separately):
gl ucose (43.81 g/L), KHZPO4 ( 1.28 10 g/L), Cad 22H20 (0.025 g/L) and E
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rom either dried microorganisms or from’ the microorganisms in the fermentation medium,

Generally, at least about 20% of the lipids produced by the microorganisms in the processes of

the present invention are omega-3 and/or omega-6 polyunsaturated fatty acids, preferably at least

about 30% of the lipids are omega-3 and/or omega-6 polyunsaturated fatty acids, more
30  preferably at least about 40% of the lipids are omega-3 and/or omega-6 polyunsaturated fatty

acids, and most preferably at least about 50% of the lipids are omega-3 and/or omega-6

polyunsaturated fatty acids. Alternatively, processes of the present invention provides an




5. DHA content of dry bionmass (g DHA/g dry biomass) i_ It is clear fromthe

table that nitrogen imtation resulted rn the highest accunoratTonmof—to
DHA in the cells, foll owed by phosphate, sodium nickel, nanganese,

gl ucose(carbon), zinc and iron. This information can be enpl oyed
commercially by feeding one or nore of these nutrients ﬁ%ﬁ Eamﬂs
fermentation at a rate sufficient tolimt cell growh. U t
preferred case, nitrogen is fed in a limting manner to the batch
fermentation to maxim ze the DHA content of the cells. OQher nutrients (or
m xtures thereof) can be fed in a limting manner to nmaxi m ze 15 production
of biomass or other valuable products. O her biologically required el enents
or - . 2 6 J~JL 200 25 nutrientst}that were not eval uated, such as sulfur,
coul d aggrags opegedifitty\eed (ag., DHA) biodgrtion taté et ;Bast fbout 0.2 gbhbrﬁegfaarﬂa@,nt ation

contr a i.n ar| ous enbodi ments, incl udes
{E*orrpo%%ant%ié bﬁ%&éhr P rgérg%ig{ sa§g§5t aié@}‘!ﬁ 3,&0 SREES aé?saalﬁét s D fhnt i al | y as; -
depi e mefdratiysit lead atbube4 ¢ bfomedgnad fatiabig (&g.VBHAYUSr, QAPR6K: PRIt D1y ,
subco n and subse t her eof e skill int eart wi | :
under g{) feg%ltaif)tg)hw%tsog rra?%gegﬁ%tt ﬁ%é“‘?ﬁfeg 'ppléggﬁ@ %%‘Hfti‘vﬁh’ Brocessespidsr st andi ng

théI ppes@mtnvdmtmlmgdeean avmgmm@QMfaﬂwm@lgOmﬁAnnég\ﬁédugﬁﬁ]f Giedi nents,
inclu evi r s | n the absence o i tens not

depi o008 B bl 1R B E ik P L AT O b BRSO et el

i ncl udmngx 6 fatty heid édos SDRA&n- Gf/L/ﬁuﬁhrdﬁr&Bﬁb@%t 1@&&%@%@1?@8&&&@@ fétg/ previous:

devi cgcsld ) @;5 g)zlg@f CP 8 EH’? i mpr ovi gl performance, "achi évi ng ease
and\ of “'f Eftr %“ BRI et Prfreablndtilcast abayt 817 grof gepsngd Bty ecidGimn of t he

i nvenDiPAn @vasubsemamﬁa@awt1Ja§zrabawamsJ%&e%§ald'1L begd fbadelon tcﬁl{t hescription:.
TP for.ego g‘{ dedtollmt the invention to t ormor forfs

§c| 8%‘28‘ thgl?eéteﬁ eﬁ’? asttﬁléo“ﬂ&/br“i‘%? praferably aﬁhéStlam}éﬁi%mnd magt i ncl uded '

descrprrafdrabtyaftea@mogmogmre enbodi nents and certain variations and

nmodi fi cati}g ot her variations and nodifications 15 are within the scope .
of the in t‘ff‘?°<5$?msalsdlpl s g¥iracieq theeefrgmy the biompss remaining afisolinidentlactibge of t hose

i n t her @itbinatibiisetherdOfi@h Ye el digkciigs PFRAG redjérﬁcéugl? S bn n%tedleﬁt fnnt ended tQ....
obt ai ht s which include alternative enbodi nfents to e extent ‘

per m fi"@’agesr FUPSafaiy baraddpedsdaich sk yReurt shasseandrics-oreanalpnid bakted nt

S1% UCEAbde Shutritionslt supPlémed: JAAR uférorstﬁtﬁasfoﬁ'rg tf@é?lsog f&icﬂt Eglg 16t Jﬁ?r or not

such al, ternate i nt er changeabl e and/ or eqti val ent s Itnures uncti ons,

r ange¥@ 5l WsgReat prprofdusts P’6§@l§mﬁé‘1’@ihﬁma@ﬁnﬂ>OQSlmpmmmlumngmwmmg to publicly
dedi Cﬁidﬂnf@ﬂonﬂﬁfl@r&h@-phaﬁm%é@h@afst(lmtet:@({r -ad Jungt tReray g a éll?c%ﬁo The AT 1S CLAI MED
IS 1, Aagr ocess for producing lipids containi if B yenoi ¢ ?apf'y acids frem.-
eukar \BtaL means Qﬁyc‘?r%’ﬁsgah?lgfiﬁngc@p@blk@géﬁm prodelti eyl mclublesasdthabbout 20% of

t hei rhrbitmaﬁ,saﬁyaﬁmlal fedmhie@ﬁambsfhaq s@a%t;dra porfalorf 1%@%%%(10@ fpg! um

conpri a ng ald mecr oorqanl sSns non- carbon source % and a limti ng
it r i ‘S ATVES PReWRiouslimig @nsftﬁltstlememd Sb@ilfishc"ﬂeass“e "phodudss” grvisiss agnsi ty of

sai d predutbsthéthaamdaBdbiven fén &lch Llﬁﬁﬁ% Mgbgvggo&{dn dtatlon, %%g mﬁcop rocess of

Claim é vg;erel n_said process COTTPI’I ses a , I ncreasing _
st age” SR ATGUHP-o e fed P welapimalyipe Yem‘émﬁmdilmsombsmd@p@mey initothe easi ng st age
CONPHleEE,Smilk, cej@édd)‘r BtheSRbahcRRE AR aﬁﬁﬂfs}%m@%gseqﬁéudcoh o §¢ t% jyient source -
and sai d production stage conprises sald car ource with no or -
little addidditionglobisets-adyaniages; ang neel fentarss Oﬁﬂmamw:@nbmwtlrhim appdredtent i miti ng;
cndi tbitiRs skifidsh t}téhd#@p%ﬁ ekdrRh&lioR" Pﬁk'%tio% L'E&h@FeBF Sk enQfe Graim2, Lo
wherein the anpunt of "di ssol ved oxygen p | hoSard ferientat i on rredl um :
duri ri@tegd.flddob?%tﬁ@& on stage is |ower than the anount of dissol ved oxygen . .~
present in said fernentation nediumduring said bionmass density increasing -
stage. 15 4. The process of Caim3, wherein the amount of dissolved oxygen,
in sA¥AMPLESt ati on nedi um duri ng sai d bi omass densi ty i ncreasing stage is -
at | east 49 wherein the anount of :
di ssol vedqg%kll%ael?t({?%thgg‘fhé;pp%rlﬁéﬁﬁqﬁégghﬁ(&“@ Hu"’fsltngpgg]ia'a' fYSHYJ‘éu on stage CL
i3 | easiglstPEAnBredtDPAMS ingthe Titio of gereesly abbut G talam amalt/vlaﬁmentsrbfmfad non-al cGhol
carb hohydrate. Caim1, . . .
wher g{&;}ﬁgﬂ{i g&? mggn%ﬁ%ﬁnt%rq%ggt &@%& r“f:%e \fagletggf 5%?68 %P‘E)%%%?‘ﬂgs 3}"6%p consi sting
of nitrogen sources, carbon_ sources, phosphate sources, vitam n sources
(such "as vitamn B12 sour ces, pantothenate sources, thi am ne sources);
trace netal sources (such as zinc sources, copper sources, cobalt sources,

ni ckel sources, iron sources, nanganese sources, 2 5 nol ybdenum sources),
and maj or netal sources (such as nmagnesium sources, cal ci um sources, sodium... !
sources, potassium sources), silica sources and mixtures thereof. 8. The '™
process of d a| m 7, \/\herel n sal d trace nmet al sources and maj or rret al

o o o T 1 o L B Y I o [ Y




9. The process of Caim1, wherein said limting nutrient_source conprises
a nitrogen source. .. 2 6 JUL 2004 27 10. The process of Caim?9, wherein f
said nitrogen source conprises an inorganic ~ amoniumsalt. ' ro ~~-r'J
11. The process of Claim9, wherein said nitrogen source conprises anmoni um
hydroxide. 5 12. The process of C aim 10, wherein pH of § RQELf @iftent ati on
mediumis controlled by said limting nutrient source. 13. The process of
Claiml, wherein said fernentation nediumis at a tenperature of at |east
about 20C. 14. The process of Caim1l, wherein said process produces |ipids
at an average rate of 10 at |east about 0.5 glL/hr. 15. The process of
Claim 14, wherein at |east about 1pfoof said |lipids are pol yunsaturated

- i, pi dsyhj : i.m 14 ein the total amunt of onega-3
and one lljae-@hGe f]@‘?‘t’lgé g‘%ﬁ‘ags ?gsly g:{tﬁ{eg]gg‘fﬁt 8@%@%"%%"&”@%6@@%&%@0% 17.: The
pr ocesd DEA(EOhpradurad byviirgsheatmye-tisdsded adtiout “25% of said lipids is
"ébcosqfﬁﬁﬁ,wpi c acid. 18. The process of Claim1, wherein said

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

(i ncl udi ng Thisasmple ifinotates tie, cffbaof eyben ARGNIT ¥ thEiftat RS/, oy €i n sai d
m gr o?;%p&m}s are capabl e of produci ng polyenoic fatty aci ,o?s or other
l'ipid Ich”had been 2 0 generally believed to require oxygen for their

synt hesi s. Farfentdtien rpsutts efSeh bk ain LS NOWOS S 7 va?rﬁjugle%l%&‘?srs@@ | sms are |
capabl i i gen [evel -of about - '

ucing lipids.at a fernmentation nmedi um ox .
| ess toﬁ}éﬁ%f%tg'ﬂ &4 %F%\?Fegn.srhﬁé‘?suu-s ¥R ehPyomdiguresl, where RCSBis resikiki n said - |
M cr oeeyamiaing ofsugargardPCWris éryfcelwbighich process. 25 21. The process of o
Claim 20 further conprising maintaining an oxygen | evel of |ess than about -.
3% of saturation in said fernentation nedi umduring the production phase of:
sabd Egamphkt2ati on process. 22. The process of Caiml, wherein said
m'croorgan{.sm; ari r%é:]r.fal %ae and al gael i ke microorganisns. 3 0 23. Thei. 7. ..
process of O} SFAHPEe 2l dfusirFiessthe ffeat of dor guvgen ronanteinShe &mmeugtidnes. 24. The -
pr ocessdiof onl T Atdnte a8} Weista) &F (e i re of the order : :
Thr aust ochyt.ri al es.,,mzwo,\]%ﬁ} 201?)@4&{521%8&?%@%&5 28 25. The process of
Caimi1, WheFBFHOWAT YPHEXPPEBTT AT coRductaddn 230 rale Edehniiayenflaskseo qiimidp - - e

consi 8ieffectof oRheaget @atuit 6l HODHECHRERCRAYRLHN »ARSpTLAL YhigS 4 her eof .
15  large-scale fermentors. Schizochytrium sp (ATCC 20888) was cultured in 04-4 medium. This

culture media consisted of the following on a per liter basis dissolved in deionized water:
Na;SO4 12.61g; MgS04e7H,0 1.2g; KC10.25 g; CaCl, 0.05 g; monosodium glutamate 7.0 g; C j
glucose 10 g; KH,PO,4 0.5 g; NaHCO; 0.1 g; yeastextract 0.1 g; vitamin mix 1,0 mL; PII metals R
1.00 mL. PII metal mix contains (per liter): 6.0 g Na,EDTA, 0.29 ¢ F eCl396H,0, 6.84 g H;BO, !
20 0.86 g MnCly*4H;0, 0.06 g ZnCl, 0.026 g CoClLe6H,0, 0.052 g NiSOseH,0, 0.002 |
CuSO4eH,0 and 0.005 g Na;MoO,2H,0. Vitamin mix contains (per liter): 100 mg thiamine,
‘0.5 mg biotin.and 0.5 mg cyanocobalamin. The pH of the culture media was adjusted to 7.0 and

it was then filter sterilized. - '
The idea behind this scale-down experiment was to culture the cells in shake flasks with
25  different volumes of culture media in the flasks — almost full flasks (e.g. 200 mL ina 250 mL
shake flask) would not mix well on a shake table and therefore as the cells grew, low dissolved
oxygen conditions would be generated. Therefore 4 treatments were established in the
experiment, each conducted in duplicate: (1) 250 mL flasks filled with 50 mL culture medium;
(2) 250 mL flasks filled with 100 mL culture medium; (3) 250 mL flasks filled with 150 mL
30 culture medium; and (4) 250 mL shake flasks filled with 200 mL culture medium. Each of the
eight flasks was inoculated with cells from a 48 hour old culture of Schizochytrium cultured in

0O4-4 medium under the conditions in treatment 1, and at 28°C and 220 rpm on a shaker table.




26. A process for growing eukaryotic n croorgani sns _capabl e of producing at
| east about 20% of their biomass as |ipids, said process conprising addl ng
to a fernentati on medi um conprising said mcroorgani snms a carbon source and
alimting nutrient source at a rate sufficient to increase the bionmass
density of said fernentation nediumto at |east about 0 /:2 ¥merein sai d
~process produces at least an average rate of about O. §ngﬂﬂh ﬂg | i pids,
and wherein at | east about 15%of the total |ipids produced by said
m croorgani sns i s polyunsaturated lipids. 27. The process of C aim 26, _
wherein said process further conprises: (a) a bionmass density increasing -
stage, wherein the dissol ved oxyges |level in the fernentation mediumis at

| east st.age, wherein the

di sso"lxgg H%ﬂf%g%ﬂﬁa EPI m&t?’hlgla%a &F r?é’r?tsg d‘%?/égﬁmw)u aHné‘ébétof%grbabout 1% !
¢28.~-Tnd cpltwed i 48ho@s in e ek, wiheireaind of iectx AL dRGHIVEFL B DTYN- al cohol |
“.¢arb r h wherein sald |mt|ng nut ri &nt ™"

sourggvﬁ%g}ﬁs% % %anrﬁg ééf‘éqﬁ%ag o‘ﬁ f’lé'?qGP?&'gﬁ? metery fg Oh hequteEs, car bon |

sour ceediump M@sgilsradeeersmdmd theviry aeight of 0¢lIsGRE thel YAy RE dohieAt W43 aBo2 sources, -

pant %&@ﬁ}@& eTl?quJuﬁggfthé Q)Epgr(r)p%xg xseoogla}ngié\Ta&f gce metal sources (such as ZI:nC "

sour ces, per ‘sources eclkel sources, iron sources,
nmanganese sources nol ybdenum sources), and major netal sources (such as

nmagn S um sour.ces, sodi um sour ces ot assi um sources), ‘and

sili ?:'b%gl‘u g!gegglgngf A t‘i?l’”é‘sextpﬁ‘é’?’%‘ﬁfexa@@m CbPSé‘é‘ﬁs‘P pived gkygeR9, wherein” °

sai d coneoeativt ad the tuag chdn RIgHly BaQiatEBaRY acid BMGEEDRA Y &§hREHEDsT rom the = =

grou%& ?ﬁll SII na of sulfate and chloride salts of these netal’s (such as
4

My SO VRMESE4H20: ZnS047H20: Cod 26H20: Na2Mb042H20: CuS04SH20:

Ni SQ46H261. Fe$04 HAME CaCl 2DHKZ S04, KehnassdN{ NOgRe@)  qnd THRTUTeS ther eq

31. |Theledivaceys @LTEARI N mdrwagrm n gad |imt |P@;g nut r| ?%tsg\t ce

CONYriSe§ya MTToggy Soyrte; 32— fhejrpeess—of 74 arad- r3 ere{n said -

nit [[OgET}ROUT & THHR i SES ATy $ Mot &t 5,9‘3'% AHHR=-SaH——3 33—Jhe process
&t o se'7wl ed i fr an. the_group

Y
of Qrarmzg6; IEI§ aalu 5] 4t f & :
I156 24 9-‘.’2,\UU ;; i\yéast hl’7rl‘l Qf ‘\’ hqlrlf or i and 1,:'.:":.5.:. T
N 2

Con“IbLI of et €1t )
Xt Uoz'd her‘glf ?3‘59 Z yJuy‘gw £ 1018 20129 @ereih saidl mich oor gani sis
are capabl e of producing polyenoic fatty acids or other lipids -~ which had
been geneThd esultb@bicste et th@llﬂl@ﬂiétehﬁ(@%%m}i)gﬁd bhai donfs xg Yhepwsightpd- The
process re n._said mcroorgani sns are Stranenopiles. 35. The

pr oc8sE }B¥he%°éic?rﬂs%1mr &Iy fhissolyed opyzer bplyathedoerdpedisipipbetygere. 36. The
pr oc és8l e highad Imib 2ipid addemIEA rtostahtd msclg Qxﬁé)&@&k@ B&a@sfe%x%entﬁaﬁ yeEfler

Thrayst o &%t% fsb 37. The f}?r o&ﬁess of wher érn sai
ni cr 661 S 1 o4 focbedispessannty iy S?tHrétedr(‘éﬁYblebB‘H’éiP sltiymskingfhagsest ochyt ri um
S hi mlnylHAum f@mﬂdrﬂ 0w i Sol el &xegdn. le(?éﬁ bebh\Re 310K §8 8ndbr b dy 26, wherein
t he tgga‘ t({rgg gsf ‘%ﬁ&g %gnd orre%a fatt acids is at |east about 20 %
of salg I1prdsyad %} & BL0mags Prequstion %reawﬁéﬁ therflisselvederygerabout 25 % of
- sai dldvelds diiéreh&dﬂﬂ@DH&h@%t@ﬁMh@ea‘%@d Therdore,  idHIPARTR ofsQ6 halFE QWoWeh eukaryotic
m crog m‘E’EE rising ddfé to a fernentation medi um éonprising said -
m cr8 E}Sg%( eréhsé YUY EBlTVEls tofprrinaize ihpfoarmatiprpfbiomessand e lowent a rate . .
suf f theidsblvédody B 16as & thilemik MRBERiSRAS hil pRkudhd f er mentation mediumto -
é | east about 100 g/L, wherein said m croorganl sns are selected fromthe -
g oup consisting of algae, fungi (including yeast), protists, bacteria iand _'-.;;
nm xt Exempleller eof , and wherein sai d nicroorgani sms are capabl e of producing’ !
at | east ghout 20% of th bi omass as |ipids conprising sone polyenoic
fatty aci tfds 3PP eTH‘é*“ﬁ'ieb@Eé@rW"@hé}i PhpAgressahefites preseat léivqslﬁl%ess produces - < = |
M crobi al MidrgUrghisals vafe FYQIRYEsik 42. The :f,i.
proc of C a%l% 41, whgfel n gr eg;%g?&ﬁoﬁgﬁﬁgtaorﬁ%%%&?gg sal ﬁl pids are - *¥
poI ;éﬁ%&"cuﬁ’ﬁ%tt% ’F?%‘i‘%sfememauon brothgvasTrecepirgedans] wicraorginivmg Werenher ei n t he
2ot aliri@mi#ABh dRim- él.‘lﬁd% Qm%oﬁhgﬁsﬂﬁﬁgﬂﬁ%§ﬁ5 %eteae%&%tévaﬁ' ds are at

| east about 20% of said e process o erein at -
| eastndmygiied topopdyge asfaﬁltfdl hlw}epsi and denslotizssiodlx Approkimatel 1000 ppm of d-

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

et




45. The process of Claim 40, wherein said process produces on average at
| east about 0.2 g/L/hr of docosahexaenoic acid. 3 0 46. The process of
Cl ai m 40, wherein said carbon source is not an al cohol. 47. The process of
Cl ai m 46, wherein said carbon source is a carbohydrate. 2 6 JUL 2004 5 10 ‘
15 20 25 30 30 48. The process of O aim40, wherein spiﬁngLn'?@gng nutri ent
source is selected from- ~ the group consisting of nitrogén ur ces,
carbon sources, phosphate sources, vitamn sources”(such as vitamn B, 2
sources, pantothenate sources, thiamne sources), trace netal sources (such
as zinc sources, copper sources, cobalt sources, nickel sources, iron
sources, nanganese sources, nolybdgnum sources), and major netal sources
(such as ' ' r . l.ci u rc sodi um sources, potassium
Sour ces), SPTTCa" Danns o Shizeaimy (LC N6 SPBRY veraun andkthpreslscue of Claim
(s ~WhRaEiim Tehl¢ 2 Fhealiseolnetaxhgendevebes BowlsvhadiRhe ABHAL 2 PRIIGET AP SClected
i om H%Qh&’éa‘ﬁgp consisting of sulfate and chloride salts of these netals ==
(such _as MySO047H20; MhC 24H20; ZnS047H20; CoCl 26H20; Na2Mb042H20;
CuSO4EHI. RedSpuubHRentat GORTHE Gor W&ﬁ&i&@ﬂm'ﬁ%sﬁﬂ%@ﬁ@%@ and
M xt UTg L TTeT Xfe' S8—The pfogess of—laim 40 _wherein sal rmting
nutri ent_Sour ces @éﬁpri Q{Z‘g 4800 t r|dYeh @our £ FAME (%hPrpdwtend ¢f O ai m SO,
wher eiinl sai d |ni trog@o.3$ource geuYHT 1 SES gH g| TTOT ganjw, amrorttmsal t. 52, The

£ Cllai mm A0 i 1 H y 5 H 0% | H -
pr oce$s-of—CHat-m40.—wherein-sai nifrogen| source canpri ses DNl um , |
hydr o itle. 53 The BPdcess of 1@4]i m 40, IMMkrei n sai3| m croosgespi sms are -
selectesl from the grgyp consi $idF1g-of —=t —fthg—f-reludi-ng—yeast ), :
pr oti 5ts- badteria ang m Xt ur?ssljt her eof I,ly\?\her ein %lalf

d m'cr'o(bﬁg? ni sns are

capab| & of prjoduci n§0@pl yenoi t6%At ty aci@s| or of 3ol T prds ghigth had been
heir—syntHesis 54 The process™

gener ATy befjieved gyyrequite; groygen—io—+h yht
of O aim 40 erein shid ni clrégglr gani srrqsz'are m criddl|gae and-H7gae= like =~ ‘
m cropr@gani srs. _ 113.0] 55. Thi7pjocess o3 7[Cr ai m 4,5 [WeT el 0 d SRR
St—+arenopi-es1—56.— A _priocess for [produci id_eukaryotic _ ‘
|

ITi cro [#dlli ST <ar e TEoOpPT1-035-
m cropial |ipids COP(%P si ng: ](5§)5 gr owi nb”aukar yot4ld|m cr oordgdd| sns in a
f er meptdat i on [medi unp1.8| | Nncr eagm gf he Di O S densT gy of—sa Cfl):’fo mentation~ - - |

medi u #1000 g/l] (b) providing fermentation ¢pnditions
suffildteht to all owshi d ni cri®6rdgani snsl&H produdé.ssai d | i piass; and (c)
recoviesihg sai d TTprglg, wher er,greater—tigmabout é_%.,% o q.ﬁi & i pids are |
pol yursaturated Lipid 2 ~“JUL 2004 31 57. Th P8t ai m 56, .
wher e nY &%Yi $sol ved ®Xygen | evék|in said.Fernmentatzpn ~,, - 202 medium . ‘
dgri ng Sai d i er%%@iad&ﬁééwén‘éi{. ng—step—+s-hi-gher ):hén—t-he_diisol ved oxygen - |
level 0N th§UA ectent as % cell d _weéghtf ernentation mediumduring said lipid~ =~
pr oduciang sttg@}faéﬁaci t&;g%%scel %f Cl.gljftrp 56, wherein the dissolved oxygen

| evel ign sai(é}ar;@&r@@k%hgn nedicenyd (REAstErd 23 meth3bistsEi sm gr owi ng st ep
is at Iseast ;abgut 4% "1 °59.

The process of C aim56, wherein the dissolved

e¥ygen ¢ evelphdlrf@hviiiber mentation |
7. coefﬁcients: of variability. Coefficients of variability values below 5% indicate a
process which has excellent reproducibility, values between 5% and 10% indicate a

. process wh%ch has good reproducibility and values between 10% and 20% indicatea - - -
process which has reasonable reproducibility.
15

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




medi um during the |ipid producing step is |ess than about_1% 60. . The

process of Claimb56, wherein said mcroorgani sns are selected fromthe
group consisting of algae, fungi (including yeast), protists, bacteria and
m xtures thereof, 10 wherein said mcroorgani sns are capable of producing
pol yenoic fatty acids or other |ipids which had been @f gpelleved to
require oxygen for their synthesis. 61. The process o alm wher ei n
said m croorgani sns are Stranenopiles. 62. The process~of C aim56, wherein
said m croorgani snms are mcroal gae and algae |i ke mcroorganisns. i 15 63.
The process of C aimb56, wherein said m croorganisns are of the order
Thraustochytriales. 64. The procegg of O aimb56, wherein said

mcro S re. sel ected fro he group consisting of Thraustochytrium
Schi Z@Eﬂﬁff lrll U and 09153 ﬁ‘ﬂ é‘ﬁfirunggryermg %36 0c PeefergblyBonievar56, wher ei n

Ahe-1 mfcmormmfarﬁtfrleﬁﬂﬁgﬂly%n&mﬂuﬂl ﬁw@ufu@fnﬁé{' cg?tg%%gﬁ&s is at |east about
gé'O% ; Sa"@‘t’;m cr abi al process-o ai m56, wherein at |east™~

; ds.
about 25% Of A0abs r‘ﬁ’S@Pd’J H’I‘dsqufﬁ‘ﬂ%d ff%mdéléb@aﬁéﬁwnmmesaolﬁbleeﬂ is ~ The

pr ocmzﬁmlmﬁg wherein said process produces docosahexaenoic acid at - -
a%> a:ll\ﬁr? e ra % at | east about 0.2 g/L/hr. 2 5 68. The process of Claim
AbIe- fina P*ao thp micrptigl bipgags K?@ﬁe%léﬁvrfﬁcsb%ch feaentationswutipeduat er from .
sai d Tatarent ati on nmedi umto provide dry nicroorganisns; and (e) isolating
said |ipi dcrppgm_sald dry mcroorgani sns. 69. The process of Claim68, ..
wherei n saijd W&¥r rem)\/éPHs‘\tfébtthjnﬁAMlés MW&&@M ai d fermentation
medi um di r ¢CtTy On a dfum ar yers gyt hout—ptji-or H-ugat] on. 2 0 JuL. -
2004 32 70|l.-The process of d ai mUSG vvher6| n sai ZZ?I pi d recovery step-
conpri ses: (d)2treat|n t he fer]?e&wtatlon Broth twoperneabj|ize, |yse or;
rupture the nls,lumal rett-s \A\C, recoverrg—the Lipids fromthe :
fermentati on _broth by gravity 33 aration, |5 vmth6]o§ wi thout the aid of . .
anagent tofaid4in breaking the 3Jg5pi d/ wat € enmul Sygr. =1 71. The process -~
of O ai m 7¢-—wherei-a—spi-d—m-crobialcellslare treated injstep (d) ina
fermentor or a’sinilar|vessel. 4. - The processS%$ C ainh 70, wherein said
gravity separagion conprises ceiffitugarrgn. 10 g3y The—fgrocess of O ai m=
56, wherei p—sai-d—microbrganism growing steép conprises addi ng a carbon ,
source and{a ITniting phutrient 33durce. 74| The p49cﬂ:ess off daim 73, wherei n,_
said carbop sogIrce 1§ pon-alrcolgh— 75 —The lut,c6:1 im74, wherein
sai d carbopsaurce conprises_a carbohydrate. ﬁ'ue process of daim 73,
wher ei n saj d Averdgei ng hutrient 388urce is $el ectefdsa‘ rom 13 the group
consi sting %i B gENSou cesygar boR—Seprces; “hcsphax-; sources, Vi tam n
sources (such as Vi n_B, 2 sources, pangot hena?é sourcgs, thiam ne

sources), tra(l‘\é‘(&(et aI sources (uch as zi pc soures, copper sources, cobalt
sources, | L,r\cl ch“e""eo, H-6R—Sseurces—pahganese sources ! nol ybdenum
sour ces) sour ces (such as nagnesi um sour ces, calcium

sour ces, od| T %15" F%‘é"sﬁ’ fS tassi um sources), silica sources, and nixtures
{pereof. P ) et@F %al m 76, wherein said trace netal sources
and maj or rret aPe g@ﬁ?& vanpuiye % iQents of yaiataldty yplbesdeloonih indicatgs of sul f at e
and chl ori de $HPESHY ‘tch R ’FFi lept §eP{%daewﬂm§ WHSORTMEER SYhadid 24M420; o
ZnS047Hz0; Co (3 ProcRsy d reprpdpeiilinand valus 61420 10% BES047 H20 ;
Cad 2; KzS04: “RAM ‘Sﬁfn%f %H%Myh‘%!h‘efs Feaenablesenrpducibdity. 78. The process of
Claim 73, wherein said limting nutrient source conprises a 2 5 nltrogen

sDurce. 7nlestbheNiReRs, Bé felhdttdlibr Bedith Ao otk &,[%E%e%ﬁ% ce conpri ses.__.__

an in jum sal t. 80 The process of erein said
ni t rgléggesrébetf?%%”‘%%?zg@@é wheredhe flishay ber dndicates n@nmalwgetmrmmm f or

pr odargitigrueiblien partitResiindieRs Mcepthtti dse eCQﬂHﬁﬂs%!thgu%/@lla j non- al cotiol .
car bopé(?%rce and a limting nutrient source to a fer a on nmedi um

e on’p$/ 7093k 84&$p¢?76‘bp&68ﬂr rps2-2); Hodag K-60 antifoam 0.35 g/L (0.3-0.4); K,SO04
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);
ZnS04¢7H,0 3 mg/L (2.7-3.3); CoCle6H,0 0.04 mg/L (0.035-0.045); Na;MoO,e2H,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




2 6 JUL 2004 5 10 15 20 25 30 33 (b) providing conditions sufficient for

said m croorgani sns to produce said mcrobial Tiprds;, and (C)” recovering
said mcrobial l|ipids, wherein at | east about 15% of said m crobial |ipids
are polyunsaturated |lipids. 82. The process of Claim8l, wherein the

di ssol ved oxygen level in said fernentation nediumd knguﬁ ﬂkﬁnass density
increasing step is higher than the dissolved oxygen | VeP¥tn id

fermentation nmediumduring a |ipid producing step.-83. _ The process of . .
Claim 81, wherein the dissol ved oxygen level in said fernentation nedi um i
during a biomass density increasing step is at |east about 4% 84. The
process of Caim8l, wherein the g§ssolved oxygen level in said

fermentati on mediumduring a |ipid producing step is about 1%or |ess. 85.
The pllo&ieds Bf11k) tiamigel 9.5 lei (A-18Xi vitamiie rRyorGbhimgls @05-0s35) emtied from t he
0T QURCHARS]PhhiBfleile b GRA. (1189 hiapabHLL8E; ' acteria and -
i xtures t ereof.e 8e6. The &)rocejssmgg&%izagﬁ@%éorlg?%qég%gi%hgroorgani sE
“are Jeregepsenre:om t he group consisting of algae, fungi (including yeast),
protists, Thagcd&ioh@ntytthe Bl Wi 4 ' j d microorgani sms are
capabl e of pr odSci ng pc?l yeng?(%é?r .}lt%gfgg%:?b \Qh%}?ggtq'ﬁ%‘?‘l'l i pi ds which had been
génerally believed to require oxygen for their synthesis. 87. The process
of Cml.ffds Wherein said mcroorganisns are Stranenopiles. 88. The process’
of Claim'8l, wherein said mcroorgani snms are mcroal gae and al gae like -
m cr oor gadhisexamBeillustrates theefes of mudel dissol \@d pxyges tegtlin thafetmenitationor gani snms -
are triales,..' The process of Claim81l, wherein..
sai d%n?dﬁzlglg?)r?g’gﬁfog%{va é%glgﬁ%oé ki o E)trl%? tlzggoogga@ﬁﬂg%?g%si sting of L
Thr aust oc Rgingi thenpr@etiat zdesdribed iinrGxampld B xt14[088-ghhi@r @6ihinaldoluthbie process: of:

ai erel I roce roduces ,said nicrahial lipids at an averadge :
7o e TofbutER S Suafhdt B R Rpe S5 S@efp ot g coba BB whor of n the
t ot alusiagusetation provesseradiSlasad imtire gbove-riantibyeddd.S dBatés Nus. §,8405894ahout 20% of -+ "+~
sai d .M, 6,Qbi dpids. 93 . The pracess of Claim8l . wherein at | east about -
506 ore8gg e teBveTongen L ls Be HGRERaine B vat o Hodudradhe o o m 51,
wher dirst 24 houts, pbat ¢%dropt thel2d Hpourko desioh Ruaendibouridd fidin theuodvesage rate of rat:
| east, abqut..0.2 qg/L/hr. ~ JUL..2004 34 95 The process of Caimb58,
wher 1-gllencns ?&”PF%%@“P&%SVE?%S‘Q? 8E'!ﬁl§§%?ridésé%1?’ed(‘ﬂ‘)yg? ITHGERAEeD £ r om sai d
fier merdaim proceysd atershévon farkabiedie dry mi croorgani snms; and (e) isolating said
li pi fromsaid m ¢r oor ganj .. 5 96. The process of C aim95, wherein
sai dqsﬁ/tz’alf3 & Ii%;%"ﬁtﬁ\9E\F{(Zotoéﬁ?ﬁgb?ﬁ?&%éééa@f%r“@f‘f’?f‘g’%ﬁéé’@c%ftflwts‘&ﬁhﬁeq ernmentation .

medi dissoliéduxygenpoha@ntrations.r i f ugation. 97. The process of Caim81, wherein =~ |

i —pHeFecovery—step—eprprses—(e) & the fernentati to
;er(rjreabrl ize, | yseéyor rzpt ure the nicrobi aW;D%ﬁd’YOdUCtiViW on brothto
Entry | Age (Hrs) | Yield (g/L) | %DHA | %FAME | rel. to FAME | (g of DHA/L/hr)

1 82.0 179.3 21.7 524 414 0.474

2 99.0 183.1 22.3 55.0 40.5 0412

3 72.0 159.3 - - 40.9 -

4 770 161.3 - - 432 - )

5 100.0 173.0 239 | 533 | 449 0.413

6 102.0 183.3 21.6 50.8 42.6 0.388

7 104.0 185.1 23.7 55.0 43.1 0.422

8 88.0 179.3 223 52.6 42.4 ' 0.454 |
9 100.0 166.4 22,5 53.5 42.1 0.374 : ‘
10 97.0 182.6 22.8 51.6 44.1 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




10 (e)

recovering the lipids fromthe fernmentation broth by graV|ty

separ at i on,

I|p|d/mater enul si on.
cells are treated in step (d)

with or without the ard of an agent
98. The process of Caim 97, wherein said mcrobial
ina fermentor or a simlar vessel.

process of Claim97, wherein said gravity separation conprls S

sour ces),

. centrifugation.
carbon source conprises.a carbohydrate.
wherein said |imting nutrient source is selected fromthe _
consi sting of nitrogen sources,
sources (such as vitam n B, 2 sources,

trace netal sources (sudf as 2 0 zinc sources,

car bon sources,
pant ot henat e sources,
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target compound concentrations at this scale. Results are shown in Table 5.
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2 6 JUL 2004 36 (e) isolating said |lipids fromsaid dry mcroorgani sns. -.

117. The process of Caim 116, whereln the water renobval SUEpP COMPrises J
evaporating the water directly fromsaid fernmentation nedi umw thout prior
centrifugation. 118. The process of C aim 106, wherein the |ipid recovery

step conprises: 5 (d) treating the fernmentation brothei% ﬁ&nﬁﬁlﬁ”ize’ lyse

or rupture the mcrobial cells; and (e) recovering theél Q S om t he }
fernmentation broth by gravity separation, with or without the aid of a
agent to aid in breaking the lipid/ wster enulsion. 119. The process of

Cl aim 106, wherein said mcrobial cells are treated in step (d) in a 10
fermennor or a simlar vessel. 120. The process of Caim 118, wherein said
gravity separation conprises centrdfugation. 121. A nethod for enriching

the polyeeojc fatty acid cohtent of a m[CTrepHEAM Jﬁ}ﬁ@?}yhaf-vi fernmenting
said m Ertoorga%‘{gr? g lgf&t}om‘t h nmedi um having a | eyel o 3| ssof yed 15 oxygen
~of (st har "40% ~122° ) pt-BEESISBAME |aPlioEAME Whgro§ DiAZRIMD | evel of ...
«di ssol yed oxymen i 4 [@ss than7z perggnt | | 4‘37-4“'6, procgsss of aim 121, :
wher el B—sai level lof dissaol ved xygen 1iS less than 1 pércent.]2 0 | 24. The
process of |[0%i%m 12115%her ef n7dur|i né7.@n [i ni B7al gjowt hopBase, |he | evel of

di ssol yed OXY@EHh 1§ GheAl er | {5y [aopm—0—pereentrana—duri-rg—a) subsequent
production jphase the level lof disiso \i%d oxyég i S IessU?h%n 10{ percent. =~
12S. ' | The |pr68dess [oF36@ ai m 12H, whées.2i | saizd.1m cfoor gangem copt ai ns ]
pyl yke[Tge segtiasy genes— 2336 fhgterettophic process fof producing
pr oduc and)gg‘ilocrocrqa‘r(]bi SnB clgnipri s‘f'%: a. edlturi ng s8”8% mi crpor gani sms in
a grow Avggdidas wherkiia saild 1mcrjoos@eni|STs 369Nt al n_popgEEtidel synt hase =
genes; —g‘{ﬁ B—t¥er n“ ai H Ag the -l evel _of dissolved hxygen. a |ESSL t han about... -
10 perg NS e% ocegs Of QI al% 126, wkRreif sai B0#evel bf di ssol

oxygen| C¥ llesg.stnan p1.9 abquiy by, PETCRAT [ 12850, TITE[PTrOT of—gl ai m 126,
wher ei h—saild—Level lof di ssdlved. xygen jis | 855 t han abtofuii/"l per cent. Z

JUL 2004 37 129. The process of Caim 126, wherein said pol yketi de synthase _
genesEpfgple gnatural ly -- in said mcroorganisns. " 130. The process of =
Claim 126, wherein said pol yketi de synthase genes are genetically

i nt r oduced Hsfxamplgdllustntas i effesbelat nitwgerborliBd feritigatingess odtheC ai m | 26,
wher eprisefiubidadlo@n i nitial growh phase, the I evel of dissolved oxygen is -
greater than about 10 percent and during a subsequent production phase the -:
| Vel of diukssisgEP0dxseglsfedbatchexperimbnatnwerleoatdudied wirgegnicedure 2mflarJUL 2004 38
ABSTRAELanthiea) i AL | Vi a.process for grow eukaryotic

T or o e LD Bl SRR B R e i ellciong |1 pi ds. i n
par t | il ZPx theingrmaal amennthvere sgnducted: Resilles drattoynas Taide 6 The present i nvention. .-

al so bW, des af [ eukar.y,aokk m crobial |ipids.
] 7Myi 1 ZM]7M ] 71\%?57)9\{?%‘?]3% o ?3%%%?@&%&)7%“/“4 7MB] 7M 7Ms] 7MWY ] 7Ma]
™ 7W) ]A'ER/D )] ’)’M}&M VMQimss Conversion DHA FAME DHA

\ & TG TV RLEM V| RIS TMANBLY ] RN ] ERLIMI b i e OPAS

] Sugar target: 7 g/L, Base pH set point: 5.5, Acid pH set point: 7.3, 1.0X NH; . !

48 178 37lgLmr | 515% | 10.7% 37.8% 0.40 g/L/hr'

60 185 3.08¢g/L/mr | 469% | 16.3% 47.2% 0.50 g/L/hr
72 205 285g/ll/hr |  452% | 17.4% 47.4% 0.50 g/L/hr o
84 219 261 g/Lr | 43.8% 1% 45.5% 0.45 g/L/hr

90 221 246 g/Lr | 441% | 184% 48.9% 0.45 g/L/hr

Sugar target: 7 g/L, Base pH set point: 5.5, Acid pH set point: 7.3, 1.15X NH;
48 171 3.56 g/L/hr 55.6% 12.0% 36.3% 0.43 g/L/hr
60 197 3.28 g/L/hr 54.6% 9.4% 38.4% 0.31 g/L/hr
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36 | 138 | 3.83 g/L/hr . 46.6% 1.6 | 365 |0.44g/Lihr
42 | 175 [ 417 g/L/hr 49.8% 13.4 | 417 |0.56gL/mr
48 | 178 | 3.71 g/L/hr 45.1% 18.7 | 528 |0.69 g/L/hr
48% | 164 | 3.42 g/L/hr 41.5% 153 | 331 |0.52gL/hr
54 | 196 | 3.63 g/L/hr 45.7% 16.6 | 512 |0.60 g/lL/hr
60 | 190 | 3.17 g/L/hr 41.7% 169 | 339 |0.54g/L/hr
72 | 189 | 2.62 g/L/hr 39.1% 156 | 31.8 |0.41gLhr
84 | 195 | 2.32 g/L/hr 38.5% 164 | 327 |0.38gL/hr
90 | 200 | 2.22 g/L/hr 39.0% 188 | 333 |0.42g/L/hr
90 | 171 | 1.90 g/L/hr 33.3% 222 | 616 |0.42g/L/hr**
* Two separate samples were analyzed at 48 hrs.

*x This is for a washed dry-cell weights (DCW) sample. Other reported values are for

5 unwashed samples.

Example 8
. This example illustrates affect of the amount of carbon source on productivity._

Three different fermentation processes using the process of Example 4 were conducted

10  using various amounts of carbon source. Results are shown on Table 8.

Table 8. Fermentation results for various amounts of carbon source on fermentation of
Schizochytrium.
Age | Yield | Carbon Conversion %DHA %FAME Productivity
(brs) | (g/L) Charge | Efficiency Content Content (g/L/hr)
90 171 51.3% 33.3% 222 61.6 0.42
94 122 40.5% 30.1% 19.1 57.3 0.25
59 73 20.0% 36.5% 11.9 40.8 0.15
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Table 9. Effect of nutrient limitation on the biomass yield, conversion efficiency
T (glucose -> biomass), lipid content and DHA content of Schizochytrium sp. i
{M , Lipid Content’ | DHA Content5
Limiting Nutrient | Biomass' (g/) | Y,s* | RCS? (g/1) (%) (%)
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 4138 4.3 18.7 64
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 - 53
1. concentration of dry biomass (grams/liter)
2. yield coefficient (% biomass produced/glucose consumed)
5 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)

It is clear from the table that nitrogen limitation resulted in the highest accumulation of

10  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 |

15  production of biomass or other valuable products. Other biologically required elements or
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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 |
niore 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 o j
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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27 ,
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 producing
lipids at a fermentation medium oxygen level of about less than 3% of saturation. ‘

’ 20.  The process of Claim 18, wherein said microorganisms are grown in a 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, }v‘

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.

'
L

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

- 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.

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
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
source at a rate 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.

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
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.

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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48.  The process of Claim 40, wherein said limiting nutrient source is selected from

. ~- the group consisting of nitrogen sources, carbon sources, phosphate sources, vitamin sources Bt

(suchas vitamin B, sources, pantothenate sources, thiamine sources), trace metal sources (such
as zinc sources, copper.sources, cobalt sources, nickel sources, iron sources, manganese sources,

5 .molybdenum sources), and major metal sources (such as magnesium sources, calcium sburces,
sodium sources, potassium sources), silica sources, and mixtures thereof,

49. The process of Claim 48, 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
MgS04e7H,0; MnCl,04H,0; ZnSO4¢7H,0; CoCl,06H,0; Na,MoO4e2H,0; CuSO4e5H,0;

10  NiSO4e6H;0; FeSO407H,0; CaCly; K2SOy; KCI; and Na,SO,) and mixtures thereof.

50.  The process of Claim 40, wherein said limiting nutrient sources comprises a

nitrogen source.
51.  The process of Claim 50, wherein said nitrogen source comprises an inorganic

ammonium salt.

15 52, The process of Claim 40, wherein said nitrogen source comprises ammonium
hydroxide.
53.  The process of Claim 40, 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
20  which had been generally believed to require oxygen for their synthesis.
54.  The process of Claim 40, wherein said microorganisms are microalgae and algae-
like microorganisms.

55.  The process of Claim 40, wherein said microorganisms are Stramenopiles.

56. A process for producing eukaryotic microbial lipids comprising:

25 (a) growing eukaryotic microorganisms in a fermentation medium to increase

the biomass density of said fermentation medium to at least about 100 g/L;

(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.
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molybdenum sources), and major metal sources (such as magnesmm sources, calcium sources,

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

20 77.  The process of Claim 76, 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 MgS04e7H,0; MnCl#4H,0; ZnSO4¢7H;0; CoCl,#6H,0 ; Na;MoO4e2H,0; CuS0O,4e5H,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

25 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.

30 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.

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 process of Claim 58, wherein said lipid recovery step comprises:
- (d)  removing water from said fermentation medium to provide dry u_ P
{ _ microorganisms; and

(e) . isolating said lipids from said dry microorganisms.
5 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
10 (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.

15 100.  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

20  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

25  asMgS04¢7H,0; MnCl,e4H,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

30  ammonium salt.

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

hydroxide.
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106. A process for producing eukaryotic microbial lipids comprising:

(a) adding a carbon source and a limiting nutrient source to a fermentation
medium comprising eukaryotic microorganisms and providing conditions sufficient to
maintain a dissolved oxygen level of at least about 4% in said fermentation medlum to
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,

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,
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.

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
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.

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.

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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$109% & () 11%% $l:lh(i)a é)rocess of Claim 106, wherein the lipid recovery step comprises: :
5 (d)  treating the fermentation broth to permeabilize, lyse or ruptixre the
microbial cells; and
(e) recovering the lipids from the fermentation broth by gravity separation,
with or without the aid of a agent to aid in breaking the lipid/water emulsion.
119.  The process of Claim 106, wherein said microbial cells are treated in step (d) ina

10 fermentor or a similar vessel.

120. The process of Claim 118, wherein said gravity separation comprises
centrifugation.

121. A method for enriching the polyenoic fatty acid content of a microorganism
comprising fermenting said microorganism in a growth medium having a level of dissolved

15  oxygen of less than 10%.

122.  The process of Claim 121, wherein said level of dissolved oxygen is less than 5
percent. )

123. The process of Claim 121, wherein said level of dissolved oxygen is less than 1
percent.

20 124.  The process of Claim 121, wherein during an initial growth phase, the level of
dissolved oxygen is greater than about 10 percent and during a subsequent production phase the
level of dissolved oxygen is less than 10 percent.

N 125. ° The process of Claim 121, wherein said microorganism contains polyketide ~
synthase genes.

25 126. A heterotrophic process for producing products and microorganisms comprising:

| 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.
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