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not necessarily almays) be desirable to avoid
filamentous organisns, or organisns wth particularly
unusual or stringent requirenments for growh

condi tions. However, where conditions for comrercia
scal e production can be applied which allow for
utilization of filanmentous? organisns, these nay be
sel ected as host cells. In sonme enbodi nents of the
invention, it will be desirable to utilize edible
organlsns as host ceIIs as they may optionally be
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i ncrease carbon flow into the isoprenoid pathway in
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and/or to shift production fromone carotenoid (e.qg.,
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(Phaffia rhodozyma). [0045] As discussed above, any of
a variety of organisns may be enpl oyed as host «cells
in accordance with the predéent invention. In certain
enbodi ments of the invention, host <cells will be
Yarrow a |lipolytica cells. Advantages of Y. lipolytica
|nclude for exanple tractable genetlcs and
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conditions, and ability to grow to high cell density.
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with the present invention (see, for exanple, wth
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invention, it will be desirable to achieve total
\Nmemmhmm@i carotenoid accurul ation in the |ipiBChUS206010271
.e., considering the total amount of all produced
g@g en&; S ! o%eéhc? mgnts ot} anrSI? 10? r :%Fétlea? :Tfotunzgir)]rﬁ%lsms
emtaubndmyxshesxs hréynepitdad mdad‘eoltte mohdt limged tm depdra dfmaturally he
Bfng[ ﬁ%?&%?&iaé@n'o&s férthi MQn%QQﬁ!/ %:Q&éé%&&l(aysﬁ%%&;h@ Fldare

[ eve | east about | east about Q at
pesdistitedyis Ry iIm A eredsPqrd a”élfar%dﬁtbb@%a) ducoreNeyosreiBout 6%
2hychBRed PRk tRhdbor ﬂb Ske@%itm, Hbz@hbtieﬁz% andb(a;ltﬂ@ﬁ)tlloabc@ut
go/ ar&?g/gessgxtcﬁﬁ%% §ut are o‘% hrfntreféﬁs urgspfréz acg Ssaa cg% ;_J'_))Eg ezycg’st
Hedstrhab Phtffid BYgozata), Mze:arsdzrcadgldmdes E@i’/&floelwo’iuéa@{tmabﬁﬂt
Lt AloihRske ARAUL b} 8 iadHhng: SARI:® bg%snis%l{eh a@hlaxll@ afghe,

Yo Of the t
et Gingl{ tpggH] CBRRORET PIc c“aWé‘fcé ﬁfﬁ@@ﬁ?sdmgé’ﬁ é@rq%zfﬂémsms for
&r&@ml&ﬁaﬁbsﬁ Qﬁﬂﬂ’éﬁﬁcfeﬁ&oe&dﬁ@tom& prdsér@msérgibn.abl e to

or e therefore art|cul fu
ML or ol perkeeed WR SR A Gkt odlnsghop e
epiaploe hodvtdllrimacedrdalkce wltbﬁeppbreseﬁﬁnMentwn wilMbednfbienaetl by which
SRR e bt O S 8 M,
gisatievagido e @m@ucmarl ] alost@@rommso Qﬁrgfawd ltl?ﬁé@tbesmpglapﬁpgm are

rarsgwﬁ 1@16Va|ﬂf Izg%tomsf& pQ’Q{u@gﬁ/ 'rs?évasrft%lﬂ &ﬁ&gf)rféfca&&ﬁcﬁlﬂﬁﬁ Qs
an roxyl ase  po i des i ition

aimeets Ej’éﬂ‘P%‘ﬁE&i Ca R d ZpR{HgHR 2moRepdters PG SWW asélng
mﬁﬁbﬁzmahmmﬂﬂﬂsﬁﬂﬁﬁﬁhﬁ@mnammwmaﬁﬂﬁﬁpmdemagmudemhm
b>9a%§zan d]Co zo?rgﬁ'?%%od ments, the Micor

&l el unct|onal phyt oene

490485has e/ | zysccbmemi abyvs] meenudation ¢fHipidiediesos plezginons agapisms is

%E%Fa‘ﬂ? ﬁ@ucg@gsy 5\99?&3@?&%\/% D ninfil t&%res&%ep&%ﬁéﬁ‘sdcaib[?n source
arrow a |>/t| ca. Su Sequent over expr essi on of the

aad lgp1§)}@g rétxqg pprificcgpditigns fog jnducing such accumulation have previously
Ibyghresnprismt oy b gﬁrhﬁeaﬁﬂdlff&ﬁﬁoIE@QU@to@&sm@éleor @k RE6IE (ed.)

the nodjfied Y
SR ot Rptti t, sPhis Y. Rdfymg pr. 31
388 e & 8O RS 08N Gidimpr Brtubioh THER)3I, 187 § fndPMicachid c us
Bl '3o@ﬁ@%o@%woﬂgmﬂropbﬁwﬁ Joy4 @%xmﬁ& ind
car ot enoi d et ol ase enzynes are expr essed in Y.
meprPipted baciRb e @R D BEtei ng strains, and this

r[mtmsj i cati E%eﬂ(seﬁﬂS Gl i bé desikdBR tﬁ&ﬂ’cﬂrﬁ?d hrﬁEﬂti@Bm@cilﬁed hosttcells uncg,r
ast axan I milar a ot.enol
SPRsEet %m %&FW?&O%%%% Seborbrol 3 g‘bvﬂ@ 18 . 1

rdiar @ibedigiemo te ilvasive mOdllgai‘hostWBlls mrgrdam vl eafridaiomhat permit
%z?éuﬁltglaﬂgh f§t&}é£‘set ab(t]u(? @%,39*%9?7*’/% 8%/ 1'6? Cids"/oggfjf C?i bf‘}o, ﬁJ/ 25%,

A%t 35‘%& 69%,|4ﬁ%e:’r€)%, \ﬁ%,cﬁo&aﬁﬁ‘ys ﬁ‘@%tﬁ%t onerencR9deeor nmr@f ttfﬁm dry

Q@lewelg}a hORRN P Ebrtaih femmdhrhenssotﬁ@ﬁdsmeﬁs UBiBzeAQRSLIR! WhidhQre
ust the rel ative anou IW“L i vi dual car ot enoi ds

SR P9I TGESeA TP PP O P BHE o SRS
Iehabhﬁ:ﬁeﬂt)seﬁélhd‘sﬁqam etredalli fWhith naGmdily Ipmldhde tigid} Hu€have been engineered
{?eas PI‘D%UI%P%’I aog 1?1 suc 8}3%’(%%1’68?&%9?& 1 pl% 1‘0 U(l)%lolt’l lailnde alcgu\lljr{él:laggl
@ﬁa@@ﬂﬁéln caroten0|ds such as R—carotene ech|nenone
(3- cryptoxanthin, 3-hydroxyechi nenone, asteroi denone,
cant haxant hi n, zeaxant hin, adonirubin, adonixanthin
and astaxanthin (see, for exanple, United States
Pat ent Nunber 6, 825,002 to Tsubokura et al., the
entire contents of which are incorporated herein by
reference). [0093] Particularly for enbodi nents of the
present invention directed2soward production of
astaxanthin, it will often be desirable to utilize one
or nore genes froma natural astaxanthin-producing
organlsn1 VMere nultlple heterologous polypeptldes are

o o, -



rel ated source organi sns. 25 WD 2006/ 102342
PCT/ US2006/ 010271 [0094] One advant age provi ded by
w0 b@epoxssent invention is that, in addition toP&i/Us206g10271
the production of high |levels of carotenoids, the
JOGSENL. | PNRB P RlANE i8R Lo thﬂgﬁi%gorpé?%‘wﬁ\géllyt 0
adi ly |so ate ecaus ey accunul ate 1 n
| dlgpiinoup G I@ge RgP nisinecres ta argrhwe lirid gcly i dsthisd levels ?fdl@@ and

¥ QHIB ark Obtaih &0 TAbse Bforkind §i<1lbi(ﬁ tHicRE WHBMPrebeR Mhat, in general,
established  for fgﬁcW\@S r|e of 0|?‘?ln08
e R L A S R e
Emalz@&ll 3B8ve UsefBl Adr, iidméing bpid 22uRlation by, B8, cdibidio VbR, sOre:;

gm 6%%%119(5 %ﬁ;p‘e&‘h\?\%ha@%ge%? mitddaced. B dafle Q% lﬁc‘:i’tﬂ)q%may be

I's 1 ncor porated hereln
rrectugpcbxn Bght pfehpreeieristigsiof e st celly wl@rmcéfﬁcat@m jre Withig e skill of

tb{dgggﬁ,lr(llyarf&mqy%@g fromcul ture, often by spr ay
Itering or centrifugation.

&Sé nce s It 8] 4150 bePEPTRREHRI B8 o F o oG Rer ytﬂﬂg i tg‘?ﬂﬁ Bitedl t o

Sgéﬂ@zm@ Ibé adsﬁawlle to bﬂsﬁlﬂd iticht }ﬁxdubtaﬁatof 0e dc@fred&:@ﬂo\bﬁdﬂﬂ betht maaitivon
rfg(%d%iﬁl g?féce r;])f:curs atan apﬂggrﬁ te tl%fse 1r(1: re%tg rt8 9‘1; andlualeo)é %ﬂ(ﬁfaglny such
aba tha caotermidfs) )acculymleﬂe@) in¢hedirid o Jn slome srawemtsolhwﬂl‘phu S

%Luaau ﬁﬂﬁc{ﬁéé &Gdu@ﬁ}ﬁ Rel A Icg&élow@ ke ffogfcém\egc@&ekmmurm
t. Refined oils used dlrectI%sasfedor

BRI e &aﬁéﬁeF%? vve&rof 5 grre Prorfp fisypre produced. In
Caaftdn ﬁﬁ&tsdl& Ho&RellsBidh 96 h@ haxrally godutdveceiih cai@endi(s) are
Conégeroé e%ué:llo o%c{l]ler cgro eflOld(%)gog clr‘é?lrihoet%el sr}r?al)ﬁs/ i1 esxlau]ﬁplyl ty
etmtnmiy peics B@ﬁroitetmebut m%elmt apmaligppsidesy agixdanthiny; yreother aspects the
%QEI&S'd% g&%at(nectllgprodl}cg %Q%{emlm A Jtlgsmlﬂbogaments it will be

ul n; TBHQ, etc, or
RSP & e th‘?é‘l“é‘&fl‘)‘"elﬂ af ‘iﬂFPéen%iH@ ip p hot gellpwhich dpesmaiainy
I Iﬁr&lu@é 1b® %vel&ﬁtwda@tdnmedsy sudk thadebrdaea fdétEdtable levels of the

m croenca tion for e

HOTEE Peradiee biryeh eff B Froi B R B Pl B

t czarqtemzld(e)/(e gh Braatbtenejalsq patge ddifiorskareheid(sleS., asmmm etC )
&l?eif b g&tszgg Y %ﬁﬂcﬁ gaﬁarallygﬁﬁﬁce ﬂLeQ:QI%]Q‘JlOIg@)r @k SpL ergt@ne) do
uce ccording to the present invention can

ulthPYP‘i‘@%laqdﬁlonaéWOt?IfmdéS)var| ety of applications, for

epasy! e ex m &hilh Bebddigints oPhOI @GRl WAl beHedifablt koR@mulate
propertie %? antj-oxid
e

t roliferatjve,
SO s PITERERI P‘B‘ﬁ@?‘{} hilbae) coraspaigPgthen
ama@fe@rea@r than 4t feest piroeslemfﬂnerw;emlgm nf the@tl o tle sonaksbhdpers

gtai c%ro?elﬂgig g%ﬁ%gltaﬂlo%glléé ég godhes (Vﬂ{be%(gﬂ‘g%q 15 lfa%BJt Q‘m at
112as11®413 3% GIRst alReys K% 2t PR plmt:S&(i» at Iqpieabout $%; %%st 31@977% at

Edgensit 88 at le]ist aﬁ’cﬂl@?%cﬂ R Rhot 108, Qlleaﬁ Lbok8 e, hORBAi abblit 2%,
Pat ent Af)%l i cation 200

F P B, SOl s R St 1515 s koo s
exadypl lexst akay 8378, aeleasdhboutll 9%Phdho atvemoPhatneidd @lthe3ot @hy,

nf.ei nd colo
wetq%h’t oﬁﬁe c%[l s eh(l: lcjerrtgi‘(r)lreglgac{ n? Ig)?#thg §1on it %@e figléa%ﬂ:qbacnge
F*atabln‘tels OAWWI)@aitaPWU.@O@Wﬂ the lipid b@dl@ (1@9 corlsidgingfigt tetpltamount
Aﬁml bfo@ld P AQORE Qé@tﬁe’?ﬁ are gxleﬁgxttﬁag PRt fbout 1% of the dry welght

y I cations, aninmal ditives (see, for_ exanp
ketitheeoRHS: Igpe eﬁb&vmen@q@motab%f%@é accurpejgfipn isge g BOdéeF wil
al ., Meth. Enzynol. 213:403, 1992), cosnetics (as
anti-oxidants and/or as cosnetics, including
fragrances; see for exanple U S. Patent Application
2004/ 0127554), etc. Carotenoids produced in
accordance with the present invention nmay al so be used
as internmediates in the production of other conpounds
(e.g., steroids, etc.). 262¥WWOD 2006/ 102342

PCT/ US2006/ 010271



[0097) For exanpl e, astaxanthin and/or esters thereof
may be useful in a variety of pharmaceuti cal

wappbilestz ons and heal th foods including treatP€nUSING/010271
i nfl anmat ory di seases, asthma, atopic dermatitis,

ik B8 S lea@i‘a!det BdsEat THE hifIPo %%, A LAY 198 AbE LIS EtSbout 5%, at least
cardi ovascul ar di sease, |iver disease, cerebrovascul ar

PG S at l5aphaBonh 54 2 leashahgut it Bigeasiodpd Ohedt lepst Aboyt Wk atdeast
| Ab6HtU U6y lead BT 1294, adipmbius 13%,0t laldedbont 118} dt Rag aliday’5%, at

%a%g %llrb?{ltpllg :S Eleast g‘tf(()uglnl% theaq gout 129/% éple?f atbbut 19%, at least about

h%ﬁ)ﬁefrrtlmqfdw tot{tlldwmelab?@thefcelﬂsat | on and netast asi s; and
b ol i ¢ %'a&&fag&{:o%enog%glg &{e?ﬁh% h¥eadyGREHRBRESS @%g

ast axant hi n may be usef u reventi on and

t tFapsfeablstto e}flerfossemweand@whqrqﬁw Baﬂlq#g\ﬂk PaRibp apqgriienge giith

ryﬁ&bﬁtmﬁtw (s, mxahfpfel MReBd: I, )apﬁl ﬁﬁﬂ&ﬁﬁiﬁc; %3301%[1!22615998)
tr e e abit-rel

and
G SSRGS ptef i B s oo PhiG isa e G
t pphiayiga or micwalges; thesh bigartismsproyfde v sarictyLed pdgenviblogireea lfor
t ar
We%@a@ﬁélgﬁlecg%)g%giﬁgh}?%ﬁl}iﬁ ?glr zgildhlﬁ{x;hl %{éﬁlll gbluIcQ BI%amsms include
pm@B Biesst {eeste PraR 2z rdsnapedian Sé’%?%?é@@’éﬁé‘é% 2
h9i]l t or s 1n &RkiR bntbodRleAt | RPIRLRERBSRoides RIBUA@E S phytoene

OB DL et L) B Sl L2 o
thbiessecaml YorroNo Lip 20 ogzxasleaaem qetbkrsHath f2RQEEY A HRinADp N.

. - i a s RPub at.i on
e
2081Bs g ths Eﬂwlpneewﬂ@@@@mw7arag9a®mfbfg@hepmb1ease@1aw®nm&b
2&9&1@@&14 @&allyppgjaéé&@ BarcaQReRE ll%()@ih?g d%Q)@ént@ydroxylase and
2005- 301157 filed 20051017); Japanese Publication No.
2@(%@@8 gfg?lase ewmes' egﬁgcare%(b@d’l@()@gz [}Sﬁﬁqtenm@roducmg strains, and
2619 modifitak b3 refilis &dhe?eﬁaﬁxﬂl&iﬂl) of adt&ﬁﬁtﬂﬂs Bmiﬂblrbipptﬁﬁihbsaﬁl erlNa@nce

717 publ i 0 No.. 2005-301151

PR by Rhlo T S ERARIAE b dRR. nRBore-ERRFH T 10

pcuzﬁn;ssah e@ b2 OO0 (usnvg tbwmemlnommsas Bunaeallyisingldr
Zpggda@snese Publ i cati on No. 2006008720,

publ | shed 0060112(JP Apﬁp No. 2005- 301158 fil ed

298%4017) ; Itfa?j%@glétembﬂ OEBYIEYE REsnismpbeergyepgnore than one

mmtanslhadwmaaﬁaﬁﬁzﬁemsmb adjiNDihe 20:05c BLAB 4t ihditied

L T P e Ly R

2@@5@@@% he cod@pieatiosd dBsrived omgﬁrom a N tur ADOGDDBF 4B can regulate

OB SHR0R001IZAR ARt B 200 AT AL S
) 32@@@@>1emewe/wroimne 2O0EXE L 4Gl v ddonirubin,
20081 and IRRATES Ree F&'@iahfﬁﬁt UiHad Dlokes %%Wilészs 002 to

p {ﬁ%hed 20060112%“5 No. 2005-301148 fij |l
vpp al. %ﬁﬁfltlﬂea‘ﬁ%tﬁ%%‘g Wbth Plieeracmparﬁtewrenz@ore@t?sefiz

p[lob93]s he d 20060043 Zor (edlE’odﬁmlts olRhe pre2dibvedfibh idkbetddl thvaald

200 1017 ci ated t hat
Ghieur g ' e e R h BFe Rishnr drisaling Sy

neamqydlllrapre@ch@ stiganisa]. I\Ehwumé@heltdué@omoefpwnaﬁere to be
' &SI%SQ(P Et%a? ge ?}e@ﬂa@le&fo Ilthf@@!he MQ&E& oréaﬁis for aﬁ %9&1) ulllize cﬁ)@«gy

gg?enent armaceutical, cosnetic, dye-containing

SQUFCE ONgaRifnst he context of the host cell. For

exanple host cells may be |yophilized, freeze dried,
frozen or otherw se inactivated, and then whole cells
may be incorporated into or used as the final
product. The host cell may al so be processed prior to
i ncorporation in the product to increase
bi oavailability (e.g., via lysis). Alternatively or
additionally, a final prodast may incorporate only a
portion of the host cell (e.g., fractionated by size,
solubility), separated fromthe whole. 27 WO
2006/102342 PCT/U82006/010271 For exanple |n ‘sone

. Y a1 o, o o



carotenoi ds thensel ves, or individual carotenoid
conpounds are isolated and refornulated into the fina

w@e@daex3s2 [ 0099] As stated above, fatty aci d aPdI/us2006/010271
gl ucosi de esters are the predom nant carotenoid

ﬁfﬁb@f s f O%‘n% anAng%&)W%ed WR! SaSndfdidoh mﬁah PEREGR o

W t horgani € aci ds “or 1 norgani c phosphate) can
@@wwmmuzt@d ofleglgl@ﬁ@ PhgeEoteEs e PEFIY l&‘&?ﬂt‘?‘b"r”ﬁ%S thesgy

A8V EdoYopoRs BHERAIK is8Bice braka hephcdtnb@e infii@nipldl badiedvitin

salts of th t S .Pa

PRRHOL T EB TRV brg B0 gé@&“f%r 15°F%8%‘8ﬁ%°?ﬁeﬁa5ﬁ%eeﬁ?Sta"FShed
fak oldeRadety ifoeaipor atadms (bo fa exgmplnUped Sttt Patals vary
95&1’%‘8 .{3”‘7’4 6¥7; g‘i’é’ﬂl‘;f %%o 95k, %@% (Pl@oéji—b%t%l 3nah 64*996 727,373;

ar’ caro % Ampunis’ ran%
6,61?0 @)‘éaﬁm‘éﬁﬁll@ﬂmﬂ oésv@w ﬁém‘OItBOl@tf%l%‘j}n mesfﬁwed? ﬂ%%re )
R REE €dits afe@ypiRilyEredol @O Hloth cultdfQlbfier BYaprag QYRS ﬁlféﬂﬁga)r in

Eerorlg&ﬂﬁ%{e}?ne Silf ggfg%%q%%e oL d hgﬁ%gﬁc OLPL ﬁielbsfug]teﬁedoto supercrmcal
llq\n@a&mm&n oONRerd Extiattion (. 0duiceldentandtae pldordfornp, dexane,

]gn LR c'ix%rlg t?%n%l % yp(;cgﬁpoq rlaﬁ-p& acglfate e%dylgﬁmé @Sgde(oﬂ g. ,h a

ducts | nto_whi
sarsionditiiloameisen rnﬁuc@wpmﬂatvwﬁ%ﬁé‘@bMWﬁ § bt fRefned ol

Hfa? SEREd diRVEBN Ee@@oﬁ&ﬂ addfi@es. PAkdrMaGVIPSrlaNdifidnBllyl €ehtenaiislcan
i ncl ude_bever %@% such. as teas, juices, and liquors;

boisplafed frop e of ey ertiopl FSSIEY bi scuit s:
f[(HI95}3 0 nt al Giveighd @ﬁd&ltﬁﬁl&albevﬁds@malsmhlcmsonﬂ @by

tocessed.f o0 ¢ .
18$<Edu psnisg of mven o emcplcg/)ox%atﬁ)vfe %&ﬁ%e?s (?Tgr Bco%ﬁerglg Q/Eanﬁu I@ke
kethoxygnie; \etarbmcﬁ, Hﬁﬁ,ﬂ&ﬂ/’offBHQL gfc, anprabinagins thh@ofb W@a 1Ay, after

Ik otﬁmd D&atkss. ef&h’éma‘ﬁ%l}’ &Q@cﬁtﬂﬁﬁlgﬂ %mHéﬁcaps%ﬁﬁ&I RReiagSle with
bodi es of S as it facili

|Pf?é%‘?5p‘%3?ydfte|36‘ﬁ1°}’eﬁtt‘badé aphsios] bﬁlalff to 8’8%%‘“8? g t°f“6?fa"eah'ﬂ“‘dhng
[pdeq dtCeksimpld, OO Bdnt Expaiopios so0afo1§ieerist uf f s i nto which
%%roten0|ds produced in accordance with the present
ention may be incorporated include, for instance,
nmt%] oods €arcthnosts pediced woutding todiggprdsert dgerainldcap fheutjlizédsin
fee - eans,
SHyC gs, v]@r(?et}ac?f%g@{cét#ém Fot %amgfé g&ﬂléﬂ{lr%?gn' 5o g@cralu& I[h{rt]'lglﬁcﬁagl
Ipropersiesoe k. M@dew,tan@proilf?@rw Ptergy2ordfog ﬁl%?lg@% BieBEEesnEer

leRdnSfd adcBrdin@ HACHEsEM i dntiok, @@ ieflidsines Be GRE Biph@madetiicals (see,

S e i o e BRSSPl PR I30RE, Hgh ook
Fakbiadaali]l Bret 05:133€1997;¢edpd @ ab Wabphma szdftebzol |4m Vnthed U. S
rP%%htpAgiFéatlonT{bbf'/?119§1g 195 Ifa%ﬁfAﬁﬁta%Eﬁ 560?/6?%9 ?\f(ﬁ)d%})\f}lements

i'es current or a
rf@w,efm @éhmmle Kgyam@balaJdPhqtqcaqm éwwéwf 9:65, {BbEyieRds one
Qfm&giom? pd c%lo(i)(fntstalﬂgvziaﬂz\#ﬁz{]ﬁﬂe%omoﬂ&d&ﬁlc FﬁﬁsﬁNEI BY1aES] Patent

Seatpr a0y o b3 S e traier et PP Re. cic n
cza@fslrmﬂidne,&m(rﬁl fepd,additites @ers for ermmpki Kmrsl,cl Buredups Caera 661€03,
195£)P ]azzla B! &kz% En%mol 293 uf9@2 C g antl-oqﬁllérﬁyﬁd/or as

‘tagran pro & ’%_
tcsmqﬁlpeaslp@émg WW%@@X%@)IU Soné%W ﬁprﬁ%x?é ﬁQQ‘* &27554); ete.

agerDids rokdcsl i BRPRanck Wwkiine p&&ﬂﬂﬁvenﬁﬂla;ﬂip QRS be used as
condi tjoners), etc. OOlO%ﬁ n gone egbodlnents one
grdgte o}

oRterRsAiaten, i g pradaction piothsh End§PEsFEYed into a
pharmaceuti cal . Exanpl es of such pharnmaceutical s

i nclude, for instance, various types of 28 WO

2006/ 102342 PCT/ US2006/ 010271 tablets, capsules,

dri nkabl e agents, troches, gargles, etc. In sone
enbodi nents, the pharmaceutical is suitable for

topi cal application. Dosage forns are not particularly
limted, and include capsulkes, oils, granula, granula
subtilae, pulveres, tabellae, pilulae, trochisci, or
the like. Qls and oil-filled capsul es nay provide
addi ti onal advantages both because of thelr Iack of

o " Y T

=




containing lipid droplets may be readily incorporated
into oil -based formulati ons. [00105] Pharnmaceuticals

waewonismy to the present invention may be preper/e82006/010271
according to techniques established in the art

di ng, Stirl BREOE R AEPEUE R P varcy of
ég@zh bed F(%Q}t(m&’%%%eala g/toeésgmﬁ%rr rracg}e%el a, 1 Vanetyo

ehampregtical ppicelps edherla %F%Cl\éﬂ%{fété’&mé’é B“g?rEi‘Pﬁ&ry fllﬁeaffﬁe
REREL Blopit Byt LBt CillerdRY, nbElple RSOlopa g tdclerbdl, ardidWiscular

B T L0 Bl SR ol AT s
iimtuding cpreerdiietmatibm, cdhbqtls reannopemy imegvipedegeabrationddlyeio disordgr,

Itutn & prdlR&atBR arfdl ;
%9%&1%?%6%%@%%%9&%1@§1a@tes Q&?ﬁ?ﬂ%@l tulﬁn d‘):ll'- 07 gtTab metasta31s

589 BoiakoES @quﬂfé% Additipngily, cxrgienaiipiend %Sraﬁ%liﬂgv} NHPeL |“ht§e
Lﬂ)ﬁ@@htlbﬁ] artdhféatmfeﬁﬂok ﬁﬂ\guﬁ,g"oﬁ?ﬁﬁﬁmhg kiti@& tfinotion i Wdphdopa?ify; from

t NRRL Y- 109 d
S Rt By e PR iind sy robgP e M tdohdPhcases
ATTEHBOS B taiTIE bed bten lfn@toPHy layadé asﬁnb(tptpg of yiTioGiriozirs!

i J i i i TA
e

|Pberpbadipass A InhiTEIS7E 9EXyEenasE3 Agibitpisgnas] MY EEASt ypes

athiditefs] Gapﬂll%@]endo?ﬁ@ﬂ%l cell lﬁfﬂ)hf@@fanﬁnlﬂﬁifc@s, H@ixy@gztse [ngibmild Sel,

cr 0 SeésS n st

B RN R Pt T A

pfd@k%dﬂlo €8; Jdesese Phi‘éldatloh Np.@006 044463, pablished| D960 X IP dyprrehdp.
6:53 (th&ﬁl&ébo%‘l %m@s% Pﬁlhcatfaﬁ N@%m 54&)@ tpu@lkshed

rook J Mani ati s
oD LA AT Hﬂ.zﬂ@mAlsaéﬂféﬂaqscwv> ) %99%316407
Eﬁﬁlﬁﬁéd 0B 1 RIFOLpp1 KE.©663-30NSW f1¥arkos164rs;,UulRhesEMbliBkieNo.

N N e T L e

Biublicatjyn Nd/\ﬂd’%yomld\leuhh%d X060 1EX@Rpbie No; 20P5-dtiu &G filech
g{os% 18 &9 by GRLRh ! ?o 0847281 JIERISHHdE f(mpph@(%a@l

asm S ener at e or COI’]StI‘UCtI on o caro
PP é“qlng}%ﬁtl P Hg ;iapancsPpbligagipn Meu2PRFORTHD arklished 22461 1P Appl
md)d(ﬁ\USB'OPIM(ﬁiedDg@?D@FTﬁSap@r&@éldﬁbr@tlfﬁﬁ&tmmgm , Bublished
e ese |.eS..a
DRbA RN £ e O LT R G bl aage s STiee Hagoosrs
2o7iblisR& AR 0B AHP84 20SDA USTDARN T 0T ﬂapaMdPltbillcﬁualh No.
Plogsudk s p%%g&%b&oq mﬂﬁ@\ ILI? zagdso@'ﬁé“fﬁéd%és%‘ﬁ) Qi dei r

use are fou e relevant subSection.

Aupligagm Meyppq6p 987 it Pehighed 3060 NPEY Axpl NooX0réHd#E ElebNA as
tz@rmloflﬁ)e a Sc OLUNSS VA N6, 260180471 2, 90b1isHIAL0IRAD. (GEAB] No.

é§§§?¢ﬁ§%§h§ﬂ§§%h%#ﬁglZLEE nghTEEi g:gﬁbtégs are from
\[0098] pol yt medll aSaplpﬁecmtbtetha(BREometeafbmmattmfthe[u%ﬂﬁbﬂ,] calatedids
roc}uce bg?nnaglﬁﬁ (? Igosp Ils as ﬁesglbeéi ﬁ’eﬁ% %Sre ihco chd SB%?Q&l'B%du é

rany era pyro osphate s nuclerc
clodi frgd sefiguienirésmeaniehamricwtiead cosg@tw dxn*@p@mmg dem, GWB%‘Q&

algeAMBAO Bt @cﬁleFa%x:InﬂJlé ROMBcend zggljb@%]ophxhzed freeze dried, frozen or
at ggatt at aacagc cggat t t caaggagat at ggggcaaggecgecgacacc
q&l&é\y@q:p 1% dhen whole cells may be incorporated into or used as thé final

product. The host cell may also be processed prior to incorporation in the product to increase
bioavailability (e.g., via lysis). Alternatively or additionally, a final product may incorporate

only a portion of the host cell (e.g., fractionated by size, solubility), separated from the whole.

27



caact acct cgccaacaaccggggccacaacat cagagaacact t gat cgcagce
gt t cggagcggt t at caaggt ggacaagagcg

war@baesgaccat t t cgcacat caccaagatttt gcat aact cgt POLUSIONE/Q10271
t t gat gacgt ggaagacaact cgat gct ccgacgagg

Ciéehe %m QGAGGCRbb AEdt IS il IDRR oG %mm@é SARL] FRORERR
ctacat tactttgtggct ct gcaggaggt gctc

getivand g dceraprgist oy tier acths et %@efg ézg%}‘a\% sepedineRsct gca

t g2t CRggghal gaaliadal amtgeia gagdaris are isolated and reformulated

ct tc%i:t %cc0 ct.cggaagacgagt at ct ggagat ggt ggt gcacaagaccggt
gga éi“ PE§E%t ggct ct gagact t at gct gt cg

glog2i at c gaaasaigyegya Cimbgdad alyadstlaatdrs argtht predasanb@tdnoid
aLLA3GAG ﬁ%%&%@%&@%d‘itﬁ)ﬁﬁ agal gt \glgiaJrgamc acids or inorganic phosphate)

gattacct caacct gcagt ccacggaat t gaccgagaacaagggat t ct gcgaa

gan e valesiradigganerin wselyeduetderme t fpadelivery, caro enoid esters can also be

CREANERALIGHS FARARCL LN EA3ECBS gaaabﬁmﬁ:&ﬁamatioos(ma@a%)ag
&aacaagcgacgct t cact caaaaagt acg

§UMeEt acatbatesrsy a%{%ferz?aia@%@@ma{ee iR HEPFERrE 22y 55Yat a
c@ggﬁlea@gbpéaﬂﬁg:@ﬁm&&&gﬁ dnd et @arotenoid(s) involved. Amounts

tgat ct tttt
t lg%aytréx%gg‘gfgr eg CE? C# aC%SS fi.gnaé @lt"/: lt) G5 a%g%%%f&&ﬂ&?% mog'e tga%qt’/}, a

t'ccac gagga
t t@a@%ﬁg%@@ g)g[egla s{)r@@q@g_qg}he carotenmd may comprise 100% of the product.

df k Or more prodguced carotenoids is
nml rihl | gll av?ﬂgﬁikrll%ﬁ et ?%%P%}lﬁfn ﬁ?}essl | vad duced carotenoid
vl@em@mtqdwgp pmn@@%’w on &ahF sy £ (Paf gepieres AR Sf Prdem

i}b&hﬁ@ Wit bigPsEe dﬁﬁﬂ{:( fdéed accloidantglto the preselnt 13ventlon are
svas e n

vt Bty PR e R F AP Een i e and glotonfc

grutisalgedlick kdebigyinmiat-enkesing Yakdkand Gewveksasdnas datypamightdv sk

' r@i %)s@é’ f‘oXc'fé] SHLE ‘?%ﬁ i gdada SRR Zmlc%ga E@nﬂﬁmﬁhﬁ S&‘t}@ hke

sert gos oOr source
kb semEmbpdireys ofdhie 9spmaﬁwn@ntlmm%b%m5@wcm ﬁ?e
2cadotdiibiad-Fekizn BYIRs B QAUlpidYRdidhdy feilithtd tdoiBoratRiVBAS &htain fat-

PCR2, 1 Jf Efg URA5 PCR product M4471 & MD4472
pfoBREEE ?ﬁ’ﬁ/ﬁ 9SS (Kpnl + Spel) 1.2 kb GPDL pronoter

I\/[M!sm & @K@ﬁ]}ldsl‘d@feledstuff@ infofwikidn ch@l@ﬁxﬁds ;provdil e GbaccofPiR2e with
r m nat.or & MD4 I 5 5
P]rleseg?_t ugen r‘ﬂéig— dgln(‘?lgie m_)%r Instapis g%? o@@% a2 Cat f foods,
)f00d@af£@4heldﬂie WS@Q&QUR@%% culdpgfish er grpstagtans, e‘(CNfS’FCI fog-

&faMP ﬁ%@@aﬁ[@ &nclu@%ﬁ@%cmmg u(cmﬁﬁ% fish McHlLt)ice%sQal;l.%@ in

PETFUB00 570 £0 5P ML o NSRRI P apeordance vit
(e ﬁl_@ﬁﬂ.’t intveiialig m@ﬂﬁiatefdﬁmﬁbtelﬂy &la)lﬁBRZo fhe 6%%4518}915 the

te

e A et A A B S

( Rowh ffor & fqv@lrryaterlgimﬁsmd pvBA500. (Rsrll + Spel) Residual
bﬂﬁ!fm ne Fﬁ&% Mﬁééﬁ%ents of the invention, one or more produced carotenoids is

incorporated into a cosmetic product. Examples of such cosmetics include, for instance, skin

cosmetics (e.g., lotions, emulsions, creams and the like), lipsticks, anti-sunburn cosmetics,
makeup cosmetics, fragrances, products for daily use (e.g., toothpastes, mouthwashes, bad
breath preventive agents, solid soaps, liquid soaps, shampoos, conditioners), etc.

[00104] In some embodiments, one or more produced carotenoids is incorporated into

a pharmaceutical. Examples of such pharmaceuticals include, for instance, various types of
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ATCC201249 | MATA ura3-302 leu2-270 lys8-11 PEX17-HA

MF346 MATA ura2-21 ATCC76861 x ATCC201249
MF350 MATB ura2-21 leu2-35 adel ATCC76982 x MF346
[00108] (The genotypes at LYC1, LYS1, XPR2, and PEX17 were not determined in

crosses nor verified for ATCC strains.)

[00109] All basic molecular biology and DNA manipulation procedures described
herein are generally performed according to Sambrook et al. or Ausubel ef al. (Sambrook J,
Fritsch EF, Maniatis T (eds). 1989. Molecular Cloning: A Laboratory Manual. Cold Spring
Harbor Laboratory Press: New York; Ausubel FM, Brent R, Kingston RE, Moore DD,
Seidman JG, Smith JA, Struhl K (eds). 1998. Current Protocols in Molecular Biology. Wiley:
New York).

Example 1: Production of plasmids for carotenoid strain construction.

[00110] Plasmids were generated for construction of carotenoid producing strains.
The following subparts describe production of plasmids encoding carotenogenic polypeptides.

Plasmids used in these studies and details of their construction are described in Table 27.
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dehydr ogenase: The 4.3 kb Xhol Notl fragnment and the
1.8 kb Notl-Spel fragnent from pVB4638 were |igated
to the 1.9 kb Bsal- and Spel -cl eaved URA3 gene
generated by 34 WD 2006/ 102342 PCT/ US2006/ 010271 PCR
anplification of Y. |ipolytica genom c DNA using
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5' - GTTCTCTGGACGACCTAGAGG MD4658
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of the Hmgl protein of Y. lipolytica, using genomc
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Exanpl e 2 above, in order to convert R carotene into
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CACACCGICTCAAat gaccaatttcctgatcgtcgtc
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CrtZrev: 5 CACACAGATCY cacgtgcgctcctgegec, 42 WO
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synt hase, the nei ghboring FOL3 gene is disrupted,
resulting in a folinic acid requirenent. This strain

w0 200bhea34z r ansforned with a nutageni zed fragnmePCT/0820DAN0271
partially spanni ng the two genes, and Fol +
t r ansfgrpant Creen for Tre aleng
synt hag'esuact Vi t\jljb [0 8%{0 he@%eoj L%i(f Rt

ol i[gon@éPeot | des di0e synt Wi iz e FbRﬁ(N‘Eﬁt k0.0 6

5' -[CCTEGIAGT TAGGHAGT 0 PRWVER 0.0 20.0 6
5 - (‘I:ACT(:AT TAGAATCTICIT -(‘Tm_Lnd__u_g:_ed aml 1§ y a—2 3
kb |fradi@nt from™0 |ipadl Y% ca §&n )n]iOQ'O oNA$ phnnifng

nosT oksphe | FOL3 @ene, [usiong| Pi.o rpoﬂoy.meraS(e The
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has besaysocl eaved oot h Kgnloo ty eatoed OWi th 874 DNAG
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E o) g Y 22 "aY M H vy AU A §e
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qat ed to the 3.4 kb EcoRV- Spel ]b6 rg\%rﬁent
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Bsi W _and Xbal to liberate a 5.5 kb fragnent that is
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%h%ﬂﬁsﬁﬁbﬂgﬂ&%él B c@rect Hrtcaraibn M obi FAGE wﬁemtt@direct

by rrutagenlc ication usin the rrers
R SN PR R R OB e
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%24 @&Qﬁﬂg&rlaﬂs%rﬁﬁanﬁd dofeate® HBBErBsd O mc%réahdd&'aﬁaicﬁd groduction. |
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Abduvetaseaknatady\be uillaed dad:Rtrbdlagheth jroddercstrding. rin Frderdogrnerate a
%?as&ldosﬂ?a%le%% 1393'51%1? Sﬁl‘fia He ro?c%% PNWAQ@uEtQSe JeiME eéshﬁ)Ol

untransl ion o ene. acenment of
t1862000): SHASER mefidie lptrmﬂw%yhetfﬁﬁgprf)m%@fr?‘é fther G prpotprpand
A5G LRSA6h FXRLERSIcOTerRhg BHUMLED BhleSiyRinh ASEolyFEAPEhEMiIOBRA
et al C{ZOO%) Cell 123:507-519][Muhlrad and Par ker
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St ra
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e et a
s HE T e AR oue] 5 TR M g S G
AN erGleRASi78 ) av b B.2 €5 BakBaniHepodny pel. insBetidns the enigeiemHE s
be transferred to Y. |ipolytica using standard
nol ecul ar genetic techni ques. Exanple 8: Treatnent of
Y lipolytica strains producing carotenoid with
i nhibitor of an isoprenoid biosynthesis conpetitor
pol ypeptide results in increased carotenoid production
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[00159] ; Cultures produced in Exanple 2 are treated
Wi th the squal ene synthase inhibitor, zaragozic acid
W@ 2apagszt c acid at 0.5 M and nonitored for RPCHDS10061€10271
product| on as descri bed above. Exanple 9:
N f
SERE ol BB R iR Bl BERDDLERREIRATUERRD | o
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I
p@su'ltmg traedfdrmarts frovgstedsfor B-carotene production, as descrxbed above
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TCCaatttt caaaaattct actttt ttt
pagduction in P nesaaRipERTPQuEipg @ e FYs @%Wg%éwch can
andlchiee witk SpMIl, figl €. zﬁVCIkdadxfectaxgmbn aﬁhecddeakbed aniwiith EcoRV
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to cfeate and
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[ ono ess .
A
padtptsophia celeppesrase sereered for aStt.amgrthleDiultlc@RF AI\/Dl FV\D 5'
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Sk SR A S e T
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CAGA S DH B AR & IntCRAGhEIE  trlal Lubif Sh&At BiNaGShplified with two
primers.
CrtZfwd: 5° CACACCGTCTCA Aatgaccaatttcctgatcgtcgtc
CrtZrev: 5° CACACAGATCteacgtgegcetectgegee,
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gal 7dist: 5'
CACACGGAt ccttctt gaaaat atgcactctatatcttttag, and the
w0 e@ahoisny fragment fromthe AVD 1 reaction (2rdI/kiB3006/610271
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atels use PCR reaction with
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ir\éﬁia Pe Eﬁmé’f e h%s(b%&%%st@eﬁﬁx SadiP @no@iﬂf@a %2214 DNA

asm whi ch cont ai ns
Jelymenieds the ﬁ@ﬁf‘é??ﬁ dNRR aecyctka%ﬂ vith ERpip b e AR |
eRAYIYameEMLIp ¢ ci nel | oi des (E.C. 1.1.1.40; nce

- Genbank acces on AY2Q under the contr
N T e L R
[ aspifetswittpivg alideérs. " pAMPD", and " pTEFMAE" are
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(an@EEFM}% fir Qaﬁtmdle‘avea% amma/mmﬁana ifseRQAMTALA0Md
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Cleibepsn peRgriin el SRt e e e e Sorenete
t @ 6dding ¢hei chrohd e@lasS (¢Atizeie)(GetbaiRcakson; SEPB 56211 uumier the
I aCk'lQﬂh“éo%%ftutfve h%y |r(peotand hi stidine, as described
ot Rt pnistepfermentatlon process. In
t [Ge151] st ep pardss mmbme the trio egfressior Fdssettésriniprn singloplesmid, Gt
2 HLaVFcPJVﬁkh EMDRoGHL Mhﬁh&agﬁow e Rbht SEDNR Gbt gmrhs@c;ﬁa agaved

ur acl eucl ne istidine are centri washed
i WithoffeaRb pdele - @ntamawdragré@ué prelatseanixsq Vol th Phe;ﬁph%ylated

ndliksgiesidk hdibiot fg: medi um suitable for lipid

accu Lg%ﬁﬁgﬁ}&égcg[ﬁb ucose 1.5 g/L yeast extract,

0.5 ¢ PO, 5 g/L Na2HPO4- 12H20, 1.5
g/ L MJS®ECBHZOGO, 08 g/ L FeCl3-6H20, 0.01 g/L
SAGUHE0, B bl CAELZRNA0, Ol 0l MRt A0,
(cyn’cﬂm \@t}r th@ﬁ@lf-"llpggg//bfbnggiettg%l the(hfg@g)‘ XP@GcWe as well as the
%Q&ébl@zﬁ%e{?&:ﬂ US2006/ 010271 [00166] Intracellul ar
cont ent t he, nodi f.i and. control, S. |, .
P <0n e iR ol BT eGP s e Ferrcbeie
pE-ahele 4 AR pRROX PR WM/@WLIP%GM&/BMW,& BnBBhsBBBts

ted in buffer are stained with
l\ﬁegg*}giku&%got%t%bﬁt 4818 nm and the fI uor esg:ent

7

r»rzmwu%&wc@,@m%gip@%%{ ed to the correspondl ng

spectra fromcells not stained with Nile Red. To
confirmresults fromthe rapid estinmation nethod, the
total lipid content is determ ned by gas

chromat ogr aphi ¢ analysis of the total fatty acids
directly transnethylesterified fromdried cells, as
descri bed (Appl M crobiol Biotechnol. 2002 Nov;
60(3):275-80). Non-transforned S. cerevisiae strains
produce 6% and 10% total lipid (dry cell weight basis)
after gromh in YPD and |ipBd accunul ati on nedi um
respectively. Yeast strains expressing the multiple

ol eagi nic pol ypepti des produce 17% and 25%t ot al
lipid following growth in YPD and |ipid



accunul ati on nmedi um respectively. Exanple 10.

I ntroducti on of het erol ogous carotene hydroxyl ase into
wW@2006i1@3kyti ca strains produci ng carotenoi d fBPECT/US2006/010271

producti on of zeaxanthin [00167] MF578 (tef-carRP
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t ne_was, de e
Dl bl SRIR) EPG R R Eled s gtenp il palbiiey it SN,
\MD1ZAD6/ 1023:A4B1 ARG USR0OGOE@R Ainthehiaprl: e 1. Exarrpl es of

A nbank Genbank

B A oo ACCESS Ol G 1
XRIMER263 F900YEUE\ LT ASKGHERT T4A¢296520 2 XP 329580

%8&3588% By, 3&%4&@@&11%&1864?91%3 g&BmISON R %aﬁﬁﬂ@tﬁ&@gf the
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PbdpBid{ldted, hebr AgeBE TOBpBIGed<pARER2 thdtthaiifed 324161 GG Bated7
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AR J89 &5 RPN, designatgbrBS £33 1 they pleaved yith dechlged 5081

AR BwiftT4pd 11as B2 v6) bkfiikate & B AL brk o RBAAPA Ob2 1 102D Geatcli2
Xp 455355 ‘)@%&87 52 AAL02056 15558947 13 T42531

1"?‘????%‘)7 563 11869927 14 AAA20073 171504 54
DBEL3P 252%&%11:1@ Blasid, 304138 ABR 25T 86Qeda] WItZBAN and XbaI to

Y2350, Db e GBS B et B Ry
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. .60, CAC19875 12057067
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S b A s o1 200
FRIUEBR I8 67 -CACIGSTECTIATHAMBBRI CTASGAXIS, 109883 51828611

and Y. lipolytica genomic DNA as template. The resulting fragment containing the N-
terminal three-quarters of the FOL3 ORF and the C-terminal nine-tenths of the ERG9 ORF is
used to transform strains. The resulting Fol" Ade” transformants are screened for decreased
squalene synthase activity by sensitivity to agents such as zaragozic acid, itraconazole, or
fluconazole. Additionally, the resulting transformants are screened for increased carotenoid
production.

[00157] 7B. Alternatively, the PCR fragment produced in 7A could be cloned and
altered in such a way as to remove the 3’-untranslated region of ERG9 gene. Replacement of
the fol3AADE] disruption by this fragment results in decreased expression of squalene
synthase [Schuldiner et al. (2005), Cell 123:507-519][Muhlrad and Parker (1999), RNA
5:1299-1307], which can be confirmed as in 7A. This approach may also be used in a Fol*
Ade’ strain, using the ADEI marker to disrupt the ERG9 3°-UTR.

[00158] 7C. In still another approach, partially defective ERG9 alleles can be
identified in S. cerevisiae using plasmid shuffling techniques [Boeke et al. (1987), Methods
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homologous, or functionally similar oleaginic polypeptides.

[00161] Qiagen RNAEasy kits (Qiagen, Valencia, CA.) are used to prepare messenger
RNA from lyophilized biomass prepared from cultures of N. crassa. Subsequently, RT-PCR
is performed in two reactions containing the mRNA template and either of the following
primer pairs.
acll:

1fwd: 5° CACACGGATCCTATAatgccticcgeaacgaceg

1rev: 5> CACACACTAGttaaatttggacctcaacacgacce

acl2:
2fwd: 5 CACACGGATCCAATATAAatgtctgegaagagcatecteg
2rev: 5> CACACGCATGCttaagcttggaactccaccgeac
[00162] The resulting fragment from the acl] reaction is cleaved with Spel and

BamHI, and that from the acl2 reaction is cleaved with BamHI and Sphl, and both are ligated
together into YEp24 that has been digested with Nhel and Sphl, creating the plasmid “p12”.
The bi-directional GALI-10 promoter is amplified from S. cerevisiae genomic DNA using the
primers.

gall0: 5> CACACGGATCCaatittcaaaaattcttactittitittggatggac

gall: 5> CACACGGATCCttttitctcetigacgttaaagtatagagg,
and the resulting 0.67 kb fragment is cleaved with BamHI and ligated in either orientation to
BamHI-digested “p12” to create “p1gal2” and “p2gall”, containing GALI-acll/GALI0-acl2
and GALI0-acll/GALI-acl2, respectively (Genbank accession: acll: CAB91740.2; acl2:
CAB91741.2).
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as described above, and the mRNA template is used in a RT-PCR reaction with two primers:
MAEfwd: 5 CACACGCTAGCTACAA Aatgttgtcactcaaacgcatageaac
MAErev: 5° CACACGTCGAC Citaatgatctcggtatacgagaggaac,

and the resulting fragment is cleaved with Nkel and Sall, and ligated to Xbal- and Xhol-
digested pRS413TEF (Mumberg, D. et al. (1995) Gene, 156:119-122), creating the plasmid
“pTEFMAE”, which contains sequences encoding the cytosolic NADP*-dependant malic
enzyme from M. circinelloides (E.C. 1.1.1.40; mce gene; Genbank accession: AY209191)
under the control of the constitutive TEF! promoter.

[00165] The plasmids “plgal2”, “pAMPD”, and “pTEFMAE? are sequentially
transformed into a strain of S. cereviseae to restore prototrophy for uracil (“p1gal2”), leucine
(“pAMPD”), and histidine (“pTEFMAE”) (Guthrie and Fink Methods in Enzymology 194:1-
933, 1991). The resulting transformants are tested for total lipid content following shake
flask testing in either synthetic complete (SC) medium lacking uracil, leucine and histidine, as
described in Example 3, or in a 2-step fermentation process. In the 2-step process, 1.5 ml of
cells from an overnight 2 mi roll tube culture containing SC medium lacking uracil, leucine
and histidine are centrifuged, washed in distilled water, and resuspended in 20 ml of a
nitrogen-limiting medium suitable for lipid accumulation (30 g/L glucose, 1.5 g/L yeast
extract, 0.5 g/l NH4Cl, 7 g/L. KH,POq, 5 g/L Na;HPO,-12H,0, 1.5 g/L MgS0,-7H,0, 0.08
g/L FeCl;-6H,0, 0.01 g/I. ZnS0O,-7H,0, 0.1 g/L CaCl,-2H,0, 0.1 mg/L MnSO,-5H,0, 0.1
mg/L CuSOQ,-5H,0, 0.1 mg/L Co(NO;),-6H,0; pH 5.5 (J Am Oil Chem Soc 70:891-894
(1993)) .
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producing carotenoid for production of zeaxanthin
[00167] MF578 (tef-carRP tef-carB) was transformed with pMB4692 that had been

cleaved with Sall. Several Ura" colonies inferred to contain fef-crtZ by PCR analysis were

able to produce zeaxanthin in YPD shake flasks, and in one case, all of the carotene was
depleted.
[00168] The following tables are referenced throughout the description:
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NP _001...

77735363

hypothetical protein LOC504287 [Bos taurus]

Q60457

18202585

Sterol O-acyltransferase 1 (Cholesterol acyltransferase
1) (ACAT-1)

XP 320321

58393811

ENSANGP00000016512 [Anopheles gambiae str.
PEST]

XP 320320

58393809

ENSANGP00000016486 [Anopheles gambiae str,
PEST]

070536

18202126

Sterol O-acyltransferase 1 (Cholesterol acyltransferase
1) (ACAT-1)

acyl-CoA cholesterol acyltransferase [Candida albicans

XP 714776

68482533

SC5314]
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PRREived mbieinSirdildt fTetrh@iobmiaioliripik oV

? PREPRETDO 8318483 8erblad-h@]transferase 1
[Strongylocentrotus purpuratus]

unnamed protein product [Candida glabrata]
Hypothetical protein CBG16409 [Caenorhabditis
briggsae]

unnamed protein product [Tetraodon nigroviridis]
B0395.2 [Caenorhabditis elegans]

SICHGC04421 protein [Schistosoma japonicum]
Diacylglycerol O-acyltransferase [Bubalus bubalis]
hypothetical protein FG09863.1 [Gibberella zeae PH-1]
hypothetical protein DDB0203882 [Dictyostelium
discoideum]

hypothetical protein [Dictyostelium discoideum]
acyl-CoA:cholesterol acyltransferase [Oryctolagus
cuniculus]

putative alginate o-acetyltransferase Algl
[Rhodopseudomonas palustris CGA009]

Membrane bound O-acyl transferase, MBOAT
[Rhodopseudomonas palustris BisBS5]

putative wax synthase [Oryza sativa (japonica cultivar-

group)]

T erase
ABESEN06AV]
1@v123847H
nio X
72085563
50285757

acyl trang
b 6064621 (£
Xexioesis: | &
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I
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rotein [
XP_788209
XP_445307

CAE70002
CAGO07990
NP 510623
AAX28331
CAJ96158
XP_390039

39596364
47225647
17549960
76157393
66347204
46136695

XP 643169
AAO53095

66819019
28850306

AAB06959 1515472

NP_945619 39933343

ZP_Q08... 77691302

XP 465546 50908115
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sterol O-acyltransferase (acyl-Coenzyne A: chol esterol

CA113574 55960156 acyltransferase) 1 Hono sapi ens]
WO20668@372 18028942 chol esterol acyl transf er asepdT/US2006/010271

[Gorilla gorilla] AAL56228 18028944 chol ester ol

acyltransferase 1 [Pon go pygnaeus] acyl-coenzyne A

chol esterol acyltransferase [Honb AAC37532 4878022

$aBle 99:S Exatf ek b Pfen) RAMNEHMa @ SHltnSOMIGRpIRS T er Ol
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e B Lo iprbg! Of - €St er_synthase 1)

I\ 20
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Sterol O-acyltr an@efrﬁfy@&@nylp}(rgﬂ@pﬁﬁé ShBhse/Polyprenyl
agyloo.andfes1@se: | HiftkehBd [RbS&R0A LT &. 21ACAT- 1 PREDI CTED:
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agplone.angfeesiaget ISKABCAT-1) [Gllus  XP 422267
50751122 |gal | us] | RREBhIHpsplstasyhthase {SilicBtagerglomeroyi
DYAchb 324 P66 B8R HseDIS-3]1XP_ 693284 68392980 (Chol est er ol
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51D 1030.03 WORIABWYERNBhar omyces cerevi siae XP 956576
83080625 |I8YPI8 Tt decatenpirlphespimtd sNethaso Euifitebacterap SBE-M5()
PREDI CTED: si nmi | pdecdprenBNBANEROOITOOE B548Bobadie sp 28691
6BBANG61 |[8ABI485hEl4 il er a] CAF96514 47222847 unnaned
DZPL06.N [reoekest3 [ Fediesydicadonangtdrase [BilictacterSsp. WI:TED:
$imlar tjo sterolsQ;akubi hSdpAREsyhthast/Pol
12087563 |[5943970 Jy%agita [@}gﬁéﬁé{a&%&&wxq ﬁ307
50285757 [unnaned REo g%giﬁ%% L3 [l Rcol bRIESE a

Hgpajohet i |caboopl ol BT EC enor habditis
CAE /70002 39596 36deRipkd 3B sphaASdntH AL [Rbéebs bl Autihibaike Cﬁ
protoeh.n preadsees [ Beijr aodon nigroviridis] NP 510623
17549960 |B0395. 2| TleaaRopRaMnkiaasiahePashccArNaRaBans
762500893 |SIGHHBROUE2I22r ot ei n [ Schi st osoma | a oni cu
Cob 328 |6RBeHE2DPTkhsarydhBhyeAkihs R (ihitdnsh ecose

[ Bubal us |pubal I S| Poffprea AP iA5RBED IR udyRAdsHelusteAl
pzetmsn HGRYBBSs (IBkKIshberel | a zeae PH 1] hypot heti c4
K

d

|

rot ei n ODB02038B&cipkangitdiphsdprdid dytithaéP [ A3 h6&iBr6819019
liASCBRIBUNI78 0% BOER@8850306 hypot het i cal _protein
Di ct yostlel i um d| spothdieal ploteirsA§R -ICHIRSdAdobrstedwmn|
AdW| IBET0SIT SBSI9ES [ @myfatient sty 58]

Farnesyltranstransferase [Rhodopseudomonas palustris
ZP 008... | 77688465 | BisB5]

octaprenyl-diphosphate synthase [Agrobacterium

NP 531334 | 17934544 | tumefaciens str. C58]

Farnesyltranstransferase [Rhodopseudomonas palustris
YP 484709 | 86748213 | HaA2]

decaprenyl diphosphate synthase [Agrobacterium
AAP56240 | 37903500 | tumefaciens]

Decaprenyl diphosphate synthase [Gluconobacter oxydans
YP 192388 | 58040424 | 621H]

29B: Subunit 1- Proteins that contain mitochondrial targeting sequence
Accession l Gl l Description
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o-acetyltransferase Algl NP 945619 39933343
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RthS]QlDHCBEﬁS(EBH ROBBI pfe@in [H@n Biens] 83373595 ATCC
17029] Trans- hexarshvlit&Abshd@RahRt sdenil HyedaRact er
SERARO01 (185700958 g%?sphi@ﬁgigﬁﬂulﬁtﬁ%r&%% nehgeapneny |
RS 3533 BREBIATEY. AfR&GH PrrI AR 15 raDER%LPS
T o SPREDREIER A ST, & ORUGRRITBLE
5%PLRA S/ Pedsyse Miys) P 010.. . 85705714 synt het ase
Seovani us sp-| pREPICHES SBRI&NY randlpRAREABRES: [E)hf has

kplkduaggl hvsyestifeahidgnsi s  ZP 010... 84515724 SKAS3]
gecapren) dlmcsphate synﬂwase [Sl ['1 ci bacter poner oy

@dﬁs—)u?)éét ﬁ t’?ote ns ﬁ)@ (‘ontafrl mgo.pﬁ 5r ﬁm‘(ﬁ'gg Q& Q@t €

DCUUj}? B ZF U1V
Ac‘?ﬁﬁﬁ n 2041 SCx 11 L H—dio
~ ooIJS LTI IJ Ut f CI‘I T (9 ]] IIUD IId.l.U g Iflld.bc

[Sul fitobacter o Dscoprmyigtijhosniiete ﬂléﬁ Vbuﬂllt

s PhI83hse |[PEIOF14 cﬁﬁ?@@hqsph?éq@n % )5 P
1BAEAR1ZP 8006935. selgmg98V®laﬁaylr1@vspb¢tawsﬂlnsanﬁ1§ﬂmm@u51
[Silicibacter s |pubufilVEoAdFapre@prdiphyiphaie sypthpse [Homo
pRABHIROE pI8AISEIBvisetiensk/ Pol yprenyl 7P 010 84683979
synt het ase [ Rhodobact eral es bacteri um HTCC2654]

decaprenyl di phosphat e synt hase [Oceanl col a batsen3| S
7Eably30: Exangplesof BHB-Nalyprengléransierase palypentide

syi@lhas WMCB&PWmhu bens  ZP 009 3395')3 31
1| SM13685 aIvaRIeICSr@harbhycansterisingdf er ase [ Paracoccus
demuist1isf| nbarsd prélin@eRiuct [CAHABd04a]PD 1222] ZP 005.
PBIAVAD ulf-2RS R MIRIBAYKL RS ERNShgr ase | Jannaschi a
Ds206868.| AdL2 352&%@%%%%%%@ aseTRﬁodT)pseuaom)nas

1305532603 %}ﬁ)ﬁlegc%?@'ein [?arrowm 1polthlca 181

68473193 | para-hydroxybenzoate: polyprenyl transferase [Candida albicans SC5314]
50410039 | hypothetical protein DEHA0A14212g [Debaryomyces hansenii CBS767]
83769349 | unnamed protein product [Aspergillus oryzae]

1%

L

-

para-hydroxybenzoate-polyprenyltransferase precursor [Aspergillus
70994900 | fumigatus Af293]
hypothetical protein SPAC56F8. 04c [Schizosaccharomyces pombe 972h-

19114131
39973573 | hypothetical protein MG01067. 4 [Magnaporthe grisea 70-15]

protein related to para-hydroxybenzoate polyprenyltransferase precursor
85078920 | [Neurospora crassa N150]

PREDICTED: similar to para-hydroxybenzoate-polyprenyliransferase,
76660839 | mitochondrial [Bos taurus]
para-hydroxybenzoate-polyprenyltransferase, mitochondrial [Homo
52138578 | sapiens]

18088424 | COQ?2 protein [Homo sapiens]
47221448 | unnamed protein product [Tetraodon nigroviridis]
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decaprenyl di phosphate synthase [ Agrobacterium

AAY82368 67866738 tunefaci ens] hypothetical protein
WQA\BR62BI25 [ Agrobacterium NP 353656 15887975PCT/US2006/010271

tunmef aci ens str. C58] Farnesyltranstransferase

DO ARy ol s 25

FHIOBRS8Y ﬁﬁ&l’f’éz Pﬁlﬁ@lﬁmphﬂ#pwm@mwﬂ: el ldnrmnaq nal ustrisl
YR 34547 D0G8A LA DRshindhelamemtrleny|  di phosphat e
SYiob 4385 € hiph@EiRRPed et UMO1450APRGHRED B4(3500
umefaci ens] Decapr enyl di phosphate synt hase
[ d uconobact er oxydans YP 192388 58040424 621H] 29B
Subunit 1- Proteins that contain mtochondria
g 198 | NY BROURNESn t1RGH Q@lﬁie@ﬁn@ 0PSB Ie itdstatRin Q8indMA more
006/7102342 PCT/USZOO6/01% b ¢ H
28 FRVLIRRP PRI RIAHPP L PATX ST RITER &y R @ep R fgtoaYments §1dhy; g ygntion
vieasted Téait O Bhekdapd SAB/présEa ivamva tsohtiniemigd @de pimirtgp the above
AADZ8559, 4732024 Lr erase [ Hono
Sm%@o buty H?f?giggﬁ9g§g§%¥h§%gﬁkren | transferase
[NUS nmuscul us] subunit | of decaprenyl diphosphate
synt hase [Hono BAE48216 81157931 sapi ens] AAH4A9211
29165656 PDSS1 protein [ Honb sapi ens]
Decapr enyl - di phosphat e synt hase subunit | (Sol anesyl -
B3DR2 85700953 di phosphat e synt hase subunit 1)
(Trans-prenyltransferase) XP 507706 55633583
PREDI CTED: sinmilar to TPRT protein Pan trogl odytes]
PREDI CTED: similar to trans-prenyltransferase [Bos XP
586717 76632198 taurus] PREDH CTED: simlar to
trans-prenyltransferase [Canis XP 849908 73948851
famliaris] 29C. Subunit 2- Proteins that contain
m t ochondrial targeting sequence Accession G
Descri pti on Decaprenyl -di phosphat e synt hase subunit 2
(Decaprenyl 013851 60389474 pyrophosphate synt hetase
subunit 2) BAE48218 81157935 subunit 2 of sol anesyl d
hos hate synthase Mus nuscul us subunit 2 of
decaprenyl di phosphate synthase [ Hono BAE48217
81157933 sapi ens) Table 30: Exanples of PHB-Pol ren
| transferase pol ypeptides G PROTEIN DESCRI PTI ON
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51013645 YNRO41C [ Saccharomyces cerevisiae] 50285815
unnanmed protein product [Candida glabrata] 50311051
wanvares4pr ot ei n product Klu eromces | actis] paBRSD8E6G10271

AG.23 1 W [ Erenot heci um gossypii] 50555263
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unnaned pro BN product [ er illus oryzae]
paYeaS ity dryooelibyeeightyamneé - pol ypr enyl t r ansf er ase precur sor

[ Aspergil | us ' '
pr ot eil;'n t@ﬁi@%%g&%%%gg %(L:}'E:D%%éﬂa{’?c ﬁgi%%?’n%/c g@s{lﬁég%ﬁ‘ggb‘g%dh-
toaienpide agon7Rs T3 % fothedlivei#ht pr ot ei N M301067. 4
[WBER AR LD EC e & 16Q viAdthodicRti i sBle @ fednfille £r0up consisting of

par a- hydr oxybenzoat e pol yprenyl transferase precursqr .

SHPITIGITC P WB%&.%&&%I@F B ‘%oﬁnaﬁﬁ%ﬁ?%%‘é el i erein
i@ apRistordynbdiikytoe Alrsale@gipioiybthe iyishy, smddet ddyngus oleaginy,
Zgnqgrg ﬁ)&l? rtlJrll tug&lg gbglg{l lfo%)rod é%schet a@fé%sltj §11e carotenoid to a level at least about

par a- oxybe e-pol yprenyltransferase,
Pt b ithemdell whishtdoeroferssothg 8nzg theabilinre prodgo sidepstAneoop
Qareigﬂi{lwﬂi_trlpt;ﬂpfuﬁ%%@éa% nﬂaﬁﬂiﬂré&c&nnamd 26 823 /ell 32342
produc etraodon ni graviridi.s .
BCT/ UShobeys ¢ I vigr gwwgﬁ@%@%@%@wzzo
Anophehesngugbf dem 3 twhereiR S Tng 0¥ 46 D8 GraIBRELEIGIED:
siml o _hypot het | r e I
3635007 BRI MR Bl SR SRR ofR AR, bRk
2135586 TneC@IBIEI.PA [ Dr osophi | a nel anogaster] 71005862
hypot het fuﬁ@s opa[ng!i)@e' IR M 1438 ereih thddpidul ABRaITRYALGs BEd: ]
[00169] Those skilled in the art will recognize, or be
A5Ftone 8@ t ai n using no nore  than routine
exper rAefihgis oDdhy oftRulylaieg Ui3waleeitttse figgut Aes s@edinhilycproduce at
qgabt%glie ment %idof the invention described herein. The
scSpe of <fnhe'pr esent invention is not intended to be
|7 m t e fupgus lafangilowncd clails  Srihsteinghe fupgys ngtyrellygyodpess gideast
$6l ch@&dofy in the follow ng clains: 97 WO 2006/ 102342
PCT/ US2006/ 010271 What is clained is; 1. Q
rfecontippaReUsrhfyud Ve edmersgav 2 snge fdle fungus is
al. eagiTRO BB isRf §kiAt] vitkrealk fagedistlyase |ipid to at | east
out .. 20% of .its dry. cell i X . us
S@odugé‘% g‘é’%“sl‘%%? pregrtific Z?tv\é%{)ei%g?‘e fé‘ﬁ%’g S%ﬁalgégﬁlﬁiﬁu dte
tdegipicogdidedioncarot enoid to at | east about 1%of its

dny cahl aBis@PliamWe Sh&EiR e Bfledshg URaGAIREiSRforRbnttgaSt
one nodification selected fromthe group consisting of
oleaginy upon the fungus.

12. The fungus of claim 10 wherein the at least one oleaginic modification alters
oleaginicity of the fungus.

13. The fungus of claim 10 wherein the fungus further comprises at least one
carotenogenic modification wherein the carotenogenic modification confers to the fungus the
ability to produce the at least one carotenoid to a level at least about 1% of its dry cell weight
or confers to the fungus the ability to produce at least one carotenoid which the fungus does

not naturally produce.
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car ot enogeni ¢ nodi fications, ol eaginic nodifications,
and conbi nations thereof, and wherein the at | east
woen@erondif i cation alters oleaginicity of the fRPeDUS2006/010271
confers to the fungus ol eaginy, confers to the fungus
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g;gﬁ?f? gmg% |F())§ %SI \%hﬁ;ﬁf%ﬁe afxegst%grbeﬁletﬁrsotlo us ta%lglg ?(_)Llypeptlc{e
\Mmenpesen attidag tvﬁmkrﬁgandogoss @éagmheolspﬁ@udees Xant h ophyl | omyces
dﬁgd iy ?ﬂﬁ{ s(oFEIQquféﬁawr;etk%%éf W@Qt 'tx?/c;ll%tero-[&%ug &&91% p91§/pep’ades

| m ereint ungus IS he Specl es
SHe e HhgiewErce pIgREsE- s ae.

26. The fungus of claim 24, wherein the at least two heterologous oleaginic polypeptides

are from at least two different source organisms.
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19. The fungus of claim 14 or 15, wherein the at | east
one ol eagi nic polypeptide is selected fromthe group
wa@omsiie3ieng of acetyl - CoA carboxyl ase pol ypept PEDS2006/010271
pyruvate decarboxyl ase pol ypeptide, isocitrate
%hyd&ﬂaﬁgga§ 6¢ anglyerb@amq@ vhERrGhd ﬁlggugcdnm@ least one
ept i I c enzyne pol ypeptide, AMP deam nase
p%WVB%$WFH@¢ﬁ@%@100nb|natlons thereof. 20. The fungus

ofg. Cl arpfubgusQf cldim 2M@ERinAhd D Radt S@S}Ero@ﬁk%elﬁ& @&gﬁml@n confers

I tid t tid ted f
PR BBt aoliSr Soragt B «uoBhrd Bupbrbie £ RSty T
Taldlyesll ¥eighthr ough 6. 21. The fungus of any one of
C)9a| nﬁ‘hé‘ﬁln%un of é{\ﬂﬁ Q?{Vﬁerglﬁ' e @% leisfec@n% Ear?%g&%cmﬁfﬁhtﬁm confers to

ficatl conpri ses expression o east one
H@ﬁt f@w g ity i) pécalg?emt leagh Bfr%f@]&?ftl?l@j whihthe fragus fpgs getnatupgly
Eﬁﬁm&ungus of claim 21, wherein the at Ieast one

eag| fIC rls eSS|
obe B o RR Pk 3008 B s R e Bag Ao
hedda?oaﬁomg«hclsln (ﬂde@a:ggmp modlﬁcﬂtlytpﬂptsw&eglm@i@ of ﬁ'lh éunfesvg o fans to
#@& e %Qereln the at |east one heterol ogous
n|c eptide conprises an ani ma
pot y péﬁb? fua@ls 0 Hﬁ’?ﬁﬁé i 2p80-y1hessthret leashonersaiaispogenic
d)‘f&@tﬂﬁllc&ﬁers e &Hﬂﬁﬁfc th@f@hgﬁﬁ)ﬁ)ﬁfrddd& theaat febld 8! carotenoid to a level

4 %)/gfe% g%$r°‘5’ CBébs? f%? G%B%Bg;g B, leaft% a@g@?{% at least about 5%,

Gmamdbawwﬁni@%omMMymﬁﬁkhdelwammarchaebacter|m
pﬁl ype[ﬁ;g ?ug%s oPn g’f’% V\%%%Q'Z‘#l Vﬁ]g}e}ﬁq ePatt iegs?one?cérote&nt? is selected

flungus o erein east one
h%tne%gregwgﬂs@n@sfgﬁma@hwo@ cAdere; cathaxaniip zpayanshintluttipa st
Q@Q@ggﬁg@@ﬂgsqk@aglnlc polypeptldes 25 The

n us. o cIa m 24, e at |eas

S S i ot 3y S e E2 o PR gl o
aﬁubmmmmWQammﬂhm 26. The fungus of claim 24, wherein
the atml BAGE of 19 R ELA10994S 10l B Bt BRIABERSLAES
are froma ér'ent source organi sne
v@dsz%mmm&@ge@@ww euigitoafezaetencggmic iwpetidhrgus  of
a3y ON@e Bhgis bPdnPBnelor glam%faﬁhsrmtl’»h' SwHekbOHSat RN LA dAftedbgenic

Iea one car ot enqgeni C. 0D i cation e fungus
oAiqhdeereasgs S’fpé‘?sﬂg‘} oY P%a"é’f"tea??@m& B?%H’ce&?fgg eni c

I’ﬁ]ﬁdl f iThafungn ofn ber  clatng 2t71r3$ vﬁhmgluse dt leest auizi chioteyogetic

: Vv
P 5l 850 905, G700 RIPLL ool ol
ofecredses eprospionpreaetdyity of ﬁéeaatonet @leps Par@ﬁ@gwmtyemg@ ni ¢

mpdi fiTeafuh @ o£RNORY F clalns 3436, iRAUSe & Rest aR chﬂ&exogfeﬁc
tenoi d which the fung does

progduce at | east one c u
rfB?d‘tJijfé?%F%‘P?rifes BPEHiTR 89 at %@S‘f Owt%oaﬂs@‘wafa?m@?fa? PApopHce.
Wmerenmeﬁhgmbﬂngm§7hmmthamacbmmmnsa&magmﬁéﬁumﬁdwma

oJogmﬁgéepé@ress%%:f gtllecéﬁtoh te\f\(ﬁ 094 %réne Jﬁ? d%%‘?t@ega't {éas? one heterologous

i"cation alters ol eagi i
ceretaapasnic golyreptiles ungus oleaglny 31. The fungus of any

o3¢ OfThe hAkul®r deim39 or YN EhERME bﬁot%génﬁ:%fyg&ﬂ@e is selected from

carot enogeni ¢ _ podi fjcation confers the a o, the
fHngoY eHsHrodu E%vr?%* bigsynihesis polygpiidess FasQtenish %osvr&heals
| @yebptidseb@ehaid biosyatiedih@mpéthat ol ppEdes, tahd'l@mbfnaﬁﬂns thestt

%O ut 'I%e/ ‘%‘ungus olf 5&%‘39 %Qrgﬁl th%o/goprenolc! belgs%tlthesm pglypeptlaes are selected

from the group consisting of: acetoacetyl-CoA thiolase polypeptide, HMG-CoA synthase
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and at | east about 10% of the fungus' dry cell weight.

32. The fungus of any one of clains 27-31, wherein the
W@eookaeess2 one carotenoid is selected from thePQr/oswos/010271

consi sting of astaxanthin, R-carotene, cant haxant hi n,

gaxa hj

PRENERI hibo-Laf Ehflase o a%ﬁ%ﬁmva%%%e RPERLAGLAS o)
\nh@p@mvatlmte Hinase edsnepfemem@fahemteeweﬁpaosp@te dspaEkpsrirssant | y
g&&%@&t ﬂ"Pnsom%e p&bﬁ‘epﬁd&ﬁ%yﬁ’tﬁas@ﬁé’ly&ﬁtﬁie afd GGRP Bthase

wherein the at | east one carot enogem C

rRBléjli’eP id€at i on i ncreases expression or activity of a
aar ot a?m@tgms 6f cinivh §9) @péreid éhe c@ﬁtenon]Bosfynth@uwlmbepadw arg paected
?romct{le e%{oué) cons%{m éﬁ?g’e}‘m S))Ma‘ﬁge éé)lﬂge gﬁytdegcﬁﬁhyc?&@nase

I cat expressi on or
aclypapiidey 1ye<fpe@ ca@asepcémgt@m ceromw keglese galypep@le, cpppgenoid

YRGB Of olyPENid0 ARaxBthif E}@l&ﬁ'i;ﬁﬁ?pgplide , BhGERIdEpildE hkoxylase
Yy

| east” one car ot enogeni cation inc

SRR BB ARE TR eEe PAPRRES 1V ghE® B4tk Bl e spon

pﬂiu?im pilieetidas) dnd adg @bs adseglexpr eglehmsiirass poptntide.t y of
east . one ek, G t

2% ng ug‘ﬁ iitungéls o ctlal 5% ]yv%{:: ?151%?3%@1%&%%98 \X%tﬂgsg cblq%iglto?’golyp-gaﬁles

Iaeasltect@ﬁ@ncm mm@@hn&of sqrolehs Syptes oelyReplifisr ireglgiphosphate

gg{@gﬁ@&ﬁ@m%lyg,gnyhﬁa@&as@ne het er ol ogous car ot enogenic -
pol ypeg g fungus of cl aqu] 37. wherein the

4. 1 bt e oA L AGGERIE HERT I EAPT BRI e GripRa o the
exdqup e&Sismg o@ﬁnya»f thk pagicpthiacofaet arof gt 3-26,dhble 29 enllably
.fieterol ogous carotenogenic

he fungus of claim 34 or 35, wherein
t4He C 5h@fuem gieqiﬁlm Ipothyioiape aglisast enedetertoped cgrpigpEenithe
%nya)tlg@&ﬁfpﬁgeé B%nfial pdiy gﬁfd@ Q%ﬂmﬁh%sﬁb%gﬁgé 8n insect

'ypeptides, carotenoid biosynthesis
|P§b( BrPéfo P alawup@ggﬁﬁ?%e%ﬁugga&mla@&t}dﬁ &ryeﬁhwg %? &E% 22l an d
Qfalybdtplﬁaé hﬁﬁ&rlﬁlfpel&ﬁﬁpfide d@nobddi@iaf pon@egidgfan Grbl&lemt&ﬁhl
F i Ll mtozo@ glnoel g bi osynt hesi s pol ypeptides are
FRPEH e afp e y%rpoup consi sting of.
ddet odbefupius ChokimAY.othars thrott ieps prei hdisrologSc@eiprogsit hase
ﬁ%&)%d@&%@ﬁgeg%%% ﬁﬁ?&%@@a&l&@&ﬁm phGhyREPt i de,

reduct ase go ypeptide, neval onate ki nase

061 ypepe fraes of g dptRsipdhan Eﬁ%twa Hsigeodops | cBlEMErt,
w@hﬁa@ta& ﬂbﬂ&ﬂ@@&&ﬂ&t&gaﬂﬁﬁar boxyl ase pol ypepti de,

rpa

I
aﬁlﬂ d ﬁ?, ! gu?%t%ﬁ Jaim 3{19 e\ﬁﬁerem etat t§vy erloﬁogo‘g%arxfggo%&}lge
alobipepti8®, ara/fivaraglepst mellfémnmoswg pnﬂ;armn@sy nt hesi s

%| yp %ﬁh&? §cc%ﬁ% §>%ln§ @tﬁ%rec@&1ﬁ’é‘31&1ﬁ?w Qb Re GRRRIasdunBites
of . phytoene synthase pol ypeptide, phytoene

B s one SEP O RS SIS Y Bipdgusistng of: above
meM p%p&uod&bo&a%pmwbdulwx sHoasa oG by pelpbdve @hout 10% of the
r ot e dr oxyl ase pol ypepti de, astaxanthin
?ﬁuﬁ g&vlel%ept i de, carotenoid epsilon hydroxyl ase
p@l yp e°pfungile pecoraing toenp hegirersdiny tlaimaeifagerips@in that the fungus

pag %M'llgﬁu thé/ﬁgrpm?tof;l){s%l@&ﬁxeg beta and epsilon
units) gge ptid CoA: di, acygl cer ol

a5<9yl t rTé%ﬁ@I“@Isa a‘ﬁ&?)‘i’ﬁ%‘l‘ F}Hé‘t le%fgone?ﬁ%te‘f i es # 1B m
3FtoplakHE 61l Bbd'ieléle [ sopr enoi d bi osynt hesi s conpet itor
pﬁ' yp¢ trléﬁgo Y@ﬁ] ge}yg gtc%m rls[rn?g?n!c: orgrrrl 4 t)r/l?cgﬁca 1005 seﬁlected Gom
stymrhvagensamdg mob@ﬁwnmahmmwmw m@ﬁcéﬁhe_aﬁil ngus
of claim 39, wherein the carotenogenic polypeptide is
sel ected fromthe group consisting of any of the

pol ypepti des of any one of Tables 7-25, Table 29, and
Table 30, and conbi nations thereof.

3'8 ng corrtlbm&iﬁons
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44. The fungus of claim 37, wherein the at | east one
het er ol ogous car ot enogeni ¢ pol ypepti de conpri ses an
wapiorab23pnl ypepti de, a mamal i an pol ypepti de, BOT/UAREE010271
poI ypepti de, a plant polypeptide, a fungal
l}[npa?g tslt}‘i-j ?éof su t};le H9i%0 Fﬁlia@?frorg@%% g@iof its dry cel] weight
T epti erl al pol ypept cyanobacter al
pmtyq@épm@@ten@m ar chaebacterl al polypeptide, or a

85.0t 0 aiROF HREBY FiftBer cARacteliRR ih tRGLES cudfulabels BbIM L to 50%
wherein the at | east one heterol ogous carotenogenic

gotsyresstlivsiehas ipifi ses at | east two het er ol ogous

GAr Ot EROGeIn |of:c1¢imlsy,p;e1enteindmna14 6ecurnhlate formg2¥o 50 loditadry
%gl "%‘L‘? asell 1d m %f(@rﬁﬁ‘n ok gf?ot%aa&%ll G&L rol ogous

car no es are rom a single source
Gt gam mtrawf clﬂTMél,deﬂglﬁléhWa’é ceinpTiseps, cargigaqeaiipmpdificatien

ls@asdd foWOnd 184 BIMsREAE: car ot enogeni ¢ poI ypeptl des are
fromat |east two _different soyrce org

fungud ac c?iﬁpﬁﬁsﬁ)g of %P%Ptgf Sellﬂﬁ’@ Bfn@ 2&H p] éoni\lftglﬁ ﬁ,éa truncated

\“hig ot MME JoAnghistasa (pé:lmmiuﬁttm laclts e Noteowlued exdmbreind spawing
ne c ar [ I e h

S 0 e SUELCAL LS AT g e

abo ut b3% ey mseonaﬁahnter@%ou%mpa@@v teleglgd from thoamoyp canpighing

fod r}})g)hl&ne %rn}ﬁaQeﬂhlyto%'d&laﬁuasé'r Brcopend Sy Bl Scamd €l ddi1ghe f@roAYid
recedi ng. claing, characterized in that the

fh&iﬁlfg’%ase AeEEROEBsth P d in the form of cytopl asmic
bodi es. 50decihed éxpfb@mﬁl o@ﬁcn&it;aafrxn 4flowdnars @blgpeptide salbcted from

léheelagsr%ugggnesm %squi\ene SF/ %%ﬂ}p&h%g Bﬂeﬁ]}/l&l&%ﬁ)pg yg}?xgllagsm c
qolypenitidd and PHR @olwewﬁraesfm pélyreatidepind ceppltinagions dhefepbm

t3e 9HRURGHR %ly%hé mlagﬁs AB40LIRAGH 1 FrafRufbERS 1-06% ofits
car ot enogeni c fication, and 101 WO 2006/ 102342
pTyellgst @F@f@@?‘f’ conbi nati ons thereof, such that the
Sl ai Mhagehog l:laltrﬁﬂ Whetdin thdbtiath chiipfised a dato&nﬁh‘emc eelification
vveli a?ﬂt as, at earsl,st1 .ohe, car otenoid. 52. The strain of
CPSTYH B PO PP SRS Ut eri zed in that it accunul at es
from 20% t ewBE8%6n obh pelypspigHe pelectd|rowes eivp cepsistirgif g trumgated

T&@og%ﬁoﬁ?ﬁﬂl(%oA%@cﬂge%g}ypém@J tﬁét ﬁhcf(shcﬁe N te’hﬁﬂn&l nﬁﬁl@ﬁéﬂ@slpa&ﬁfg
rom 20%to %of its

tqe@amoqcﬁtp@ﬁtylc%%fbpla&ﬂ{kd%% %@?Sés“ PP %Yf‘thaﬁ% @dsC?ng’ Sﬁ“tBﬁ'se
cl ai mp51, \a;tpea“smrfbfta hﬁerSIbgcﬁlb p\olyqﬁﬁtmé sd@8d &onaieqi@p ogBhiig

m%dpl &’gﬁgngtgg gnase B oenedee aturase {f)](cé crie g'rcl%'é cal dp?{ﬁ%ld%&tolg&r é?lr‘o‘tenmd

ion’ ypepti I'ect e roma
dtyd@rcmsp regtaahthin SI/m‘hmfc aﬂr@dimdeendbg byfousglasdMBoEeng cyclase (beta
ra%g %ﬁ%s%bﬁ%))/ﬁﬁ)@hblg @u&cﬁﬁﬁaﬂsﬁfé&s aéyh@oﬁl\hﬁc?%%em Llcyltransferase
nbrane spanning domain, acetoacetyl-CoA thiolase,
H\?@WP%‘W@W%% FPP synt hase, and GGPP synthase; b.

expr egsi on dafrea@d bakesial @gaivdy phiyRRpioteqetheghtekef r om
g’g%ﬂ@ Féi?gttlogﬂlgere(%f phyt oene synt hase, phytoene

e cycl ase, carotenoid ketol ase,
cﬁr ot e tchin diyugr cox g dedres 5 la¥3cr 6@ nibermsia tliegingin acenEes: 1-19% of

%%g?%ﬁ% fieeRh élltmoxqﬁtelﬁctivity of an endogenous
ol ypepti de sel ected from &@oup consi sting of
i

Hual eﬁq@eté%ﬁf ntaé@%@waféfﬁui H’é heIRpriERpEHRat e
S y nt h a;s e  peliaePhé 88 dthnPbi delepReami|clamanaie c@dions
pol ype [ a i nati ons thereof. 55. The strain

of an)} BA Wd?oc@?té?f“ %C_If"rqoieéfm Wwherein the strain
accumdH. at esndlisd4dig the piotheced carotenoid.
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dry cell weight as J3-carotene. 56. The strain of
claimb5l, wherein the strain conprises a carotenogenic

wo@bl033t i on selected fromthe group consi stPemUSI06/010271
a. expression of a polypeptide selected froma group

5QNS I S[thla ng'rhgcf of glaﬁr{ %n\%ﬁgr&qthe ?Lgﬂj&%ﬁg eg:@ﬁtlonatmg the

reductas I de that | acks the N- erm na
ﬁ@hhmqm@ﬂ@geWWPh@ai@%H%?ﬁm“%%%¥%§@@9§ﬂm€%A t hi ol ase,

/G Cofy rﬁéfmm@&ﬁm sE R eI thB aseof cam%umpﬁyda thiasdng he

expression of a erol ti.de selected fr
FHG GO eaier 58 ARy “BPiyt DRI PeTh ARSI SPRYE Lt
dedsiat m;ﬂﬁ‘@plahr;g&ommﬁses waztllnaslederwairfo:trreﬂlmyltpr@@tlm Ioslbedles

BT ot ThOh, hodl?)}l 9?191%' Fem tﬁf&mghm s@leéé’ﬁmggroup consisting
car ot enor’ on hy ase copene cycl ase (beta
aﬁ@staemhm,&wa@@m Pﬁnthsﬁ;anthea%ee%aéﬁm ytei g(ﬁ‘@%%ﬂ ol gepratipatignse
qcydor CoA: di acygl ycerol acyltransferase, and

conbln tiaops there ecr d ex ressi o

R SR T R S S

me] yp epﬁetm of padrignioodiatiéed nd;httvh erngadrfing a5AroteTidia, tet medliod
amlng Pg(ﬁf clains 51-53 or 56, wherein the strain
aceu s 1-10%of its dry cell weight as

ast ax ant hi enltiyetinghedingus fany mepielting 1-67 Msegaudiong thyt allow
GRAILBAGH s cabddBomBL hod conpri sing steps of: a.
cultivating the fun gf(ﬁny one of the preceding

cl ai m® und ?MH§HﬁF?8 5% 2 hat al | ow production of the
car ot enoi dgordbinirgniek isddatddatiorrgoid tith greoducre dtherdp@t e fiod d.
102.. 06/.102342 PCT/ US2006/ 010271 59. The net hod
5$%8%%%%$%g&}mhereln the step of isolating conprises
fractionating the «cultivation nediumto obtain at

| east one carotenoid-enriched fraction. 60. The net hod
of claim58, wherein: the step of cultivating
conprises cultivating the fungus under conditions
that allow accunul ati on of the carotenoid in
cytoplasmc oil bodies; and the step of isolating
conprises isolating oil derived fromthe cytoplasmc
oi | bodies. 61. The nethod of claimb58, wherein the
carotenoid is selected fromthe group consisting of
ast axant hi n, P-carotene, canthaxanthin, zeaxanthin,
lutein, |ycopene, and conbinations thereof. 62. The
nmet hod of claim58, wherein the carotenoid conprises
astaxanthin. 63. A nethod of preparing a food or feed
additive containing a carotenoid, the nethod
conprising steps of: a. cultivating the fungus of any
one of clains 1-57 under conditions that allow
production of the carotenoid; b. isolating the
carotenoid; and c. conbining the isolated carotenoid
with one or nore other food or feed additive
conponents. 103
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