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PRODUCTI ON OF CAROTENQO DS I N OLEAG NOUS YEAST AND
FUNG Rel ated Applications [0001] This application

wa@b@emesoBhe benefit of U S. Provisional ApplicetT/o8200010321

60/ 663, 621, filed March 18, 2005, the contents of
whuUsh GF EACPOBAZILLUSCRIRAMNOSUY SOGG IFEReTIRE TREATVENH, 1
entpREBNTIGRORIREDUE TION OFesYSTEMIEIIRPLAMRAZION IN A

Car ot enoi ds are orgSRMULRLEEENEANTNYI Ng in col or from
yellow to red that are naturally produced by certain

or gani sns, i ncludi ng photosynthetic organisns (e.qg.,
pl ants, al gae, cyanobacteria), and sone fungi.
Carotenoids are responsi ble for the orange col or of
carrots, as well as the pink in flam ngos and sal non,
and the red | BAOKGROUNDIOFSTHEMNVENTION S, however,
cannot produce carotenol ds and nmust recelve them
{'nr oulgield akthe lavestion 0003] Car ot enoi d pi gnents (e.g.,

e0BRLo; chfie RSt EAEb Pty GeliBRl W Rk e
mahufatdttaneadf 4 orclicamierstridr #eheeathight coeygntion or reductlon of
acc tabilit For eé)arrpl astaxanthin is w dely used

Ipfaamatian ing feslindRntt he or ange col oration
@zar 3L tidrCorth té@éttedwtd counterparts. Some
C sors of vitamn A Al so,
[6808&] enoT s infanematdry oasptarse is laurmtdmplsby medbamytdmsmre
Vaél ous, heal th benefliji ésee or onouchi

TATStal P eeS et S 9 WS 406y arc AR Ag n argen

chdﬂ@hge &aﬁﬁﬁ” céln(?r‘iemi%gl éﬁ@gﬁzméﬁg%arﬂ\éd@ L(?déﬂﬁé\?p'

3: 141 1; Chew et Ant 1 cancer
mﬂam&;omeg@ntaﬁm@ ire@ sabcgﬂcAegnom andtan Aglmbﬁsvarylng

SRR oD BRiness arbtirgt BRACPEbBUFr ent iy sold as
@Ia»geut l OVkﬂilleSthﬁﬁhfﬁfﬁma%ry[@%lg‘]sd i JEeReAIR) corldiered a

| ogi cal systens that carotenoi'ds are
heafthw rﬁsapn§e totnjwy: el i lmraww systproeart prasest eorsigsireble

ForsipicpPEcpBHSe 5 ot ERBRIFL Y B6Refecd oy Fke” ' °

snw@hsytrw@ow@dmﬁalyqyrocémneomlmmmh%m%au“é@erd%m@ge
a need for inproved hiological systens that produce
fodtPWAdisgue bSdF?@t'é‘fgf tgyﬁ'a%e aﬁéw @U'Qf%ﬁt%@h SAEGA0NO
Q&th{ﬁé]alAlﬁérﬁé{We ‘?frthéf‘”é; lgaérf‘m tfﬁr 'lﬁfaé’rrnn{éi@g/ resBonse
produce hi gher 1evels of caro see r

rewar’qﬁ eyt &f rapartien veith theJthre&?tot |ecduahhg vl 1BI8is 1998;

Visser et al., FEMS Yeast Research 4:221, 2003).

PERETRRtOrY hsronst copaung MARIGAIAGS K HHEpORB UGt
StuEeififordhagegRrbQlicRpse of isolation, are needed.
ummary of the Invention [0005] The present invention

[9064] desThﬂme@aMUesmrfserhadwbem fﬂungi ioglart to consist of

AIEERSA eRerstaiaB. B o liaBBA( Y RaE artFtammatory

érskihab! Q’)ﬁ@lﬂﬁé@gk@%vﬁ%ﬁm \&‘énghﬂ t:%lsgfébﬂ';%étlve proteins
organi sms.. Wthout wishing to be bound

inyetvedun dhe caeistinationtef lmmmi@gncawm mﬂ@rmnams eegpomses

P EBRIhicEE BRI shtiRantni Gt oRR ol s AShumbsr
ohsudpesll hpes %‘ﬁodmﬂéﬁklﬁé§ iREIuahRL Meutradhme! Hb@.obﬁ\é@l s

are higher, however, carotenoids that are accumul ated
within lipid bodies in ol eagi nous organi sns are
readily isol atable through isolation of the Iipid
bodi es. [0006] The present invention therefore

provi des ol eagi nous fungi (including, for exanple,
yeast or other unicellular fungi) that produce one or
nore carotenoids. The present invention also provides
nmet hods of constructing such yeast and fungi, nethods
of using such yeast and fungi to produce carotenoids,
and net hods of preparing carotenoid-containing
conpositions such ‘as food or feed addltlves or
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production | evel of one or nore carotenoids, and/or
may alter relative production [evels of different

w@a0oetie3nas ds. I n principle, an inventive car ot BOIDYSIWE010321

nodi ficati on may be any chem cal, physiol ogical,
genetic, or other nodification that appropriately
alters production of one or nore carotenoids in a host
or gani sm produced by that organi smas conpared with
arelymgpheicytasoaki thedmiajor so uotesed wiirgeinfldembatoay remogans sloe
nQt subject to the sa di.fication. In nost
tggé%ﬁﬁﬂbﬁfgynﬂﬂﬁéﬁé??gﬁ%ngﬁﬁytenogenic nodi fi cation

[wbbq CoNLitipfe AaRBRIshs SR by \WﬁfcihgéfiﬁtoPEiMQé g@h%brééed at

resulting in 1ncreased production one 0
igBarmoratarycsitast iofloenise therinBammatotyodispenss., Iftehpro-

sel ected carotenoid i,s one qr nore of t axant hi n,

B BMARNE PR Bank eI Patnteged B A0t taminaiery
GRERIAEE, Mdwe A REoTRMEH s58fenfiB SnfRfmARA%AHaRI dbRf.
astaxanthin (e.g., glucoside, esterif ed zeaxanthin or
[2908k ant Ihi aonirash tas logslizathint amenation, slstesait dnftasdmation is

iRk RorAR: ProdyrlR 4% PRy ¢ THRYVAS BEfifletrroBfith ffadipolude
lseadeanhfiamsnatidrnatosdciicrsigbedi Matatso bE@ss6tiatdedith

xant hophyl is selected fromthe group consisting of
qenearhiiubike, syopiems, ineliding fevar, ahjitse fatiese ardgss of

ol fhddthes, RSRTT oot ARE ISR S5 affemic

ibflaanutiomesare kadhtemotdn degladaéion, cdtgbolgnandand
zeaxant and/ or nodifications of zeaxanthin or

in
BEATRAbAlT | AS o SEaHEar Hrane S uChE SGLERBRTIOT s
. I i . .
SRRl GRns SR AR, PRRH iminfe g sfin fid ivey may be
chponsded andt@mocahtiibutetthenultittagah faikre taedenoftolity.8]

PR n80 RER dlEs Sy bEnie S5 singlpry Resbonse to
PRYRETrbd@at W1 Msd 81(\89:l4\4§d45| (?gtﬁzgpgﬁgﬂmh‘gné)rmous

produci ng carotenoids in a cell, y I nclude
pepigsspraieecn nghieyed in nnderstanding heoteshasisoishelr t han

SRS RIS P 88 54 o g ot e
Wwegeeptablghigh. or exanpl e by scavenging a substrate or

reactant utilized by a carotenoid polypeptide that is
[§0P€L+t | yOftapowhether the aytekisedsearpnesiiscrrooar anti-

A TABALakSaRR SRAR hA8RcE BF Il Bl EQd s hat

jredadiveniutiiat i il e
0 e | .

tﬁ@ﬁﬁﬁ%&% suHesrphthe biosinahtiaet igeslanizad hyanarosmousiye

: ; Lo d
Bl Sorig T AT ORL RSB S ofe- '
%mdpmsitimdf thre hwlftmt'mai nﬁ@oﬂgrfaesyarteg ?osg mlpmbﬂgestiwgact as
Lyerse ass, o I nts aeriv ro opreno
well Al oIiereit misrEihediiaten such amhareRihalal ghyqus layer, the

SSEPHRRAL fafirT Y RE Eﬂgﬂéé ﬁ\@eer%rc%irﬁﬂcégal %EMH&%W%SIIS.

from ger anyl geranyl ‘pyrophosphat e. r ot enol can b
Hug spédfio coopidation dependawnozxtemal ant iciemalifactorsygen,
Bt RRl BRI el raliis Grfucri s cTobia
hydr ocar bon conpounds having a conjugated pol yene
carbon skeleton formally derived fromthe five-carbon
compound I PP, including triterpenes (C30

di apocar ot enoi ds) and tetraterpenes (C40 carotenoi ds)
as well as their oxygenated,derivatives and ot her
conpounds that are, for exafiple, C35, C 0, C6o C70,
C80 in length or other |engths. Many carotenoi ds have
strong |ight absorbing properties and nay range in

l ength in excess of C200- C30 di apocar ot enoids

e o
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[0023] Host cell: As used herein, the "host cell” is a
yeast or fungal cell that is manipul ated according to

WO b@epriw3ent i nvention to accunul ate |ipid andPCr/Usm06/010321

express one or nore carotenoids as described herein. A
"modi fied host cell"”, as that termis used herein, is
a host cell that contains at |east one ol eaginic

nodi fication and/or at |east one carotenogenic
aradinfdrohigl-onicrab@birderagtions.t Murph eSdht TolhoeAllersy. Reduced

btz LA, a8ro5a Bad PoRke  becn” sonarat od from
[BDOSEASITIRAR HRIBSRARAIsHY, bhidh hidkel dp W%Sg@trr%w@ﬂ@layare

aSSOC|ated Wien nost ot her conponents have been
ackinelyanyolvéd withdhatimanune iesponse.” phey fintetact withothet i on

f
Fabefimlbopnbine abafe i fiefig ShER Ebipnartners
(EyRBidsm)driie Bonﬁmbh%ﬁ beRefitfbE6he iparthie Wwitlesut ey
separation. [0025] Isoprenoid blosynthe3|s conpetitor

drifipesataliteéhe other{eommansslisnenbi dodpek wiehekliow Host-

B RRbRéreBanE Sl P LRR A Fhy Ml i afer

IheasgheOAnaer Rey. et azy:.28giguiTagpbal.eln @BPR)Or‘@mdrél@I@l e
to enter the carotenoid b|03énthe3|s pat hway

MdeRnels aniginthohighpseema sireng intsrriay of ocfross-talk’

. Sy
PEEBRAAe ARE Rt MR AA tng Alordl boBliaBRRIEZRM h the
|ngat mdcésageBoﬁdrowxah@Il eThd:lr%eB‘tméénd fg Witrofiera are

nt hase i s but one i NQi i osynt hesi s conpetitor

e dor te Bt g 8 How: BPRag st hAAa S mposim
Fepr al e r
g?’%s@%?’eﬁﬁ“é”% i e SR 9009 A U Oli. Nur.
wﬁyﬁézom)dkm@pehﬁdk/o&y@emwé (Géifm)vensa/ Host-Bacter/a/

Bl he s 12 0 GHE i oh 2 1 Bt D BT 67 G0 ne

Pé%%@h/d BY&BES Blicit HEDFRPSHHAR O YSki e ﬁ'élébghﬁé‘ ®§RhRisEnal
nt hase enzynes and PHB pol yprenyltransferase

59”@@@bﬁedé$uaoeytpr@@&wtgms rGU'ﬁWe?@GZQﬂQ:} Balker, W.A.,

BOR I Bals Atk Bedlaret PO e Erd Bs BBt of

PréMPRIPHOEEDeFR sl 9. Pediaty G@@kmeﬁ@rmd Rt 30:$3 (2000).
i nvolved in the syntheS|s of isoprenoids. For_exanpl e,

Additipaallys $kel gHbmigraflorgchasobeern §h0\@6m elicibsaseific MUBUBSA

SUBLBR8E AT R4l S SLRRRuc TRATLOARIS, KShBRE & ot
Pessiofesx Fifests o RAmMuspeARS €, Clﬁﬁ’FNatrnmaaaS msi(mﬁﬂl?

nt hase, are all involved in the neval onate pat hway
2909] sopfeaeHtMiFredgR ndsfants isawell krownéa bepablassns i s
t f
3% o301 VSAPERES o Bl DS e ARG A0 R pymer

cwasmmrewaaam@ﬁ‘bm@mofgmmﬁ@ and neely %Oesrmdm dethe
|n Tabl es 7-15. [0027] Isopren0|d pat hway:

beigg dasmi! (P%’%W;Pem% eneficialt tk@dﬂrqsofﬂcpr@ ca‘rqn éanter er
t
L SR B BR 1 oS Q3R apRbte rumber
byt aipbeppbiat eliversigy.. In&antdlwe bese dithex euenlle gub but acquire

dlffe t hway roduce fhe common isopr.eno
L Borel G Rk irfagahaninay pLBKBBYForENE ABd Wt ihey

non nmeval onat epat hway". The term "i soprenoi d pat hway"
is sufficiently general to enconpass both of these

types of pathway. Biosynthesis of isoprenoids fromlPP

occurs by pol ynerization of several five-carbon

i soprene subunits. Isopreno%d nmet abolites derived from

| PP are of varying size and“chem cal structure,

i ncludi ng both cyclic and acyclic nol ecul es.

| soprenoid netabolites include, but are not limted

to, nonoterpenes, sequ|terpenes dlterpenes sterols
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enbodi nents, the present invention utilizes yeast or
fungi that are naturally ol eagi nous. In sone aspects,

woatoansdoBy ol eagi nous organi sns are nmani pul at eBCT/8SW06/010321

genetically, chemcally, or otherwi se) so as to futher
increase the level of accunmulated lipid in the
organism In other enbodi nents, yeast or fungi that
are not naturally ol eagi nous are mani pul ated (e.g.,
igeast i Bedduge thagut orcioflorapoptlationisedrytunshatdarnm eatiy

ordidaie b BISRaniLi ol e Pathpcad HERARER s dSicate
tdthatd batwdmrieamifuradd Ganeficial bhdtbis, tﬁ_ﬁl_ﬁg@?%ﬁi%@%’é abllivy

ol eagi nous fungi. [0031] Pol ypeptide:
ofgbeypepinedeysteradodyaetidreneinmallygeneral |y has its

i i NG I f I . th
BobiBE o ISl Mol B BRI e ots et Rl B
thdlafeauéite thaafferends 1561areaInehaRMNAIePELIAS N tHIGH: of
as, for exanple, oleaginic %olypeptldes, car ot enogeni c

poypaafedand breagrfeddnf@nbi dbgstod of Hrerstyipd pfadtss,

o R R TR e T

chatobaciliineap leasatimmpacdntiaito) Iprcnt@es the st flora of
exanpl es of known seauences of such polgpepti des.

forpya-tad igfants b posk diverse, containing Bifidebagipriwe and,
t ) T e ]

BRUBNGHs Bl A B1S PANRER i S apecshi, o
Esd:f;epmqtrt'a ckelg's and\(Dlofgtrtdfa thtm'iag'ee sgeqieemf@iﬁ?@tbacﬁdrium in

er el r iIn rererence o al apase SspeciT] Ca i
erato 9 o8 breattitag Sngomaplacfeddniante dies doguell pperiabso!
folfrs heRE B2eRtprbHHsdd 987he Eéé&é“;%ﬂttﬁe G'iffeﬁent fefc?saﬂ&%tér
retaining at l'east one activity) of such conplete
ipelaphast antk formuba-fed infantshimshudirig thediomer wostartlandn t he

Fbe TR o RSk B AWPERATIK @etiFbphagpiorus

@sriteni inhunTém ilkame 1Behe/ PaRéty 48 olifesadcPbatiBs imAlmahtHilk,
and sharesat |east about 30-40% overall sequence

an AvMeyou hu@era)ranst egliularanedisbars of ownuslggia figction in

Q ad f d | i ncldi t~) t [
st R, e ST S bE Bl Pl PaRG T o "
keNants OB WorBlfnt By By tH8%SPGHIN'CommieeWBn Natftion, ghl y
conserved regi ons %359. i soci trate dehydrogenase
BefialeastiasNyir: a8:30528 &4 ARoRSB#ed AVP- bi ndi ng

(R, PR ORGP B £

anchthe gut rigiogmfltc&a Térge?cm&ibip?wimﬁrrbowubﬁ?e gwwhmalhlty,
as ar.nox transterase omal n;, see, or exanpl e,
RS LR o et Th o STl s e

by o e Ay B Sss Iha At den® i b digNElT
diachsa fpanivEntiicukariledmrpalaaice debratai mdnngits, etemmatali n
its.entirety), psually. enc assing at | east 3-4 and
S, pRY AR atding AR Ze T AT RO PG nature.
[ fodrii&, g j i 44D
i e S
S de aspgaificargamhsudheasitieslong cleraim, diaei snintestie, sethe
herein..refers to the organismin which a particular
'Bﬁ?(}‘ﬁ%%t%%%@&'éf@%%@/%%w%b@ r?ag]Hrr?d in nature.”Thus, for
exanple, if one or nore heterol ogous pol ypepti des
i s/are being expressed in a host organism the
organi smin which the pol ypeptides are expressed in
nature (and/or fromwhich their genes were originally
cloned) is referred to as the "source organisn'. Were
nore than one heterol ogous 6olypeptides are bei ng
expressed in a host organism one or nore source
organi sm(s) may be utilized for independent selection
of each of the heterol ogous polypeptide(s). It will be

- o,
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w@emwed1308r exanpl e sequenti al ly;

especially with established or avail abl e vectors;
optionally can incorporate and/or integrate nultiple

genetic sequence; etc), devoid of conplex growth

requirenents (e.g., a necessity for light), nesophilic
(e.g., prefer gromh tenperatures with in the range of
about 25-32 0C) able to assimlate a variety of carbon
[00012] t rlagmxas‘mlecehroammg dwq%el ceausfesghe\tvsmges msldegh

N Al t d t
ERounenErpecame NS hfe hednefil meiRals alEs ©ha
B nFRioH (5\‘%8 Ilﬁﬁigls%f"tﬁé B%lntd?ﬁf%cf?méltdcﬁé | 'Péa'rr%‘ﬁtrlc ar

or ganl SNs . Jg., n}/ce I a In genera
lpukomatasia Baaat@eddoyu ammta magenq the parvendtisular

Hede e heVaRERGIAR Adbol- bRt o PR m ey e
iaflameystibn ihRhé ﬁﬁtb@ﬂlﬂé ﬂfﬁ?%’éy@%ﬁ |ﬁfde‘sﬁ@ct'|d'ﬁ/6ﬂ|§é@ Br all of
%east or fungi enera including, but not |imted

8 'n‘ElSHR@s?\ﬂdaﬂeooa inggpatity W@b@@mmflammaﬁlorgnbﬂr@| liver

e LI N

réaponsé syradren)id aederd iiiness tausedby bh@vedlheming
anl sns of species that include, but

{
'Bfgé):t'ﬁﬂt therblagg® irsamepw iaxin-BEPdyGing Bagterigawhptthe
FSSE1% O Bieend 8 oaCrod WA P b s
16rg ot ¢tae enilrpmgdyes starkeyi, L. lipoferus,

(B0 PistndhRa. AR chfliea b G rysbrighiaaent a senous
@ieﬁl@ﬁéb%i&f%s AdVBPihg @lag Wﬁ:ugny éhegfr?égé’rftlrgi YBremic

t orul 0i des, Rhodot orul a
igflaminpeation. FPreteroh bagmtmmla ill infants @re ofteni pacespionmediately

d Y
B 2R pSup S8k e Y B opeasprat € Brdiere
SEPHad rsePtonalhih 2 Hmé@lﬁfy%é#ﬁﬁm‘?@ﬁt%&ﬂ@'r@‘im@" b8 oded.
not. In nost cases, gﬂ_aow evel s (I ess than about

U"'%%)dﬁ?'ad’cﬂfllmﬂélfém)w teplonigation pregasspridwsedafanys

t I g S, .yeast or
3 4B RBN IR GE SRR Sl AP
qomehetsdl bdmténdn thgt dttevigdtto ablorihe thecimfaritenaicdsinar thact.

ner al w not observed. [0039]. In general, any
%5@59?%' these nGNts e aﬁev n@nueaewh Budngang of an infant

r e 7 {
SPRUE R PP OGS hon ANl 3 5nd 2R 00
iofantistgirt esiciofivey theevelop iimprbaslya thusstausid of precipitating

th the toi tion. |
'gﬁ’gg aﬁ@ﬁsgvgy?tﬁg“%frggﬁﬁsgp?@l gvsgals?nor Puﬁgﬁ froma
[66043] SUORe ZWa\y BN ag%mg}ltt &ﬂoﬁ&atlﬁl(l\ﬁthd%o neficial

Crypt ococcus, “Cunni ngha Li ponyces, rtrerella,
TR{Gree ganNisTng ttﬁoapulae‘ied lafamts{aimw@ tHenadriméstration of

FIBRsTB e e s s ar? IvBeaRpotaaniogs Hal grert
bemsticil iegctsd SPH h&é]m)@m@' Host! NBcRIREADS shpYERE | on

may utilize any naturally ol eagi nous,
Bifflebaeleridmmsmpduahich aoe ganimshinkabiahissaf thehiealthyintestine,
ner ent | ventlon may be utilized to
é@b@négpﬁgﬁ IRS@Pie ?% the isoprenoid pathway in
naturally car ot enoi d- produci ng organi sns (particularly
for organi sns other than Bl akesl ea and Phyconyces),
and/or to shift production fromone carotenoid (e.g.,
b-carotene) to another (e.g., astaxanthin).
I ntroduction of one or nore carotenogenic
nodi fi cations (e.qg. |ncrea§ed expressi on of one or
nor e endogenous or heterologous car ot enogeni c

pol ypeptides), in accordance with the present
|nvent|on can achleve these goals [OQ41] In certaln

. Y "

and/ or have RE€DUR2006/010321
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carot enoi ds, including astaxanthin. [0048] Aspergillus
niger and Mortierella al pina accunul ate | arge anounts

Mortierella al pina is al so ol eagi nous. [0049]

Neur ospora or G bberella are al so useful. They are not
natural ly ol eagi nous and tend to produce very | ow

| evel s of carotenoids, thus extensive nodification nay
[0€018]ui Uridriunatedy, dhelienare weiry fiew peibpisieat studies/emthen.
Neur ora gnd G hberella are.considered el agtively
inicel EBPER dt o She Sheb s EiTE PR iiRbIm ASapR. G cet al,
ProbfstRBAME % Y Diate St PRodutas foIRRES A TR mERIEE bﬁ it/gd

scal es can be a chal |l enge necessary to overcong |
S PGHAN |Gnmlanfttew@h Netinition d. P00 Gadioo Nutr. 38:365-374

(GhPL"Frer e bhan punth t@%gér'pazobgtg,pgfpg{)ﬁgt.?g&regu]ate
iAREARSI iRfEmnRRbAE R biGSBe Prop 9@.&{ HPtheQRTRA hHtBry

natural ly produces b-carotene, thus may require Iess
resEPRSE i @ fpmﬂﬂsdﬂh@flantﬁgem es avail abl e. [0051]

BB SR SRCH S GRs ProBE s B on

.ﬁfm@grmmmm@‘et eFé'e@iam@ef 9r1r9@m glLiipaoRaINded tivdtshe
can be chall engi ng, as, for nple, it may be

a@atm'st@edlonrﬁﬁtst@mféarﬂmfanﬁfqrﬁgﬂa wl@@lewtﬂ@l Wb, Fungi of
h

e e e

m’ea&alleengeﬁ noaodomlmselafmgl comgaredseitiplackbol Sdivedra,

Foetah nadidar EldoRertorHaNaTgN AR SEPPIASRORVS | -t he
Pelmbhf SRIRRSEHFHoY oPRRERb o b fed Bhii ol ar

use I n accordance W th resen
Slm&cédmg@tﬁ Ratéviries, ancétf et 104%496(51 aap).eln ddiﬁraselmmm

t th t
B PS8 SIS ne Y RIETSRIE TSR ebMFE: BENHE SHRPENEY
RS B/ﬂdHHalé?é)ﬁﬁn BRINeOSn 2oRAIASHEH Wit 'S, %@nﬁc%ﬁ/uk'o?ﬁs
etc. i s known about the different gene regul atory

@@@d@%ﬁ%@@ﬁhesr dtheiapradit, dbt ¢hay., Seepiatioo afRpfavienent s,

PR bl el Ao Bar Brectuorfo BBaie Faotiie 31
eaeAssss. Theangd:843wd lgoggpect to Yarrow ct, Barth et

al. FEM5 M crobiol Rev. 19:219, 1997; Madzak et al. J
180811 &L hnidIS. RatenbApp 2042041208868 texdarpaleyionet al. is

GESREE o brtol R DRANCh AP e RinHShRS SO nTpelly 4Py,
SdovBtedefesin 1Rt dcid Dattedit. P EpplidatiohnRascAbedthe use of
Ant oni e Van Leeuwenhoek. 73(2):147-53, 1998; Kim et

laﬁlwto%‘ﬁ{ USHRATRSUS @EJLGSP) toenbt@)t proZfiammeters:cygkine
tlo@eﬁ*ﬁ? %1%4%136 $owaler éféggﬁ{ﬁﬁadh dﬂ?{éﬂ%@ha 'does

respec acchar omyc

rhtﬁtdlmiese or Euggesm Itwﬁhé%elﬂlaa%odle%b) berdfictt féraihfants.
targeting sequences of the host

@%%?B@Hwior A epfa@%lrawn@gsyﬁt%pf@@ ikt i vary unlike
ﬂhﬁ?bﬂglﬁ alilt. fﬁéﬁﬁgé%tﬂs&@gjgl LI Ohfl SBeliBs va

subcel l'ul'ar local1zati suc arget’
isgneesaly bebwee theaglataxf anoinfertt@nal adidy ansdhadage diftﬁeérence
proper intracellular localization of activity. In

ot her aspects (e.g., addition of mtochondrial
targeti ng sequences), heterol ogous targeting sequences
may be elimnated or altered in the sel ected

het er ol ogous sequence (e.g., alteration or renoval of
source organi sm plant chl oropl ast targeting
sequences). Engi neering C]egginy [0053] Al living
organi sns synt hesize lipids“for use in their nenbranes
and various other structures. However, nost organi sns
do not accunul ate in excess of about 10% of their dry
ceII MEIght as. total Iipid and nDst of thls I|p|d

o o o 'L o o ~NAAr a1

respectivel y; PCT/US2006/010321
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enzymes, however, so apparently other enzynes can
provi de conparable activity, although it is expected

wao b@b/1s0akdi cat ed source of NADPH i s probably Perus20e6010321

for fatty acid synthesis (see, for exanple, Wnn et
al., Mcrobiol 145:191 1, 1999; Ratledge Adv. Appl.

M crobiol. 51:1, 2002, each of which is incorporated
herein by reference in its entirety). [0061] Thus,

ira ocatudtyrof the imhmr;ersamm in tvesg tvmwpoplhiatlanhseagcbmmocbbea

host or sn1na n ced b t he
asapecfighineroate re%te@vv PR agielRd it SoiFabhe i des
[wdﬂﬂve% sn P%?é?ﬁr@éb %)qhvm@ff@wc!al%/aré#ét%& toa
NADPH. For exanpl €, ication of the expression or
raemod|foyram‘ucmgeoroprewenbng)fnﬂammorﬁ:pﬁomsbe>a§slsa<seted with

t d I te, deh

e SRR RE R AL AL o RS ok dom
cﬁQh@dW?d?'a%BM 'T'he%%ﬂfdéia&frﬁ M‘ééd"a&ﬂﬂhsﬁ’t@ﬂﬁg% effective
i nvention. Exenpl a&y ol ypeptides whi ch can

anountaf dipoteicheic ae Agdrare lagticsanid battesigi and/om

PR M T pREBER el kTR ST LS SppfifiaRc
eﬂ@@ ﬁb@@&hbﬁ&@selmdgt&m SR AR EReridl U3icHizdtRineand

yase mal i ¢ enzyne, and AMP-deam nase pol ypepti des
infestioaduring thapeenatal pae@d 2, Table 3, Table 4, Table

180080 T SaterRESRAGE of Pl samesnd BB Ereigheciivs,

avididphite s eimpl Mdba@ﬂllsljm':'ﬁs@md Vil HRY eotvindieatothenise of

relevant to ol eaginy are already in place but could be

L@ fIn dect, Vidaygistieses that ﬂ-JrASeBE%’Wp@EafﬁmoéﬂlvﬁdDaCte”a show

%’éﬁf &‘%é.lsﬂg f¥m %%% B’éc{t)é(né?fstr%ﬂ?tooén&%fa %Géﬂé p. [0006].
epti des and nt roduci ng one or

Tfmrefcméag ehsuldl mg]ermssmmwﬂmbmeﬂeg/ bégauskds eac:dophllus

SRS b EA B i PO B o
lﬁfe thgtaﬁ/tas %‘%@a?écf 'TH%PaIFEé@IbBb@;WQ&'§F8é|8§9\kﬁlhe or esent

ol ypepti des W I nt roduced
[060201 | dﬁdabanidah@rhaltyemotestthairum frot o@mmmsmecms of

erol s ol ea |nous g@ a} ﬂ} 't but m
E‘ﬂﬂ Sfa 8% §§VB‘?1 6¥ B AE 'P%R‘/éf‘sa
.hﬁémhmt@@%ﬁ?e&ronqnﬂﬁaﬁ@@éms oV/RRYEPHC Pp O(IB?Pch%S
i nclud |Tg for exanple, alteration of constitutive or
henause T @&@b@sﬁ.ypdnﬂ@amaé@rwr anti-isfamneatofdidessndingfon

PR RePsr R S Hisahite 1M aRiF o hestige o1 "
$pstifidatig déecmtmwCASMl@@lmdSyreCEQﬁlzédm bligka¢ bitcle, “the
nodi fi cations cog§%|3| alteration and/ or addition of

biglggical aFYvIerfileh Teyent bagatiakspasiashsansot be
t
L8R5 B, TSI ERITRhdE ALl S5 S o

Seaietlia! and Léct@@bmﬂus anf&)bpbﬁus@tﬁaw ed10 mm:agarum: tHeon
w t h endogenous  genes ﬁulat on

BASRYNGRIL sl dgEnae hgfsstm!pﬁn/@@ I@l) T2%|Qeé/§ﬁ9t i vely,

d S
R L e R R
2e84¢200@y0us pol ypeptide (e.g., ol eagenic
pol ypepti de(s)). For exanpl e, pronnters i ncl udi ng, but
not limted to Tefl, Godl pronoters can be used in
conjunction w th endogenous genes and/or heterol ous
genes for nodification of expression patterns of
endogenous ol eagi ni ¢ pol ypepti des and/ or heterol ous
ol eageni ¢ pol ypeptides. Simlarly, exenplary
term nat or sequences includz, but are not Iimted to,
use of Y. lipolytica XPR2 téerm nator sequences. [0064]
In some enbodi nents, at | east one ol eaginic
pol ypeptide is introduced into a host cell. In sone
enbodlnents of the |nvent|on a plurality (e.g., two

Y 11" a
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shown in Figure 3 have been identified in and isol ated
froma w de variety of organisns and cells.

wRepraswBs at i ve exanpl es of a wide variety of BUIDS2006/010321

pol ypeptides are provided in Tables 7-15. One or nore
of the polypeptides selected fromthose provided in
any one of Tables 7- 15 may be utilized or derived for
use in the nethods and conpositions in accordance with
[0062p) edtared o the above fefordiceActher effewy of GG enphesefant

dnventio car ot enoi d rod ction i n st or nlsm
e, S R o ertp (R e Aclabsfeatiasn A58 Targs and
faRbhchial QfiffBRCES bW&rPﬂw%tlﬁfdn‘ﬁ g'ugéﬁg‘i’rﬁijndrfé system

i soprenoid biosynthesis. In sone’e i ments, ‘such
cavdpdreddoitoose alvan adulti dtheoefocs istudied tmte‘ooms poragult

TIRISHS o S8R e BReE AR, AL LT D Silifa i Rt 87 LB 8
iARtS.| R MASABE pidviohsly HRER SHOWT B EXBE exhdits %rsystemlc
act|V|t%ﬁof one or nDre endogenous or heterol ogous

imyppneatieet on tsowianéed infarisy pe pddilies, itdiasantttieen shown

DR eEh P EmER A BB b Rl s EAMRREC ORI eV e ey

$iisemitahfamhegiousoiseuebsiaidr b el of Aasessiledyipkpii des
will often function even in significantly divergent

%@@dﬂm% it vioiHel |y banaficial ko arevide atfeetﬂ@gufpam@cmg or
Hl‘ﬂ"r{ﬁ?yéf@ﬁfc %h@ﬁn‘?&fpr@ﬂf‘amh%g%%nfawg Eﬁﬁl\%rl@ ngthe
osyntthesi s po e, I n many cases ep I~des

édmmlsira‘tlbarcﬁn.tG@our ce or ganl sns W || functl on

together. In so e_invention, a

plurality of di PE&EAN N1 SHBr enoi d

e i Beboues ﬁrﬁgéwﬁwﬁﬁ% bty 145 RGP

esnoBlL @S iarthg npmmyfpetmlre oés rhedicament ﬁartbestmnment

L AR T O
[poood] e s é&nﬁ)tweﬁlnbhys hR6! iRt PR A PBREI §850f LGG in

k
i ndep endentP sel ected fromf ron1dff$trent sour ce
t@egaamsfﬂ@tt(re O@ a, medisaoreniorctheggduadiiasonprevention of

SRR BRI S BB rof Blint Wb B et gf
re@sefdd infargnt i on that utilize heterol ogous isoprenoid

bi osynt hesi s pol ypeptides, the source organi sns
i098R4l e, Additionally, Hm present inyengon fisidigectedl to keuspeablGG in

PenaneaRur R 8 HBuicrinetane Byl had st Bhtad or,
iRflaewestoer indngnor b eslofgangl ¢f.a fEfrtrﬁJmlﬁdtDTn@éht\é@Iécﬁéd from
Aspergillus, Botrytis, Cercospora, Fusarium

f@eq;rema @pnalﬁtwpﬁga@ﬁr@ﬁﬁsé@al r begtoPlash@e Hings, laindm

@1 ghi a (Hansenul a), Puccinia, Saccharonyces,
ahlzosaccharonyces Scl erotium Trichoderns,

[lﬂmaslag oin arudhefeadgee, fthblpmy@manvémm‘nﬁsaﬁrectdd e Use f

#&Ef nts, the source organisnps are of a species

iadhe Rgnansfaciee of amedigament tarygeuetianeisprevention of
PRI BBhtagdHIAL 'nﬂ%k i1 bR of % HIHRNA R RitaneCt ! S

ur ospor a crassa aronyces cerevi sSi ae,

@ﬂﬂlzﬁbs atlft@ﬁresml ewem?ggis aldztsdlf@g@jdtm% dise, of&J@Gh in the
arrow a |po ytica not ed above, the

meppiasiReT i Besieamat J%éﬁw"\ﬁélyct'%n ar peventiBn A dhe n

the productlon of non-carotenoid conpounds, such as

sterols, steroids, and vitam ns, such as vitamn E or

vitamin K Proteins that act on isoprenoid

bi osynt hesi s pat hway i nternedi ates, and divert them

i nto biosynthesis of non-caéotenoid conpounds are

therefore indirect inhibitoFs of carotenoid

bi osynthesis (see, for exanple, Figure 5, which

illustrates points at which isoprenoid internediates

are channel ed into other blosynthe3|s pathmays) Such

T T Y
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[0076] One particul ar isoprenoid biosynthesis
conpetitor pol ypeptide useful according to the present

WO pwentioah i s squal ene synt hase whi ch has beenPCT/US2006/010321

identified and characterized froma variety of

organi snms; representative exanples of squal ene

synt hase pol ypepti de sequences are included in Table
16. In sone enbodi nents of the invention that utilize
sygtemhie meleayetolﬁ ane df onorengtofintlaminuateryodytskines ene

ynt as rce o nls i ncl ude, but are not
4&%?%%? %KF assa Xanthophyllonyces

[ggg‘%'ﬂor MeHESpeBRAL ihlantidip Oﬁdmanal@stﬁr%rc:@%ci ua°‘ u@égﬁ'i_GG in

aronyces cerevi si ae, cor crrcine
tlh'h manuﬂaetuw of & mmesdlcﬂaadt e toe wdzdtmtlolwmrtprevmtlom of the

N T o

?ggénae]gt '@ﬁgﬁ%% By@raPhdVdIRafod untherfe é?? 5véd3b the

onm t ment step T ncarotenol d osynt esi s
preserllténmmimt |toradmemwpmaet@ymmmeﬁmnmtmm formula-

t .
TR HtaERe T gthdtatle ePpa Rafat edices o 2o vEnid Sisiginic o
|ﬁWémﬁ‘ﬁat©ﬁ id el ethagefeatihRint k€At milsashnaf ow@ bl?étast fed
i ncreases the nunber of conjugated doubl e bonds

infaat. &bavevantiopipay eedudenngamyeaijssmia tbe@aﬁtmm@@qimaétrect

iFRE Ao BS B Y phRtfRr Bl fhRog Wit BRHTE o

i rtiopngitiaist |tlpafevbﬁt99@ﬂ@ti&t§§ phisicaesanahe in el infustinkl a
cycl ase enzyne aon | ycopene generates g- car ot ene;
)

raeePShol farmuda-ded et i Addiianellys diriswention reduces or
to b-

e e e P PRt P B R Ch o ABRMES e ane
crtmndde?qm mcfesrsae:zla-ieldt':ipfamS/, iggudingtm’nm*r_ d_rﬂbr@l?fﬁ(ﬁd}lf% (TNF-

, r i gur i nc] udj ng, ast axant hin
Deraereima B b oo der B oot TeRBeh P ReRUSHEn ).
Wﬁiof@@@l&d 'A&thb%rb@@ntﬁh@éﬁmn g%’é by tocigﬁgb%‘ e
pro uction in a or gani sm nay uste
inhemmatory Ctdmilt@rpm@mfam bimay alisoi nrgzvem thaonset mbr e
‘f roteins. %nvo ved M carotenoi d biosynthesis. As
%% 89893316me§%wg @%ﬁ%ﬁrnents it wll be desirable

to utilize aﬁlswmssmhsnwwp THE DRAWIRRGSral |y
produce one or nore carotenords. I'n sonme such cases,

[086829bc Uona Morg soomwi¢tacmstesstagdimomafibe ipsesastt irvention,

PRrbS IR M AR BPckes SPigREEReRIM Sonitmetion
witlotred @@Cdm;y@{w@drgwlh € synthesis of that carotenoid
and/or b decrea3|n&§& e level or activity of one or

[(ABP30)r dtighies illwstiptasdhereftect ofb&G AY ral Py atavehi c

SRR A0 b0 Ol B Hla PRSP bl et ol ™
[Doodm]:t i mgum‘ 2 (ngtrateshibeastfdt of EOS 68 theintestinaal | y
produced wahe host cell. [0079] According to sone

gfrat peps, raﬁetﬂﬁni@tﬁd bt Migrograpes @ ¢he Krestinad

ﬂéﬁhEQHHE§3§H8W8bsg?ﬁﬁbﬂﬁ%?ﬂ Qﬂﬁgﬁwﬁﬁﬁﬁggﬂggggt@ﬁ?a?on

ypeptl ost ce
cﬁhﬂS@ of ordinary skill in the art, any of a variety
of het erol ogous pol ypepti des nay be enpl oyed;
selection will consider, for instance, the particul ar

carotenoi d whose production is to be enhanced. The
present invention contenplates not only introduction
of het erol ogous car ot enogeni ¢ pol ypepti des, but al so
adj ust mrent of expression or activity levels of

het er ol ogous or endogenous éarotenogenic pol ypepti des,
i ncluding, for exanple, alt€eration of constitutive or
i nduci bl e expression patterns. In sone enbodi nents of
the invention, expression patterns are adjusted such
that gromth |n nutrlent-llnttlng condltlons IS not

- o o o o .
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yeast, fungi, bacteria, cyanobacteria, etc. Any such
organi sns nay be source organi sns for carotenoid

whr@sgmobesi s pol ypepti des according to the prESENS2006/010321

invention. [0084] It will be appreciated that the
particul ar carotenogenic nodification to be applied to
a host cell in accordance with the present invention
will be influenced by which carotenoid(s) is desired

[000352] erogllur@e’bnllustuate@ﬂaamff@ct ofsbﬁaﬁem wtoﬂxurt&mduhe@u S

RAHBER kA oeRFep BT G 3 e R ROt B8 o

n@tb%@n@(FleM lrvélr gvgnm pfedrh @s@ 0’; d@n@lflhhg'(lﬂ:@f DY using

rel evant for production of canthaxanthin,

mﬁ@xml@ﬁemmum@orbe@mﬁaaydﬂb%) ut ei n and

REFH. & Qe SRDSedlnsing <Rt ALLER S INERR Euetiony rom

prssthi(Fie ) RingduRd (P9, B usim QQQB%h'n Production and
I sol ation of Carotenodids [O di scussed above,

[20034dul aﬁlg@rie @fHUIStrpte@ thediftest D%LGICbagumtea&mj MO antiity

aII uce o el evant organi sm
ff??‘tgﬁsga() e BB RS e aad | Pt ng
[00039}JerFlg§iféeGlllfUSt-‘rafé%rtﬂbtéﬂé'&S of GG BA légtdkﬂ‘\esﬁﬁtﬁhdances
accunul atron have previously been established for a

ﬁgm@eé\ sopwsi ayieieaievelsiadha dung, dilglarm Bghosaytoking levels

7 R B o U C ShORREORGHS QR nfReRlavr

Genmmm.EmpDEscumN mF mms Pl;ail@ERREb Emnlmamw
[Bpeaeﬁhri%efer@ma wowe;wll Q@@Bad%!rbfa@tgd di‘P th%@mb@nlments of the

356l 38m. 5% SEERED S5 b LATFATERE plte,
avidnhplbés pesiidedbby way afxplaraitienioftka inveationdndti aeniﬂhaﬁcbn
3hanigsion. 36056 LoD Sargrtss GRS P T
VHridRs rROGREATERTY Snd %‘ﬁatid?w‘éec‘%i ¥E TR i 1R ﬁ@%nt‘?ﬁvérﬁno
are grown under condi ti ons ermt ac ation 0

Mhommamﬁom st6pe oITS%ntb&%e reENtienoF ob ifgtark 2

% 24% % 3009 59 5% / OW 65%
fegtires difstBred e sssbR as L o e cRIOAENE <o Beutisrd
@ ahbtpied erﬂtfbdhﬂéhﬁtméﬂ@gﬂlmr ebeJW@ht Cel I s

utilized are cel ich are naturally ol eagi nous, and
[0888¢kd Thuspiiod umtendeqbﬂmatttbe phesead dnvandionepyees such

Aadieafie b Saliterts FaCSRe. i IrdsabEhl heldhithdeg

dlaieieane tigirdgaivalentN OtHapiohjsdts Tehlitbs dagidspeciserehs
of lipid production and accumul ation are

RIEReBYBYeNtiBaTE digclosed in ar arpmelNiaenifrom thedolewingcel | s
(ﬁ%@@%dé&y fnO"t %rt‘g t{égﬁrb&rbgréfgo@l lﬂ’ oft %1”"8? 9#’3{' %IJHHB the

een nglneere uce pid-suc

afe thatele lpessdra didcusbipnds prdeceiption ofilerembleay eetbodiments
of ordlnary skill in the art wll a preC|ate that, in

A IS Retdoiended @8 IiilRg the hroagles aépfe@@tq fie prpsent
MU?Mﬁhﬁg lipid accurmul ation in a source organi sm mnay
well al'so be useful for inducing |lipid accunulation in
a host cell into which the source organism s ol eaginic
pol ypepti des have been introduced. O course,
nodi fications may be required in |ight of

characteristics of the host cell, which nodifications
are within the skill of those of ordinary skill in the
art. [0088] It will also be appreciated by those of
ordinary skill in the art that it will generally be

desirable to ensure that pLRFUCtIOﬂ of the desired
carotenoid by the inventive nodified host cell occurs
at an appropriate tinme in relation to the induction of
ol eagi ny such that the carotenoid(s) accunul ate(s) in
the I|p|d bodles In some enbodlnents |t Wil | be

. o "
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w@e@dacwad by adj usting grow h conditions.

carotenoid, it wll sometinmes be possible to adjust
the rel ative anounts of individual carotenoids

it has been reported that controlling the
concentration of dissolved oxygen in a culture during
cultivation can regul ate relative production | evels of
certain carotenoids such as b-carotene, echinenone, b-
cryptoxant hi n, 3-hydr oABRfeviatienthe, ast er oi denone,

GRG8E 28 b8 R QH e ou o lon g PEliagR b8
[Radtebaciliuntirimfo 425G 0H L OPUFAA Ubagwhairepol@linsatubied fatty
entire contents of which are | nco(r;por ated herein by

r

€ R cliporayragsharde tI-cintertaukin, diNRibawireeresis factoe

nt., 4 ol (g : ci.i £
B o eCef reBfbBth bisRbd Rl SReke, aramtr
elated oncggans; ELIGA, &nzginerirkedsirmawand stirbe it §sbagt RT-PCR
organi sm Wiere nultiple heterol o_gopsN%)I peptides are
RYERE EaREplian-Pqlymaaperdaie ssaciigneA i NNgSIE |9é

0 [ ar. alhk, ) o Hit 4 S

P BRSO iR R TlatiBh: PhE pticlkBathiatnbtaCtoRtRIAS, g
ik shestijutes &P OI, midoperxidaset MaRSs, Toll<ikdirécaptots) EPA,
al |l ow ng the prod fon of high | evels, of_carotenoids,
Srestidtacnoir Roth Hioh. GaasabefAradt Bebudra asptant
d@gbe readily isol ated because they accunul ate in the

l'i pid bodies within ol eagi nous organi snms. Methods and
systens for isolating |ilefihitient es have been

G, S, W B TR ™
Berfitidi effects R heRdalibobfle HER; 5, 583, 019; 6, 166, 231;

6, 541 049; 6,727,373, 6, 750,048, and 6 812,001, each
B0048] chThe terAt trrpbiciicemeses @ Romgigestiblesiood ingredient that

' , [ A i cally recovered
?tp{a%%'gélﬁy%ﬁ&r%&@ 3 gé’%%%b\é@aé{ﬁpwog'ﬁ% fi I>/t ering or
foo04n] f uyaused herdins etermstraaisg. meahs %n?éli;%ratinq, o
honogeni zed and then subjected to supercritical Tiquid
iRrPYPYI HeBedyova Aiseaser Aiserdsh. Qresynptom oha sigeaseter
éé{.&ﬂﬁd?}ﬁ chl orof orm hexane, nethyl ene chloride,
nmet hanol , isopropanol, ethyl acetate, etc.), yielding
p0dd2}e Dhé tervsfredacing” mBans toidimiistpRnettent, @yount, or
ggti onally be refined as known in the art. Refined

9'€€may be used directly as feed or food additives.

at+ n bk ] C t '
R e Yo TP R oo 1oL aRB oI £ ffRedSe.
flieoris}, @ syenptohreob amisdasei drcontlitioarthreugh stengerntoal | y

| dat.i on, ny. enpodi nrents of the invention enplo
{oBodd} 3@1%?%{5?”?%%&%'0?@%98,90{ BREPFhareans rq}wragﬂqqg% ’

b otV i,n E, BHT, BHA, TBHQ etc, or

ﬁén}%imﬁgﬁiégégg}% Eggié'of) during and/ or after carotenoid
[096K3a] i ofhe frhes tieiapeltically eftittive @nadunt, refer to an amount

m croencapsul.ati on, for exanple wt rotei ns, .may be
Erp T8 3 iBeraVamp ! e msisialh ot B sl enns, ircaiien or
;Rggbtgﬁ{sodﬁhgwgéégwo,( itidPr exanple, U S. Patent

i cati on 2004/ 0191365). Uses [0096] Carotenoids
[90046T e dTlae taymuf prgtarom” trheans as efant borerddfore thererabof the

g&hliz d gnsgng of a variety of applications, for

T hGFDBPY9hg their biol ogical or nutritional
properties (e.g., anti-oxidant, anti-proliferative,
etc.) and/or their pignent properties. For exanple,
according to the present invention, carotenoids may be
used in pharmaceuticals (see, for exanple, Bertram
Nutr. Rev. 57:182, 1999; Stpgh et al., Oncol ogy
12:1643, 1998; Rock, Pharmacol. Titer. 75:185, 1997;
Edge et al, J. Photochem Photobiol 4 1:189, 1997; U.S.
Pat ent Application 2004/01 16514; U.S. Patent
Application 2004/ 0259959), food suppl enents (see, for

o o 'Y o, T T "~ NS

For PXEIE1086/010321
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[0099] As stated above, fatty acid and gl ucosi de
esters are the predom nant carotenoid esters found in

wmaioeneo3xwher eas additional esters (e.g. w th PCHSI006/010321

aci ds or inorganic phosphate) can be synthesized to
generate useful product forns. For delivery,
carotenoid esters can al so be fornul ated as salts of
the ester form (See, e.g., US Patent Publication No.
[96048bochtrer jerny | jotemd] MERBS @rtiiman dhatdatesisdhendibout 1 year
@ corporated into a given product may vary
ramati cally dependi ng on the product, and the
@@ouap ul As uead tlcesial tHeStermNFhNERrmAEP lhﬁ’ééﬁwsf@léohfﬂ&ﬁnon
or exanpl e, fromless than O. 01% by wei ght of the
ﬁbﬁb ae@fleSttbe meitentaauitementef aroimfargiog keingwsr sybstitute

0 f h
B BB s N R St RSy o T bt i
diotated bythe fedard iegdlatRnetsi fréts at 31 I0IF R.[SEciond 100t 0
a conponent of food or feed (e.g., a food suppl errent)

W abi0tobbepe W@@n%@@flwerW@nw@@lm AnINBEAl,
%ngg: BEI%?trﬁécr%ﬁ éefilulf féVe W'?aﬁ ’gff go i ﬁ'ﬁﬁé&& t%%bgﬂyoggl gh@ other
o pedEs, off humans,br@amj rhillquor s; confections such as

jellies and bi scuits; fat-containing foods and
bever ages such as dalry bléﬂﬂ@ﬂs; processed food

t S|Sadd
[PORARE ! PRtk ordindd ity plevent IVERtiofia RIS 6PdF L GG in
thiei mangissture off at medicavearitifonthei treatmenber D&Bfauﬁloh@)f

' d d f edible
R A L R P RS o
@O@b%{'t al.eeNg o 9%1&&9&%‘&% %olét‘é@]f% h?éﬁﬂ}? hEPndH intestinal

eedstuffs into which carotenoids
reortiwas disclaged indJ (& Ratent NQ\/@GBQ@QQﬁaﬁ@@aCh et al.,

R RBBTS s ien i1 8 eh T Ehel PERIS EBER

fesitantanlrhosteshtibictitsostabldifi e gRBSends 6f acif 8@ BiR! and
farmrai sed ani nals (|nclud|ng |'i vestock and further

atrghesi avidly ite musosel celisaefdhs human indestinahtiaat ult sunéyes
1o Byt FEMOSRIER Bl Hh WPICCF dble P3O A Sl 1n

uced I n accordance W e pr sen

adnbmlpw s edlonizapioafabilith) IyGGaahledb @bheﬂdﬂally hffeGts gANE S
|ent This food or feed

which is the int ged reci

mpupe é?SRPéS?eﬁa\Fg A dﬁﬁ?%' edhith th depesitory gutharity y
(B8 TRe Salie THIRialEh P acecid b Bl AT 85 10s.
(0608 1pr ohuibe dnetinodtafribe ahwem;lonna dherapatitichliyrdffective

SOOI RO o BT b BB S He
@fﬁlL/ﬁg/@BZ,forCér?ﬁfiﬁntarlﬂ atrﬂﬁhi éﬂﬁbodlhﬂ\é?ﬁtﬂh%k;ﬁ?sent invention

antil -sunburn cosneti cs eup COSﬂEtICS ragrances
@ﬁmmsﬂ%thecﬂdmmmtgatmeof(tmt\geen tabouh petd’eand 1x10°

d b
0 R AT 8O s
ih08A#{H cénﬂpﬁ@@?t@’é’@ﬁ\hﬂ@tﬁétﬁ)n 6’In@od?ﬁ 1@0830@@/@5&%@ LGG to

carotenoids is incorporated into a pharmaceutical.
#ipntes of such pharnmaceutical s include, for

i nstance, various types oftablets, capsul es, drinkable
agents, troches, gargles, etc. In sone enbodi nents,

t he pharmaceutical is suitable for topica

application. Dosage forns are not particularly
limted, and include capsules, oils, granula, granula
subtil ae, pulveres, tabellae, pilulae, trochisci, or
the like. Qls and oil-fill capsul es may provide
addi tional advantages both cause of their lack of

i ngredi ent deconposition during manufacturing, and
because i nventive carotenoidcontaining lipid droplets
may be readlly |ncorporated |nto 0|I-based

T
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WG 2006T8DICT TAT TACGAAGACTAC MA478

MA475 S' - AAGCGATTACAATCTTCCTTTGG MX4476
5' - CCAGTCCATCAACTCAGTICTCA MA4T77

5' - CCACTGTCCTCCACTACAAACAC MAS34
5' - CACAAACGCGT TCACTGCGCATCCTCAAAGT MAA544
5' - CACAATCTAGACACAAATGGATTATAACAGCGCGGAT MAS566

5' - CACAAACTAGTTTGCCACCTACAAGCCAGAT MA568 5' -
[9Q88R3GT Abe AarrapEatmaTsiraivey chtrivBsthe method of the
(L4 ([

%X s ﬁﬁg&em@@ount is

-
S oo Lo Sl Mgt
%& mw BMFATATC [00115] | A:

k
l|c:>b;1vto ne synt ase |§§%3§%éﬁféﬁ aseb%trgﬁﬁgg%ggﬁﬁfﬁnﬁg
sweRBomdsnatniionllyecbriiplete Whd contiimebligsie sydeTaxe

P T T s
?esul f?ﬁgm EQ!F r agﬁgt \N§S phospmmry 2%%&&669/1()%@8'
ﬂibe;ammurgmltﬁpmetem tyagelly The veeg trbtri algomtr‘agzlrmmmvmg/mo
t nt t SKI |
E%%EJh%Swaﬁﬁafem BB BRIy B apalrom abost himaneut
OVRES O Progsn saﬁn%%%n' e aniNOSE@RFtHM 1 Gd ga‘h%‘?mfat

4603, yielding pMB4628. The intron contain
FﬂJ&SI whey aeetein; 6aseig, sey|peteis, haﬂmimedmretelmaarﬁmo acids,

Bhaie Mo BB AR Risf R fan BiBrucizegdb e gt @ goc

Bictaseg ghaiogect@nagedp solids, maltodextrins, sucrose, starch, rice

tacaca cacc atgcgctcaaattcaaatttctgacactggttgc
Wg&@ ﬂg@@a&%ﬁ@@%%@ pgtany used in the art, e.g.,

Cg@é@@@é&%@ﬁ%@@&ﬁ&ﬁsﬁ SEBEART G FAGRIEL BT 9 2

CCCtt ggaggagt acat gt'tc cat
awtdmrgtomactr@i)@gudetodabghailemg;ymgamﬁgnﬂ@gh@qmb@Qﬁlb@\%‘r
t. ot tgl gcct gaaacgcccgt cat gcagt cc

({g@\e @%{cttgtccccat aacagcctt at t aat cact gcat acaaggct
{ange@ﬁ%ﬁ@ﬁw%m&%ggﬁ%%% lﬁIant formula can be

tttaatattaaccattgcatacacagcatttggcggtccctggaaagccactg
used. aEggaxamp@cMam@gﬁnmmmemg@etﬁormula Enfamil®

vt Feclutdl. ititodihe Pordtaaly & Sbsorted 9°9
Qﬁ@i!él@l@tfﬂirﬁ WSAE VSRAEICY @@ﬁﬁwtmmét IN 955989 A&7 Be
gcaccggc agttcgtcgtgccccacct gcccgt

wijh ﬁéttab!gd@mlaaﬁ. aod gisedtig graaticegaftthe gt g
ﬁ)%% Bgﬁ,te(}g??ﬁ?ﬁqt ggcgat cctccacct gt t caa

aaacaagagtc cagcgcccat accagcacagcaagt cgttcctccacca
[DI0SS6] C ke 8aboddasst diahe in e tioRIBRGG can be combined
ccaa gctgcatt ca acacatt ccacgacct gt ccgt cagct gggacat cct
%sgfg’de@&% mlmtr@b;@a@sggztfe@woprevent systemic
{ { at ac Ct ttt
@g%@ﬁ%@ﬁ@g@ﬁﬁg%ﬁggﬁ%@@% a/gﬁg@g?&&‘cgﬁnown i the art will Be
mﬂﬁ@bﬂag@d@ls eaRARLINE AR O 4 PhARUGR GBS ARt GBEGRESREE

'§t‘i?'6’ 30 C aaaag acaagcgc gc C gaflzgﬁ%gfgﬁfdﬂl@gargtétﬁdpbeg
ose 22@3%203@% e PEYERTL S A hEIFARTAH D a5-crype sombiagd

witly ggatoraggegyebitticagatrebt 8cprABAt Systemic inflammation in
gt gt cgccagcagt gt t ggt gaaat gt gcact cgcat cat act ggcccacgcecg

acaagcccgcct cccgccagcaaacacagt gga

t catt cagcgt gcgcgt gaaat gggt ct ggt act ccaat at acaaacat t gcaa
gagacat t gt caccgacagcgaggaactgggcag

at gct acct gcct caggat t ggct t accgagaaggaggt ggcgct gat t caagg
cggcct t gcccgagaaat t ggcgaggagcegat t

gct ct cact gt cgcat cgect cat ct accaggcagacgagct cat ggt ggt t gc
caacaagggcat cgacaagct gcccagecattgtc

T T T T
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cgt ggagggcccccttggttttggeccgatt cct ggattt cat gaaagagacaca
cat ccact acgaaagcggcaccct gatt gcgct ca

W@owags@s3 t cgaat ccat ct gggacct gat t cgcat caagt acget USIHaE/@10321

tctttcgcttgcacctgtttggcaagat ct acgaccg

cgcttccaagt actt caagaccaagaagat gcgcat ggcatt cacgtttcagac
cat gt at at gggcat gt cgccct acgat gcgcct gc

t gt ct acagcct gtt gcagt acaccgagtt cgct gaaggcat ct ggt atccccg
fogodlgdedtintantat 4oV poehiote kaepn dythgyart will be acceptable in

R BeAR R g DEaD RS bR ST ey nGod" " 900

|86t Wsea g aldcesaRGEE e R 8 AGE TR 6 DREOSE4MaGia 8 JisbeHHodt aac
Q%cagat ctggt ctatgctt at cacaat ct gt tgcctcc

igeacrhajisiec gorbertalignseggaan @suargaegtet ct t ccat

SR e RO R A RE ot caggagaget tt gacgaaa

[D005TRadaaek bho et cptisddigleatadiet rekkat invention, the infant
tacgt caat gt gccct ct cgcat cgat cctt ct gct gct cccgacggcaaggac

foenglecney gobtaig gthpracive ggeoth sHfaag kyg chain
p‘cog\glgrgst%g%%g%lfgagg %@g%ﬁ%ﬁgﬁgﬁ %@gg%ﬁf@ﬁ@%@%&ﬁé&%&"g
arggmatigtitegetat titlingtdigacidl gainbgaeiti huslergdiddiraisric egie,

QISR Aot PO Ay AT 808 LITAg i 80 argbpdinent deGGdea
SRR LChAOPITh SR RAtHBIRAC ¢h BhbiHdrdMibodiment, LGG is
gggt gcaagcacgcat cccggaact ggt gt t cccat t gt cct t gcaggaageaa

apninistetect ipamalzigation with gyt i ggbanother embodiment, LGG
RS AR R R B AR AT RRBCIERThL AR
Avalileplel iBfaf 96ia9a tthat @iihind THA L ARAL b blddmtGhhGdh BiTb6f

aat ccaat g ccaaacgc'ccEcat cttttat Qaat aattt gt t a .
eay @@asg:m?w@gte@twm &4z aod asedtin dhe peasenbowention. For

R e e e I A A
ARA[ isqelrheldreiatipayidvieidge shay be duppriasitas vigwnl gGod

df nket hi hyesgt | i al kknfesiwdl iri kyap
\Wiliged i thek Predent myentieRkkr ni Ti i af t f gt mymgnspydapavysl |

egj f | eai :
@ﬁggggk?'HWJ%?’E’E@%?‘F‘@?QWﬁﬁg\yﬁﬁﬁad %ea‘f/ enq nppcrwt gn
(]ttdlralsihbtibsf\ﬂim&%@swﬁl téatrsq?tévnhuiinﬂa_mmation in :?fant_s. IIn thish
%Sgg eﬁeﬁﬁgﬁﬁgi ﬁ%ﬁ%ﬁ%}%ﬁ@lﬁﬁ% (t]lyp;)Si'c?laalll?/Oll‘(F:’ongnI Sé\go\ét \1/p3| t% m
SEBIGRA! 1P BASAIRAUMBRK LN SBLL A UGG, i rBRS KRESY
ydnl ffvgast hpgt gvpi vl agskl t'sdqvv
alxfugl1c2 pk pbkuesdntlgyel erpliiee stmbodiment, the ratio is from about

L A O R P 2 0
90099 TSFoFE68, B QDAL PRORBER I o
iﬂV@ﬁH%\BétBBi&ag\bfrem abeutedmpmertkg df odybwaEght pendaly ®

B8t s B har Korordy AR S Hpnnene SRibontsiaastine’
iaveaich, IMBARRAInt MI68rabout 6 mg per kg of body weight per day to
5 ERTTE Woh685

" - CATTCACTAGTGGIGTGI TCT GT GGA!
apautAGRBe rET taTdtadg METgETEE eyt dossithahembedimentripe

' ' ' equence, and engqded r.B(
SHELAL & Riih SeeE LB B8HEBE PRI 46 dbbut 60 mg
parirofivghanerfabeptapt In{GaHdeE 08a8ba DS 8 aREe COTSIR S
gctgctcgtttggececcgega
aggctt caaggt cact gt ggt ggagaaaaacgact tt ggt ggcggccgcet gctc
ctt gat ccat caccagggccat cgcttt gat cagg
gcccegt cget ct acct gat gcccaagt qlctttgaggacgcctttgccgat ct gg
acgagcgcat t.caagaccacct ggagctgct gcga
t gcgacaacaact acaaggt gcact t t gacgacggt gagt cgat ccagct gt cg
t ct gact t gacacgcat gaaggct gaat t ggaccg
cgt ggagggcccceccttggttttggecgattcct ggattt cat gaaagagacaca

o, o . .
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ccat caacgccggt ggcggt gt t accact gt gct t act caggacggt at gacac
gaggtccttgtgtttccttcccct ctct caagcggge

WO o@agcvgEt aagat ct ggct t gat t ccgaggagggt ct caagt CREL/USasan0321

ggccttcaactccacctctcgatttgctcgtctcca

gtctcttcactctacccttgctggtaacctgctgtttattcgattccgaaccac

cact ggt gat gccat gggcat gaacat gat ct ccaagg

gcgt cgaacact ct ct ggccgt cat ggt caaggagt ac%gcttccctgat atg

fera gy 1 & thae oet g §f Rady aaightaargyda about 30 mg per kg o
caact ggat cgaaggccgaggcaagagtgttgtt gccga

@%@g@@ggf@% Ctcacattgtcaagtctgtt

[00066R adTIgnetettpaCanbaht G ABAJA PESRBbOGidGSRad Aaé prasRing
ggt agt gccat ggct ggct ct gt gggaggt tt caat g

ig¥Rniogde drrisalbcirom: aRau fovgtrar keafthpdyaveight paday tect g

e 80 g P R S e IR e P e ambogimentaf s,

It Mg oA . 1o et
ctatgc

(g%g%g%%’é é%@d%g é{g?('f ﬂ‘%éﬁ tb%g*é’ g(ngjg § lg‘?gftQQ% g'@a%]iqtg?'? gcagcg 8

HIBSdibfeHt L @B rh6h AT SridsHrd A b9t § 8L G bal #GRARLGHAGHE

cccacaaccggtcccagg

pr atetydotatoyy ©0aag qey kgtaf dggy cgzigot meradmgt ot vt @anadeygt t

cgaatatttgcat acggtcat a 00128 .

S BRI P U R G S ERE SEMt 2P 0GRS ke Ry WRipl
pereRgl totddduR B0aYY er kg of body weight per day.

| sl egkl pl yal ekqgl gdnt ravgi rrSiisgqgsnt kt et skl pyl hydydrv
[0986tEn VT iy aplownd of Pitnindigkant Hiomnulas for use with the present

BRI BRI A LPREARRL 3 i ST CRS HEdRR bb'RGATE' ™
Rdall. frf 6ihé @efbBRIMENS 89%%§§WKﬁdﬁfﬁﬂin MEY HORY SbstkTR

ai nwi egra%ksvvaeati pahi vksvl

RGHA0Iah % RAD a0 M} 00 kel and i eapYies equnsioent feni

P [ i j .
%Bg%q\égrrﬂgbrdg%%ﬁ%s gég%% gﬁ/ :‘ (g(g 59?'%{8 %% %'}'8}";?59 hl vgshm
grhbogigait pdkios pestent irmvepsion Cihesarh@0AL2S DHE. is Bbedtier i on
of p\B4692 (URA3 tefly-crtZ) encodi ng carotene
rﬁ?ﬂ'@ﬁ% se. The follow ng carotene hydroxylase (Crt2)

O o iy ARt SY AFUCH iRt s 6% (it e pregent
ihvediorn typrcadlpdariebifrasn abdutt Nhger @@ keal to about 100 mg/100
A e e AR A LT CR L L\
Bl G A LdHoiuE 45%?%1%%%@&9&@6&% bigPER RENIIH SPefHa02

gaccat cacgagccccat gagggatttcttg

erbadimani dbe emelwd of ARY vader rotrgakaut A gy 1A kealdot t g

cct.cgact et cccat gat cat gggeget gac .
Fa S gL T § PGl abgdiment Al the PIRRR gt cat o
ihaémt ,&wtbmt @‘f'tmzsgﬁcﬂﬁmcrtn?MOO kcal. ¢ cat
aacga aga cct aaacga acgccaaacgact cgt gca
[@Qegﬁhggﬂn@' a@gfggmg«tecmnl@%eg?ed witlg oils con?ainingnggA agr’\%

AR AOR 4 PO E FRLL IR i GORRSARhG TAagY ot O

tagbhiatied kAEWAGH 166 AR SRS agtie a8l cagasadded B the
sequence was cl eaved using Xbal and Mu\ and |igated,

farotp by taplagingepemuivdent ameunieiamobrsiahaagsigh dleism

il - W 5\,.a oduce
Ahes o famitdestttnahb duMigec A Bt ek dubletid
oifs duaitdinindBHA sied ARY ean Heaxddesiubtthe fomaladsdepldoig an
protein of pMB4692 is as follows: [00130]
ngganqt | aai | i vl gt vl anef vawsshkyi mhgf gwgwhr dhhephegf | ek
ndl yai vgaal si |
nf al gspm ngadawwpgt wi gl gvl f@vi yt | vhdgl vhgr wf r wpkr gya
kr1 vqahkl hhat i gkeggvsf gf vf ar
dpavl kgel r agr eagi avl reavdg [00131] I F. Production of
pMVB4698 (ADElI teflp-crtW, encoding carotene ketol ase.
The foll ow ng carotene ketolase (CtW ORP sequence

o s o S o .
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intron in strains MF447, MF597 (exanple 2c), and MF600
(exanple 2c) revealed that exons 1 and 2 were

weomwbilggeasls and were each separated by an i nt rBeCI/US2006/010321

sequence that |acked the original internal Sspl site
(present in pMB4628). [00137] 2D. Production of Y.

i pol ytica expressing phytoene synthase/l ycopene
cycl ase, phytoene dehydrogenase and

egtivalgnigmannt gthepasispitthe o verait flabblendvRrsT@llygwesent in
i \VB46, teflp-GGSlI) that had b

e ITGE oL R MR R AN of Lras) br with Stul

[00D64] N Thes&hok FPRINA dddaaRAREHh KOLANSBErd KRN the

cases appeared bright orange on YNBglut+Lys and on
arbDin am@mhwdinant i ibguveaeniriewention, saurcesmf RidAcrEhARA

eculie Boflonf pb 800 M & bab % F At 5P 1. APRYTI5 e
83887, 50a¢ tha digslosnfedy dfadhibh @ne FridkberafecRalens irfthelhe
ot hers arqgse by non honol ogous or nore conp

: . e C | ex
sMHirelyriut iederence o dicyesver themrggent inventism is.nat lipwtegttocnly
r easi e - C se,
p ytcgg'hemgéhy r'ggg‘n%a?eggémﬁg@{ %‘n@ﬁ%ﬂﬁ%@iﬁ@r ophosphat e
[69065hs dn dvie3érhbbdinsdrts rdsourtd idvETdantdlly B 6LEPRL oM

'%he ren%gltj ng diploid are plated on YPD for two to
A RERIG sinAnsemeodinaniRs the preser inyantiop thaiirfankr e

%ngg\ .t - RP,
@mgt e p-t%;‘icﬂéllé%i“%é% an369@9t%’§@16?2k§8#téﬁf898&%&4 ng/ g
efnbpdiehéntdmisgﬂh!ah ghood 1Ot g e RAM 60 kgabankd inryeYBRothenui d
BB Rrriie RbRB REL g0 R8P Ssel cOReipTgar
érABb&irtdriitohttahs 508MtaRaaRoko EPR, UAﬁ@’t’h%@%n?édo‘?ﬂn%n’a%trfgee

chosen for further studiés and hereafter referre
ciERBRPthatavenitrace @nobnts oftERA are ebseitdremdhedormula.

(o9PBaET | A% bRt ANE B B b Riip R ey A b .
adrhintstbR13Oh sBhpleenéhiatt iktegidl fo e foaenes flRfhgt FaF nNs

was conduct ed using YPD nedium (1% yeast extract, 2%

pEmRgelCHcan bedaggsted in the foumtafrasgilli iabietscapsule.aeandet,

: t. 30 Y i [ vest ed
Pt iR o e R emboB i dRre Bl 58 1
fpplemertcarobd dgasted in cambination dvifrostifepRdtrgmant i ty.

.8 m of culture was placed into an Eppendorf tube.
BANIEMGRISe SHEh AEMEATHAR Qs FRRIDINANER Wit B LCYFARO
AdEmehe sggﬁggq)pq@sd},AMe resuspended cells were
transferfed to a pre-wei ghed snap-cap tube with a
[0606PDbk da anothéresrnbpdinaent, thed @6l ik enoepeulbteabini 4 sdgat,

(3b ot SeiscBrds b P tlthet Scipgoc. s pinbrgiY Sobaaers
érhrromﬂ f@oﬁ@ﬁ%ﬁt@@g'&f tihd B%e%vlﬁvégﬁol%én Rigred p'&%\fiﬁ%@ir?a

screwcap tu or carotenoid extracti on.
faenesuifablecioe infants sethected fionm theagrto upeso resssiingadfédiiow-on

| eted cel | be f n. at .- 800C and. d.
B4R By Ege R kreut RECRIE. pulldeseldiciuehShankn:
tgglléé,gé@kié}lc%@(éﬂ &iha EBbicdiorChdreoft raction sol vent (a

v/v m x of hexane and ethyl acetate contai ning
[00068] bunythawsemiyie present (BIERYidN, thednfant isifoarmudes fedelm
' ed. (M.ni - BeadBeat er - 8, . Bi oSpec  Products, Inc.)
G REbEAimeubeaTRor Kol ad R R WheSerure vas
4rBOdIRRIM, e iATaA B/BIHRERSH from BirtAiuMl 8n RRBAVKIBR is less
supernatant was collected and deposited in a cold 16

m glass vial. The remaining cell debris was
re-extracted at |east three tines, w thout the

addi ti on of zirconia beads; 6aII supernatants were
pooled in the 16 m gl ass \)i al . Foll ow ng extraction,
the glass vial was spun for 5 mnutes at 2000 rpm at
4C in a Sorvall tabletop centrifuge, and the
supernatant was transferred to a new cold 16 m gl ass

'Y ~ a . g
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[00145] N. crasset genomic DNA is anplified with two
primers: Neuhng fwd: 5

WE2E0ACEEST CCACATCAACAat ggcat ct gccacccttcccc NeREyS20e6#/010321

5" CACACGGATCcaagt gct gacgcggaacttg, and the resulting
fragment is cleaved with BaniW and inserted into
roHl - di gested "p641Pgpdble” in the correct
orientation. The resulting plasmd, , contains
thag waecyearcand i f@gﬂala-faddg@f@ﬁafyaWblchdm@L@@t ic

q—ﬁ);ﬁiég’ﬁe @% rret hyl gl ut aryl - CoA reductase from N.
8 Yecessi on: XP ' 324892) under the
[00069P! IBfa mecQ@rﬂ%thdtfmtéﬁt &RReNsre8BhEhvedtirs thé asm d
can be introduced into the Y. lipolytica strain

ipyeatiatcompEsemiseatintroapeventiag 8y stemie inflammationirea

AR R P o 998258 O EPAF Bl o e
pretariointmet |ﬁlth>@|£t£rh1 ohan afadicfemukesr ahputher BxaaBlegofim.
I ntroduction of heterol ogous carotene hydroxyl ase and

[99080E nelnatiee ab thegriigsent nvention,|iGelreediiees ot peavigsts the

BB R L bR R A AR R BRI e ane

dmmdﬂanes ket dbmsdaifed infaat. oAensed I‘@r@dutﬁmngﬂéfnmatory
g gtl cah ’E‘H’NE%Q ag pMVB4698, descri bed as
pFe of ehamakines dnglude thase kowafita arkfg he involved in
At n n
BR8P ot ar o

|phidgahiad T hikrya, He- 10, dlbe dl-ABt anGGROMKBsr A t o direct

todng i CBemPlined are ciotoubiatsidlinds bt Frgpis Beurgton
SHEEKGCyE R frobT feHIO6IEN i feyURRrt8e Bl‘t@‘&)@%la@ﬁrﬁatlon

screeneéd for zeaxanthin production in D.
Weoaprodpes rrbamﬁas@m@mmts al'n@noklaasfcanrieald @ tdamage of

BT sl R e B Lo PR VAR s S8 noBe iy

eCARS it pne celistd hirdit oMhRgmaidtion) 1BRAhBMMINAR ophi C
col oni es are screened for astaxanthin production.

sntarparidotrat adekiperipdugetneviiephibehginaaiiagtant (CINC-1),
ﬁ@ﬁyﬂ%ﬁaﬁdéﬁ/ @é(d R?ti{e WESREiNB G5 Y. PMBA698 i s
transforme rst and trans orrmnts are sel ected for

[@007Rhe lr atciheophpodiiBud thed @redarnnplemtiBANLSG reduces
har bor i ngHr MB4698 ar e scr?ened f or_ cant haxant hi n

YriygYEDiSdhe sratpntaxalgene of MR R @rf@rmas‘@g[imameyﬁo is
&P R R Eh B FTLRINRAfRd Ih DY XA SARGRIEh o flitophis
@rmmmm]e lysosomae hef mappcptash It tdes Im;adrogennpienbmm Wse

d t d_h | fr P. i
NSRS e Bkl nS et hyimoBloings 608
tﬁ@ﬂ"r@ec’dsﬂmﬂ’f Qﬁdﬂ de8tr6 AW &ELRriB: TR ﬁat‘n%é)ﬁon NPO Ievelﬁ

ast axanthin. P. marcusii genomc I's anpl |
peRK a8 itradiesmptete desidoy pathogens. Thus, the enzyme is extremely

ERARCATCR AL OF QUG TR o] Brfleedt Vg

%ww@izda@ &h@ Wo@lnb@@é:ﬁﬁiase%e‘?é #ﬂm\éﬂ P/@uﬁé? ¢/u:d

enow fragnment of DNA pol ynerase, and cleaved with

Iphagethideced Ayraragesnansia the dauseoVipdel offigurisy, M
269 (J. Mol. Mcrobiol. Biotechno

ﬁigg%g§?3w§g9ai 6), containing the hp4d pronoter, the
XPR2 term nator, the selectable LEU2 gene, and
sequences necessary for selection and propagation in
E. coli. The resulting plasm d "pA" contains seguences
encodi ng carotene hydroxylase fromP. marcusii (crtZz
gene) (Genbank accessi on: 6060. 1) under the contro
of the hp4d pronoter. [00149] "pYEQ TEF" is nodified
by substituting the LIP2 term nator for the XPR2
term nator as follows. pIlNA1291 is digested wth
ANrII nDdlfled mnth the Klenom1fragnent of DNA

o o o p— e
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w@ewori®3PNA as tenpl at e.

PRI MER M 5' - GGCTCATTGCGCATGCTAACATCG, PRI MER N
5' - CGACGATCCTATGAGCTTCTAGACG, and Y. |ipolytica

containing the Nterm nal three-quarters of the FOLS
ORF and the CGtermnal nine-tenths of the ER&® ORF is
used to transformstrains. The resulting Fol+ Ade

transfornmants are screened for decreased squal ene
[80073s Aznwili m sgemin &@mamMes,yLGG bashesn shotvnae

f
BRI SR enu P ST £ Ry ied RENEES et smiesiea
that of meragafe%ﬂmfaaﬂ@t PR mdamaﬁagé ithe InBSkpAl mlBosa of
Al ternatively, the fragment produced in 7A could

fggnuladﬁédahmaratstm@duﬁe@ B levelsjmiar todhaénbmthafes

T AR b el Bl b5 RO Be FRFIRER. o' o

Mﬁﬂf@@?fd OINE- BP0 20l \aidak Kye idvaRsin[the fernstiaged
et al 2005), Cell 123:507-519] LI\/UhI rad and Par ker

ipdanyts Weug rgduqq@m lexefp|similai ierthahaf metherrs milkded s
|h{én¥g°wh"éhl Rg%g&%w o be used in a Fol+ Ade

strain, er to disrupt the ER®

[600TAR Tlﬁé)ﬂcﬂﬁllwﬂglexdmplﬁfslddscﬁbetvhﬂbuﬁlémtfmﬁﬂhents of the
artiall defective ER® alleles can be identified in

eS%%tr'e R Qiheserppodimeatsyiininthegoopeiithe elaims
ﬁmk\ﬁllleﬂe %ﬁpar@i‘@{% dne MEHEPHSHRA T Hom &?ﬁsn&gr‘%éﬁ%f the
u3|ng r sensitivities as a phe ectl
egmnefrcaﬁan ohyeprawtmsch‘éhe adventiol. aﬁl dlp«ﬂbyed herejsj thigs mtended
t echni ques.

D TRoN, Plosta St e oS briGonagered fo be

é@n%lﬁﬂ%ﬂy“vttﬁ thé‘Qdﬂbé Qﬁd @{)lrl@Bf tr@ﬁ&@ﬁﬁ’éﬁj belnlg indicated
bi osy nt'hesi s conﬁ@wltor {etl de results |
5]

bmttneezl@ms whichtf the examp SOrin[tbewa]npi@uIalmaarsentages

U PR Ss SRS A ERUES iialeligori c acia ot

0.5 My and rmnltored fgxabn%)@ﬁotene production, as
9:

descri bed above. nstructin an oleaglnous

[90P%5h oT'Bﬁ@éﬁﬁ\PM@%?ﬁ'b@é m/nat%rezalf e0d 60gthrre ngeessary to

SRAAEAAREL 0 RIS R Bl K Lol
@@eammtaeten @pragueDayleys@atonigpGieemaniowre N anfaM rats
Circi ng P‘\?h} des are overexpressed in. S. cereviseae

WeledPRCOMY dsiened o pashiostontefassing 9oHps witbdivedats,
AN I d
R SRR SR o A aRL bt
adelhbedat bo We?sofdl&ndf the rraUpu {PhThé igastrbstdowyfeeding

h f
BeS el EoRared PR Lo Gincdops of o trentthiithar
W@eﬂﬁ%ﬁed@t@ﬂﬁa‘ Somfath of HLpUSEITHI] IQ é%ﬂ‘itﬁo 1384 IR del

RNA from | yophilized bi omass prepared fromcuftures
ipsiudies abdevelgumeriglheulritign WRENROR inpogent tormmuipulatet WO

AT EB PR B lR RS A arhaftgpcitie. St ©
platamdat gas dore Arer RGN ﬁést@esna Timer-
CACACA AGttaaatttggacctcaacacigccc acl 2fwd: 5

paege cogreciad tmtfeedmg tobes andwere set

e By IR P BN RE B R a3 b Epengront

with Spel and BanBl, and that fromthe acl2 reaction
is cleaved with BanRI and Sphl, and both are |igated
together into YEp24 that has been digested with Nhel
and Sphl, creating the plasmd "pl2". The

bi -directional GALI-10 prongter is anplified fromS.
cerevi si ae genom ¢ DNA usi the prinmers. gall 0 : 5
CACACGGATCCaat ntaaaaattcttactttttttttggatggac gall: 5
CACACGATCCt tttttctcctt gacgt t aaagt at agagg, and the
resultl ng O 67 kb fragrrent |s cl eaved W|th BanUI and

T 1 -y . a a2 m I 1

—

The resul ting fragnmePCT/US2006/010321
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brief, cells diluted in buffer are stained with Nile
Red, excited at 488 nm and the fl uorescent em ssi on

waepwetita3i n t he wavel ength regi on of 400- 700 nPCEDS2006/010321

acqui red and conpared to the correspondi ng spectra
fromcells not stained wth Nile Red. To confirm
results fromthe rapid estinmation nethod, the total
lipid content is determ ned by gas chromat ographic
flmarajei Eivefmothersrearad rotstafghasanne atierwerd ysed as reference
tr fmet hyl esterified fromdried cells, as described
R% M crobi ol Bi otechnol. 2002 Nov; 60(3) 275-80).
Doo76r a@um{g’e@ & mlﬁwnahq)er@ar@ier@am%@f&% V\Pdps
10% total lipid (dry '?ht basis) after
wefe\fe@v\ethdat mﬂk @uaemutm(lPdﬂSb I grajein qomqmant @étne RMS

W B AT AR GBI 0t B8 & Rl Bk Br e ullng

eﬂTdJ‘eﬂrbqun‘eMBDn@ﬂﬁaﬂ erBW@h .2068 161 ks RMB faFgtotips was also
respectively. I ntroduction of heterol ogous

divgroa é’H@DW@ﬁQSWHé%@ ¢fiilldhorday L&y The athanaipws was fed

RS ML RER sDap B PAHS A B B FRRR R

groups pddaEithehsimdqaarititeof fat end @ér%ﬁyhraﬁegi Sever al
Ura+_colonies inferred to contain tef

198977k J-ipepeysanchatide ﬂr%%hfé@ﬂz%%pﬁeﬁpwﬁrpqllroh?ﬁtﬁ%ﬂeﬁ&

SR PP (R s RSPy el SRV ARG D0 e

t¢dncentyatiar oft 2 englens c'lrhelgaehnosiotnye‘ed |rdtssn/€r@hjmen?be®eem

28 PP a0 Ralby B PS e e e BrlarEy st inBa ey

éﬁer/fﬂ_@ Tﬁﬂlétfoﬂtd? a'rt|fﬁ‘3$£ f@é&l QeThé ‘E)%E velrﬁga@?’Au LLUS
S GG FOR THE REVENTI ON OR

smapnmemn@p: f@&aays. CTlhINIdeAMVNBI dzeimninad mmwmdi@to

eRUEN oA S Veitho. et onaampo o veight Gaif b2t wa ot

Aoelatdd With@ sighifieamtlindreise i bRaNGOVEAS BLdSy BéricY.
nmedi canment for the treatnent, prevention or reductl on

[90028k ¢ oM tbeuem efitharday ireatment patipd.- thedat pupsverg 2)

5818199 4 oo RE b ey 05 e A

was rérabvedhang espasited mlé threé PUAS] 18 llbylrr&ﬂe jumdracam®us
agent, antigen challenge, or physical em cal

dyodans. SterERwj 801 CloRtrzeaeiass b aad E&ﬂSAsorcfmedgrrw A8%

hifel FBREled Bringh R AR FEDGY, L BRY, N8y BHTR]eRR
Wid stoterkati -80F @ foretrayne #sspygs sadiELI§Aner al |y

(09875t Soriaslaettialriare 46PoSiiddgon oS bsed to
SRAPRNSSY Weight, 'vﬂm%egagéﬁemsa*a% erfz?ﬁh‘é aétﬁ/ﬂles' PO,

t hese situations or ma rotecti ve
ElhSintor SidiCetn amiffNE-wan@genmtomeisy ceamlts ifesRE-RGR. All

reatin tlssue as if, it ct d or
SRR TR Al mednect Erae geviaton (T A endivay
AMAIYSIY of VARandY b@meérpgrbupe%m \ TR @&d%tdét&mme
proportion with the threat it is ea ing wth. This
whethenrawmigniicant diftenercecwas peseat emoagdditraptmeot gioeips.
body than the agent itself uld have produced. [0004]
The infl ammat ory respongégﬁﬁagégen found in part to
consi st of an increased expression of both
pro-inflammatory and anti-inflammtory cytoki nes.
Cyt oki nes are | ow nol ecul ar wei ght, biologically
active proteins involved in the coordination of
i mmunol ogi cal and inflannatﬁ;y responses and
communi cati on between specific i mune cel
popul ati ons. A number of such cell types produce
cytoki nes, including neutrophils, nonocytes, and
Iynphocytes as the najor sources durlng |nflannatory

oy .y o s o, " o s a Y
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"The Intelligent Intestine,"” held in Paris, June 14,
2002, Am J. din. Nutr. 78:675 (2003); Hooper, L.V. &

w@00d013033). | ., Commensal Host-Bacterial Rel atiptiEi5186/010321

inthe Gut, Sci. 292:1 115 (2001 ) ; Haller, et al.,
Non- Pat hogenic Bacteria Elicit a Differenti al

Cyt oki ne Response by Intestinal Epithelial

Cel | / Leucocyte Co-Cul tures, GUJT 47:79 (2000); Wl ker,
[00030] Rolhis ekampbrlllmttaeteattm &hartt of L&IG Qo ltloa geoattharf pups

GBS LR Bk B8 5 S LT o e
PgrobioPnafderingt 411 Sdthpaicel Bfrhather-Ras reierince RealksO

elicit specific imune responses at both a local and
RHgdiechplows that mqthardi@ldtaﬁlmlamram moreergpidly than the LPS-

R BB U GBS A st bR ke Q¥ rate of
pulf BedpweRyhelith theeiwie rplessédindresse ffertinensshinfiag of

that of an adult. While the mcroflora of the adult
the i JRoVising bEGrisrgastiostPmyriesl, kRS Beatgdrmupseiic pat
I cies, sonme being harnful and sonme being
‘?(('Se\fél’ve/g@ﬂt@@ e mcroflora of an infant contains only
a fraction of those m cExangde@Bsms, both in absolute
nunber hut al so species di verS|ty Infants are

[P08Th sthis examgla ilugitates thaeffectioh L& pRdhe mtemnai rom
R L ARR o ® e Bl Sori P RS ey the
ileauny becmtwtthes i$ A regloh}thalee mctsilhlghly eusoaptlble tofdeebam
deICUH f 2 infant's rrglnta

rReihelegies '%éﬂ e@et’tﬁéé%t' ﬁ‘?ﬁ?ro%lf S ga é‘PPE?‘érOt'Z'”Q
AREFRDGIith-rldtE p(eﬁ%k‘étlo‘ﬁ\g) t P@rnﬁ‘é]ln'—ﬁ%e)d @‘unﬁ Q§mglE§LW§re
systemto function normally. I't I's especially
embedded in pasaffinpBram aecﬂtmsmﬁrarmt usmgrmzm&ﬂelqmr@ung

he diff b he b |
o afPaBicraiBrice it seiionS PR Ther Sl BBl e
thathamiylinTasd ééQﬁI(H&E% bfaaaSF:ghe&ZIshbmttﬁe ¢RI 3T Shis stam.

&r edom nant | Bi fi dobacterium wth St regc ococcus and
Qeﬁabac$$¢t@@sa)§ ilewndrers iiishireaiedrrabours &igs.RG-21)

Qﬂf‘v&eoaé Strikd e%f.é M ﬁte%fnlllougoe{phlhgl‘urﬁdw]ttﬁ Hgﬂééséds

re divers a| ning erIU

@eammg of tdes:y&mlawh | coxsparied tamrﬁ@nmhémeemd:c@mﬂs @Sigs.
hyl ococcus Escherichia coli, and C ostridia. The

Zr}é P dguaes e6-8r sBow thsbinese segiansalsn éealurss) exngnsion
G 5o Bt b dshbrn poflohd ryapasile [,
miveculafis mw:nsa farchtegeheraivefchbnges in thedrgtd including

tePer LT et Ba e AeiRg oh PP T InrasRa IR Aty
TIONRS feBRES %Pé*éb%’rﬂtlﬁ me hfbtrterrf@aréa &éﬁt di Bﬁm‘t%&gﬁwd

variety of oligosaccharides in human m
aﬁﬁmabeﬁtlﬂibmgrwp traatededithul B8 plesil@GofSguresizivihpl Bog ¢

SHARF Baieet BRSbvBebsL i Eine s Bt ks ©
fSRIlBBN tRh Ye VY siniRr EStrdtoNn{emmer s ﬁtﬂﬁ-féw rd‘tlgtug% i9the ttter

Pedi atr. Gastro. Nutr. 38:365-374 [ 00011]
iBtasdines tha@netaplastic @inangﬁ inftbe ivilli was mtermeduatesbm/eea that

051 BBt o BabhuBL e PiGplh SRl s oeBRie' "

nore likely to develop inflammatory illnesses. Many of
the major illnesses that affect infants, including
chronic lung disease, periventricular |eukomal aci a,
neonatal neningitis, neonatal hepatitis, sepsis, and
necrotizing enterocolitis foF inflammatory in nature.
Dependi ng on the particul a dlsease t he acconpanyi ng
i nflammati on can occur in a specific organ, such as
the lung, brain, liver or intestine, or the
|nflannat|on can truly be systentc |n nature [00012]

o o o " o o o
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J., et al., Feeding of Bifidobacterium bifidum and
Streptococcus thernophilus to Infants in Hospital for

wee@eanoddn of Diarrhea and Sheddi ng of Rot avi PQBEUS2006/010321

Lancet 344:1049-49 (1994). In contrast, however, a
1999 study reported no protective effect of infant
formul a supplenented with Bifidobacterium alone or in
conmbi nation with S. thernophilus on epi sodes of

odcar ah eapebhuapas diusirated, byetheahetapReituseéroim the villi, which

P BRI P & o TR ReARE PPl o, 3. Ned. Assoc.

Thai . 82:S43-48 ( 1999) gx§ 4] U S. Patent App. No.
20040208863 to Versalovic, et al. is directed to a
[00033un d hish examplesiiuatiates thiel effanhobkGGon IGINGy1.aBdalls

i§880Te Bod Plesa ENGT BleBupatiRiedinddhnBRDEE ERtpe
linPnundh&trit Adsay kitd for FaRGrOWh-FbRH ditoBEAEMINICON (AJSS

ref erence, however, focuses on adult nodels and does

Dﬁﬁlgﬂbﬁ ArInodbosMBudpsetbansawasdetermingdas 4 Sacun cansk

SREN L ef el e d MR AT B DR el o
saamca;idlcurveBecause t he bacterial popul ati ons and

eci es vary so nnenselx bet ween the gut of an infant
(3006401 To FutherimiesaeigeheioripeiReatdbs diataoniGING - pophge.
[ ati .
QRRDENABR IS L1851 15 A9 A Sl cET0 el funo
amif ;aa‘sma[ 00 ahdhitial xpeRatemi tLPH pdnmioistrAd 14T paPs taused
Vidal, et al elates toéﬁb@gthOd for reducin

ad} RRIRTBKIRIS 14 da%‘ﬁié%‘&’y -1 Qver neBAES ireateqnups fed
tglaéés%r sﬁ% 'n€¥ ?ﬁ’ov%)s @@sgﬁ*nd)\ﬂn H“Pl)g@re BA?ﬁBen k%Bfﬁ?)’aring
of a human. he

and oral cavit
gastrhetﬂm;efqﬂ lLB%yeataﬁ PR torli g/ L& G-dfebitast andk matinended abts,

ineBRbAT G- ER ian e i BT ke saPiRertly pRePREhS 3
gmagycm shddestddna saagntl t'rérﬂi fowardlbethg®igBer hitpé grdigse

nposi ti ons could nodify bacterial col oni zation and

tr&ﬁ@@wﬂbrmﬁmn@]@om%némt(ﬁlg 38) pod plgsomnifag. IGEeCINC-1

(1{5 %ﬁgam bé\?/'ggc?rdgjeﬁ? PE@S&%‘%@;%% g@i‘cﬁ rl‘%\@ ggﬁ%%g%l i,
gfodpltha:tlcnb not relcedecm@ tblhtah@aﬁasaénghﬁeanﬂwattmtated/mal
diécloses that "LTAs from G am positive bacteria show

P@atThe kieg rigy 3P, &W%Hée%gweﬁr@rn%wh@ﬁhﬁr the riebiatier .
eﬁ%ﬁhg@%@g&aé’%@ge roktE i Sifowed o Sipiticand ey dtfon
(apbmunaielycﬁicﬂ@)obfeml\mﬂ iwithnif P8 rireatroept whée comipardchie

teb g pmnds dk this WassigralicagBoaBT oagts LEG: I the
weslbhu Ny LERs %apbneﬁ{erk%ﬁ%rf Fe%bé& IR0 RReR tﬁsa el

bacteria nmediate a pro-inflanmatory effect rather than
viinicl measi vefry simmikar &o thae bf ectherts nnﬂhqué raieplups THedalresults

. 05],. Thus,
TR i i Res e Aie PSR SRl 0 e GgtinRim fomule-
feBenfoAclons iedkl WRRAISSimildr Bthat ofl b HFéQstfEE infand. | m t ed
to the species specifically descri bed As Vi dal has

recogni zed in a publishé&kamplédl e, "the biol ogica
B5hk81 ' SAh erarpI st aph e Shectar LOG Bpgdbra B i
ifRIrtl Sats ! SMAIRBIRAAS ahl WadrRA THFbile\RlS defe G@tlarrﬂméd by
Lact obaci | l us aci dophilus Strain LaW Antagoni ze the
Responsi veness of Human Intestinal Epithelial HT29
Cells to Lipopolysaccharide and G am Negati ve
Bacteria, Infect. Inmmun. 7Q;,2057- 2064 (2002).[00021]
Based on the above referenées, the effect of LGG on
the infant i mune system has not heretofore been

di scl osed. There are | arge and fundanental differences
between the infant gut and i nmune system conpared to
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WO pbadiosy) t unor necrosis factor-a (TNF- a)

prevents the rel ease of various pro-inflamatory
cyt oki nes and chenokines in fornula-fed infants,

interleukin-1 b (IL-1 b) , IL-6, IL-18 and
growt h-rel at ed oncogene (GRO KC) levels. As the
present invention nay be used to inprove the

i nflammatory condition in a infant, it may al so
Titeedyne Enagmer senudmeteicdissay dits fomFREw @rssapDesigns,

A REET s TS E M bAher

WS IIARd UsRiFihenGRiation e eRaent 8 nh@& étahdiéw didve.
descriptions taken 1 n conjunction with

[eR@8SipanTo ﬁg‘tfwrmesggate[tb@@ﬁeptsmfghe dlets phITlNﬁ naTNE-a

qxgcfftéﬁ)fng/v\fatesr 8‘2"1‘4@%‘59?%( r AR b %?U@yjneg[s 3‘8@%@ 4 Pody
ilftsHatds the dffatdiof @G”G ohMeNeldf Srgduefloﬁs?’?@n?E aﬁem (Fig. 4 A)

i ntesti nal norphol ogy of the rat pup
amdduog (Bigh 4By UsingeE L IS e sFigaeed 4t|md;|sakesuhdtaTNEanwvtals<msre

f .l nfl h d f
St b B TP STy et A S4rPhed BYpEIRENGh MaREn
rEXcRpUNS Arfieessi ﬁﬂ&é&%lbnt‘éﬁ%@ﬂﬁ el efévg Ao 1

) peptide product i ntestine

TNFerin(eitiy thdBplaspiaaana thieFiupg. C) and | ung ( F| g. D)
150093 Flgure 4 111 ust ARG Re offect of LAG on
39607, B SO0 AT SHELALLS | B BLIEIE! o
aetivibsa meaam ameutropbil acralmwammand @i mygrker oftisBustiajury,
AR BINeP UG lend8r ey Bt ArORRddre bl SNAB
v@éﬂ%ﬁ&gﬁ‘uzéﬁ GHlfce lﬁ\OSG}pMﬁKHWQK b[lﬁ’e} eﬁ(ﬁéi‘%e'nﬂlf&@&lon at

Iun Figure B shows cytokine levels in ['iver, and
@ fr 2hBuRutey ebi Giehp oeliets wefetraeuememﬁa bysEN&AtiED

@'5?&%%@?% AP SR AR eHCEG

aembmdmmatcsmoéc:tjh@-lBmoeme@upe@m@taafwaﬁkepteféam@s of
whi ch are set forth bel ow_Each exanple is provid

it By PUSRANSi Was eeririfugeddaimat H8008 g ol mlnmeS

| t
A R v
mdentmtlcmmfdhe suaerria&an’rm measmredmyetheﬂ-ﬂz()grtmmndent
PirRTos e ey enziie. et Gaas ep elariids 850 nm

é?ﬁﬁ(?dmﬁ@r@d%tkpéhﬁeé’ffst%’d’ar@g?&a o the.P%m%aeé.%‘a Uethg

anot her enbodi ment to vyi el
teerBioRac Rc. Pr[OtEmB\'S]SaWEBJQRad) is intended that the

(BOFREL HAUEDS LERuSREThe eertolE bR A tintoe

cﬁétél %aﬂﬁﬁe‘éﬂ% gFlﬁ%«f\)’é&l\@Mn@ F$3.188). ahberibsels Waab ur es

and aspects of present ention are disclosed in
Sdgnlﬁﬂamtlam@hﬂjsn gaatmstomyffed | Idebringatied pupthan in mother

d

SR Pile LG SBnlipanfilnetahe thbholEsc Ble 8lich 8
Mﬁ@rsml Hth e afstabepnal mtéstm@‘@m KRBt srr@&e)ducéml/lw@ |@\¢éls
intended as limting the broader aspects of th

ip e bRE/LGletieatsd ralsharewiedy sinitar[todoass ofameunetheﬁfed
herein, the foll ow ng abbreviations are used: LGG
Lact obaci Il us rhammosus GG LCPUFA, | ong-chain

pol yunsaturated fatty acid; LPS, |ipopolysaccharide;
IL, interleukin; TNF, tunor necrosis factor; CINC 1 ,
cyt oki ne i nduced neut r ophi |,,chenpattractant-1 ;

GRO KC, growt hrel at ed onco&gne ELI SA, enzyne-|i nked
i mrunosor bent assay; RT-PCR, reverse
transcription-polymerase chain reaction; ANOVA,

anal ysi s of varl ance; SD, standard deV| at| on; PAF,

I e . T Y T R AN o, 1 . " 4 .

, PCT/US2006/010321



which is herein incorporated in its entirety, by
reference thereto. LGGis resistant to nost

wW@ebhidsd cs, stable in the presence of acid apc/b510e6/010321
and attaches avidly to nucosal cells of the human
intestinal tract. It survives for 1-3 days in nost
i ndividuals and up to 7 days in 30% of subjects. In
addition to its colonization ability, LGG al so
retsnehpwingl that bGGe crduces systemic imfiaramatiop dm femula-Gsl i s

.d site i th.the depository authority American Type
Rl Bl iR sialeroaB e on Biral bt o531 05
[00051] In the nethod ofxhhfplé pvention, a
therapeutically effective anount of LGG may correspond

[080883: weldvis axamplelitustetesithe affect of RGE3 an vakigusiaytokioe

Bkt e L BrEP R L ont MRS FBRbRg . st
Ctirds, 110, USARTTYidRiAcSBnabkinek tet@uinbiFzed Byaikit hignt .

In yet another enbodi ment, the ?r esent ‘i nvention
ipeluped: Granylpeytadneeoshage relanpstiantalingfiretop §GMCSF),

, / ' The ,f f
e R (BN 2 e Budfr I RAe R W T B fetolt-
105 llndRp70, IL S Moyt Cper attrddiditapetein-¢ IMOP-1),

e%f ﬁg Ive ampunt is adm nistered. Mst conveniently,
RO/t CINiph) anedueer nReSIsTagior-ordiNfufta Tike eniflex
és@?g vxfa%dpér%rﬁiéd' AcdRding E&%ﬁ%bnb@cﬂe@@@é’diﬁ@%ns? he
Infant fornmula for use”in the present 1nvention Is
Standard cureds for eachloytokireicheooktine mers gehatdted by psigahe

AR oS SRR WAL, BT
HRr¥sden? fﬁté\m‘y? waré analsed b¥ W&&@I&@@hantﬁaﬁ%ﬁ%ﬁgbr@f

rotein typically can vary fromabout 1 to about
(&IE@OkML,.AImdan@MUSﬁ) te abtain gdneardratippivedudsy can

f b . 8 b 2 al L, P :
(8BRL < TR i fadd UG et g ISR Lai b S biinee.
1heptokihes/eh8mokmesifiom iy, e BlaBma il @isiel 8ehalnimestine
am no acids,_and the |ike. Carbohydrate sources can be

were angdeeadn thesedpeluded:grranylaeyiegaacrgphags eolosyr n

SR RSB T RIRE- FERAS B Ry (PR
15 ldId-Z', iL-thik <6, _tlll,.-6$ llglﬂ 0, I|1L€'g£i7®bll.e1 8j Ik/ISn_siobe C&gem@étfrﬁctant
oil, s an. qj nol ein, .coconut oil, nmedium chain
oty BUBFAD. SiOMEE (R SIMEH oo Raueiaspss fAeiar-o1l ENE-
afflower oil, and the |ike. [00054] Conveniently,

omercially available infant fornmula can be used. For
[eraat) e, Figufca®A lilusirateSrthatiiih@ 10)-1Br krditiur 63, BROIKG (rat

N A S L A S S
PEBE PP ST PARYthEYSHIeY idu}o@ 'anld'\l'_'GQ- sﬁa@iéarﬁ?lbl ed the
L and-use n

sugpl emented with suitable l'evels o
FPQdduced sflevationredilnd 8, b6 thel 0, hv-d 61 GRO/KDOIECING1),

A RRERE S8 Br 2B.arvs BN el i-aa 1 el BRIRE
(PAESINT-1 5 KSERWEre é?éﬂ\iﬁéﬁmﬁ/irwghérgmn plagt%étan{ysfedj nbSicated

Any Erobl otic known'in thé art wil'l be acceptable in
russthanid movikert reared pupmand tGGasigeifivantiyelontedithe LPS

. | PLd.C. 4 S fromt r oup. censj st.i of
PaaRE L et SERRER oD e BaSeg pC HsS howe e
sigiinchrtemireage bheytbkinerheRdkinedeva1a i i SaskianTahe t h
one or nore prebiotics to treat or prevent systemc

i nflammation infornula-fed infants. Any prebiotic
known in the art will be acceptable in this

enbodi nent. Prebiotics of tjae present invention may

i ncl ude | actul ose, gal act o-%l i gosacchari de,
fructo-oligosaccharide, isomaltooligosaccharide,
soybean ol i gosacchari des, | actosucrose,

xyl ool i gosacchai rde, and genti o-oligosacchari des.
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kcal . I n one enbodi nent of the present invention it
varies fromabout 10 ng/1 00 kcal to about 50 ng/1 00

whemb/11383 i n anot her enbodi nent from about 15PemyUSM06/010321

kcal to about 20 ng/ 100 kcal. In a particular
enbodi nent of the present invention, the anount of DHA
is about 17 ng/ 100 kcal. [00062] The anmount of ARA in
infant forrmulas for use with the present invention
anypalsdhairecaived $ PIS. ohinialefiect wes bhntedd theanimalsaisoeiving
%Oggﬁ;}/l 00 kcal. In one enbodi nent of the present

ion, the anpbunt of ARA varies from about 15
UUO@%O Ktse rBs@ROSHoW %ﬂ@@Quiﬁﬁléh*len'cého%ﬂﬁtf&%ula-fed
enbodi nent the anobunt of ARA varies from about
lmf@nmduc%ﬁ systemisointlammatiphl dturthesl the Ireswtspshov tiwt 466G

PO TR o) B RIE R ForbBUE M et R a Rt B ™
SR BB Fhradstieinfan@O s [ iNgstrdtkdy antheABAUItOr use
W th the present invention can be nmade using standard

deseribedyhersinisomgh somparisen of therlGRRdrgated graupyartinene
B i85 L Bt O B BSUHR B s B

L;ﬁ@sesnﬁlts; in & Muémammlﬂamrﬁ@toapn@sbens@wemrglrmt sighficantly
nt ai ni ng DHA a can be added to the fornmula by

Ch HEREPPRYCLALHS |L\950@ é"@tat%ﬁwéw a1d threnetest's srilkeige QYOUFL

I ent in the formula

'W‘?ﬁ@& %mlégﬁﬁ%%ﬁé%%pﬁws ﬁe solur ce of DHA and ARA
[06098F dhe moantien kethweesiinflarhmadion.in ke gastesibtesbtimahiract,
RenghesBar e AR B Sl S o T B e e
|ﬁ tl:i”gﬂ'l@?(?nal %u’i}%@ajof%ﬁformﬂa Rdpfamdhs thbrt?regér?ﬁh(?é%[)o‘?ﬁ

are incorporated herein in their entirety
mef/ @ew@d totiomene thetindamineateny canditéor inominfantdtmay also
[imt t o _apl RA can be in
abeniheshsBhetdutehitin freshbas Br fineSis anbodi rmont
[00094PUr MIErdfErehidBs cBd limtHiy sbé@iﬁcé’tforﬁ%lucﬁﬁ? VAP e,
i n one enbodi nent of the present invention the infant

lmtafmnaa&@ﬁparaq@ubb@,@lqrmnam‘@upaientr@ompmmm kcal ;

W BAOBIEES RN phAT BB sl DR RODEP

mt:ﬁ@é\l joQfhek @&ioleﬁmri@aidals: Wnalrtherikeda n@rﬁéreb? hedrpsrated
substantially no EPA, Another enbodinment is tree of

pefeience aatoéb@rﬁae\cg@@ﬂam Heir emtirgties. o be giscussion ¢fithe

e s
motheimatigorms! artdono benfission Ilsarrfaeledhaganyfmfemr@mﬁomsu&&%
SR AP el R e ubin Sk
ﬁémﬁ@hé@é%th%fcﬂ(eﬁeref@rbh@é’s an LGG suppl ement can be

i ngested in conbination with other nutrient
[Qopﬁﬁbrre'l’heﬁe andt bthes ma)dlﬁmtlms and variatiomsito dihé presant h

BueRtalt MeiRor ReTced bR vTset etk sl i Hsuarqwiolt
SatMing frahn the sl éﬁcﬁ@&ﬂ% b%e’ﬁ%&égﬁ ih@ehtidr, t0\?511"|<:h is more

|ncrease the probability of bacteri survi val

iEwtipdsily sehforidfintthe appesded claimentn addiian, iishoulsebe
provide n a formsyitable for, infants selected
BErEEEHsha AT e sk pendnimia iy B bfrhantee
tdthkn WHOMIGE in pardl FuftHéﬁﬁ@ref o de PrRsyBmha® Kl in ﬂ{lseﬁﬁ%ﬁ
tabl et, cookie, cracker, or a conbination thereof
[00068] In the use of the present invention, the
infant is formula-fed. In one embodi ment the infant is
formula-fed frombirth. In_gnother enbodi nent, the
infant is breast-fed fromi@irth until an age which is
| esst han one year, and is fornula-fed thereafter, at
which tinme LGG suppl enmentation begins. [00069] In a
partlcular enbodlnent of the present |nvent|on the

- o, = . .



herein will be apparent to one skilled in the art from
consi deration of the specification or practice of the

w0 powentioah as di scl osed herein. It is intendedP@Tras200é1¢10321
speci fication, together with the exanples, be
consi dered to be exenplary only, with the scope and
spirit of the invention being indicated by the clains
whi ch follow the exanples. In the exanples, al

pepresiata il the éorguoing desaaipiien by heayiaf axampls only, and is

te 075 h
FRBiersR8 Rt RESR Ry Fulhar st Crbed B o BBBefiees
&Ibﬁn@f Thetefole, & Hifit hAGBEbpe e thaappaiddd ERIM® $RBuId! Mbt
two separate experlnents ten Sprague-Dawl ey (Taconic,

e Jirrdlige dauthe ResCrintioaref thatm'efﬁéfeéi YeIRigoaiopniained tereirp
two gastrostony feeding groups with five rats per
group. Gastrostony feeding, using the rat infant
"pup-in-the-cup” nodel, began on day 7 of life of the
rat pups. The gastrostony feedi ng tubes were
constructed from 14-cm secti ons of pol yet hyl ene tubi ng
that were inserted into the stomach of the pups. This
is a conmmonly used nodel in studies of devel opnent al
nutrition when it is inportant to mani pul ate
nutritional conposition in the absence of nmaterna

f eedi ngs. The gastrostony placenment was done under

i sof l urane anesthesia. Tinercontrolled syringe punps
were connected to the feeding tubes and were set to
feed the rats for the first 20 m nutes of every hour
at a wei ght-dependentfl ow rate. Five nother-reared
rats of the sanme age were used as reference controls.
[00076] During a 2-day acclinmation period, the
gastrostony-fed rat pups were fed with rat mlk
substitute (RVMB). The protein conponent of the RVB was
bet ween 30 and 40 g/ kg/day, which is simlar to that
of nother's mlk and is required for normal grow h.
One of the RMS fed groups was al so given a suppl enent
of 1x1 08 cfu/L/kg/day LGG The other group was fed
RMS al one, wi thout LGG supplenentation. Al of the
gastrostony-fed groups received the sane quantity of
fat and carbohydrates. [00077] Li popol ysaccharide
(LPS) from Escherichia coli 0 127:B8 (LPS; Signma, St
Louis, MJ) was dissolved in water by vortexing at a
concentration of 2 ng/m . The gastrostony-fed rats
were given between 0.25 and 0.5 ng/ kg/day of LPS via
the gastrostony tube starting 2 days after the
initiation of artificial feeding. The pups were given
LPS suppl enentation for 6 days. This dose was
determned in pilot studies to result in occasiona
shivering, piloerection, and poor weight gain but was
not associated with a significant increase in
nortality over a 6-day period. [00078] At the end of
the 6-day treatnent period, the rat pups were

eut hani zed with an overdose of pentobarbital sodi um
The smal |l intestine was renoved and separated into
three parts: the ileum jejunum and duodenum stored
at -800C for enzyne assays and ELISA, or fixed in 10%
neutral buffered formalin for intestinal norphol ogy.
Lung, liver and plasma were stored at -800C for enzyne
assays and ELI SA. [00079] Sigmastat statistica
software (SPSS, Chicago, IL) was used to anal yze body
wei ght, villus neasurenents, -and enzyne activities,
MPO, ELISA for CINCG1 , and TNF-a and densitonetry
results for RT-PCR Al datg were reported as neans
standard deviation (SD). A Onhe-way anal ysis of

vari ance between groups (ANOVA) was used to determ ne
whet her a significant difference was present anong al
treatnent groups. Exanple 2[ 00080] ThIS exanple

. a1 g, ~~  a T o



[00084] To further investigate the effects of the

diets on CINC-1 peptide, CINC-1 production was
werabastoasl by ELISA in the small intestine, |iR€r/psSioneigLos2l

and plasma. In an initial experinent, LPS

adm nistration to rat pups caused an approxi mate

4-fold elevation in CINC-1 over non-LPS treated pups

fed by gastrostony (data not shown). As shown in

WHgdr &5 ShAIMEENIS onpari ng gastrostony-fed LPS treated

pups fo LPS/L at gd her-fed rats

i nt est'i nal é&? %L?(?&ﬁ]esl%lgﬁu%%re fda nglc&r?qrgrfor the
tidaifieht, qra Ve i@ dUBRo R o 5RtBfic MBNFHaESSines fermula-
sl |I%ht trend toward being higher in the group treated

faf infapks and no LGG Liver (Fig. 3B) and plasma (Fig.
30 NC- 1 n i v r .2 fold
as higg'h [ nTtﬁ%é%E%gCteEdéggZ%C%%ﬁp%{ Ta cfﬁ%%b{g{éﬁlgcei ve
ihfEBnmationtis itreavesosprgvehtedkintthy gastroimbestioa| wath liLaG.

he |u Fi 3D),. here used to determ ne whet her the
pl?%ﬁ?o{ﬂ'ig‘g e?‘?‘y@f Béi'&log{r@( ‘to a distal organ, also
showedl a sTHBIUsEGEHRbrEhG YREIAAA 1 aRRrEXI tRBIRENicdment B

of CINC-1 with LPS treatnment when conpared to
ingarperated dntodn infand fomaulatandscarasinsedyhy the ifamty

at t engat ed-p : Liver . .
suppl g'rre nt gﬁ%y%elfa %Edéﬁgg]ﬁ’enﬁ f’é’\l/ﬁ?gmﬂ h@%@gf@@hﬁ%ﬁn
thasne!dit:%mhMSJ taartlweentdmu 0&1 a’x‘badgé f '>|§$01ﬁ1'dftk/’:_ﬂ?ﬂ(liaiﬁt
pups._These, results show,that L as. the ability to .
reduc® sys?@ﬁi%ei arF.ICPf‘A]rﬂﬁtt? 6 'mn1’dvrfet5?mpﬁf3éﬁo‘i"ﬁf‘§rk(§@dn
tAe Inf¥@kbaiihe I betweleliddiut 11 6M8hd 9%1 &Dﬁf}ﬁéﬁdfag.d

Infant. Exanple 5 [00085] This exanple illustrates the
ef f ec®. of TESUse angprding & eladmit wheraimt the angourgrailLUGG in

' . ANE | s were determ ned
tbgﬁ?@?%{]%n%@qﬁﬁﬁu%@e%gr yAssay kits for TNF-a
(Assay. DesiTgesuseutordibgto cdim. 1, Missveipatheenedisament
aﬁi@[,erm ned at 450 nm .and concentrati on was cal cul at ed
itiRnally comprises At '%%?tiq}'@o‘?t ?bﬁfofi)'q’ti%ear st andar d
curveg, [00§BElusECadcefdiAgto CRAVASE, vaHr8in thE rﬁé{ji%ﬁﬁen@f
the diets on TNF-a, TNF-a production was eval uated by
aditgmally qomeprisessatdeasidrieuprgbidticgure 4 illustrates the

4 “ehd | unEC R o EP i £ BB IR I e e
pretdrmiiNfast. | evel s were significantly higher in
gastrostony-fed, LPS-treated pups than in nother

r ear ed0pupssarl LGS i g manedsatiie of aRedicament fosthe
ALt bR oLy Bl I AT 8o

& fdvet sintfar kb atof MADebetfddsinfav?O activity, a neasure
of neys rophj | | ation and . a ker of tissue

ni ur g waUsael e e e franitea e iedrampdTor the
reaoessh! bﬁprévéhﬁéh lopffARALASH IEERe BPARIEYrgSSs Bnai ce

in 0.01 MKHaPO4 buffer. After centrifugation at
foomotpofeg intant selastedifrem tie groap coneispiag oégssteintestinal

u n oni ¢cation. in cetyltrinmethyl amoni um
SR BEE g3, AT, “20” M KIBPO . and 50
aceti t2aci tsep LEGO)in tHd masufectoss g meticdraent foethe
gbl SA anal ysi s., Th$ suspensi on was, centrif urqed again
redug ,ro@bpéeweaﬁlow phygicakdanage i Ke iRiasiinel Masosm eh a
foRpuRAtRnidht2 600C water bath for 2 hours. MPO
concentration of the supernatant was neasured by the
H2g 2- dependent oxi dation of tetranethyl benzidine.
Absor bance was determ ned at 650 nm and conpared with
a linear standard curve. Protein was neasured using
the Bi oRad Dc Protein Assay,(Bi oRad). [00088] Figure 5
illustrates the effect of L on MPO activity in the
distal small intestine (Fig. 5A) and lung (Fig. 5B).
MPO | evel s were significantly higher in
gastrostony-fed, LPS-treated pups than in nother
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descri bed herein through conparison of the LGG treated

group and the group exclusively fed nother's mlk. In
w@ewen#do3d nst ances, adm ni stration of LGG r esuP@BUSW0&010321

particul ar inflammatory response bei ng not

significantly different between the LGG treated group

and the nother's mlk-fed group, indicating a simlar

i nfl ammat ory response. [00093] The invention reduces

i nf | ahdrat i Fheiusetdueogding toictairastd, malereinatbe, pHyisioat |

BeeE brmaRES & fIRoRHo0 KEaSA TP TnEXBaasiGh of e lamina

6r@bﬂb'|b§f d %pHHpﬁéEma&ﬁlctlhfﬂtrﬁfee$I$iﬂh|rigr6‘fetﬂé'rﬁtﬁ‘sd[ﬁé(rlsbe

used to inprove the i'nflammtory condition In a

MHeRsa, ,m¢r1eaﬁe§} nanaeranevieranching of esyats odindiet incesdseas

'{“Ej’ﬁ%‘éw]@ il nesses. [00094] Al references cited
ecif

ication, including without limtation,

all pbper sUschb‘ILth@tnn mitsmamfammss ofpaihwmcament for the
%Eﬁl i cations, ?lr ese tations, xt s, ort S,

GUen PhPEeventig Sy%emt%re $3RCPHRAC PHBIAAPEo-
|hﬁ%ﬂﬁétoﬂ{:éyt8klﬁ§s ope@é%kgelsﬁn ABFmLIRES d lhﬁant.ar e

hereby incorporated by reference into t
speci 15cat The use adeeirding o ictedmi & wﬁlételr‘dhhemjssi on of

ipﬂ%mhi%&%f?ﬁﬂ@n%%‘h%ﬁ%”%grﬁ‘éﬁ%e”‘éﬁéﬁt e RARed S
Fﬁ?@d@ cbRakstingvf TRIFeH eI'P_CfB qeretlm B /% BROKEIT.

cants_reserve the rig to chal | enge the accuracy
and P&t i naﬁ@éwractq%dlegtte@la"eﬂsﬁ hessin hecysienmigasiease

| nveﬁHqglh 1:@“_ B SraLI1@Ng r@d‘@%é’oa?hos vggfe o.mh@?u@d q%gﬁltor

practi ced nar
plasrtnlaa)fahe mfwnthout depart| ng fromthe spirit and
scope present

part | &81 arI et ‘"I“tﬁntrl nv I?émab%hém%'%ﬁh& %tem'ﬁ release
GAURO/RT. isirkd §é‘éﬁibndpt*é@elclfédeih9thé Wstebivad, IReP]AASMES of Iﬁﬁg

vari ous enbodi ments may be I nterchanged both in whole
drthednfgatt . Furthernmore, those of ordinary skill in

< by Bay SEREed B R MR R (B e
feduoitctiot be prevesitivh @ tis® sjstetiereldese of KD ia Sorehula-fed
a ended clains. Therefore, the spirit and scope of

ip appended clainms should not be limted to the

descrigtio f I [

o el’lg V\HX'P% uéé"'cfcﬂbkggﬁ It{SS ehivels! M?eﬁ%@%ﬁ%&ﬂmc release
ofeMBhistredoced oa prm@nt@mnmeﬂmestme or lweg ofethie, infant.
prevention or reduction of systemic inflamation in a
fornmul afed infant. 2. The use according to claim1,
wherein the systemic inflammtion is treated or
prevented in the gastrointestinal tract, |iver,

pl asma, |ungs, and/or brain of the infant. 3. The use
according to claim1, wherein the nedicanent is

i ncorporated into an infant fornmula and consuned by
the infant. 4. The use according to claim11, wherein
the anmbunt of LGG in the medi canent is between about
1x1 04 and 1x1 010 cfu/L/kg/day. 5. The use according
to claim1, wherein the amount of LGGin the

medi canent i s between about 1x1 06 and 1x1 09
cfu/L/kg/ day. 6. The use according to claim1, wherein
the anmbunt of LGG in the nmedi canent is about 1x1 08
cfu/L/kg/day. 7. The use according to claim1, wherein
the nmedi canent additionally conprises at | east one

ot her probiotic. 8. The use according to claim1,
wherei n the medi canent additionally conprises at | east
one prebiotic. 9 . The use zcording to claim1,
wherein the infant is a pretérminfant. 10 . Use of
LGG in the manufacture of a nedicanment for the
reduction or prevention of systemic inflamuation in a
fornula fed |nfant to a IeveI S|ntlar to that of a
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