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benefit of United States Provisional Application
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contents of which is hereby incorporated by
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mvention is based in part on the recognition that oviparous larval mortality and oviparous
broodstock egg quality may be improved by providing a feed enriched with yolk proteins.
Since yeast is a low-cost micronutrient, we set out to construct a yeast strain for synthesis of
single cell protein, actively producing the precursor of yolk proteins. Without being limited
to any particular theory, it is believed that such transgenic host expressing recombinant

vitellogenin proteins may partially mimic the natural yolk formation process and thereby
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including a transgenic yeast according to different embodiments of the invention.

[0013]  In accordance with yet another aspect of the invention, there is provided a method
for enriching an intermediate live feed comprising the step of feeding to the intermediate live
feed a transgenic host, such as a transgenic yeast according to various embodiments of the

invention.

[0014) In a specific embodiment, the intermediate live feed is Artemia nauplii.
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culture conditions.

[0022] FIG 5A is a graph depicting the increase in total amino acid content for two
transgenic P. pastoris clones grown in shake flasks relative to a native P. pastoris control.
The inset of this figure shows the increase in total amino acid content for transgenic c]onei# 6
grown in different culture conditions. FIG 5B is a graph showing the amino acid content of
the listed amino acids of transgenic P. pastoris clone # 6 relative to a native P. pastoris

control.



transgenic P. pastoris clones # 6 and #52, relative to
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enriched Artemia. (C) Survival of larvae fed 10 days with different types of yeast and another

10 days with enriched Artemia. Data are mean * SE of triplicate sample.

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION
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reproducti ve success and survival of oviparous

enbryos. [0029] W present here a novel strategy for
w@emeni4ssd | y engi neering a eukaryotic host thaPCT/SG2003/000266

produces reconbi nant Vtg (rVvtg), for application as an

enriched feed. In an illustrative enbodinent, the

host is Pichi.a pastoris. Pichia pastoris has been
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understood by those skilled in the art, the expression vector may be linear or circular. The
expression vector may be single stranded or preferably double stranded. Preferably, the
expression vector is a plasmid. The expression vector may integrate into a host cell
chromosome or may contain an appropriate origin of replication, allowing for extra-
chromosomal replication and propagation. The expression vector will often contain, in

addition to a vitellogenin gene and a eukaryotic promoter, other sequences to facilitate vector
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i ncl ude sequences conferring resistance to
antibiotics, for exanple, Zeocin. In addition, the

WO ewtosa8Df the present invention nmay conpri sePEr/SG2003/000266
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endonuclease recognition sites. [0032] The term
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“functional eqU|vaIent is used to describ
vitellegepircprgiean oy agactional equoyedgnt thrmfae@d:sadnhnr@xraé viglogenin gene”
et {SERSEEl: BNl S| B G RS R3Sk or o
example, adejueh@Nthat ﬁ]b@kn&b@e@@ke@étﬁ(ﬁﬁiloﬁéﬂ%e@%f!@tsga' Wlf&lbeé{m gene
function of vitellogenin., In one enbodi ment,
and PrQFE St BHTRFes SHUFRAAIEHd RPIiFly Béa@@bsfcar%?@me)ﬁom GenBank database
I t | 1 "
e R S en e AP IR0 LR NI 1,0, SRR Bl sqivaent
is useddoidesariba strantaralip en@ﬁmenbna&imreﬁated@nﬂno sedusqoencelimat may differ
ecifjic enbodinents, the functio ‘e UIV |ent wll
trom 1B Fijent §mE il U5 G4oTs SUE L Gs S bAI GS% MO 2dditons
that doOkb3 3rfeblomnel ReMal BiolBRARY T\ﬁféue’ﬁ'of'g’lt&?(%éﬁﬁc e]na&?é ¥1§b§d1meni the
sof tware such as Sequence Anal ysi s ftware Package
functnglaltqqglvgge,ﬁéwllé@e@@hﬁm’(@ﬁ]y QOB SOUR| m@am,mg Wabthere is a substantial

oS RBESb B SOt ] By oo

sequendd. give epecifiaTensbodiments dmratfuﬁqnonﬁiaa@wmtbenafet atflle@th abb¥t 50%,
into the sequence to attain proper
5%, g&%}gﬁﬁ‘ﬂéﬁ?dh B Me optimal alignnent has been set up,
the degree of honpblogy is established by recording

[0033%! | 1@6mbldgy PESINEAsARE Lanyhkglentd anakROsASIAS s8kh bt Qequence
sequences are identical, relative to the total nunb

Amﬂ.‘/é\S %@féwrp obeskageooB4he Genekins EamodicnEsonp.t Haiveriyt iJibNiélISCOTlsm
Bloteﬁﬂng)\ég (%me: i DR ey REerRE mﬁlgon(:%f'%%gt A Sinod md'lgquences

st1tutions. nservative am no
are al@nbétto makinnins idemétys uGsps ey be mﬂxfaiiﬁjlyglntxa&tldad imoi tHs s@fuence to

- I | ud f
RN Ny o ST IE

is esta@ﬁsl@%ﬂﬁrr@&irﬁﬁﬁg ag|o!f'¥}ﬁ{?0@ﬁionssﬁr\b}ﬂ€h HeRERRGLAEs oHbth sequences are
tyrosi ne; amno aci havi ng basic side chal ns, C

identiegd, ﬂegﬂgi\’m@ the tajdlmiumber efipbshioss.i di ne; amino acids 7

[0034] In one embodiment, the functional equivalent differs by one or more conservative
amino acid substitutions. Conservative amino .acid substitutions are substitutions among
amino acids of the same class. These classes include, for example, amino acids having
uncharged polar side chains, such as asparagine, glutamine, serine, threonine, and tyrosine;

amino acids having basic side chains, such as lysine, arginine, and histidine; amino acids
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WD 2004/ 044185 PCT/ S&G2003/ 000266 havi ng aci di c side
chai ns, such as aspartic acid and glutam c acid; and
w@piono4483 ds havi ng nonpol ar side chai ns, SucPCEHSG2003/000266
gl ycine, al anine, valise, |eucine, isoleucine,
proline, phenylalanine, nethionine, tryptophan, and
cysteine. Cenerally, the functional equivalent wll
raving O G4 RGALSoT A OGNS PR HErR EBHLSYEHY amino acids having
SBAUSHC EhainkOTERLIP O BRI, SAIMBACEF1idd OTEhE T 64fflcine, proline,
nonpspeci es m?llf be anal yzzé%o det erni ne conse]rveé) e, pronne
phenglelqumncmethigiing , irygsordman exanpiseind. hGeBtrAS, thefohaigyal equivalent

o RO IR S B il e
sequefiRéd. Pléshol IR B qfdRed H&ﬁtdifi@é}@ﬁtl S eé@sdm?)‘ bUEI AN ALY determine

conserved and an al'ignment of a nunber o
conseyvadebdqoueyenes nsweqaent esahplee thiedBhAST lsundlogye searching algorithm of

sl o S BT, 3 b A B, S90S i

orgarS@A GRCAMCENGAYT £ §HRedrhIN 2bnRAlMPSRL bifl@ligMAE 136 § nber of
natural ly occurring vitellogenins by alignnent to one

vitellpgenghseguerices haved deniifisd Jtgi 1-aljgyed spbdpmainsdiLim et al, 2001). One
1. ORDt er R tood by thase skilled . in .
skileg R 0P o5t heBiialt o RERHIEIG' SR6 s cERnd St Gpopeptice
variants | f mgtukdlly toceuifing i yitelloperdfis dygalenrhént Wi 6he tdte more of these
ronoter is operably linked and a pronoter is

subdqmHet i onal in a host if it is so capable in the host.

In the expression vector, the vitellogenin gene is
[00333Per ahd Yerhi ‘P&Hotb > A PHIONDERerstdRAEY H8sd B8l PIOMB LRl refers to a

drives the transcription of the vitellogenin gene ina
nucleproagud paquedriectapathe obdoving dre trapscripiontof @rzghe td @OBBtheTpromoter is -

rar | | bl.e pronptier, or pr.eferabl

opers BT ipep ol 5t BALRL T BHAEY Gt B Bl B R ok m e
exprepsiomoient, thef\dteHoganim paae U dperablyalinkhdr &Ck Spromoter, meaning the

transcription of . thf operably. linked qene,under nost .
prompsF ARYesBR FATSAPUYhel PP gReloasPir gmanP ¢ omeinp bifb ther progroter is
funct@nalSt rong constitutive pronoter, in that it directs

hi gh | evel s of expression of the transgenic

vitel l ogenin gene in the selected host cell. A nunber
[0036dr aphe dpenaiee PRoMSt ér singeiibld beomdistown prsferalypr & orenstitutive
| LD « .ar. |.0c t | gal L | ast. ..
prom{it Setel) piiRuRLe (B0l YIS PR i L QR AR ipiion or
the operatdg dnkal geme matictehyst ee@n ) belbphadondidehy dPefeias ehe promoter is a

(GAP)., or al coho] dehydrogenase pronoters or al cohol .
Stron%f%%%{v ABRPO[5F oot 8 lt[%ﬁgfﬂ high develspple 8¥rensiopetd Be tmsgenic
viteldRRiPESR AL tht RYGALS PR &Y]. D] QMR T4 %%E?Jﬁm{tesérég]ﬁ%?sdwould be

technrques known to soneone skilled i e ar

knowe dg 8 ipeisenl skifled ingke ayh) andiinclSientbe elgal etlomplast atpA or rbcL promoters
the yeast 3-phosphoglycerate kinase, glyceraldehyde-3-phosphate dehydrogenase (GAP), or

alcohol dehydrogenase promoters or alcohol oxidase (AOX) promoter

[0037] The expression vector of the present invention may be constructed by standard
techniques known to someone skilled in the art and described, for example in Sambrook et al.

in Molecular Cloning: A Laboratory Manual 3" Edition, Cold Spring Harbour, Laboratory
8



in Mol ecular Coning: A Laboratory Manual P Edition,

Col d Spring Harbour, Laboratory 8 WD 2004/044185
weFans8EIe03/ 000266 Press and ot her | abor at or yPeESG2103/000266

Nucl ei ¢ acid nol ecul es may be chem cally synt hesi zed

usi ng techni ques such as di.scl osed, for exanple in

Itakura et al US Pat No. 4,598, 049; Caruthers et al

precsﬁﬂgi}}m}%o%ﬁ%@%ﬂg@?g }/\({C]e]% gég ngﬁt{]]e%lné%giné; cg] gvﬂgiﬁ]ymthesned :

using MRLIGH 8 SsudBYas alisPosee, for Adxamnpik ﬁﬂﬂa)ﬁﬁm@k nReAS Byt No. 4,598,049;
“isolated it is nmeant that the isolated substance has

Camtb@erﬁtsmﬂéﬁé dat iNg Byt588payr endefakira piirdl fUe PateiisyNp§- oh#01,796 and
4£w3%h9er conmponents, such as biol ogical conmponents, with
irch it would otherw se be associated, for exanple
in vivo, so that the isol ated substance may itself-be
[0g38mrani Nutlafcestidy mplcacles sieh. alihi®@e ibslned iaﬁ@lcatmd;eﬁhayeifsolmd it is

I ncl udes substances purified by standard purificatiq
meaniyikahide isolajed sybptpncedias ggqgjsqugﬁéléllaé]ursp@qr@tgd Brypunf]ed away from other

comp[)ﬁe%?sr@ﬁﬁ ﬁ%olggﬁfﬂe@%@gné P, il hich A5 W bth@x%ﬂse e associated, for

em’cally synt ‘'substances. A variety o
exampleriatvegi, es tiat eheaigalnledBhisstdnoe neaynitsetiibagnaunshldted)at progessed. The

i ndi vi dua] nuc|eic _ acid nol es, dependi ng .on
term B4R ePRES TRAPYHS POPTEHEY SUETES BUSRten pap s, as wel
as sués&aeﬁé ggnﬁe@bﬁ W.c‘bﬁ‘}%krﬁnaﬁte&?&ﬁgﬂ iV Ihbstr %a&éuh ¥s aeenﬁ@w@mhes;zed

to one skilled in the ar apparent to
mbst:pm;ps dnvakdty bbsgirategigstaee available fqm(mdumag a bgajg)g md]m@ual nucleic

e P P 0 B P SRE LS4 e,

a suitd@Tt RRatasy ohils edpnoe appa{r@ﬁ?a@bné\ﬁklﬂwmﬁﬁs AN Asecillose afparent to a
t he Present i nvention be introduced into a ho
[+

persog skijlled ippihe ﬁrtrﬁj{ympll%qlg,rd@og)ggeﬂ]e ]@Qﬁagpgn%ﬁts must be htoated in the
propet BARRGS EuROmaNge ?Jsﬂﬂﬁh%h@&cbbgs fgﬁﬂ% defiredBfnino acid sequence.

expression vector. AcCordingly, e invention al so
V provi des host cells containing an expression vector of
[003% he Anwmersswm a«mﬂorrcefdbwmeﬁqmmvml@n mep dniiriradesediied host cell,

wh:chI X]g? ;{fg d‘? e]? %ll #\rz&lgcr]b%ﬁo ﬁ% L}%glatmgrtﬂ% %,{L 0BYe ?%%ressmn

pur nown techfAi ques.
vectof.eABzordiagly, thehi]venﬁéfﬁ gl56 proviides bodt yelsoconbnip@ e exqittsaion vector of

subject cell but to the progeny or nt i a o] é/
the g AT Bl A S hge PoTeP oS e Wil recombinant
protel‘gxi‘}?w bd RolSHAGRE L8 SRR FLI-RASWH HRNEiQu! Thefenfiehbdilcal” refers

f'erentiation, nutation or environnental influences,
not oslycdh thy pggnlylanmzjojqut:qll bui 16 dlaxt progeny mrdmtﬁntlg]aproggm hfesuch a cell.

arent. cel l.... but are still. included w thj
Beca i Gl Beingb nectth S n' SEOHR SavAlr Tk Raftgs celve
differbidtiodU aReationt & @Iﬁido&nﬁmamm@n&dso@@dh pxrogagf @fafefidtOM fact, be
or transfection techni gues. The t

identicglitg pkef parerd Ccelbbut anggtill tnpcélpfngi é?@tm]@)ﬂre Sﬁ(@:f&@?f thegerm as used herein.
techni ques for

[0040] Vector DNA can be introduced into cells by conventional transformation or
transfection techniques. The terms "transformation" and "transfection" refer to techniques for
introducing foreign nucleic acid into a host cell, including calcium phosphate or calcium
chloride co-precipitation, DEAE-dextran-mediated transfection, lipofection, electroporation,

microinjection and viral-mediated transfection. Suitable methods for transforming or

9



i ntroducing foreign nucleic acid into a.host cell,
i ncl udi ng cal ci um phosphate or cal cium chloride

W@ osopioeaspi t ati on, DEAE- dextran- nedi at ed transPEUSGLNG/000266
| i pof ection, electroporation, mcroinjection and
viral -nedi ated transfection. Suitable nmethods for
transformng or 9 V\D 2004/ 044185 -PCT/ SG2003/ 000266

trans{;gﬁ]?gf Qes(t:tg%gsnaﬁ%] gzseh ém?\(")vﬁ %me%ﬂ'\’s‘@%@gg eé%lﬁp etbh Gofd m%qubrook et
al. (MJ}{Q&@M%HQ QANL_AhratbryLBRGE AL ayEdvBa atold 8 fincE(HatchﬂJabomtory
pring Harbor Laboratory press (2001)), and
pressc(tzmélr)) Iaad)othat labgratrangrwngals. 0041] A cell, tissue,
organ, or organi sm i nt 0 whi ch has been i ntroduced a
[(}“4’]‘]? { :Iﬁgn ég#gsdlg &e ?n o{ ?“cagl 0 ,P{?).Swl%g}g fzgs Leérﬁ 2'Hn150]:§1%e%eadforewn nucleic

acid,t isanshgadred aahkfodhedT, gﬂi’dxﬁfﬂc@ﬂ’so ok n‘qkamdmlqﬂroge,nyraoﬁgemc or
‘the cell or organism and progeny pr oduced froma

transformedical Pragiusm sl yludes aTaceanS§eba 6clbPy ARTPINTLENG Progeny
proofBnE s L0 PRRRULS, S PREIR MR f B

exhibifiNSQeINdred pregailips msuRinefedre fligr }ﬁe@mcaofgamcembmlamt mitmc acid. A
been transforned with a heterolo | ei
transgeiéc BredgshlyisdberefornampreapigRAPeh 567 PRRES Wb & metdfologous

nucldié 238 3 M px%g&ﬁ%f f@hl‘ﬁéﬁ(%iﬁ%lﬁ G Pbudeelte BMideabl € for

use as a itrve for an OV|parous
ani mal such as. fish, into which has been introduced
[0042)he é’xpﬂ@wtmrhome@ﬂcﬂmldﬁ@ derdisags edeacher fegchodditiyeoter jag oviparous

amm?lﬂ%uch &gt il W rs?gc%cltas t hltrsodlugevde {]]]tel Sgres{) %1? (/g(!’tglbéc)éobdlmo to the

eSS| on vec I'S st
mverﬁﬁmnisaloﬁ@dm@ohhmnaipb& bDSthstBivlentﬁjﬂ: Hﬂéfemlﬁumenbmmntams an

replication within the_host cell or hy integr
XPIOHOD YHHOTTaE T SlePlvs yEHBRE Withie Hbe diog 60L, tafier Tl cpgpmomons

rephéa%of}Qvﬂh'?x‘(jJl ki 4B oY 6§ 'irﬁéwaﬂxtﬁni’oet% Rbst [TBIY’s 'ogﬁ(ﬁﬁé alf€he expression

r om chronosonaf | ocation or, preferably,:
vectaray ai &rt¢gatiet edtot, dhavsrp@cmﬁy mtmmttg fints @rradonp glirgmosomal location

h t he, proces QuUS re n
or, Bt RIS ERER F ) Sl BLoppsERa Mok Lo, vk brocess of
homM@ &r&coxﬁlﬁﬁﬂldnntﬁgirﬁt@ﬂ)ddﬁlhéhtt Rt ooiesodf thBexpesdion vectors
L}gThe vitel |l ogenin protel nis preferably
haVeél%Egré aptojthg geaeme|of the! I%tin the host. Intracellular
expression as that termis used herein is intended to

oa dc@98MaBellular] the host.
mo“%%sogllhgt gﬁé&@%ﬁﬁ ’%:Eﬁcﬁ%g%( p%rgﬁ%g] o%&gggﬁpl e \/?,herueal yh » the hos

Intraeslblﬂassqmesmoot@ that iteym drc abadz befeini tShmtﬁnﬁhé tedirpadly describe the
on :

exorGRRE iR Pl 0L e TERRi Tt o Piel® SR be cppegiegd provin

is lo&3izB@ Wil iRS®H br REdorael hvithahé ¥ell membrane. In contrast, vitellogenin

that is secreted into the culture media is not expressed intracellularly.

[0044] In one embodiment, the transgenic eukaryotic host according to the invention is
capable of effecting post-translational modification of a eukaryotic protein such as Vig. In
one embodiment, the eukaryotic cell may be cultured to a significant cell density. Ideally, the

eukaryotic host will have 2 genetic code compatible with the expression of higher eukaryotic
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[0044] In one enbodi nent, the transgeni c eukaryotic
host according to the invention is capable of
w@bdoeo14189 post-transl ati onal nodification of BCT/SG2003/000266
eukaryotic protein such as Vtg. In one enbodi nent,
the eukaryotic cell may be cultured to a significant
cell density. IdeaIIy the eukaryotic host will have

enetic, code c e Wih 0
DA SRERE L RER B & Vob O Aot ol 6 e SoHS odbes v
eukarl2Di@ veiEdy %Bﬁiéﬁandh@w@ﬁ@!o co¥s, fpekanple caRpsefiaatbe sty pRRRied the
skilled in the art, a |ower eukaryote wth a
wtell@gmnsmn GRTREngRISAPPIOPEIO Y, mpéified xapifsive cxTEsianaadenis alternate
mwtcc ased provided the vitellogenin gene sequence is
S épﬁ Bprlately nodi fied to all ow expression under this
alternate genetic code. [0045] The eukaryotic host
[0645CCOTHY BigkatticaidsDiscoediho i nafdus eafbolieentnvetieiioventiay may be

be used as a direct feed or as an indirect feed that
used $52 g feeg @rmsiaHndiFet fedrthad it usgddp epsclothe gt quality of other

Orom%&gﬁgtﬁé%ohg {]Qe food chain. [0046] In a specific

nment e transgeni c eukaryotic cell is a yeast
cell, for exanple S. cerevisiae or P. pastoris. P
[0046@asthr b&spiesifipamnlbctﬂinh]aml,, yhetrefiseniedeukianods @& isnaiyeasteetl]l, for

this t has. ( the.ability to r_w o. high. ..
exemBlEly HAHRIEIEL FETHGS FeRBUAY D@mEi TS HEGHed Rge I indicotes
above TRtk &ost(1ak (L1 BeCARAGith Yordw t@]iﬂﬂhec%ﬁ dthabed 8384 %e@ﬁenswe simple,
r econbi nant proteins when nul t copi es of a

definesapredigs(2) Hlecfaipe@mt@ capesthigh &mggrﬁélrm@mhma@g P%Qtt‘?-‘}ﬁls wheygmultiple
copleg §? :%1}(%1 1Ess b cgsas{e{t hﬁ%gpﬁosoﬁgﬁfﬂf%tgd and (3) nowilgtg carrymo out

RSl ati ona are
eukari&&ibbst(ﬁ‘aaggtlﬁia] &hhodlﬂ&%an (Rareagrod, 1995; 1991lar©1teggret al 1993;
specific enbodl ment , nfp gnsge c yeast .cell is
Romaﬁ‘%t]e‘?gée Iy @poippre gpeci ‘brf’l R

Hﬁpb e t%g%ﬁlq Jeast (Selnis protease
deficiohDiok @84 1%9%33:01% §P8s SMrs1188R0di ment of the .
|nvent|on relates to a transgenic SMD1168H strain of

Pi chia pastoris _expressing vitellogenin protei )
[0047\]\heré| speqifie cekpdigwst ohthefinyeptign relaesio; q,@gﬁlsgg,ryc §MD1168I—] strain
Y, o
'of ch%é’ %D tg;lzg %’%%?%P%am@?p%ﬁﬁ ﬁrofegg \?ﬁ&&ﬁ%‘é %g@%@g rroof thD, is driven
by a g@tmhﬂehyﬂeai—ph@phmtveiehydregemm;d Q&AI’)Oprbhﬂt@l(Mﬂﬂaam et al., 1997).

pr.omot er het | ogous
The GABPETEGHOHS 56 L CRLO M HHONE "D aRE] S AERKAOX1) promoter
for th@ﬁ%@&@l@@o&f exPhd4GIBR soﬁ?&%&ﬁﬁblﬁﬁt %&@hstﬁﬁth‘égﬁ‘ésﬁaﬁ&e ef glucose,
P pronoter 'is significantly higher than under
exmemmmﬂs: ﬂ?ﬁedom@l(mfp G tpespm Qe tie rsigmificentl | higher oty under the
commedfr it OBl PG RAOIb e TR L PR TA promote
allow¥\a isfihiplifie dofeireditdtidinl rygime and avoids the use of methanol, which is potentially

toxic for subsequent applications. In one embodiment, the vitellogenin gene is from O.

auvreus.

[0048] The transgenic host according to the invention, including transgenic yeast
described herein may be used as a feed alone, or co-fed with another food source. The

specific transgenic host should be capable of being digested by the animal to which it is fed,
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toxi c for subsequent applications. In one enbodi nent,
the vitellogenin gene is fromQO aureus. [0048] The
wo e@asgass ¢ host according to the invention, iPCI/862008000266
transgeni c yeast described herein may be used as a
feed alone, or co-fed with another food source. The
speC|f|c transgeni c host should be capable of being
t.0

ond 58P0 fob BT/ GSDOSF JODSRE O FVRpor BpFyPPEC, the feed i

intend fof &kh, fiBeHaRQNi6 BodiMayithea bRt N8 v GBWhichMave been used as
exanple, if the feed is  intended for fish, the

feed by aqmgdiire. hb@mam@yy beanatlga@lgac oyeyassﬁ mayobth uggd ighergish another
ivel

food P BRI b gas YR e ) WRoEal Sl BR Dy pow i

~ the artPOdighPibeR ekt Jt-.whassa;me@ﬁ uk@t fof 8(1er @bmadiicesirdals (Chen et al.,
(i ntermedi ate |ive feed as they are known in the

2000%r th) a W@ﬁl%ﬁmb@dlmepbém niegladotrepbicayenst Heeip we&dris gransformed

tic anj .

acco@ﬂec{fl C eﬁ’ﬁmog nm]ssn?;gl £g1?¥%%%edf‘?55%| S[gégt XEI ﬂlher specific

emboBRSdrd) thé PidhasdseriBthainas lehk@eficient, REcH MR NHasoRisi SMD1168H.
used as alive feed or in dry form 1In another

fic. enbodinent, the Pichia pastoris strain |?
[0049& ot E&%loﬂé‘f ERCE Sho%@ﬁt ‘é%nsgem'ﬁ)é%%sbiﬂloéewrﬁﬁ‘% the invention
expr CL?JQA Wt N b in%%&edqeﬁélé’ ﬁﬁéanﬁﬂoa"\ﬁétwb]é fn@ﬂégee@hgn ¥(§§]§§red to a
ones “accordi ng t I nvention expressing rw
contrglorrtiae ryem chem3 ef essauealsan(ln@ acidngnd fdat svdsabheé these recombinant
aredto con | n iveyas_t .
clones Py TRE5F< B SAPRRFo i ot i Fi-uRte Pt S alfE! prapigtic feed
a feed hﬁﬁt‘l?ver B fiFhin N diet€ P RESIARY ftdiefo£fitd RiddBediate feed hosts such as
advant ageously used in _aquaculture either as a direct
rotifepsy ghpRePiR. f Begne agpece e thedtiveRia®, gy travsgapicatead Hidepider hosts
accorgi'h 43 ﬁ?]b@?gﬁ})&ﬁﬁ]@n{so& tlaé Yrﬁlehtﬂf egljgelgéai%% elfxﬁ&d?rhﬂﬁérﬁ]edlate live
GUEh rotifers or art n one aspect of the
feed mmh@mtArmmiatrlmephlr MQmmemmeMndaeqidhﬁmshosmeﬂ lipid content of
accor di ng to various enbodi nents of the invention are .
artemipdS IGTEASEd i ch an intermediate live feed such as
Arteinia nauplii and in one enbodi nent, the
[0050p0! yURs Rivelr éitigfhottbifi 1613 @olyuesituretd fﬁfyt ﬂmﬂsa(mﬂm) can be drastically
i ncreased. [0050] The Il evel of inp

elevaisd| by FEDE Hicorrattaalenes dg ﬂf&spreaﬁwmf @%lhoube Aérpdélf‘?* ey ymportant

I e e
compg#ﬁ]}f E Qelh?laxcﬁs d %B&ng\&glt gfr?lgﬁ@?ﬁpssg?]? tx%ﬂfg%nic %’E‘eﬁ’?g Q%f PMricularly

advamsagdebud ama ﬁn«bl osfecdiedditied. Auoibdriaspect sﬁjtrhh mweane;rgmmecfore relates to a

ast articul a adyvant ageous as _a
et B et MBI IRt BT RN, Mo aHpRe Coidryoic hosi
accorBB?rtéftl‘iH RvERloat @phiQing culfBtAOthe Yosti NG BaHkA REmprising fish oil. The
yunsaturated fatty acid content in the transgenic
fish ogllmgy pe e ¢pgdiver oil containing approximately 8% (w/v) eicosapentaenoic acid
and 7% (w/v) docosahexanoic acid, or other similar fish liver oils. In a specific embodiment,

the culture media includes about 2-5 % of fish oil.

[0051] In another aspect, the invention relates to a method for increasing the survival
rates of oviparous larvae comprising the step of feeding the larvae with a transgenic yeast or

other host or an intermedaite live feed that has been fed with a transgenic yest or other host
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according to the invention conprising culturing the

host in a nedia conprising fish oil. The fish oil nay
wheoopis@asTod |iver oil containing approxi mat el BCB3%2003/000266

(W v) eicosapentaenoic acid and 7% (w v)

docosahexanoi c acid, or other simlar fish liver oils.

In a specific enbodinent, the culture nedia includes

accorc%%g% V%n%us/ eﬁﬁaf)glme%qts Ml the[ ﬁ\pegi%%r N, AP %‘Gse m%%&ence%ts tthgqnethod

nventionre Pncteasih
relate§ W WicyakingtBE €8rvefal eMéPET t‘ﬁblf_'taﬂv@é YREQRAORE infdritg dvilRrous animal,
step of feedi n the larvae with a transgeni c yeast or
such &t firds frsgemple tapis-nTbe AawR o8 tlapsgenicagas! eRBinifiaisd e g method

i sl s B bEAP BRI BB SR Ebwil Ry Soptiepisest may be

admifisbedilgenisa ofrvid® aNYBBtItQdrekFbndRil 1©Ltﬂ)oeﬁ'!DOdtloﬂE@tn$o of dried
t he met ho relates to increasing the survival rates
yeast gfer ttHepit dAwae p6F daxiuali én%belrmem%é BV qsmeRtsOfa Hiendvention, the
T f
: transc%Hl‘ﬁtwe%gtn{lquc* tﬁ\é:ac]‘é)tc’frtd mﬁﬂ?As%?hee?r efé @.}rﬁe Q@chaﬁoxgﬂferg Of artemia. The
amoudteqi”fehd ot}ﬁﬂfdohlaotmzb il deperidhm ﬂhammaee dorhbevipashus H::ﬁlvae bemo fed.
exanp t he transgeni c yeast .nmay be adm njstered

For ef{?m@& B{hF%?r apiaj lﬁrvaﬁ AG6RrATd wbrregmdhmotefsma%mbe 1f€@> to the
t1]ap1§ Rrvhe 81 et gq;f '5%9d1v¥ﬁ@§ gelpﬁflhfde% BP{he voRYAS tH@Ges@éycontammo

| n anot her ecific I nent e i nvention,
the tilepmnsgeei d'oy edet lameys, b@emnfskdlevln 1 hhaamowmlﬂd kood the appropnate
sgu%&e ggp? gﬁwrotifers or artem a. The anount of the
amougy AeYCLOBE ' CFUPEE Wi | | depend on the nature of the
ovi parous | arvae being fed. For exanple, where
[005281i | a]mi gel anviher aggecqotieethvehtidh lrelhick efoSa taehodobf feﬁmehmo an

q&% be fed to the ¢tilapia |larvae at a density of
intermpegiRlG I0E feE, 108 EXRPIRiariEmE olpotifeis APBIPHFBEdhe ke O\f/é@é% to the

internGit@1i0é re&d 4 Gﬁastyéﬁlépba%t blasm@,ehos'ﬁa&co%h@rto g5 RCmiddiments of

person skil the art woul d know thé appropriate
the irweniord. dh amee@flhelmbfoejmb@omec@tal[l@;ﬁszqontent yOétAramm hewplii is

. aspect., the_.iny t|o ates to a
inere3E 55 feeahGaiolt G5 WEDE bEbR Bl SeBumros®ite R P05 el Biments
of thelig¥dntiof per A0SPIipet 84y.t he step of feeding to the
internediate live feed a transgenic yeast or ot her
Fost accqrdin vari ous enbodi nents of

[0053] 1\, e angHrer 2§ Cta%gp}a@nﬁlpe S ﬁgﬁfhodtf%me&@%wg Prosdgfock egg

quaht?cﬁ?ta‘%n&vxg{hoﬁr LR A ANiAd tHeSsted pre%aﬁlg‘ihp%rcfo%‘é‘@bﬂg transgenic
about tg of the transgenic yeast according t

yeast \@alotlmuéaosmcﬁdn ln@nnsdlatefhvc Heed thaichdsi kem fedra wansgcmleygﬁ@t or other
day.,.[ 0053 ot t. the invention. at e ‘

nost. §@rginga i St APRPEE R U alstiatn gy T pRhSGpent e

brood8fdck it ePEfUALS oMbk c&qmﬂfdssdnﬁﬁat he &beplofis, aaei agtitabR. The
broodst ock a transgenic

amount of transgenic yeast administered will depend on the nature of the broodstock being

fed and whether the transgenic yeast of the invention are employed alone or co-fed with

another food source.

[0054] In another aspect, the invention relates to use of recombinant vitellogenin for
delivery of a therapeutic material to the maternal oocytes of an oviparous animal. A

therapeutic material as used in this context describes any material that enhances the survival
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yeast or other host or an internediate |ive feed that
has ben fed a transgenic yeast or other host

wW@ewendilgy to vari ous enbodi ments of the i nveneCDBG20081000266
a specific enbodiment, the Dbroodstock are aquatic or
mari ne ovi parous animal, for exanple fish, such as
tilapia. The anobunt of transgenic yeast adm ni stered

and OV%\Jvtlh vﬁgjt?ﬁ ot%E &mcﬂ%y'ﬁgm?ofneg rlfetal%]ﬁl% ﬁn%qulg xgﬁé N84 nrxﬁg]c acid.

ransgenic yed t nven

For eﬁﬁﬁgﬁiﬂﬂdth@@j&?te@fof%obrf)ﬁdktdﬂkt dhimanedrghs f GaBorRDLH] G}Q]ount of any
I n anot her aspect, the invention relates to use

numb@f of audndith&mrable ok bEBgehAuadfr. vitelkgeyiay yugy ay minerals, ions, or
vnamg]?se E)lge?sg Eaé 1%16%]]@&1?}5 'bglse]teﬁer QpeQEegedﬁgl oeogqfé%(tbg mlgiinoaghch materials
with pivifedcardliexénislend sitdegueanty adminddralg thé aéquﬁmha)’l]l@ﬁsoeﬁ]hﬁcomplex
survival 13 WD 2004/ 044185 PCT/ SG2003/ 000266 and
to theydesired Podieske SeToeNeEe bY HEleHiidl inke o Rlogdstirataf g maternal
r [
broocmor&f(‘ a‘ﬁhﬁ%lf {Ngg% thé‘gg%l%hﬁ c%lr'rr%?ézdﬁ sugﬁ gcg?afﬁsnfg & uﬂ %% Bgytes by
Vtg recréptdﬁtmem}ﬁatahmdonymber of nutrients capabl e of be| ng
bound by. vitellogenin, such as mnerals, ions,

|ta hese nutrients e s Iectlve
oosdf BT DS Al ente, TR Be sgLegt el ) é@?om 0 the

exem}é]a?;ﬁ'elnﬁﬂ)‘aﬁhéhtﬁnﬂsé%%e}%ﬂﬁﬁtir}é Sl SUBKd Mehehfi®h is intended to
resulting vitellogenin conplex to the desired

encothpase dH sedkmodificationa mpthen #8/scopd, @e teforedibyttbe elpimns.
bl oodstream of the mater nal br oodst ock ani mal, where

[00563 ?‘hé 8%&%%@{!;' refef o h 4 @eﬁelh %aﬁ%ngr?c‘dﬁg%!gX? Bg‘ﬂ?&eif‘%o 5]

As can be underst ood by one skilled in the art, many
EXAMRILES cations to the exenplary enbodi nents descri bed
herein are possible The invention is intended to

ncoppass cati ons 0
005707 HBAS Ny B iR PoplRe) STonha sk B PERBE of e
milk W@rdtﬂﬁ:ﬁhéﬂ B’ U]ﬂiol, VySiAn @Hobmrv@dsﬁﬁbrb%\ﬁte(ﬁ@heUSA and zymo]yase was
EXAMPLES [ 0057] Bacto yeast extract, .bacto- peptone
from Peikegalfil CryeldPiins DICHakaline Kis pas Abipingd FAEGROGRe) PmbH. Goat

an’u-rﬂl%]? 108 g heshidd emivdal C\Qas Y36 du%?%@']ﬁ‘a]éﬁfasl)é‘nﬁﬁm and supersignal

I'nvi trogen, USA and zynol yase was from Sel kagaku
chemﬂnmpmcenapdntratalveasl }abéiabfrmgoml Pieveas USKt. aPriseinfA @garose and “H-

leucx%gexg B%% ?\J%ﬁig}lé &%b raR] l@ﬁb %ﬁ‘g‘%’aﬁyg n slP] OIP coXtalmnv

pure @B Miveld BN v e BI28S GBS @t@c nRufigibaged (EPAM aBHGT 88.% (W/v)
USA. Protein A agarose and
docosahexaenoic acid (DHA) was from Seven Seas UK.

[0058] EXAMPLE 1 Construction of the expression Vectors & Transformation of Pichia

pastoris

[0059]  P. pastoris vectors, pPGAPZA and pGAPZaC, were from Invitrogen (USA). The
plasmids harbour a dominant selectable shuttle marker, Zeocin, which allows selection of
both E. coli and P. pastoris transformants. While pGAPZA contains no secretion signal,

pGAPZoC carries S. cerevisiae o-factor secretion signal sequence downstream of GAP
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| euci ne were from Zyned (USA) and Anmersham (UK),

respectively. Fish oil, containing pure cod |liver oil
wWowaoh/ 081188 % (w v) ei cosapent aenoi c aci d ( EPA) PENSG2003600266

% (W v) docosahexaenoic acid (DHA) was from Seven

Seas, UK. [0058] EXAMPLE 1 Construction of the

expr essi on Vect ors & Tr ansformati on of Pichia

promgast ?gl {,{Zgﬂ? % ragoég %t(%é&'ﬁ&%‘ﬁ%é%@ml r.e%ime over the

methd@- hﬁluab@ Atoxl ﬁ@mot@r@ye@bﬂmﬁh@hwdflrﬁetnmohgeﬁhlc}zﬂonnmable and
which allows selection of both E. coli and P.

is potpridly e far snlsfeanaph ARMICAYWIS| e pGAPZA contai ns no
secretion signal, pGAPZctC carries S. cerevisiae

ol 520 P S a0 v
insert€@Nft the Wehite oFé&Rapem nivalstredrm afsthe SiATplprdrhetdr of pGAPZA and

fermentation regi ne over the nethanol-induci bl eAOX1
PGARGOS it @patgyhrgg@plﬁtlﬁgwph\gb grewoxwgq{grﬁo@n%p Spbgleping into the

GAP (I!e& H]le%aﬁoéj’l‘[zxdg%tg?tc$ﬁ(5e ot thé \hg)ge e (6 2RLIREEM E‘rﬁfbtdxtl)cl\ele an Apal

app tations pl1 aur eus, Cc
restnc(tﬁarsﬁiamck edDRVEudlse pe gL At ARIbY 260 tlwasyc Hrss@mtrfmlna] ttags in the

t he sense orient at t f the GAP .
GAP oYecioump2 R ATk b PSS, §f e SOOA Ve BBREPIARG: Iy @oiueScrip

(pBSIYS%) 6&%%%%&% VRS PG RIDIt Q1 RUNG QB RE H]l"@@raﬁb@]e USA).
vectors, the native TAA stop codon “of th ene

The twasprithtremeeti tord thtertmwalainpmqa@rl andr @s€rCati AGC ACA

cro SR ERRST B e A LSRG ) i

produltivaé kefisn@ld tb Ren SN evetapge T AUl BideTCT reopdisue SeGGpind CCC,
(pBSI'I SK) vector using the Qui kChangeTM Site-Direct ed
respegiiieligenesi s kit (Stratagene, USA). The two priners
used were the T7 forward primer and 5 -C CAT GGG CCC

[0061°CC MR SSGHEAFA AGhe %m@f& con¥higfife IihacAR®dr eSplessios Prior
underl'ned (SEQ ID NO 21). The PCR  product was

to m%éqmemt@QGMZéoﬁhﬁi Ah regien ef disgeDlIA WMeath@I e Yigfonends was
mutateg t? ﬁreate an I;ﬁe S] rgée%%lggté %(&)% YnterL)QJ élrl C ({iqg;( ﬁ%ér? %%Zvebre 5-T

I con Ive |n racel lul ar
CIT @)(IITGSG GaT (ETAQITA GT0 A3 GA CAG OQEGARIATTGh@CE3” (SEQ 1D

region of the ¢ [ e
No: 45 08 Bl AR RE S GRS e AR AR A STAS A AT Acc anc
AGC! é'} é%@? D NG b3 ’QG)CO@“Q@ SKE?F FedBicRon SRk iR & ﬁncﬁrhnEd a%ﬁh@%w ATG
G GAC CAG TCC AAC TT¢6 GCC- 3
codorsSEE D OID. In the SEQ ID NO: 22 primer, the codons for the 12" and 13" residue from
the translation start site were both changed, from CTC (Leu) and GCA (Ala) to CTA, to
create the Spel site. An intentional codon change of the last residue of the VigSS from GGG
(gly) to ATG (met) was made to create a new internal start codon. By digesting the mutated
pOAVtgl with Spel, the fragment flanked by two Spel sites, one from the mutated Spel and
the other from the multicloning region of pBSIISK, was lost together with the VitgSS, and the
plasmid was religated. Finally, the pOAVigl with mutations at both 5’ and 3’ ends was
digested with Notl and Apal and the resulting 5.3 kb fragment was inserted between the Notl

and Apal sites of pPGAPZA to create Vig(-SS)/pGAPZA. A schematic representation of the
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NO 22) and 5'-C CAA GIT GGA CTG GIC CAT CAC TAG TAG
AGC CAC AGC AAG AGC-3'" (SEQ ID NO 23). The Spel

WO e®i0i4a8i on sites are underlined and the new BIIEG2003/000266
codons are bold. In the SEQID NGO 22 priner, the
codons for the 12°h and 13" h residue from the
translation start site were both changed, from CTC

.(Ala).to,. to create the Spel site.
V‘g@&\@?ﬁé\gﬂgip ehgéﬂ]é @o‘%ﬁﬁse@dg@é 16f the last residue of the
VtgSS from GG (gly) to ATG (net) was nade to create

[00623 newo'(%gvsz@c@zw {va§ Qelentied BYr db@aitive®xbResioMbAd 8€kretion of
pQA Spel, the fragnment flanked by two Spel

rvtg mngemtwg NéaSSr dmthlh aepion, atay/ tSpRNAaeich 4 khavidtandntagtr GrvtgSS but

a mh*\;J' ?HF?]#{%A n| 29 %%g%t%gbq %%B% ﬁ%ém?glpr:gg ies Oo%%ms{}eum of the

GAP biodddidriin p szpsoexvsc%m%& fepfesévamm tBd thwbgg)/p@@d’ﬁ% plasmid
ends was  digested with Not] and Apal an

is deppaserlinthileglBs. 3 kb fragnent was inserted between the
Not| and Apal sites of pGAPZA to create

o0 T S PSP P wcion o

rVig phastie . t&-edeipe atfector seckdtion knal @3632] To construct this, the Notl-Agel
Vit g( Vit SS)/p PZA was int ended for constituti
DNA e@aﬁn&@ B &ftel V@8 PeTiegninothe SHlEr WaY ngton i Réﬁ%@%s'ector A

fjact
scherﬂaﬂcttraﬂre?se}ﬁ%ﬁ&?&f thé \%9) g@NﬁZQé gzasﬂ‘mﬁ(g Wicheaan FH@ 1&C

don was’ i nserted
betvveen the Notl and Apal sites downstream of the GAP
[0064hr orvdH @iasxmﬂsp@qpmpamdévh@hﬂtnpdy%pﬁeé@é rind tfidlper porifipéthrough

a Cs%%%g%%{k%}élg%sgz%lgi&@Wntrgﬁgaﬁ?ﬁg Inge ?%érlt Elgt%g]ga B of the Vig

expresSiqIr @Sseittos) mﬂehx&eﬁﬁeeltp‘mm]dé (10rM¢t grchiswarg adbed .80 pl of competent
cerevi siae (x-fact or reté%on si gnal

asSS). To ..
P pagigris {igas gRd §re&aaé FmatgiAVES ‘?Fé?fg b Fl5Ryqpayation in a
0.2 crﬂ@ﬁch@ﬁcﬁ'ﬁt‘icﬁpcdvetté RRingl H1k tB%RaWedenltlﬁse? he %Mz%:uF and 200 Q.

vector. schemgticr epresentati on
Transfdrg(zdﬁ‘sﬁ)ohpﬁ&?é’ra@elﬂcmlnmm YR depi plated (ﬂ% et Ie@;rac[t,OQ%4§:ach of

peptofi defiy ﬂLg’vaifﬁ“ﬁ a@d%?&%%@%@w i R0 gitahpensin anc
lncubﬂﬁélg{%%félr%rd% Sent rifugation. To direct int egr ation of

expressi on cassettes, Bl nl-linearised
plasm ds (10 gg each) were added to 80 gl of conpetent
[0065P. pRrsiimiriasy (dsitigy smeaindhau@ggof GJ@%QneS'IIraalmrfrmg reatietion signal

ted {
vasSE RE SEra Bel Gl QR E s e Byslaolihavipin wyeost i
cell 1yhteld@0ndmbrabe-BiurRinGactiods. QNeVJﬂTEHP&E LOhieflaf Ok QA SfaddBhE for its

sel ected on YPD ag%ar pl at es 1%¥east extract, 2% each
applicgfion as a recombinant Since Vig(aSS)/pGAPZaC constructs yielded only

minimal number of clones with poor viability, further experiments were carried out with the

Vig(-SS)/pGAPZA and Vig(VtgSS)/pGAPZA clones.

[0066] - EXAMPLE 2 Southern and Western analyses of Vtg gene copy number and

expression levels

[0067] It has been reported that the expression levels of a recombinant protein in Pichia
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pept one, dextrose, 1 Msorbitol and 2% agar)
contai ning 100, 500 or 1000 gg/m Zeocin and

w0 pwbatiesl at 30 C for 4 days. [0065] Preli m nB€HSG2003/000266
results showed that none of the clones harbouring
secretion signal (VtgSS or aSS) secreted rVtg.
Regardl ess of the SS, the rVvtg renai ned vvithin t he

con 0G5t PG, VR TR NGO 3L OB T,

b O FRC ORI RaRterBele ShReE ff f the GAP-
we ’“%gt’éa‘%@h} paf%ég?: cons@uct S e§| el dgdégnl yOn ren ’rﬁe&]ﬁ o e

reou]amsﬂrmﬁg cofstiotion &e wiotativp oxsombirabl ¢1prag, haftprmgepultiple copies of the
periments were rried.out. wth the SS PZA
xpresgiig HGLUPGSS BB AER ieu PoBatps confiliiub PZEICA
Sout hern and V\ést ern anal yses of Vtg gene copy nunber

[6668 Q?nd Y &XPH 88T RAnlsevakt Sph@0iElied bisiRasyhRBnse, epartyed using 1 %
the expression levels of a r ecommbi nant protein in

sodiurRi dsivieey] snﬁamsmjm@mm%m@rms&;@zg@@lﬁ@Gryzﬁéaﬂqlaﬁe%@taﬁon and
I
1esu%p(e(1gegin Pelgi/g @ C?L g‘&ifvn{,h@%gteg %Xq:ﬁ%ﬁkggg@?siﬁo ug each)

were @tdiRphoRieene O%O%Va«wﬁtdibgé] and ttah]efeem@ o@®Sh.o% pum ny]on rnembrane
ef fiCi encAY of the GAP- regul ated rVt conat ructs.
e

(Pall Bigdame, WS A)e clveniavalieim Blobias hrbidigsdi Wik Adn] 1}3"%}6@@#@%@“5 Vig
t l 10N
Xhol- ,%[{1 ftla%memf&z%%pggﬁ@g%ﬁf BORTIE (150 RLED @Oglg%r%hh%at on,

h™19creasing ons of " Zeoci n.
the blot\»(easst]mnrtmﬁsjy Ipm‘vfeé mﬂrehs@heolo@ha«@togdzms Hr{§f1S4) gene fragment

(612 GBoh e 1o qE il (8, B A BRREY lof Tt 'Hefe-copy
chronﬁ)@@xﬁh]pﬂiﬁtdeﬁg g9 BeterR e RE BESOmirbel kot b HEVig QDNA idlegrated in
he Avril-digested genom c

e
the yewsrl@stegee@mleotbh catioseidho mntepsgy 6f %Ea‘éarsb%céf( @‘éqn%a?ﬁlé that of the HIS4

: specﬁ%sﬁg.sé .Ti{;'arese %tgrﬁ%erl%l gﬁ%o{ﬂo% rcﬁ gﬁn‘g:éxgggln\}égf f]}!/lgstg' P Qoftware

(Phanbhéa | Blwgdcdhpd @or anbrmelisativhg of )(hel raXbabf fingsignt DOIA 926m the
bp, excised from et al., 2001). For
“nt"a‘”’f‘?&‘%fiﬁ%‘t"fa@ﬁlso ”E“ﬁé&gllgfhe\ﬁé‘gl% Snul t aneousl y probed
with a histidinol dehydrogenase 4 (H S4) gene fragnent

[0069§ 612nkm)>tai pRmRih ek peaRtat, ctll mysaferaag emnbrm bleind dtactions
the presence of the si ngl e- copy hr onosonmal

were gesndified by dwrediord away KRragiopds lﬁaﬁbéfmedm ﬁ@t@a\w @a@m@tlon was
ana]yzelat @g Si‘iSeFAp ﬁdqgn%%ﬂocﬁloéﬁ? QE19E§ I{jewﬁ]@tsPﬁ’le%o&hganons.
Intensit fie t of the

I'g Speci ban ‘and
Fixed Hirfodnt sm»gfdf Gotbhmdte‘imﬁom hha]ylsmd ahy netetbsarediretipncprepaed from

usi ng | mage- ste DS ' saftware &?ﬁ I a .
shake Hask Gy i O o EIORES 72 FGE b m? Yo B lamde gl The
proteilNAvert MiBsfei8d by electroblotting. To detect rVig, rabbit anti-Vig antibody
(1:10000) was used as primary antibody, with goat-anti-rabbit-HRP (1:20000) as secondary
antibody, in the presence of 5 % skimmed milk. The chemiluminiscent substrate, Supersignal

West Pico was used to develop the signal.

[0070]  Southern blots of genomic DNA to determine the copy number of Vtg expression
cassettes in Vtg(VtgSS) and Vig(-SS) clones are shown in FIG 2A. P. pastoris genomic DNA

isolated from clones that survived selection with increasing zeocin concentrations (100, 500,
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untransfornmed host was al so included in the anal ysis.
[0069] The total protein in culture supernatant, cell
wo y®anetishd nenbrane bound fractions were quaPCT/6GEd3/000266
by Bradford assay (Bradford, 1976). The rVtg protein
in each fraction was analyzed by SDS-PAGE and
i munobl otting (Burnette, 1981) with sone
and 1@‘1' AR %i ]o%stecf axgieplogrg&)%ﬂcﬁees%l%{%?a%ggé ti"ﬁé ﬂ'!unB%Q;b@l'on the blot
indicafeh@iee cﬁﬁﬁﬁiﬁnﬁjéf tofr ge of @Sﬁélﬂ&@ﬁ;em@s bh@ad@d ther ratid Qof the

_ % SDS- pol yacryl am de %sgtp proteins were
densitpmemisfiieped Byheligden éhqsﬁﬁéthe'ﬁisﬂet ect rVtg, rabbit

anti-Vtg anti body (1:10000) was used as prinmary
raq71 ANt i-Rod L '
16073 2 C'(;Iﬁa ae?/ iys anl n[?)age%? 0995 JQrLgag)reEe%?ECG e égg z)&xﬁstolerc?nce (from

100 todoko 10b@ pehﬂyrmhwmb rdbp)CﬁmhbalmbS/ttg ax;ﬁassmaesssuggmo 2A). Thus,
West Pico was used to devel op the si

the clagggPRBIPLILEDY PUBLEHIERT EPEhRECPE! kognal lﬁée]ﬁ ﬁg%%%%esmame
(ZR): {}%‘jg?foég%’fhgf@ grﬁ?’(r\]t@?gEg%A@%%S%Fee%]' B> Vggédﬂle)s%)s a9d 48, #9

nes-ar €& n FI'G 2A. P. pastoris
(500Z8N o) CldMA haitwotiag et (VigES IpGABEAL Wate #rid (OZR), #50, #52
sel ection with increasing zeocin concentrations (100,
(500ZByo, 17 WD 2004/ 044185 PCT/ SG2003/ 000266 and 1000
~Lghnl) was digested and probed as described above.

[0072]Th e Wb’:ﬂpﬁ r9al8dsQ thd€elblyddte ahd eHeGthhet R ti6MPHOMURD Qfﬂected ZR
ressi on cassettes based on the ratio of

clonesr, Idetectaé msuﬁ’@gmd of 194t 1P (1. 8B)+ Hee samgpipghigecls 6f rigsie these
two frgzet%ovr\;é %\;Ellttﬁ ‘totglogtgrlella-ﬂﬁ%%%féx%ss%g reRp M&Ho tfcﬂqggeeélﬁe Ollﬂe highest

ncreasi n t ol é’rance rom
integr&f) repreddHHA v gbﬁﬁk)#wm #58e hadpyedwyprteedl afd 34 gopies respectlvely,

expr essi on casse Fi A Th t.h it
o ViSRS ek 2 e et oS ROl brane
boun flev%?so&f' Wtéﬁﬁ?ﬁ%?@e é(iéﬁ?é by &i?%lg %%%&e&) feg?ﬁsg ]#tﬁ}é the copy

numb(fSQfO@R)@Xpl(ese)lorc comeites haﬁb@amrmgenﬁlm YogsIemsciappavgeipeused on
invest] é%;]:gp% Sc]ogj ’%) %Fg #Sf 5 1’nfzéﬁ g’l% g gﬁg % d&@ mcj)gtqg’g ] Vﬁ%hﬁ:‘iﬁcal analyses

¢8°bt° the el fane fracthons
were perfommtfen 884 elohed ZR cI ones, detected an rVvtg band of
194 kDa (FIG 2B). The conbined levels of rVtg in

mﬂWQWM%%ﬁW@MWN%ﬁN%%MM

of rvightegrants, represented by clones #6 and #52, harbored
Gp to 31 and 21 copies respectively, of Vtg

expr essi on cassettes, and the expressed the hi ghest
[0074L onbl e EXRrESpEOAL @V@}ﬁcpfn@ﬁgrlan@%l/tmes of clone # 6 contaming the Vig(-

SS)/pGAPZA plasmid were determined in three different YPD-based media: (a) YPD
containing 1 % yeast extract, 2 % peptone and 2 % dextrose, pH 6.0; (b) buffered YPD
(BYPD) containing YPD supplemented with 100 mM phosphate buffer, pH 6.0; and (c)
BYPDN containing BYPD, 1.34 % yeast nitrogen base and 4 x 10™ % biotin, pH 6.0. Single
colonies of the yeast were pre-cilltured in 10 ml of each of the 3 media until ODgoonm 0f ~7.0.
One ml of this starter culture was inoculated into 200 m] fresh media in a 1 L shake flask for

overnight incubation at 23 °C, with continuous shaking at 260 rpm. The optimal time for the
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bound) levels of rvtg (Fig. 2B). The intensity of the
bands conpares closely with the copy nunber of the
we@2resHsdN cassettes in the correspondi ng cl oP@r/SG2003/000266
Henceforth, we focused on investigating clones #6 and
#52. Since clone #6 grows nost robustly, biochem ca
anal yses were perfornmed on this clone. [0073] EXAMPLE
orowd & f i n, &€
IOV\?BCE orﬁe%wag ]S%%PG{O%?'{P?% ijﬁ ﬁa@d?@p?eﬁg@gﬁﬁ F 96‘114 1A %}guots of
30 mI Weg haﬁwe@wdtatu n6s190L2ahans hf 1BheCrutial rmagemmexvt;g(leted at 5000 g
SS) I pGAPZA pl asm d were deternined in three differe
for 5 ypg). Eh@; @dt%wmma(a@) wWeppst a@gﬁ{cmaﬁp]ﬁ@s of %cyeégisq\/tg The ce]] pellet

was Y\)'usth @r”éc]l” P\?Il-s %@%&’Bﬁo%@% 5gloldn “ﬂ?‘@{ﬂ%% UBP'(I en’ent lg[biJMsﬁ 1 mM

EDTAQAd 5V phespipdd rbeifksp@ided pH?.6 nf); of dfchki{ng)bu By PDNB ce] s were lysed
cont ai ni ng BYPD, 1.34 % yeast nitrogen base an

either by glass @pqﬁs, . 45p;|qn5 S(gmagqaiéir@]chc%]e%{%lcoz Ot?ﬁé(\yeggtchlop Cell
Disru tor ﬁ]ﬁ&eggtleb g ﬁﬁ\ﬂip Aﬂefgqh Q%Htl‘?ﬂzggltlﬁli attlt@Oégo IEfo@ 1he ce]] lysate

nm o I's starter cult
and debiss wemsu:baxta&dy stoted a208D td fcfrrfeﬂhlerlmd]iy&sl ri[‘]ﬂ: dlebhs shalse]ublhsed
for aovernight |ncub?t|on at_23

fl
with L GhB0R b Sl THEMBEN2 BOWIHICiPhe fbepWeﬁtﬁ{n WP of the col
]ysateg Fﬁdn ngegnbYRezf)QéHogél Wede ab gﬂcﬁ@g@ Q%\%Og?tﬁﬁ]e }SHSQMnhofofhe 194 kDa

es was so nonitored C, 28 C and
vitellogengn barldt iwreach af ihguends of mdwembyvtbtr erlmdve)stleobllatﬂlreﬁeﬂgedla it
19 and 25 hr . ti. ints,. The | | et.ed .
sppedty b epiofy ot &V i i oG PP Eine adlitas, The bSEGE0 meai
BYPRSiifde B®DMNadp gﬁﬂtéﬁ optimec cemel df\Vhe. reddisbie@lt! yeqael bt conferred
was washed in breaking buf f er (50 mM sodi um phosphat e,

maxigp| yield ofltoﬁqiﬂcpim;:ote]g ,ﬁi\qns@g‘pﬁg g}@dcogmygegh yteapigy pi an in'the cell
]ysate\rNe ﬁ@gﬁﬁﬁ&qgg bbih fTE%tlg}lS (])JFOth gﬁn ?Wezfe\{fere H‘ﬁalﬁ@d %nSBYPD (Fig.

ysed ei t ass Si gna
3B) abd EWIDIRI(Eizs SCBamn S¥D CF]QSMI)I Bécrvcdvtenpie@eﬂtd badids 1ofi pY tgrare more

prompkbD (ot i o IR Reptity e e ey PL Raiindt rvig win

higheSERRLALYE 1R Hu8ds &hphoSed @ls‘lﬁédlﬁmrther anal yses. The
debrls was solubilised wth 1 %SDS to obtain the

rane bound fraction. The Véstern bl ot anal ysis of
[0073] e E&A}MPW%& &2 SFRICTTATOINYRE'S PRE MUGHe fRake tfsks, and fed-baich

fenne%?a%%fi'cgﬁﬁ’re%?‘etéﬁegad the position of the 194 kDa

| ogenin band in each of the panels is indicated
by the arrow (. %ﬂs In all three nedia, it appears
100761 hat Feintbe mmglsrshake fdefsk expegyinenty, 6delei #evas growhet ABRGAmASingle 1

, The buf f
L oaiB sk SO R Gk S PR P B B A DR At PO L. Whe
testedC®Rek €8 E¥] 28 and 30 °C, the multicopy clones expressed optimally at 23 °C. This is in
agreement with the report of Li et al. (2001). At each time point, 30 ml cells were harvested

with concurrent top-up of 30 ml of fresh BYPD after each sampling.

[0077] For the multiplé shake flask experiments, seven replicates (one for each time
point) of 1 L baffled shake flasks, each containing 200 ml of BYPD, were simultaneously
inoculated with clone #6. The cultures were grown under the same conditions as the single

shake flask culture. At each time point, 30 ml culture was sampled from one of the flasks.
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maxi mal yield of total cell protein. Considering the
conbined intensity of rvVtg in the cell |ysate and
woreosboanes bound fractions, higher expression |BvBEEG2003/000266
were sustained in BYPD (Fig. 3B) and BYPDN (Fig. 30
than YPD (Fig. 3A). However, degraded bands of rVtg
are nore promnent in the YPD and BYPEN nmedi a. Since
ul t S
[0075|ﬂnt eg{o?tty‘? i?gr%?thcﬁé?%}{aﬁgtl@ggn e\r%%nﬂélgg‘ %Qgrg déo]ony of yeast was
inocyl@ed Hijto ERANPBEPD: mwlgmemrlroemm onemﬁhsamm € Anglshaker incubator at

d fed-b h f t at
260 Bl o FeBE QPgn 73@ b Sejireors (Hesigid ghie TOAREo!TTRER ina 1 1
shakeﬁﬂ@sfkr deNb S 16:'5 En%§foger ﬂ%l?t;odlgxﬁ}%cl 'eragyggag afpeé ina2L

baf f1 ed shak contal nin
femwwrtﬂ@thlq(ﬁg“ AGK, E(B?am;()mThV\Kie;Bo]wtcb@tygeln ey wadmaidtained@bove 20

on expressed optinally at
% by 3y SF?’ur%tl'ﬁ”sat'agatier?f tZng Z‘éﬁéﬁv t%femelﬁ%mré@aﬁe dihe pO2esgscade was
mam@ﬁned(a?Q@ﬂs)istelﬁt]e\f‘e@%tht {enstmm?bo dﬁtgc%lvﬁrl?@g ﬁme gntervals, 30
harvested wth concu top up’ of

m] Ofwﬂim%mss%n@mmfos anqiysmgxd 0@ 7] voFone bﬁﬁemjhtdl}mh]ewas introduced
§t}g q | ask nts, seven replicates (one for
1o malian 1t GRie Om?il F’)evgfmﬂe L baffled shake flasks, each

cont aining 200 M of BYPD, were si rrultaneously

[0079] n OC'lIIhﬁtawanlﬂ peak of exyeedéfon of Me1OMk Mcﬁﬁoﬂﬁrfﬁr élarcﬁ\éﬁlture condition
he same conditions as the sin shake fl ask

as Sh%li' PhF AV hes cthe PHe® poPRt 60039 ( R1) 3@8 ltetak jeroteés éabrpf gtpne # 6
cu]tmfeH Qﬂiﬁ@xnﬁleqlffgllaﬁt EA@?K}S@ Sa;'r.g 's_%é?fr?%so 4#9%:%é§ f tlme The Western blot

CT/ SG2003/ 000266
presemeﬁ welowatach grextheniveentlG. 4 ssowglhet 00k orng defecméaﬁﬁhevm lysate

' ulated.into 10 ni. BYP i um.and rovvn overni g
and hRBURE b D ChmPigy o e e Dot b GVERr gpeapparent
forwa@)ﬁlﬁﬂ in thé. tline dhRagilal WE pasin! a@@&ﬁﬁl@ﬁi&ﬂfrbﬂtﬂh]@pth@'dn gle flask,
BYPD in a 1 L shake flask and grown to sane

to 188éﬂ% theympliplsy Basks cad the ifesiest iims af 1_6 BYPDthsofedaiatadfermentation
cultur@s. Zl\/jamtgngfngq gfl lTefa{/ glsaﬁ dald ﬁ%gﬂgpﬁan&§5€%@on§81g %}OPBQelmal cell

di ssol ve S maln ne

gIOWtal(refGaDEi@M(b)n at a rate of 2:1 (v/v) of air to
fermentor per mnute. The p02 cascade was rral nt ai ned

RO AR AR SR | Ca—

femeﬁmmﬁuﬁdref Qermaigdgy §i Prindifledmdeflbind rV@h sifReRfonf 1 Q’ﬁ@oretlca]]y, the
diumwas_introduced to maintain the original
xpregi gy PRIt DB Ostpan i fermgniatin skl tote dag e Bssionsiitutive

Propeﬁ?1 gme?ﬁ%%'%oﬁi%@vr\% gircg\detv Dy V&f‘%bel;%wi%%[vgtggqg ’(Ij]‘_l’l(’,"i'l a?]og leﬁure was
maxingny at didah, @hmlvmgnpe(akko)ucejiftraﬂ)mlaﬁh#r fhan the shake flask cultures, but
diminished thereafter. This is despite the maintenance in fermentor culture of constant pO»
and pH. It is unlikely that the Vig gene was lost after the peak of expression, since further
inoculations of the fermentor clones into fresh BYPD again showed similar profiles of rVig
expression, thus, indicating that the integrated Vtg gene was still intact and expression
competent. Furthermore, the clones were found to be stable and qoﬁtinuously and

constitutively express rVtg over 2-3 years of culture since its existence. A plausible
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cul tured under the different conditions are shown as a
function of tinme. The Western blot presented bel ow
weamh/ogrnewt h curve in FIG 4 shows that rVtg weSI/SG2003/000266
detected in the cell lysate and nmenbrane fractions.
Conparison of the three Western blots reveal ed an
apparent forward shift in the tinme of maximal rvtg

f :
exPlatﬁ‘gtﬂilngﬂnhE‘}% g‘?g%ﬂgﬂkﬁt‘}fqm Fd'rg{ﬂ E:S 91{ Qesaﬁ%rél]tg(i e%f{d'n?a %Lﬁgjr%p]edmm

couldllgvh Of:@rrrekihéte{] exbrmtcmh If gfl‘oﬁﬁrﬁeaifhﬁt@restb mufutusdé, &8 monitor the levels
i.ni t he Hnear appears to be inportant for

of Vt“ﬂ%‘?@%g‘ﬁ}g‘vg gl)%%sn er ithase digy mg,g\fagﬁ,\,@rrd lqe(y@flértotdgtepm@e the point at

whxclﬂ@e \ ooé;c?gésg@ rﬁaEOéé’Qseﬂbeée thd Hgnscﬁﬁ?&;% rgl?s)f%&%%bpge]s This

cl ones | e to” coiiti nuous
will hlg]@(lmaﬂdnesﬂganyrpomntnabcqnicems bngehd ﬁhﬁsenpt\ﬁrg] enpsasmkRienal stress,

C ression | evel can be mai ntaine
Where émm?ﬁM hya lTllétrynéﬁ‘E aY IS0 RAToiain t ifteaTib eresrectivdy, may become
quesu@ﬁﬂﬁ&' Wﬁ]!evﬁns Ebfggﬂﬁ{em’ 1n9fca{e§‘?haq5°\5pr19ﬁc9ﬂ%1%? é:lmv\lgrg Ghditions can

rvtg | evel batch fernentation cu
drastigailyi a;ffj:m e e;ggrehslomlﬁvﬁb«rﬁ mytopimalk mmanh paisboskifiad i &k art can

ake | ask ut . di mnished
take nte%ggaé fStte%S O&Fﬁ‘frg degre 33%‘6& Pé’%ﬁé"ﬂfﬁ?sl‘ﬁ”enance in
fermentor culture of constant pO2 and pH It is

[0081Lin] ilhﬁﬁqnopfhatplttah@] W @J-?ﬁﬂ@n \t‘ﬁg%ﬂefﬁﬁqe g%t ]%g%ltc?er\?@@%s Bl rformed
| u | S

f]fé‘i% si on, since furt

as folloxySye Rveright slures fip FYFasterpyplictagand veasbowk twisk mwitlabreaking

bufferP", e on.. t catin

P runchtedin 3 O BYRECER Mo 11 Sici, Tl S oecte acuivity s

mCi/ngy prdmsilmted wpekantat 260 b @FZEJ‘TCEforQQ% CIRReRs Walefd from 15
to be sta cgl e and conti nuously

ml of é‘ben%‘ﬂ PPl e hlsipe 8lesy baads aue ﬁelznéliyé derslbmin gl 9900eg. “The
supern@taf€ Eorltdifs B%icEH ?&9@ T‘he?eﬁ&%gl s%]ub?l% X?eg]lqgf /”/Oéﬁé fa§ t4hg for 2

- PCT/ SG2003/ 0002 expl anation na
h and eeginifypeds olhecesul ungisupemasat mpra‘smmﬂ thé sd)]hEnhSeLd hehBrane fraction.

medl um coul d have occurred after expression. It would
of

[0082]\/‘ %n%%ﬁﬁﬁg{t ﬂ%lgb 31[1 (ﬁle € o{yéz}te aﬁgglgélg{)rﬁge W:Fg‘}/ls lgsfsege RFfdncubated
separai&ﬂi}yWﬁtH 2040 peaingfuit Reruk@r BOhith afﬁl °C %!]8@1]’)&%1&‘1 ?O L of protein

expreSS|on was ceased, Vi z. the transcri ptiona ‘
A-agaropewas added ad allewed w reqhifer 60snin at He‘ﬂa The sachghiessserabgntrifuged

at 120@6’ %f g?%“ong?g%{ ?%gg%%{%gﬁgt ra scr| ti ongngg&dti)yNas 2dded
fol]ow@cﬂﬂy WWéniphphRhBhtioRtadret yAftExeaﬁfa?t%ﬂ Hf%(y rogfl}]ﬁ@%arose the

guestionable. Wile this experinent i nai’ cat
mixturg Vet epifugad ett HéO@Qj gtfour%nnmn ahe nmmsmqalmpﬁhrta&tab mlshe)d thrice

with b6 oﬁreélgl?alt on %galgﬁéeg@awg\d {Fgltﬁgpljﬂ 31?)/% %:Dle"lgp% 5§ mM

pers
NaCl, ansu Ve Ngtes, rm ﬂeanﬁhg hmi0pse EIREER RBated with TCA (Melo et al.,

2000). An aliquot of 50 ul of the radiolabelled cell lysate and membrane fractions were
spotted on a 3MM Whatman filter paper and dried at room temperature. The filter papers
were washed once with cold 10 % TCA for 25 min and twice with 5 % TCA followed by
ethanol:ether (1:1) and finally with ether for 15 min. After drying, the radioactivity of *H-

labelled Vig was counted in Aquasol uvsing Wallac 1414 Liquid Scintillation counter
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[0081] Irmmunoprecipitation of 3Hprotein to determ ne
the level of rvtg was perfornmed as follows. Overnight
w@iosis4ass i n BYPD were pell eted and washed tw PET/86:2003/000266
breaking buffer, resuspended in 50 m BYPD contai ni ng
10 G 3Hleucine (specific activity 5 nC/m) and
i ncubated with shaking at 260 rpmat 23 C for 22 h.
Bec The cells pelleted from15 nl of the culture were
(Be kﬂ? led usi ng gl ass beads and centrifuged for 10 mn at
9000 g. The supernatant contains the cell |ysate. The
[0083Pe! |TeldiNases stblal sieekinintdlore. #6 sHowBS46L % p fbtélﬁﬁn fhe chil lysate
and centrlfuged The resul ting supernatant gresent ed
and 53.8& dothapidnbset Meavbn.alemirepeedipttion [Oé)d@z?dlola elled rVig by Vig-

e AR e 98, BB IBESSAR) TR 308e . o e

partitiBh@d T0HUP €olgBle el Ty3kie §0.4418) adl nébnfbrafedidciiohn@. M@vbrh 20
I of prote| n A-agarose was added and allowed to react

mn at 4 C. The sanples were centrifuged at
[0084]120@?(@MP&E % ARIR0 agrg) @ wq%bseéab@%eér#érﬁnd 280 | of
anti-Vtg anti body (1:100) was added followed by
[oossg"erlﬁ‘ﬂlgéét othafw&a&é@é‘ tﬂé géov@h afli h3Fve@dEH i PNp stro;%)cmnﬁés were
n A-agar ose, m xtures were centrlf ed
perforki2d0@cordingy tbihei xraSpeﬂm pptival oqmméxtnom tdaitegnmaé fméﬁe&xnc’le shake

sk, T sty TR LBA R LB PRI e o B 59 shae
flask é\&‘i’mﬂe@ of et 86 Uhdl 5T 2 d MY RORF@ENIDUIAKSHWa e hi@adted] washed and
h TCA (Melo et a]. 2000). An aliquot of 50 RI of
freezetcheedr dneomalsd|fresee-eeed yaagiswstle fraruthapimeaiive trpapeipts il different
t fojl
cuE0 5 43RRL4 84 2, AR TR0 ot P, 9 i Biporaca
from ml CS&m}bIetH'y }mkldo moﬁfghTﬁAogmcaES "merdrmd damples evewd tehuﬁel%ed n 2

CA follo t hanal : et her fin
ml of Qtwﬁoﬂlam @ﬁafm IP\H 2ﬁ%fﬁnérfﬂfaf%¢|tmu b HQ]Z)Z glé‘&lt .&W{P a&f‘f analysis
| ' using Wall ac’
was C%ﬂbﬁbf}%ﬁﬁﬂf’% pfCAdk g‘g’ﬁj 2L DR 0 2004] oa4185
PCT/ S&G2003/ 000266 (Beckman). Q(}90083] Radi ol abel I i ng of
[0086] ot aThepmmeuamdSrvabie@ IETe6XPE¢seTR as BBOYmY, ¢y eatn Alhrespis were

and 8 %. Ne 4 e 0
rorm bt i B s 35 A oo BRI RS gl Bt o
ammcﬁ Qﬁdlcfolntbnﬂﬁhﬁ ichods &% sldowgadist fepticted/tig RIGpS&s€ninparkd 16 e host
total protein 1(3Tab| e 1%?%The r\/t art1t| oned i

SMDHGEH0 610w 6 SboYs = 13 Barie it 12 4o 3018 cABRHY Hr R0t 6 fheShodest
6%15&%9'5551{;6516%4% ﬁ}h(e@gnsﬁ% an 52 [ 0585] @mess@ig%eﬂcg%ggéncreases

of totslt abied actcheonggmo\atriongn duherey e tloot #8lin singlepstskerflagk (SSF; 19 %
mcreasc%, mu tlpsle SFAE flasks (MSF; 33 % increase) and fed-batch fermentor (FERM; 15.3
% increase). The percentage increase of individual amino acids in clones #6 cultured in

multiple shake flasks is depicted in FIG 5B.

[0087]  Examination of the amino acid profiles showed that amongst the 16 amino acids
analyzed, the content of 10 amino acids (glu, pro, gly, ala, lys, val, met, ile, his and arg) were
higher in clone #6 compared to the control host SMD1168H (Fig. 5B). The latter 6 amino
acids are generally considered as essential amino acids for most fish (Cowey and Cho, 1993,
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performed according to the respective opti nal

conditions determned for the single shake fl ask,
woredoniopd1es shake fl asks and fed-bat ch fernent at POFSG2003/000266

nmet hodol ogy (refer to. Fig. 4). Shake flask cultures

of clones #6 and #52 and the control SVD 1168H were

harvest ed, washed and freeze-dried. One ng of

De Silgh ad Sriprsin | Spene st (i dLoyREeL RS Pudb g ip cone 6
arginir%’é’iragn%n?%tmolﬁlge Alre LRt SorREAH1y\EREURD (FrCISB)a Y @v apewatteyis the

e sanpl e by passing fhrough nitrogen gas. .The
98 % wiricest inahpethinwne cordenis fensideringthat mapt igfnn(xj_atgd igiets tend to be

.sodiumcitrate, pH 2. 2 and filtered. . m
i e s SRR
Shi madzu Am no Acid Analyzer, LC-6A. [0086] The am no

[008812CT B ANRIPUESS: Walt ¢ 18X BRBFSE6t dsneBWOlahdy 5Ary yeast. All
results were normalized against the native P.

pastoris, SMDL168H. The percentage &Fn [ease gf ot al 21 vy
[0089]ani Adpide e e¥irasind Trem dhoREdia6loRF (KL depr ot Bg A

| G 5A Aol ¢ 85 with ane ¢heh IToMBylated
Ch]orogo%‘%ert%@i%ﬁﬁtgb]{l% gﬁ%”ﬁgﬁgd&ng@%%eﬁt\? in Contrast 'y
hydroig&nisb& aBdieatylated Bynayeasee iin 00bms ¢8oroforhemetheral wixture).

| G 5A conpares the profil

s_of .percen [ a "
Fatty 3584 TGN RO TR B AE A PORIRGA U B e geeuon of
e loASKqi SSombeYaphiy RBraesis®hdzy GC-9A with a

the mégﬁf]te?%i%eﬁ%h%ﬁ% f agiég’gs?l\/%l:; 3r§ % i ncpr gasea) .and
Thernford3008AC (SHimpdan tepillpFERMIMI E23 moF (OrdY B3 é.)d:). Thie temperature

. percent age i ncrease,, of individu ' C ' o
gradicg| BASBIORAEHES g 4d R RUFL G I'e%sqwa ggglﬂastg\%irg@ of carmier gas,
heliun® §Ps G &Fmi ik FoSBe ideRP8RloF¥atEtpakide a Mixttleaf &now fatty acids

amé profiles showed that a.rmngist the 16 ‘ani.no zjlm ds

was ugdak piasdardt(FeWetmelsTolo Woivensin f Biehaies eaf g1epo,

gly, ala, lys, val, nmet, ile, his and arg) were

[00902%??%ﬁ%@%&&gﬁ%ﬁgﬁgﬂf ef 2h@ tldeativ HokO SMIDBI6SH, were grown

atter 6 amno acids are ,
in BY@Enspaldnyentainsitilsteatt-fierat 2 dhcodlivamdihovidics YW Erimpeng the

o b RSB S i 2P I 1 e e e

thorot?m‘gﬁh ot Wity kchitie anfirace eicidieranialishzdibeifore dipahanalysis.

6,” arginine and nethi oni ne were nost significantly -
enriched (Fig. 5B). Mst noteworthy is tl%g gfﬁ % er pative

[0091] nrGemmpenisant P thittAFbIRE OBIPEAD. CeBHs lePThd ehsY

SMDH%S%?{I {)i%e L}%Rhgdthgt' 8o ﬁf Behibie dO£7.5 % boost in total lipid content, out-
met'hi oni ne-de

icrent, clone #6 appears to have great
perforptihgnhé al3 & rae dnedlorsuppl.erfBet bax 0ogBJin EheANPIE fgure shows the
Fat t

compiupigriRd P0G BETRUPARTT R RN ool SRS, (R 5oy grovn
in BY®D with 9P fhithbs! il o2 Irh¥/fivst and second numbers below the bar chart represent
the numbers of carbon atoms and double bonds in the faity acid chain and the
pharmaceutically ‘important omega 3 fatty acids (n-3) are denoted. Native SMD1168H
contains much higher level of lauric acid (12:0) than clone #6. The levels of the myristic acid

(C14:0), palmitic acid (16:0), palmitoleic acid (16:1) and the CI18 PUFAs are comparable
between clone #6 and the control. With the exception of C20:3 (n-6), the levels of C20 and
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chl orof orm : methanol containing an anti-oxi dant (nade

up with 1 g each of butylated hydroxyanisole and
whedgloatiesl hydr oxyt ol uene in 100 nj chl or of or nreEsGZzN8D00266

m xture). Fatty acid nethyl esters were prepared

using boron trifluoride (AOAC, 1980). Separation of

the nmethyl esters was carried out by gas-liquid

C22 ]%.E]%fg% a(esﬁpﬁ.ﬁih \leh)cpo({)gp% gqs ]g%l(%: é?/\émofs%ngeieéq%qégﬂnthe control.

]ntereétm@}y) -whERECIbSITRE NsUsifplcleRtHidewtth VIB Y, BisPdilaBiTestbad séurce, the
over 160 - 220 and the flowrate of carrier

contenga)é the 620 iandnC2AR A S astlyasiieallyrohanaee. [Thereforei Batcppability of
ty a ture of k f .
aone 8 st Pbbe R R T Al FBlet TR ARp LY gBRETT e e o e

qualitybRbedtb@sdiendpsieser) . [0090] 1ii a separate
experi ment, Fone #6 and the native host, SI\/D1168H

were grown in BYPD suppl enented with sterllefllt

[0092 %Télsde\rql vermpsiriant BPEAs gowld éwdf%tw%r%vawg m’rféﬂtwfl%& 559 yeast
clone Ebgﬁ) pr%%’l%g ok 'f%ﬂ 9'f Mlﬁmfo e%f&’l]‘%ﬂg‘] y°W| tn% gf 8]\/%%11681{ is

Hor oug
lackinDiGBLABD séﬁﬁmvﬁn@@y aiureaﬁ @’tg)éerﬁdlg&manhe Bi ednerdsibe pafooreddentified

oLl DA S0 Tk TR 320 Py LT e B
the Aﬁbnﬁfrﬁ%r 1%99%315@{1 GLiANGar#Boreos NP1 e@n @’7c05e1/§19903§ id Mherefore

i pid conte out - er orm gt he 13 %rise in
temptmgcinepétﬁimte The thiapuicties fattyracichbindiigrsiteiigwpee Os howgys {LiYd that is

e 9T B b oot S5 R B RRRED 5L s

incorpbdtd@ués fdngteneinl PUFAS, Egpreswyar%csﬁmman@ur@tw $Db1%l OMZG n-3).
the bar chart represent the numbers of carbon gé
TheseaRHFAsubAve BoReied i qonsiferablat inferasti a6 phaicatigak gad nutraceutical

compcﬂﬂﬂg ”B&F d%%?ve%%gﬁog&ﬁ% Spfuebtd aﬁ‘@ EQI?CUQ)H 3they are

are ’deno contal ns rnuch
known &vied reqbirédaboy fapidhe pwid@fif) latvrar{Ovien neala 97 Targeav el &., 1989;

e DG A o i B P a2 A3 v

candlmﬂ@w]@)maﬁ‘im e 'Fndh| (gﬁﬁtyﬁfﬁo@d‘s@od( figet OpHlEmént. Whtdefdré)eareful
exception of C20:3 the | evels of C20 and 23 WO
consideg@iphy HEEHe BTEN ss@zlml pOBBlitiap 0 pEAhePRITE FFRrESHOD Tate,

and nit 181?%211{1% of %‘i% n&%?%ﬁv@fﬁ%oﬁg%ﬁ eﬂ%lqgéde%%:ﬁpdee in the

eres one
suppl emented with 2 %fl sh oil as carbon source, the
[0093F ont Ahltough thehspeGRi0 amdnmzvmmeme a@tthlglalthﬁyamlno acid and

anced. There t he capahilit
lipid SR PSS EBORE PP o ar et s WhPLBRf EXAMBE 4 and
Jipids Q7! tSlh%) rMi@atelgOMe sabti@nhiright pdtbiaiald habeRad #barkboliets a direct
su ement .
single ce?]%rotem feed or as a primary feed for enriching rotifers to be used as a live feed for
the developing fish larvae (De Silva and Anderson, 1995). The nutrient value is in agreement

with other yeast products, which have been used as feed attractants (Sanderson and Jolly,
1994).

[0094] EXAMPLE 7 Feeding trials using.clone #6 as novel nutrient package
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[0092] The | evel of inportant PUFAs coul d be
drastically elevated by culturing the yeast clone in

wo be4pseas8ence of fish oil. Although infonrati oPCDBG2008000266
genonme of SMD11681i is |acking, BLAST search using O
aureus Vtg gene against the S. cerevisiae genone
identified a stretch of 100 am no acid resi dues

[0095¥m0 hltlﬁéolgféb%};g Lll?lge;g]rp lﬁ%l\zlilffslﬁtxvggE?]ﬁ.F%’/\ﬁ] as%?\gﬁelsg @rr id ]ypt) at 26-
30°C M(ﬂr fibBr phastiC §AY] Bk @fleadt’3 hnthH BHET 1 l@rt@stmtre’[fm iolﬁ&ri were fed
speculate that this putative fatty acid bi ndi nngl te

t

twice idaily. vethO0.5amg enfsconitierciahtbakes’s ymte@@Le\ﬂeashw ) per million

S T T T RO
ensure% &&h&hﬁ%&%@ﬁ@&%@&@%ﬁr fcfehih O wak cfone®63) -

ese PUFAs have attracted consi d%rabl e interest as
phar maceuti cal and nutraceutical conmpounds, and are

[0096] npdNtlénypecBwbwnmﬂ@ zsoﬁﬂﬂéllléﬁﬂaﬁfgﬂé@)r giedk tacemhig@nt yeast clone #6
were cl:ui : IBF 86\?%@6 ]cpgtﬁolﬁ ag\fl}g%stt ctz] e e&fglyp{xb?g’PD as previously

descn@&f QQHtse dral cultude889% a¥éi153n e cd@&%r ofDASIEY BN SIEtAeS UK) -
0 i ncor porate PUFAs, clone #6 is an excelle
COHtal@HRdBHéDemﬁ@lﬂmd‘@‘%eP%ﬂgn‘@n‘f‘ﬂWufﬁ theeclonegHog dther yputrent enrichment.

Cells ggﬁs‘ﬁfrj%té? é{] cf th ?&ggﬁge%ts W-EF ege‘ﬁ ed'afid kggtra‘?félwc 1 the cultures

i ven e cult re condition,

were te@ed@bd W&te&ﬁﬁ]o@ﬂidoﬂﬁkm@%@@ﬁds@ﬂn rate, and nutrient
vaI ue of this novel | | ve recorrbl nant yeast

- k 0093]
009} S5 35105 Sl U KL Ry o

were ?g%l %ﬁ%é%ﬂ?‘é@%%]oﬂl_gﬁfﬁ)ciaq: ?xﬁ‘tkhxhggxli 5?1? hih @e{)ﬂsﬂ?uﬁ@d 850 eggs/liter

with gentle eationy Dhehlgintatddewatar wa%medpfot @mquau@ mlahe tgEalure was

W1th1r526 g% ?;Og,’gﬁ%,\%%tggﬁgf g‘f?ncet@’ﬁldl ﬁ gay tgt E}VPQ‘{ fs?mg%oln%ofn?a%nﬁfon and to
increaRe It}ie\’]%tér@l%jrafeo 'Ap &rbﬁnﬁ@él? Bodiy 6 gt ér Hakchh, Y}&B]afdae vaird weunted to
and Ander son, The nutrient value is

assesscil)F Selebing raig atnld a@tth@esrarrgﬁetas@, thow ere trandopHy distphged i L lass
enindtB85 Sl e 255 BAARES ol SRS 0 Al i SR consn

acratibwyiel6-3BIt@.i ent package 24 WO 2004/ 044185
PCT/ SG2003/ 000266 [0095] The rot i fer, Brachionits

tls was cul tured |n ter ‘ﬁsallryot% 3%
[00985pt )T%Ft C‘?éee @GCPXiPﬁ“H’G@tSLW?’FU?F 5 foNQWk s 20 lifh lgrvae were
p]aceél ﬁ@ﬁx‘: t%ﬂ{@m Hﬁfe%rvlflﬂ{ l”d:tﬁ%]‘t @B4 bBgity -Bhg 15&3(]idﬁ1§1@ﬁnly\@ﬁ@yéa@d(elther

conmerci al baker' s’ yeast
baker(sD@last\(EﬁﬂD lot 66) LE{)hepére leml’h@rglﬁ] baker’s feass or thadab cultured yeasts,

all lnﬁ}qdrﬂ?rgfde\éﬁe\&grgf#éﬁﬁéerggg & 1mn %ruvlag day. g t'I(ﬂe2sgr\;rva‘i(}Q‘Jecf]elng,th and

weight of the fish were taken. Six experimental groups were set up:
(1) feeding with rotifer alone (control);
(2) feeding with 100 % baker’s yeast (control);

(3) co-feeding with rotifer and yeasts (75% baker’s yeast + 25% #6);
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ensure no contam nati on over two weeks prior to

feeding trial with clone #6. [0096] WId type Pichia
wW@a®toe418y SVMDI1OBH (SMD) and reconbi nant yeasPCT/BGII83/000266

#6 were cultured as the negative control and test

cultures, respectively, in BYPD as previously

descri bed: In separate cultures, 2% and 5% pure cod

S B RN g OPep i e o

enrichment. Cells were freeze-dried and the powder
Y3 FtivewEh gralceds lode k¥ baker’d yeast A75% h6);cul tur es
vere tested by Western-blot to confirmrVtg
ﬁﬁﬁressn on. [009 Fertiljzed eggs fromw thin the
toR-Tegd Wgw\émbllp%% #5 dong{coitydbchr oi ni s aureus) were
taken periodically to allow artificial hatching in a .
[6099]taankl“he%sﬂﬁe L 1e¢BinbQx mg%@:ﬁ@%ﬁéﬂ 1§HaysVUftTQecﬁlﬁﬂ <@ hatching
er chlorinated water was used foor the culture
are repofled hie Tﬂ:mpék avbere Svas demateshiBak@®s 30a<C. (S. CPhevisige)efnd is an

sobre P 9 TIOREHEL S AR A ik &G ERRT At o1y 3

days after hatching, the |arvae were counted to
assess the hatching rate, and at the sane tinme, they
TABMeRZe randomy distributed into 3 L glass cylinder

t-anks-contai-ni-nag—2-5—t+—water

QW&}P% dual s/L, with %‘gﬁft’\‘;ﬁ% c %”*G"T’ﬁ' % ?‘53]12%{ ngg\ftzg, Length
@6 PYF@QS] The co-feédPng PXD ;-nntq we gp(%fr d) ¢ |(mm)

ws. 50 fish latyag werejjgy aced injjghe tankgoand |10
ﬁ&tf%]gd wth rotifer|(at a dewslty of 5 findividdals/m)

Radeyeast (either I t, or SMD or #6) .|, Ei,t her
10vg; semmer ci al bakefféﬁgeast jg@ the | ab6gul tur e‘él‘Igh 11.1

yeasts, —al T dried powders were fed @t a ratji o of

ﬁzbtﬁguafs‘«%ﬁg/c%%#dhemmvi valgzate, |engoh and [29si ght (114
he fish were taken. Six experinental groupg were

set up: (1) feeding|with rotifer alone (control]); (2) '
95(5\% ] 2%62( ) 10.75

Retifai h tSfF/le%#% naed ' s yeadtd (contrdP); (3)P

th—+otiffer—and—yeasts(75% baker g yeast

co—f-eeding—wt
Rotd6pe #6506 S.cO5NHD 2045044185 00T/ SG200820002664.374)  |10.8
co-feeding with rotilfer and Yeasts {(50% baker' s—yeast

gotﬁgr/orﬁ@@%#@) f eedijngseM t h lm 6yeasts amone (25%0 10.8
baker's yeast + 75%# 6); (6) co-feedihg with [100% #6

al one (control). [0099] The results of t he co-feedi ng
experinments after 15 days of feeding post hatching

[00100] The direct yeast feeding experiments were performed as follows. 38 fish larvae
were inoculated into the 2.5 L water in the 3 L tanks. Yeasts were offered at the ratio of 1.6

mg yeast / larvae/day. Three groups were set up:
(1) 100% baker’s yeast;
2 100% SMD1168H
(3) 100% of #6.

[00101] Results of the direct feeding experiment after 48 days of feeding are reported in
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are reported in Table 2, where S.c. denotes Baker's
yeast (S. cerevisiae); ind is an abbreviation for
w0 pabiswidsnl and #6 denotes transgenic P. past oPCEHSGL008/800266
# 6. TABLE 2 G oups Survival Total Wt W. Survival
Wt W. Length (16 days) No. (nmg) Rate (% (ng/ind)
1 Rotifer 7/50 19.6 14 2.80 10 2 Rotifer +
32/50 148.5 64 4.64,11.1 100% S.c 3 Rotifer + 75%
Table 33 ¢/ 2504t6. 30/50 82.5 60 2.75 11.4 4 Rotifer + 50%
S.c/50% #6 38/50 137.5 76 3.62 10.75 5 Rotifer + 25%
S.c/ 75%t6 41/50 179.0 82 4.37 10.8 6 JRotifer + 100%
Table86 36/50 176.6 72 4.90 10.8 [00100] The direct yeast

f eedi ng experinents—were—perforred—as—o

:J

OT |||.,u T 1 UI T uvvo I t DII

Group |a'\ég§7§v&\{\% e i ngiivaled WeoWhe 2 Welwaat er i M;é

49 d 1 4 ast re of fepgeh at t hegioinigp of 1

( ay@ealst / Iarvae?((%)s Threatqf)o e(re“ggtse{) up: ((ﬂn)lOO%

baker's yeast;| (2) 100% SI\/D1168H (3) 100% of

Sc  [00308] Resul tisi®¥3 t he di 43520 f eedi HgS®xper i rren%-”f%fter
48| days of feeding are reported in 26 WD 2004)044185
PCI/ S&G2003/ 000266 _Tabl e| 3. Tabl e oup Surv

SMD raf83%et W Wet2M5 Mean | €452Qays) @% Yi val i/?é

(=ng) (ng/ind)l length (¢cmy S.c 4/38 10,53 139

34180 1.43 SMD, 8/38 21. 05 220. 20 133 47138
86 oyl I3Ben a0 aRis 22 D368 20 Hs P P4l

[00102] The oil-enriched yeast feeding experiments were performed as follows. 32 fish
‘Jarvae were randomly distributed into 2 of the 3 L tanks with 2.5 L water. Two groups were

set up and fed at ratio of 1.6 mg yeast /larvae/day:
(1) 100% of #6 cultured,with 2% oil in BYPD
(2) 100% of #6 cultured with 5% oil in BYPD

[00103] Results for the oil-enriched yeast feeding after a 35 day feeding are reported in '
Table 4.

Table 4
. . Mean
Group Survival | Survival | Wet wt Wet wt
N e (% nd Length
0. rate (%) | (mg) (mg/ind) (mmm)
#6 (2% oil) 13/32 40.63 164 12.62 10.89
#6 (5% oil) 24/32 75.00 242 10.08 10.55
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[00102] The oil-enriched yeast feeding experinents
were perforned as follows. 32 fish | arvae were
WO 200dom1ys di stributed into 2 of the 3 L tanks RT/BGR05000266
L water. Two groups were set up and fed at ratio of
1.6 ng yeast /larvae/day: (1) 100% of #6
culturet3,-with 2% oil in BYPD (2) 100% of #6

cultured with 5% Qi 103] Results for th
[00104] | -XpMH Sy §’§t”“1e{%’éﬁ’cﬂ"ﬂ§§§fj5’8§ a ]35 SZ; fZedioLg a?e

reported in Tabl e 4. Table 4 G oup Survival Survival

0010%¢t ty‘?l w Mean No. rate (% (ng) (ng/ind) Length
[ %ﬁm%gl %% oil) 13/32 40.63 164 12.62 10.89 #6 (5%

oil) 24/32 75.00 242 10.08 10.55 27 WO 2004/ 044185
[0010BT/ SG20103A 000268 /ing DOS0)s Ebkyin fEoig Bigmngidne, U
internmedi ate feed hosts [00105] l\/aterl al s [00106]

[()()10@51 %zlc z%évr}zggé% §%81?8§%y(%5\@$a25 g’gt 1d Type %ﬁ%luf ed Lps the negative

contrd] SMPL(-sd) EGAPEL‘A i | SHD YIS Y SHTR #ets de b}hﬁnzﬂegastl Veg expression
control . (-ssg‘ GAPzA in SIVIDLI6(9, H.500ZR .# IRQ'
(lmratdﬂelloabtﬂlomaltesyf@a e VegleWpiceadir B as(*ﬁ?ﬂ’&ééﬁ‘ﬂ?‘&?ﬁ ecombinant
teste r
yeast rg*pg% %‘8 s Cuﬂlﬁgé- i ng??%??] §dﬁ9§ac§>%1&c 11"1% @f%wacggzﬁ&lt %Fgéus culture
is hehdéfcﬁt\fPEéfﬂBdi Wh@@fﬂt%nﬁxsrhgoﬁ O}Wplhrcéomro%lgrwn inifish qgihi repeated

culture is_henceforth referre 5% f j
washinER i BAREE GITBT I TPLEITIBER Oy ABB AT T Vel Rged vsing 2
FLE)&FbﬁYp'ﬁegﬁ% tOSAPIRYL LR Hﬁ? @E‘cﬁéﬂmagd Qebt atl heCC@b} fomparison,
e freeze’dried using a LEX1- DRYTM ( FTS,
comnidr €8T e ahilable taahel’ §yﬂﬂse($aaa'lxdlc#wptes¢ez a@5ia&dICL, UK% in lyophilized
conparison, comercially avail able baker's yeast

form F’S&E%"I‘i‘acronyces cerevisiae, DCL, UK) in lyophilized
formwas used. [00108] Summary: The potential of using

[0010”8?008%1@1@371 ’Miet gdtkm&er&fmsinn feb@ndiaastvikdilofirdn ipalst pedss Pichia
as a direct otic feed, or for Artem a
. pastorigpp @dﬁfﬁﬁbp}p gglc feglyOF if@rrwtefnézéd:npglnpprgws|nél}r\1péxé feed to fish larvae

has been evaluated. The amount of total lipids of Artemia nauplii enriched with recombinant
yeast vitellogenin clone #6 (or clone #6 cultured in 5% cod liver oil) increased by 2-fold from
34.23 to 68.27 mg/g compared to the wild type Artemia nauplii. Feeding Artemia with either
clone #6 or clone #6 in 5% oil increased the level of highly unsaturated fatty acids especially
eicosapentaenote (20:5 n-3; EPA) and docosahexaenoate (22:6 n-3; DHA). The level of EPA
increased from 3.46 * 0.46 to 5.57 + 0.39% when compared to Artemia nauplii fed with wild
type Pichia pastoris and Saccharomyces cervisiae. The concentration of DHA in Artemia
nauplii enriched with clone #6 or clone #6 in 5% oil was 0.28 + 0.14 and 1.02 + 0.28,
respectively, but the DHA was undetectable in the Artemia nauplii fed with P, pastoris and S.
cerevisige. The maximum length (10.8 + 0.7 mm) and weight (16.3 + 2.5 mg) were achieved
with tilapia larvae fed with clone #6 or #6 5% oil. The percentage survival (85.3 * 1.5%) of
the tilapia larvae was significantly (P<0.05) higher when fed with clone #6 or #6 in 5% oil
compared to larvae fed with either S. cerevisiae or P. pastoris, although larval growth (length

and weight) did not differ significantly. Co-feeding with wild type Artemia nauplii resulted in
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has been eval uated. The anount of total Iipids of
Artem a nauplii enriched with reconbi nant yeast
WO paoelobageni n cl one #6 (or clone #6 cul tured | PCBEYDO8/000266
liver oil) increased by 2-fold from 34.23 to 68. 27
ng/ g conpared to the wld type Artem a nauplii.
Feeding Artemia with either clone #6 or clone #6 in

. 5% o0il .j,ncreased t he A ,

mpro s bR T A erg v g s Ples Rl fodga R TP En ) AL e and

anothed OGP aRREWAB AR cEed 42chid -sﬁow@'lﬂ() 51 ichificahe differafce Eﬁﬁbrowlh and
increased from3.46 0.46 to 0. 39% when canp

survivelo Hamtewen, darvaeulstlil0 daye waiht ¢long #Qj an‘i %ﬂéhqﬁl 10ndlays yast ?}PP% #6 or

clone ?ﬁ %E??gnogaernﬁg éjle ztgigfﬁz\r/ %‘hggd J{)ﬁmﬁxﬁﬂn]‘éﬁﬂgé?%?oﬂlogfhe 6wel ght

(89.6 k13, ﬁl{po?lahd @@swel 28.0 9.213). @nek, LidA2 #6Qn2&Jone #6 in 5% cod liver oil -
respecti vel but the DHA was undet ect abl e }h
could p¢ vgad Q;thna@p@qﬂy ap adhigh aeply hﬁeagyt@lepts feeghgr @dlrect y via enrichment

throua&é%; g%lén%l( %glpgl r@n@? X§ ?ME(:;I?EQQ ﬁleée \1/'66) alge ﬁ?\{ﬂ% ?%ngg::égm significant

improVehiehdeinf @6y i dnb smlvme #6 or #6 5% oil. The percentage

survival (85.3 1.5% of the tilapia |arvae was

significantly (P<0.05) higher when fed with clone #6

or #6 in 5% o0il conpared to larvae fed with either S

cerevisiae or P. pastoris, although |arval growh
IntershbAIQle fBATcMBGLA @i not differ significant!y.

feeding with wild type Arteinia nauplii resulted in

28 WO 2004/ 044185 PCT/ S&003/ 000266 roveng .
[00109]ne Arggmialicygs Evitrrertf Sl g hajcheg in Eglgvlaémf”ég‘ &1655 contamer
filled WS jflp tclfh fsflltgr%ﬁ b\%t@}e S"}%o :ﬁ?ﬁfoﬂe\{faslg Lodaed Mat fhe cysts were

ed Anem a s no si"gnificant difference in

mcubzgdid)mtrboml’tdnpaemum (\Z’élr?zo ﬂeow@v:s& h. Ketemaendupli weredigparaigil pm the

cl one #6_and anot her, 10.days
emptyggy Sy s SR Ve R @ et SR R 9&?51011 The
Artem(alfﬁ sgcon@ instdBage WRkddHmp ]écﬁ&d&ouﬁe@fdf@);tnﬁmtﬁbxﬁaﬂdenmqi ‘
2.3). Thus, cl one #6 and clone #6 in 5% cod

I|ver oil could be used either directly as a high
quality live-nutrient feed or indirectly via

Enrichment bfvsrtemia haupliyhwifky yeastsi (wilddype a1d Vg depdsy
subsequently fed to the larvae, resulting in
significant inprovenments in growth and survival.

[00110]1t eTeettiratie Wisvarithatiby fidetlingefor AB thewitla d[fmqmgﬂeast preparations:

Artem a c n r d.
(1) bRRs GaPStg R R Dby G B 3ot 7 4061 6, BH€ IR B Pt Bach
experﬁﬁeﬂ%? Eond%%tre@ E‘xgtrﬁ‘)@’ catel PR Yast Wisffedetatandiet dT@). S Ug pér Artemia
I ncubated at room tenperature (26-30 C) for 36

per daty A)&rﬂr@pﬂ: drm@mﬂsmw% fiest seiped 9t o Gee BVt IR m@}lpzpyount of water.
A qu;ﬁ){lfy( él}iﬁg%gd or §' fia)(M?%eﬁmée { F%ﬁ%fe f 589'11};1% £1d685 kept at -30 °C.

Samples of wild type and enriched Artemia nauplii were obtained for lipid analysis by
collecting 50,000 Artemia per triplicate feed on a nylon mesh. The Artemia were rinsed

using distilled water, blotted on absorbent tissue, transferred to a cryovial, and stored in -30

°C.
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Artem a at second instar stage were sanpl ed and

counted for estimation o .'density.' Enrichnent of
wo\edoerashaupl ii with yeasts (wild type and r\Ve@r/sG2003/000266

cl ones) [00110] The Artem a was enriched by feeding

for 45 h wth different yeast preparations: (1)

baker's yeast; (2) SMD1168H; (3) clone #6 and (4)
o Ll #6 | % fish oil. Each experinment was

T“ap@gﬁgﬁavgﬂﬂﬁﬂ%triplicate. The yeast was offered at a
rate of 0.5 g per Artem a per day. Al freeze-dried

(00170 otenbr Cheackromis Rrciaapicis P RURRTE & PYRCE Brqpmyhe culture
tanks. g‘%ﬂ%?i@g c98s wE’tFJgPﬁE Seb i mbl By &8 Q‘al&éﬁsanliev%re dbotedlo Gbtain the

es of type and enriched Anem a nauplii were
requxrad)t]aameyl They Werplthtnapiad;e;dsnsa by glesl ¢yélod¢rntgn15®m®mnﬂe aeration.

e S BB L8, 0 AT T e i
rate. ]—‘%’éﬁﬁqmge %vlax%&%sfeh@@%ﬁ erfiRgoliOned Elayoliaber (@M@ at a density of
tored in - C. 29 WD 2004/ 044185 PCT/ S&G003/ 00026

30 ]aﬂ\'naé/é.pmathf g@hlel and/icon$tenir eerftym1 1vag; wap aeaced gk o sC with
. nDsalén‘qji cus broodstock were collected fromthe culture
continugus ighteer t i1 zed eggs within the nother's mouth were
taken and were pooled to obtain the required
quantity. They were then placed in a 3 L gl ass

Feediﬁ% hiind g? til & larWaet Vit ?@Mtsewﬁﬁfvﬂ{}i oW A rtehHE nREHIEr  Vas

ange day to avoid fungal contam nation and to
increase the hatching rate. Hatched | arvae were

[00115{ ar}-s(zee G entt ??e%'r?oéﬁp@;lmgﬁ% g;ﬁglada§§tl oYdvaRdRriht RKS&s of the

a ‘densi arvae gentl e and const ant
feed oa;egrawuoamd siua\nv:aeameo’éOr@ah:en}namo%dﬁaszawc hAll experiments used

conti nuous i ght. edJ n apia .larv o
5-dy PR HR GBI i St S Pt SR RoBETS e qias viv
four dﬁ’f‘féréﬁry%%ts feedi kE}Qv@P&E’%JD RRIDEL6BET QiiFabfid £6lagditividone #6in 5 % - .
eval udte the effects the feed on grovvth an :

oil. uthei seapnd xpssimshi, Ohe denpoNcE fss i Bies Jillerrak compipations of
yeastsdzﬁgbt 6% Feiggz?z‘ég T_?:U %‘?gMﬁﬁ%IﬁQ@I ﬁ%@ AR B eager G %iclone #6;

Ir'st experrment involv feedi ng
and (i) 60 % IS0 wéredisint ar 86 yeelshs #6 Qn ¥y % .oilc €rtevihgid eee;per(mmt involved

feedirg\ég} ‘élq%?firgtﬂg)l L %Wgtgio(gxing eﬁzgzgzle ory (ﬁég}vg?{e,lgg%{, gs} gane #6 or (iv)
clonegbws%bﬁefoﬁb&wweé &R 'vﬁ@I wgm‘aypafAnehﬁasﬂaﬁpm (5 Ind®d4is/mi)

cerevisiae + 50 (il % S. cerevisiae
for anbtled 19 ddyend’ }#efourthm@pqﬂmqm JE\@]W ee@@gébq largge for @ dgys with

three 81fferen? comgmatlons of g{%a%ks ) g-(lj] % 3. I'} f egzs?c%zp gd &E\‘gﬁflﬂlr_ﬂg@]{v@ﬁl 50% S.

cerevisiae + 50 % of clone #6; (iii) 50 % S. cerevisiae + 50 % clone # 6 in 5 % oil. After 10
days, the larvae were co-fed for another 10 days with wild type Arfemia nauplii (5
individuals/ml). The fifth feeding regime was for first 10 days with: (i) S. cerevisiae; (ii)
clone #6, followed by another 10 days co-feeding with Artemia nauplii (5 individuals/ml)
which had been enriched previously with either S. cerevisiae, SMD1168H, clone #6 or clone

#61in 5 % oil.
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feeding for the first 10 days with (i) S. cerevisi ae;
or (ii) SMD1168H, or (iii) clone #6 or (iv) clone #6
WO n003/084183 | , foll owed by co-feeding with w | d PgPeG2003/000266
Artem a nauplii (5 individuals/m) for another 10
days. The fourth experinent involved feeding the
| arvae for 10 days with three different conbinations
(J + 50 % SMD1168H,;
Gmw?lﬁ Sﬁﬁgg}\ﬁ/vzg asgesgge]\{&glfg]gquﬁéa? oOF clone #6; (iii) 50
% S. cerevisiae + 50 %clone # 6 in5 %oil. After 10

oo bR 55 BB LA SRt v
placirg! ]ﬁ]t&df(é’g%hﬁ%érgg(le?@m%@ "lflﬁrstzfﬂdﬁﬁt 1ehOthORYS dMided as (the length in

cerevi si ae; clone #6, followed by another 10
mllhmHg/rs foo: the eqh afghenhdad 1@theeamid a)f ﬁmjpm Aftqlgnorphometnc measurements,

eraEN ST bt 8 0, R, SR B Pl b
count#@'tﬁ‘é%ﬁ}a'e aﬁ@&h@@a@@@ﬁé&ﬂ%&in%ﬁ( SG2003/ 000266 G owt h

survi.val assessnments of the tilapia |larvae [00113]
At the end of the feeding regines, the |arvae were
sanpl ed and anesthetized by placing in beakers that
Lipidvudefaltg picid andlyses The standard | ength was defined as
~the length in mllinmeters fromthe tip of the head to
the end of the tail. After norphonetric measurenents,
[oomme T@tawﬁ@dy\@foaa Bl-RsROf@NWRIRREId fypuslksstd @ndﬂﬂytem&ﬂdnnched with
he survival was determ ned by counting t

Vtg Y2t VeXoTARASE CloESs BREE SHIFIE0aH Rejoepen Jpieeipo) aéicmdalca‘ﬁdﬂoch et
F%j)y a%rf!:ﬂ?r” aj; é;%?s Pe01é'x4x]acte3 Of@ln | IR1 dgnd ki mué\\flﬁmemzal v/v)

easts and Art enlla enri ched
chlordfbgn pedsinol econbinann eltonekniwénedexipr adthed greach of butylated

chl or for rdl n ch, et 1957)..
byt Shd Py HEAMBRE AT 400 PRt ioRe: REPERpEIRiY. The
fatty HEBO W Sorwehed to GRtRYI OfsREdThyTRR N BBRAIn GRfoAUNI(BB3RMethod. The

antioxidant (made up with 1 g-.each of butyl ated

methyd yasteas P& HRLE0 |a@d&rvepr@ desgheatseppragd rt’(yx@@%rlbtﬂﬁ’éd iCAroppgiogrpphy on a

smmacd%b%éfﬁ{ Wxth'?&?ﬁﬂ?dn H06IAUE llar I&Slurrfnag]i (5j§5 %ﬁ §d.). The
converted to esters e Bor o trl [ uorid

tempe(rﬁﬁ'&) grﬁ&bﬁw\das ﬂ'}bgrarrnmdhay 4 oéEthlr aveofl60-220 )?Camd dise ﬂ&w gate of the

e B SR o B Tah B hsSRS TB SR 8t o

fatty A3dO WA %l g@st%ﬂdhrdd(’b Wﬂi@ﬁbetﬁéﬂgﬁ' Bhivessity rcﬁd‘hﬁﬁheéﬂ@ﬁd Sigma
programmed at 4 C/ mn over 160-220 C and the flow rate

Co). of the carrier gas helium was 0.63 nL/min. For the
identification of fatty acids, a m xture of known

Statistical analysis

[00115] Diet-related differences in growth and survival profiles between treatments were
analyzed using one-way ANOVA. Differences between means were compared using
Newman-Keuls multiple comparisons test. A significance level of 95% (P<0.05) was used

throughout.
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fatty acids was used as strandard (T. Watanabe, Tokyo
University of Fisheries and Sigma Co). Statistical
w@eakpsi1s8s [ 00115] Diet-rel ated di fferences i n PCDYGIN03/000266

and survival profiles between treatnments were

anal yzed using one-way ANOVA. Differences between

means were conpared using Newran-Keuls nultiple
Resu?tgrrparl sons test. A significance |evel of 95% (P<0.05)

used throughout. 31 WO 2004/ 044185

PCT/ 6 Results
Arwwtrga'ﬁagﬁ iBs tgackiphs tEOE e REERs e i it ds

[00116] The total lipids in Anemia nauplii that has

been starved for 48 h decreased by 38%from 34.23 t
[0016. 15 heygptg! hpgﬂéen Talsmie mmphrﬁhcé haﬁdaeélaﬁ@sve@rfaf 15 decreased by
38%?%9‘%3%?” ;l:g ng’gaqlelagy ](]:Son Fea egq}l?zh ﬁ\ft?ﬁ}é{ éjnrlchment with

any @} ks ¥holee ﬁm%e agflie@ &mbﬁhplhlcﬁgteﬁfé\&ﬁ Analén giadladlly decreases
1982 The amount of total |ipids Arteni a naup
after BRI h OB AW PR o 0TS 2T i 67 1 st A Pl epriched

with c]f%%g gﬁg??lOﬁ'lE Q}gpf'g'%?f%ht 19& #bd FBL3 £ORAELY ﬁag/g{ Mpaxed to that

atty aci d conposit
ofwﬂm@peml;iemiced Artem a naupl ii [0011'7] The fatty acid
conposition of Anem a nauplii (wld type) and Anem a
nauplii fed for 48 h with baker's yeast (S.
cerevisiae, SO, pastoris (wild type SMD1168H),
The fagtycpcid F@ﬁéﬂﬁeﬂbpf@!eéﬁl&t“m AW’E’“%%W?{ are presented
in Table 6. The anmount of fatty acid 18:3 in Artelnia
starved for 48 h decreased from 16.50.3%to 9. 90. 8%
[0011H cdhe et acid henpesitbwm Aofemid agupfii dwild y30) 5nd A esmsragpli fed

rom.3.50.6 %t .70. 3 .% (Fhgp 7)., Fr e
for 45l BHTI Beb kPR e s B ke SE I IBII68H), Vg
cloneSi4Tbt alohy #6 A% Hemioll, fn%qarwkahﬂad SCTEISMD1 B inow of dittyeatid 18:3 in
3.46 0.46 and 3. 85 0.02% EPA, ei y. but , -
ArterpigeiaayedDion 48 hferased figinyL0.- 0% F%égrig 8- 1ponirasEphg amount of
e3fsqyRdot +Hi30 n
oy 34, B85k P aitnL ho Dokt o8 a0y Al ot
contdinad D5 310EF% EFvabitdadkad DI ABie iy, A dermig ﬁeﬂ wztb ¢ & SMD1168H

conta\é\f:?eléig?g%%gﬁt%e fiSSégpg)Z%)z%Pﬁgl}ees_p% twe nButj%&Ckgga Xaléltelesttmcﬂy, the
levelé 3?2@?@3)%%:%1% ?F%}?m&mfbﬁndetﬁrbedhghhr\m Antepliofed Wih clone #6
and clone #6 in 5 % oil, but they were low or undetectable in the Artemia fed with control
wild type yeasts (Fig 7). The concentration of eicosapentaenoic acid (20.5 n-3) and
docosahexaenoate (22.6 n-3) in artemia nauplii enriched with clone #6 and #6 in 5% oil were

477 +0.14, 5.57 £ 0.39 and 0.28 + 0.14, 1.02 = 0.28, respectively.

Larvae fed with clone #6 and #6 in 5% oil exhibited higher growth and survival.

[00118] The maximum length, weight and survival were obtained with larvae fed with
clone #6 or clone #6 in 5% oil for 20 days are shown in Fig. 8 A & B. The survival of fish
larvae fed with SC, SMD, #6 or #6 in 5%0il were 26.6 + 8.4, 45.3 + 6.7, 82.6 + 6.7 and 85.3
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4.77 0.14, 5.57 0.39 and 0.28 0.14, 1.02 O0.28,
respectively. Larvae fed with clone #6 and #6 in 5%
werdo4ex418Hi t ed hi gher growt h and survival. [O00RABGH0&000266
maxi mum | engt h, wei ght and survival were obtained wth
| arvae fed with clone #6 or clone #6 in 5%oil for 20
days are shown in Fig. 8 A & B. The survival of fish
* 15%RLPEER. Thi b
Kafe ﬁ@cl gf-} the e§¥§ SU§M;3’I gt#r@#égz{ #gh%@&%dﬂﬁ%@%@1sg%tlsncal]y
]onlfﬁﬁﬂl @@E(Iﬁ;%ﬁﬁkﬂﬂ%@nd 'SMD 564 laresp®at ithesd yas 'ﬁhalg‘mﬁfm&t differences
I I r and_#6 in 5%oil fed _|arvae wer
berwegy S 41 PAPIC el T he Lafib P2 DNAlFGe e 5196, SMD, 46
#d 68l 3BbY AGere Byt EIE' iRa | tousbh f 5" @c
o etvveen] SCergn ﬁsr Yf::\dr]f\i/}(ggﬁt %%H egaptoﬁﬁgngﬁ % %ﬁje] hand,
suppl@ﬁelﬂlrrghVit]aﬁ()%eSf@dewmddwreﬁiﬁls SVE% dt&reasnf irH#Brvan GE(Smtilﬂ(]engt] and
v not statistically dif each other. On
we’gh\t{\ﬁﬁ% Bt ¢ eaﬂﬂ“"alsrﬂﬁﬁ ?F’éﬁ‘% Plﬁgg}%l{%% % S. cerevisiae
results a 15% decrease in larval growth (Iength and
wei ght). However, the survival rate increased by 5%
) f
Larok Stk SRR MR PR gl wener
nd' ﬁ?Vlvgl [00119] The co-feedi ng experi nment
clearly shows that the larvae fed for 10 days with
clone #6 or #6 in 5%oil and subsequently for 10 days
Slllth Artema (wld type) showed maxi numleg_gth (19.6
[00112) _ “Bpe cosfrgdingi @Wﬁrlfelimzd@ﬂyzslmwwéhﬂ@ohwaﬁ ad tfer &0 eys with
lone f#8E8H 76 in %60b{TBRd (Bb Ug LY :
clone 8o A0 52 TR s SRuchd 5 20 dp RS LAMENR, (AR B E Bowed
maxinpgndefgh (19.6daysl wid wefBt 4htP.2 12008) #heor cotfparad &oibil feeding

remmes(&" Lbb’é%t#?n&b‘éimf%%d%ﬁﬁlﬁzbﬁ &5403)5 i;i%ger%]%g]pﬁoglpared between

the lafvas Wek€fbd~10) ddySPiAVSITRI cl6hie #4161 H6 Y 8% SHind %@Eeq‘h@ﬂtﬁy 10 days
wi_ith SC and SI\/D yeast fed fish larvae. |If we onpare

with iy e Agent SEigs WA fietgedigp evijle agild ypecdr @m_us.ra@ked in
1mpro@8hé19vﬁdth@yla%p§ﬂ€ Vallgatéj% W10 eD 9%5 &+, ﬁh?lméﬁ’vae If we

here was no significant er ence in
compweﬂaghae feet Wedays Wit witidl aymryrelasﬂﬂed:eﬂuvminesmlmmd/\by fanethen® days
e fed for

with &Pt Rotcb s g WP P BER GRS 7 Ml R bt between

Artemby érﬁ‘[ﬂh@d W@thlsw &dwi’t‘lﬁ&bmr'#ﬁ (FBRAthA (1. 8). %ow&e?)laﬁﬁ’éjfed for 10 days
ght (89.6 3) with Artéinia enfiched wt

with féqneg% g %5208‘238)10 damwleglmqhgdﬁrtevzweaqimgﬁésnaxswmulmth (18 2%
0.5) awgve%gﬁgqg d 1%@} \I/:)]d] % teﬁf%gxﬁgzthé?n Rvall&]g#f]érj@é %’ew /\%‘\A cé)o lnl 6terestmgly
the higlesosurial WasS%tmlnéd (VE-'thgarvﬁcOfﬁ)f,or 10 days with clone #6 and another 10

days with Arzemia enriched with clone #6 or #6 in 5% oil (Fig. 10 C).

[00120]  Table 5. Total amount of lipids, % of total lipids and % increase in total lipids in
fresh, 48 hr starved and 48 hr fed with Baker’s yeast SC (Saccromyces crevisiae) SMD
(Pichia pastoris), recombinant yeast clone #6 or recombinant yeast clone #6 cultured in 5%

cod liver oil (#6 5% oil). Data are mean * SE of tripliéate sample.
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[00120] Table 5. Total amount of [ipids, % of total
lipids and %increase in total lipids in fresh, 48 hr
war@nvedsand 48 hr fed with Baker's yeast SC PCT/SG2003/000266

(Saccronyces crevisiae) SMD (Pichiapastoris),

reconbi nant yeast clone #6 or reconbi nant yeast clone

#6 cultured in 5% cod liver oil (#6 5% o0il). Data are

nmean SE of triplicate sanple. 33 WD 2004/ 044185

PCT/ S&003/ 000266 Total lipids (ng/g) Total Iipids
oEz@‘hﬁids‘ (h@/&)s T6REEPAY (M1 COLhhcrehsem

T 9 Ticrease 1§
1.14 3.42 0.11 em a nau | | 48 hr St ar ved
1.28 210012 . p tgt]alﬂglds

29
Ten B 45 70 I3 kibs o S50 e “naupl i i
gvrfiedayRidernia 53.10 3.49 5.31 0.35 55.8 15.6
nauplii #6 fed Arternia 65.03 2.30 6.50 0.29 90.3
1R3.16 Stareapl | #6 1 n 23%0f+ s.b80i | - f el1®BOAZ 2. 29386 82.6
Q*,?e%ngq]ﬁ 2. 6 Anem a nauplii [00121] Table 6:
nparlson of maj or fatty acid (%nmean SE) of newly

ed Artema n d Arte i Iy '
&3{?5 [HE% 48 hr wi ﬁé 29 s yea%§+@aéé?8acc§/yo:’7mc/@§g
d1BRYIsi ae), SMD (Pichia pastoris), reconmbinant yeast
cl one #6 (#6) or reconbi nant yeast clone #6 cul tured
iSMBPY%ed dctetiaver oi 153(106: 599 0i | ). DAt 4 0a% meahd-8 SENMGOf
trabipliii cat e sanple. ARTEM A Fatty acid (WLD) SC SMD
#6 #6 5% Q11 Cl4:0 1.02 0.40 0.48 0.29 0.62 0.10

%ﬁ@%dé%%% 0.84 0. %%033153@ 9.68 6099.® 46 06932 B.632

0.41 8.89 1.

#6 in 5% fish oil-fed 68.27 £2.29 6.82 +0.23 995+5.6
Artemia nauplii .

‘. [00121] Table 6: Comparison of major fatty atid (%.méén * SE) of hew]y hatched
Artemia nauplii and Artemia nauplii enriched by feeding 48 hr with baker’s yeast SC
(Saccromyces crevisiae), SMD (Pichia pastoris), recombinant yeast clone #6 (#6) or
recombinant yeast clone #6 cultured in 5% cod liver oil (#6 5%.oi1). Data afe mean * SEM of

triplicate sample.

ARTEMIA

Fatty acid (WILD) SC SMD #6 " #6 5% Oil
C14:0 1.02+040 048029 062*x0.10 0.60+0.09 0.84x0.28
C16:0 068+099 8462022 932*+0.14 898x041 889114
C17:0 153+0.05 214x0.87 194+039 1.97x030 16420.21
C18:0 3.91+040 51920.73 544030 4982052 53720.89
>'SFA 19.34+ 0.15 20.15+0.13 20.41x0.16 19.24x0.07 21.74x0.19
Cil6:1 543+020 1459+0.09 499+031 4.35+x048 4.11x0.19
C18.1 36.08+1.12 35.93%294 3427x0.95 3593x0.01 3540%0.31
C20:1 126+0.15 115047 078+020 0.7320.15 1.16x047
C22:1 083+025 081033 053+045 1.02+x029 087x0.06
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Cl7:0 1.53 0.05 2.14 0.87 1.94 0.39 1.97 0.30 1.64
0.21 C18:0 3.91 0.40 5.190.73" 5.44 0.30 4.98 0.52
WE287/040889 Y _SFA 19.34 0.15 20. 15 0. 13 20. 41POT/362003/000266
19.24 0.07 21.74 0.19 C16:1 5.430.20 14.590. 09
4.990.31 4.350.48 4.11 0.19 Cl18.1 36.081.12 35.93
g.ig i4'27 0 .95 35.93 o 01 35 40 0.31 C20:1 1.26
15 0.47 0.78 47
SRAEA 0 a459h028 oves + B3 5.8 O aueba T 5a g age
0.06 34 WD 2004/ 044185 PCT/ SG2003/ 000266 Y, MUFA
CA%529' 0. 23357+ 852 0.58 40.828 4Bt V592, 86120199 48735%70.36
cPs:98 Cl§g. 31*3}”[87 .62 3534 11052890.41 900.72.4501%. 81.41x 0.20

59 6.7 c1 K N
cég.gl 10% 61%7 8r§4+1@4§10 128 10292 1535940 5264 + 0.22

C 0 1 53 4%;02 § 1%1401+ gé @ %g 4%62Q-G?Z91 @§6+014
CHi3q 2. 20050 6852 a6 b0 5 47e 0 ﬁ) 14 557039
C226:5 3.53 0.55 3.46 0.46 3.85 0.02 887014 1 °'+§¥8
TBUBS C22.%:0008 22464 0.262 21)02@27\( PORA 29239 30¢1HB-03
22.45 0.25 27.0 0.27 29.14 0.23 30.41 0.03 [00122]
Di scussion: One of the greatest obstacles to the mass
production of very small, rapidly devel oping and
hi ghly vul nerable fish larvae is the high nortality

that occurs in the first two weeks at the early st age
of | arval devel o)grrent duri ng‘ the transition

[001220n d dYjemetien:t@neeio fErBericst oG dehin e ’W%é’f?‘?”&[]?'érof very small,
rapld]%ﬁ%(f%pu% allidjﬁo o\thﬁéE\lS]@ fih "}‘atrvieh@ {hd Bigh r86:@M RN dccurs in the

ment a tes of the | arvae pl aCe a pren um aon
first tpmowedksngt abt ieaBy stege iof i lorval slovelpRimentadwdng dhcowtapsibpRy from
endogﬁc;{]g:tg %gegqr,]ﬁtnﬁl?sngq?fjtgs?]%}r)g %r e?}rtlguggrvé V@%rdgéag? o?‘]@ (t)liaf( the high
growtﬁ) bfd BéRfopaleHtl ?a'tesfdirthélé%echlb pr@iiﬁhﬁxy@ﬂpmvnﬁe\@cbmm nbtrition
nd rapid growmh of the larvae (Onen et al 197 .
SO tlnawﬂqrgpﬂagf@wj_}gglzd dgéﬁl@:gmnt éndgl here qgg,sg.)rvwalletnﬁ%]m Vitellogenin

h
s RGP PR OATe L Bt ke

and r4phhgesvth [0 QR BfrvaEhE© sematd als(1285;aWdtapaley 1957 Spegeapedal 1989)

Furthq@ggﬁ,t | Vﬁ%{a}:ﬁgv%% éﬁ:qug%;ﬁ?l S@{Tg Xve f&%e%egﬁg{lot%;n{a Qllld rotifer during
the eaflR8104:B8Gth PiAgesonl y vi abl e al ternative

[00123] The small size and poorly developed digestive function of fish larvae (Segner et
al., 1994) renders pelleted diets unsuitable for first feeding. The only viable alternative
involves live-prey species such as Artemia nauplii or rotifers. Brine shrimp nauplii (Artemia
spp.) are widely recognized to be an excellent starter feed for freshwater and marine fish
species (Leger et al., 1986). Its nutritional value is strictly dependent on the nuirient quality
of its food source, particularly the content of highly unsaturated fatty acids (HUFA), like
docosahexaenoic acid (DHA, 22:6) and eicosapentaenoic acid (EPA, 20:5) (Scott and
Middleton, 1979; Watanabe et al., 1983; Caric et al., 1993). It has been suggested that such
HUFAs function as essential components of biomembranes (Koven et al., 1990), and their

levels in the tissie phospholipid fraction are associated with larval growth. Sorgeloos et al.
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i nvol ves |ive-prey species such as Artenzia nauplii or

rotifers. Brine shrinp nauplii (Arteinia spp.) are
woraelysisecogni zed to be an excellent starter PEESGI008/000266

freshwater and marine fish species (Leger et al.

1986). Its . nutritional value is strictly dependent on

the nutrient quality of its food source, particularly

) D ot M BB LSk k8, R,
| t ' ' R ; S
betwe%h ggﬁigfegﬂ’ Qr?g% ?f i Sis{agr a bg% lé}va%.g gxgﬁnca:g@@w%% concluded that

Wat anabe et al ., : ric et al.,
DHA 198 FPA increhass] dueenalsunggeetbhdoftseatralsmetne HiiFasvat udeween, these

as essential conmponents of bj onmenbranes. (Kave [., .
crsanEa0yE TAHHLNGNT T TGUERET RObRE TS0 S BhOSEn e Vp G Sspeciay

DHA KN-%]%}O% BT ASEOCLALLL M Qd@z?.al"h‘é?éfoxg!l@wi@eds%ﬁ@@éd‘l@iﬂq PUFA
t al. 35 WO 2004/ 044185 PCT/'SG2003/ 000266 (1988)

is highbypdestredl hipsdy am gatiuhaglyaniporiatien sk mutritiond neit enly f@Rapplying

.content and survival, and et DHA. a rowt,h of
celorif gerag PArA S BARETD A sk AEe FUR0S{" QB GeBepermbrene
functiol @argfy ANd9&HA i ncreased survival and growth of

several marine fish |arvae. However, these organisns

are naturally lowin [oner chain polyunsaturated fatty
[00124E dSeverUEpyiChraens deshaiqugs hpxaabgemadayelopedtngpding mjgrpalgae, oil-
t T j e . ' da dL
based SRR PlorosnE e IIELEARRE 03geY B 15 356 NN ond Lov
1995;i Bpolay and Zeherf 1996; Mdbvot kepdl,, 1896). Gill gmilsions bppelbeemyidely used
nerqgy but al so for, providin essenti al

al ori X
for eipgBREn} B VT SHES P ABIREPTECENErtnilly 3900 PERR AR Divakeran
1990;( 848G Un a8t ovall- 199493 8rup 00 hddiin RRY €9 5). Exﬂﬁl@sibhﬂ@fiég gxgparations '

techni ques have been devel oped, including m croal
have giajor adpandapee outsdiadseraelmanicdies ne dppyuiage egry high lipid and HUFA

reparation Leger et al,,.4986; S a . .
contefloSB00 Bk BT, bt P os yRERL e QSR MRl rotovine
enricllﬁ'uént %}ﬁﬂl |t1(5jils Qs {b@‘l’leinblfﬂﬁﬂfdi\licﬁ elily ldadizg tof witer gualith pesbienad within

ive feeds in_aquaculture ert et a 1 ; oo s
larvalgprpgdapks &Radgﬁmalkdaﬁaﬂowlﬁgéa Respige Bﬁadg 1333 poa ditficolies
with shagladlePidtialBn avd A fiﬁ}?{]%gé%h‘inil%)s Enmul si on-type

preparations have mmjor advantageS over dried
enrichnment diets as they have very high |ipid and HUFA

[00128bnt kive .napphiieviethe tyite dwimps(Asveie sapHaans Peecuged gsovectors for
.. renmove fr .ej_ni . i ' ri i

o PFobFP A L B IAPIOR ol ST L1 )

theraspuéit i(Lyceplep bl e DB MiCHairMer dlan9el; Tonaaki reg of.ah%%l; ((Rpdegkrs et al.,

and Bar]| ow 1987; Ri r and Reed 1990), .and . .
1993 Ny CHIEP & oL pse gt B RIS 19 Bvab Aagss of gayasic animls, o

proce%é %o%o§§aﬁi5%ca€y§§§?0n. [@ﬁ@&gksul}été’@ Bt dcid Mactth® have been

rine shrinp (Artenzia spp.) have been used as vectors )
succebsgully introduced into turbot larvae with significant improvements in survival (Garcia

et al., 1992). This route has also been used to vaccinate sea bass fry (Chair et al., 1994), and
juvenile carp (Joosten et al., 1995).

[00126] Before exogenous feeding, oviparous species of fish larvae are entirely dependent
on their yolk supply for nourishment. Presumably, the lipids contained therein represent the

optimum balance of fatty acids and other nutrients for the early stages of larval growth. The
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del i vering conpounds of diverse nutritional (Dhert et
al ., 1990; Tackaert et al., 1991) and/or therapeutic
W@ bgmoe41€3 al ., 1987; Chair et al., 1991; TourB&i/S&2003/000266
al ., 1991; Cappellaro et al., 1993) values, which are
otherwise difficult to adm nister to |arval stages of
aquatic animals, a process known as bi oencapsul ation.
preser GORRSER U PR ALY GaULgE T 0B L QP Do ead g Y gecombinant Vig

(rVtg )%‘s Q'Eihrta&t_clpﬁﬂ&ohme@V&%mﬁtemﬂz -Ghickinead as(foaient feed. eWepresent data
his route has al so been used to vacci nate sea

to den‘muastsaté that (]@htdaplaéarvgﬁ fed wigoup)s ncaz,qbyeajsm}@mep@c}@gl%temza nauplil

1995). [00126] Before exogenous
ekhlb”r’é&f&r'%g Ur%\\f %%dgagxg eC| es of fish larvae are entirely

dependent on their yol k supply for nourishnent.

00127 e PUBRIYexahiifed dliohds tBaANhaire@ehtiiel €. mureprégeydast tHene #6
opti mum bal ance of fatty acids and other nutrients fo
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g MNeMid Raupdiificantly’
el it oF B DOHRe Nt S e o bt

lowerHllHRAOQJBerExan'pl es showed that the reconbinant O.
aureus Vtg yeast clone #6 exhibits significant

[0012@ {)’Sﬁ?ett%ra(égscz)%}npto{sﬁion %WApzoem‘?(? # d roﬁ%%]?@ﬁo%woﬁ‘ed biochemica]

aci ds,
compchRflt @2hfs drggnibb (Ben@sonadt.a)., 2%3) In Thik $tu§y,utdiy sixafstty o, 16:0;

that th d P. t
161 T Do e S Sk el OB o1 B e S qna freemia
. sampléés?]rﬁg%lggf &’z&élﬁﬁ@ of #EEI'JS%E‘J Higesbid PRy feordia tnaauR) dbove six fatty

ports greater growth of the
acids, tnotragilyamebe upebmlrta‘?rﬁl i Qfdhtt wp@ fame Atids iaphremiagapple (Leger et

nifi | awer, HUFA .cont 0128] e
. 5, S SR b RO 0 01 e e 16,
typlcaﬁ%'dgﬂngﬁs@ll@ﬁhﬁl'f%:@ the eRaIEanentidof Hohewerahgardi snes of fatty acids,
tson et al 1991). In this studg 9 ?>§
lmo]ergé egig 181%(1p3) 1Sf§sel1t1a11f8r fgeshl\gatgr organigm 3?1‘51 (gé B )Tdﬁgssé?}la] for
marm@%?%atms%%. %I‘?E Jonfé { of %b .5t @t arRCHE8 (nB)adfl frdhkyeRitehed Artemia
sanples. A

arge ata ase o published, fatty acid
nauplipisdbwlcesverestmsants t hat the above six fatty acids,

normal |y nake up about 80 % of the total fatty aci ds

in an Arte 1986
o024l P e REmpenerrarey e aBoris iy sEids vl 0 we
(Dobbtfirler AN498@). ITaking advantage of its continuous nonse]echve feedmg behavior,
Artemia nauplii fed for 48 h with #6 and #6 5% fish oil showed increase in the fatty acid
content of 20:5 (n-3) and 22:6 (n-3). Pre-feeding with SC or SMD1168H lacking 20:5 (n-3)

and 22:6 (n-3) did not increase the level of either of these fatty acids in the Artemia. When
tilapia larvae were fed with #6-enriched Artemia or #6 in 5% oil-enriched Artemia, the
impact of the nutritional value was significantly (p<0.05) reflected in increase in the growth

of the larvae compared to those larvae fed with newly hatched wild type Artemia. Pre-
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typically conprise 40 to 60 %of the total fatty
acids. However, the n-3 series of fatty acids,
wo povaloen8s c acid 18:3 (n-3) is essential for frPeErbG2003/000266
wat er organi sns and 20:5 (n-3), is essential for
mari ne organi sns. The content of 20:5 (n-3) and 22:6
(n 3) of freshly hatched Artem a nauplii is low or
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nonsel ective feeding behavior, Artem a nauplii fed

larvaef (rr:d 48 bineani )t Wastderaondtrated 5YsWitghabict ak KbI8) ubing raigas émﬁ royeasts

tent of 20:5
contepige FEe KN S Poeipr T Dk pmg oo s Prsojlonal value
of A;?ma 226 8vekitddy i Ebné of Eme@mciahgﬁbgv&b)%d entd@r3)0hnd that

these fTatty acids in the Arfem a | api a | arvae
the nu\t@menzﬂe@hw ohAreuwneandiseenhapcedivacrsiching the Astggnia nauphi throngh

o TN R T T

studylHigh ROeIg 0O MUFA afe gré@ni V@t geadcloge #6 Qﬁﬁ%bﬁﬂrm;’t@ocapsu]e
fed w-th newl.y hatched wild type Artenmia. Pre-

contammﬂzmegwllpmawdmﬂmmfewcmmlahfg’l difttin that Ih& epyﬁ@ng oil is
not 1§Cd1 det Sé%gaa]cﬁwtlﬂcqn@r%\t wg{épalﬁ]% t ﬁcé@uh{e %bt@é\?&h SU3)al etryquahty

em a I'm’l ar enhancenen
degraﬁaﬂicm ztnddmatemb;bruhfem‘nomt em a nauplii for marine fish
| arvae (red seabream) was denonstrated by Wat anabe et

1980 u3| aI e.and e asts
001h PR PR e RS PRERTES N Srp O IREIALAY o Ripnia foy
acid o GisAUhRRE.I thna\bal(w@gs) QfudhEEIR: BaivicuUONETTRE Brihd Sish (red sea
content of EFA, especially 20:5 (n-3) and 22:

breamrielpwaail, srired dwifeiowt, dingnespallrander a @ﬁwtba%@%\g it BrA was

necesgzﬂg ai?lc g%agﬁl ﬁ&%Lﬁ%FRﬂr f%ﬁA’ﬁ\gg‘int tﬂat\/?y Fﬂr%sg%éee Lno légghu ate quantltles
mcrez&%i eidvivdil eh& grothth! Similaly, aRd;@u,guezl ett ﬁ1($997§tre;d)]teﬂ|tl;ﬂ1 g:lthead sea
ey o S ST 5 o ey 3t 75, 1097

obtaifE iRhxiAAY BRAAE f S thedCde® baREHIaAlae vith £fatib Df Lhwhild fitthe juvenile
enriching oil is not in direct contact with cul ture

stageWaq Best 1) Wap Seniddg beikS-pdbe highsst IRARR A Fatipuiaupd yn the present
study‘ix‘?%hor 541%’9% ‘9%%5 ahops) feration. [00130] Sorme

ave concl uded I's superior to EPA as
an essential fatty aci d for fish |arvae. Watanabe
[00131]99) thsﬂmaeefdedlhgexlmlmemsl #ared #F 5 P4 figh ofhpriomed foi ketan excellent

br.eam lowtail, stri
sy SRR St AroPogd ST uRd P BRATRELe rote was
poorddE¢ASSERY WitnIhEAhShe GHADIEE iRBIuENAN &PAak@NdyERALS. ickFevisiae.

presence in adequate quantities
Similarly, by replacing 50 % of #6 with S. cerevisiae in the fish diet, only small differences
were observed in growth and survival of the tilapia larvae. The wild type baker’s yeast and
P. pastoris have low dietary EFA levels (20:5 n-3 and 22:6 n-3). Low dietary EFA levels can
lead to lower growth and higher mortality in fish larviculture (Scott and Middleton, 1979;

Watanabe et al., 1983; Caric et al., 1993).

[00132] Several studies have shown the beneficial effect of feeding (n-3) HUFA-enriched
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I h-creased survival and growmh. Simlarly, Rodriguez
et al.(1997)-.areported that gilthead. sea bream
wo 2008aet18T hi eved best growth rate a DHA: EPA r ap¢DS©1003/000266

about 1:3. lbeas et al. (1997) obtained nmaxi mal

growt h of gilthead sea breamlarvae with a ratio of 2,

while in the juvenile stage the best ratio was found

to be 0.5. The hi ghest .DHA. EPA atio found in the
Arier? SSERIY s oUag REO0S 98 AR 37 GiUNHER BBt PLl986)
]—Iowe@éxI )1% u%9]h%%]:leblmy tlageat e@rfﬁé‘?e fuf‘f@]?ibrﬂg f&’(ﬁ%? IH@IA Jor 61f2 species or

6 ol | proved to be an excell ent
anothﬂu(ﬁlrthm(}suﬁbt efe HUFA mequisenmgnig fof Jaroak fishamg lsghlyixagkble. Such
In contr urvival ra

t he 0
ifergieh CRHA OF &3P ABe 0D P wRerGaPgReyoRe Gkl e period o
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S. cerevisiae in the fi di et 1y
formatibfi f(éaemse@ld ﬁmgdoabwrlowduthe gxrmsﬂusndd osmpawvmg wfluction of

MITENTIFEP Pl SN Y S
may 14 b8 lﬁ‘]pgﬁtant QM% Singl(AEWlyBhfehe 8V RhSe CRAL] (1984) fdpohéﬂl\ﬁfat the first
gr owm h er mortality in fish larviculture

stage f8ubat (Qa?i dam) @ﬂn@hmhl Jegrvay; was\net aﬁ%@i oyt thg|contepiggffatty acids in

the fegﬁané: S"lgf‘?gsq%etr%]é? his a|p1(£l%8é'3‘fde t??} O%r] e]sS BPQJdgﬁ?er{b%g ®PA and DHA

stored‘lldl‘_tﬁc eqrvhichgld sac3Mdiﬂrﬁ@@4é10€a@98}58113@3'dt&m1@0816q0@®666 of DHA in
ma nauplij to several eci es of rine fish and .
the dléwfsl@%(@ba% e3d g dreagt migh tnfgl%yecess pepse H]SY&PE@J@W“ DHA
from 5’@1% ol £Rh IYortale) 685iRHedd @ a RO THPRV S biRErved-dYingitAfirst 2-3
or one“species or~ another. Furthernore, the n- 3~ HUFA
days oﬁa&q@mérfecdnsb GRrodrignezatt i, 3999 Bhehighmyorialini elitiaed Dgkafter yolk
ferenc e explained b | o
sosorfyft T BREIF B4k BBl L5 PR RARL o5 RRG g s, o
majoioddvkAtby@ef thEhe/tf gtisecionans he comtitutien gestiubiorbof thetgrecursor yolk
nutritronals conditions duri ng, gonad  formatj on ‘%mw
proteigpghesse g@r'@%ly PyYICfingnthet #SUIRL Felks shidemay obe I f%g“ffefmg
suddenHCh 0P Reefor thE tE e&ngfk‘:&lﬁsé aoh kpt) - Sone
I nvestigators roposed that the presence of (n-3)
HUFA may not be inportant for young (new y. hatched)
[001334r vineconghusion, t@qgg@)lczrlbpmmrqdﬁ’a@hz@ Resteriis EYtg ygag glone #6 used

o S e TP ME S8 B o
relativdlyl Sm@Resheid tkdtecdhunsichls tcprpmé;ﬁhi )ﬂsﬁigerehcbﬂ)l'naylalliitée/dhls)ratory

of endogenous EPA and DHA stored in the | arval }/
chemicgls angiRauipReat: e”lfheaqlone( @gg@gst,squd)gsqugar HYEr 5(};"]@ term W1th neither

loss 1@ r\ﬂg%ﬁ@ nBf lt%hbgto ddheddtiedly Q&plje%rt\ﬁ@l\/t%ekét@ﬁadl“ﬁeeéone can be

i m ght necessary, because t coul
freeze-étied rfoDI-}%oloﬁgedrrstymgk TAe:hfcgh, remget-solalet yrodﬁctgm tofi eg@dst biomass
represse%% ekl) rp%‘%@mﬁ]@éﬁ%u"ﬁ? S%Bstetuteef(cj)r 1S ﬁ-lbagd nu?rlents i aqua%ulture feeds.
Specifically, clone #6 enriched with cod liver oil could be a superior source for DHA and
EPA enrichment for a wide variety of oviparous animals. We have demonstrated that the
yeast clone could be used either directly as a high quality live-nutrient feed for fish Jarvae or
indirectly via enrichment through Artemia nauplii, which is subsequently fed to the larvae,

resulting in significant improvements in growth and survival. The subtle source of high
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days of external feeding (Rodriguez.et al., 1998). The
high nortality obtained just after yolk adsorption
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PCT/ SG2003/ 000266 - WHAT IS CLAIMED IS: 1. An
expression vector conprising a vitellogenin gene
operably linked to a pronoter, wherein the pronoter
is functional in a eukaryotic host suitable for use as
a feed or feed additive: 2. The expression vector
according to claiml| wherein the pronoter is
functional in yeast.
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3. The expression vector according to claim2 wherein
the pronoter is a constitutive pronoter. 4. The
wezresason vector according to claim3 wher ei PCT/B62003/000266
pronoter is a yeast glyceral dehyde-3-phosphate

dehydr ogenase (GAP) pronoter. 5. The expression vector
according to claim4 conprising SEQID NO 1. 6. The
expression vector according to claim5 which is Vtg
(-SS)/ pGAPZA, Vtg (Vtg SS)/pGAPZA or Vtg

(aSS)/ pGAPZzaC. 7. A transgenic eukaryotic host
suitable for use as a feed or feed additive conprising
WHARKD CEAIMIEDUSCt or according to claim1. 8. A
transgeni c yeast conprising an expression vector
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to claim8 wherein nultiple copres 0

fapd or deedredditivat egrated i nto the yeast genome. 10. The

transgeni ¢ yeast according to claim8 or 9 wherein the
The transgenic

pro r.ds yeast GAP pronoter. 11. : _ _
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the yeast is Pi.chia pastoris. 44 WO 2004/044185

3PCT/ (G2003/ 000266 13. The transgeni c yeast accordi ng
to clBf FPIesSigRarEPhacepdang Ogdainn phetedi the ipsomaripis eseeditutive

plofoig@cel lularly. 14. The transgenic yeast according to
claim 13 wherein yeast is protease deficient. 15. The
transgeni ¢ yeast according to claim 14 wherein the
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o i east ~.accordi ng t i m 15 wherein the
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cul turing the.transgeni ¢. yeast .in_-nmedia conprisin
6. fi sh'ﬁ]oel ¢Xpression vector ccorglng to claim 5 which is VtgnRSS)/pG%PZA, Vig

(Vtg SS)/pGAPZA or Vig (0SS)/pGAPZaC.

7. A transgenic eukaryotic host suitable for use as a feed or feed additive comprising

the expression vector according to claim 1.

8. A transgenic yeast comprising an expression vector wherein the expression vector

comprises a vitellogenin gene operably linked to a promoter functional in yeast.

9. The transgenic yeast according to claim 8 wherein multiple copies of the-

expression vector has integrated into the yeast genome.

10.  The transgenic yeast according to claim 8 or 9 wherein the promoter is yeast GAP

promoter.
11.  The transgenic yeast according to claim 10 comprising SEQ 1D NO: 1.

12. The transgenic yeast according to claim 11 wherein the yeast is Pichia pastoris.
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18. The nmethod according to claim17 wherein the

concentration of the fish oil in the nedia is between
wW@b@un44ss and 5% 19. A net hod for increasing PEESG2003/000266

survival rates of oviparous |arvae conprising the step

of feeding the |larvae transgenic yeast according to

any one of clains 8 to 16 or an internediate |ive

feed that has been fed transgenic yeast according to

any one of clainms 8 to 16. 20. The nethod according

to claim19 wherein the |arvae are aquatic or marine
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16. Nt ereegiab&id {48 g&@ﬂhl‘)cstoaclfn% Fhere th%r]%\%] Q)'f? Pégsmurated

The met hod according to ¢laim 2 V\,here e roti
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19. A method for increasing the survival rates of oviparous larvae comprising the step
of feeding the larvae transgenic yeast according to any one of claims 8 to 16 or an
intermediate live feed that has been fed transgenic yeast according to any one of claims 8

to 16.

20.  The method according to claim 19 wherein the larvae are aquatic or marine

larvae.

21.  The method according to claim 20 wherein the aquatic or marine larvae are tilapia

larvae.

22.  The method according to claim 21 wherein the tilapia larvae is fed about 1.0 to

1.6mg of transgenic yeast per tilapia larvae per day.

23.  The method according to claim 21 wherein the intermediate live feed is rotifer or

o

artemia.

24.  The method according to claim 22 wherein the step of feeding the larvae
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animal is a fish. 30. The nmethod according to cl aim 28
wherein the fish is tilapia. 31. A nethod of enriching
waeootisasiredi ate |ive feed conprising the stepP@f/SG2003/000266

feeding the internediate |live feed the transgenic

yeast according to any one of clains 8 to 16. 32. The

met hod according to claim31 wherein the internedi ate
live feed is a rotifer or an artem a. 33. The method
according to claim32 wherein the artema is an Anenia
napulii. 34. The nmethod according to claim 33 wherein

trankgerfi@pdayt faghe cogmpkiestcodtedifewan i Miamicdiad M Raged.
35. The nmethod according to claim 34 wherein the fatty
aci gpis a polyunsaturated fatty acid. 36. The net hod

Z3a¢ coP iR e bacOE RS t5Clie 4 mhetehb thsdhipuneditte diae depd is a rotifer

orfaftbiys acid is 46 WO 2004/ 044185 PCT/ S&2003/ 000266
el cosapent aenoi ¢ acid or docosahexanoi ¢ acid. 37. Use
of reconbinant vitellogenin to deliver a therapeutic
26mat drhicahethod ecdondingit elaimal25 wolsyinaie oftifamo0admt siso-fed at a

de%smyn(BJS'inéliZ/iduals per milliliter.

27. A method of increasing broodstock egg quality of an oviparous animal
comprising the step of feeding the broodstock the transgenic yeast according to any one
of claims 8 to 16 or an intermediate live feed that has been fed transgenic yeast according

to any one of claims 8 to 16.

28.  The method according to claim 27 wherein the oviparous animal is an aquatic or

marine oviparous animal.

29.  The method according to.claim 28 wherein' the aquatic or marine oviparous

animal is a fish.
30.  The method according to claim 28 wherein the fish is tilapia.

31. A method of enriching an intermediate live feed comprising the step of feeding

the intermediate live feed the transgenic yeast according to any one of claims 8 1o 16.

32.  The method according to claim 31 wherein the intermediate live feed is a rotifer

or an artemia.
33.  The method according to claim 32 wherein the artemia is an Arzemia napulil.

34.  The method according to claim 33 wherein the fatty acid content of the artemia is

mcreased.

35. The method according to claim 34 wherein the fatty acid is a polyunsaturated

fatty acid.

36.  The method according to claim 35 wherein the polyunsaturated fatty acid is
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eicosapentaenoic acid or docosahexanoic acid.

37. Use of recombinant vitellogenin to deliver a therapeutic material into the maternal

oocyles of an oviparous animal.
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