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OF LONG CHAI N POLYUNSATURATED FATTY ACI DS

RELATED APPLI CATI ON 5 This application is a continuation in
part application of Serial Nunber 08/ 833,610 filed April 11, 1997.
| NTRODUCTI ON Field of the Invention Thi s

i nvention relates to noduylatj e | / LNZVIAR 10
conponents relating to Kox mﬁﬁééﬁé‘%@(ﬂﬁsc}@q% u"'oﬁl%&matty

aci ds (PUFAs) in m croor.gani sm or. _ani Backgr ound
Two main famlies of pol E*GWL‘&IQMIM%Q%YU?‘WWWR@%Y&QM [err[3

15 fatty acids, exenplified by eicosapentaenoic acid (EPA), and the [err]6
fatty aci ds, exenplified by arachidonic acid (ARA). PUFAs are

i nportant conponents of t he plasma nmenbrane of the cell, where
they may be found in such forns asw ds. PUFAs are
necessary for proper devel opnent, particularly in.the devel opi ng
infant brain, &nd for fﬂhi;sam:libmiomisia)mmindanicaphi part Bpphikation 96 Seeal/Numbe? 0
as precursors to c ortance in human bei ngs and ani-nal s,
I ncl udi ng the pro%&%tﬁmﬁg JJ%P"&IO’CS)‘&A%W | eukotri enes and prostagl andi ns.
Four maj or | ong chai n PUFAs of mportance i ncl ude docosahexaenoi c

acid (DHA) and EPA, which are prinarll.ﬁw&fferent types of fish
oil, gama- | i nol eni ¢ aC|d(GL found in the seeds of a
nunber of plants, 25 including evening prinrose (Cenothera biennis),
borage (Borago of FiQd R thSInvention and bl ack currants (R bes nigrum, and
stearidonic acid (SDA), which is found in marine oils and plant
seeds. Both GLA and anqifenvédtiRatiars té %ﬂuﬁﬂ Rvels of enzyméD \d5b/or @hAhé doni ¢
acid (ARA) are found in filanentous fungi. can

10  components relating to production of long chain poly-unsaturated fatty acids

(PUFAs) in a microorganism or animal.

Background

Two main families of polyunsaturated fatty acids (PUFAsS) are the 3
15 fatty acids, exemplified by eicosapentaenoic acid (EPA), and the w6 fatty acids,
exemplified by arachidonic acid (ARA). PUFAs are important components of
the plasma membrane of the cell, where they may be found in such forms as
phospholipids. PUFAs are necessary for proper development, particularly in the
developing infant brain, and for tissue formation and repair. PUFAs also serve
20  as precursors to other molecules of importance in human beings and animals,

including the prostacyclins, eicosanoids, leukotrienes and prostaglandins.

Four major long chain PUFAs of importance include docosahexaenoic
acid (DHA) and EPA, which are primarily found in different types of fish oil,
gamma-hnolemc acid (GLA), which is found in the seeds of a number of plants,

25  including evening primrose (Oenothera biennis), borage (Borago offi cmalzs)
' and black currants (Ribes nigrum), and stearidonic acid (SDA), which is found
in marine oils and plant seeds. Both GLA and another important long chain

PUFA, arachidonic acid (ARA), are found in filamentous fungi. ARA canbe
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purified fromanimal tissues including liver and adrenal gland. GLA, ARA

EPA and SDA are thenselves, or are dietary precursors to, irr&ortasg’t | ong
chai n W%P%"tﬂﬁ%i ds involved in prostaglandin synthesis, i CTYSIPTAAL of
heart di sease, and in devel opnent of brain tissue. 5

Pol yunsaturated fatty acids have a nunber of pharmaceutical and
medi cal applications including treatnent of heart disease, cancer and

arthritis. purified .ﬁoﬁ?ﬁxﬁ%issﬁeé‘i‘ﬂ?ﬂﬁfnrgqfvé% sftendglatld, CILA CARGET Ci al
production i'ncl'uding a variety of nmarine organisns, oils obt al ned from
col d wat er mari neEPA and SDéhare threshnselygs,yoylake dietacy preoursomsde, important long chain

m cr oor gani sns i ng¢ludi.ng. th enera 10 Mortier.el.l Ent ht hora. Phytium
and Por phyri di um %a‘ﬂagu‘é’gg’eg& Prﬁ%ﬁe%w E31p ‘B%Sa‘&b‘?’?gﬁﬁ“&ﬁ?ﬁéﬁ%i al
sources of SDA i ngldyfl@evd)Spi&l Of Brain tissudl | chodesma and Echi um Commer ci al
sources of GLA include evening prinrose, black currants and borage.

However, therg are seved|phnsdtusety Bty A018 have a n@hBAfPhenehiica andrer Ci al
production of PUFAs from natural solrces. Natural 15 sources of PUFAs,

such as ani mal s amedipalapplicatioanincludingiveatmentiaf\peart disease; eancerand quthritis.
conposi tions. The oils obtained fromthese sources therefore can
requi re extensive puriForddHApa ntmberyfaources exist foncommereial profhwctiord PUFAs or

d il. i,ch i iched i . . PUFA,
bsh C9UCCare Sunbli A Varel ot fatng o bR om Sl RRIEEED
stocks may 20  ufigeafdegRyelk Factiéds) Fok AR A mitkiorgmisheincludihglilie genera

overfishing. Fish oils have unpl easant tastes and odors, ich may be
i npossi bl et ol&coMorieralle. Entemenhghara, Phytium gndParplyridiumcan bﬁl"é@iﬂg’!, and can
render such produ?t;n;lH SEEB NiStheVehdm! oils,
and particularly TIs &%ﬁqgﬁggﬁ&gccuw ataélmumes envjlm‘?gﬁrrent gi@apéc}?l ut ants.
Weat her and di seafdcinslasmaasé Ethiumt Comrmoerciab squredschf GIZA ifolhade ¢yehingf i sh. and

pl ant sources. Cropland ,avail able fqr production of alternate,.

oi | - produci ng cr ob‘gmf"ﬁe’s Bﬁa‘e@{mf‘g a@grﬁ?&%et ?&YWF%%%@I?F%%{B l@%&ﬂ@?ﬁn of
human popul at i onsaaféafed SvidSeoRihetRE plodGEtasE P URRSfbA nab@altsoRf REUNat@4l ON
t he remai ni ng arabl e | and. Crops which do produce PUFAs, such as

borage, have 15  souress af SLIF Asqisyshag animalyanr-plants) tead tahavedighlyray not
perfor e | 0 S BRGSO ik e
crops can be growean iequigeesxtensivee purification to separate out one or more desired PUFAs or
2 i ve.  natur afo oS R SL B SRTI S, SSRGSl b o0
difficult to procggsubject to unbbfddRbRMichikiofs m hvafatiifyD (Bish fbek®nidyd
Mortierella are difficult to cultivate on a commer.ci al scal e.
undergo natural variation or may be depleted by overfishing. Fish oils have
unpleasant tastes and odors, which may be impossible to economically separate
from the desired product, and can render such products unacceptable as food
supplements. Animal oils, and particularly fish oils, can accumulate
environmental pollutants. Weather and disease can cause fluctuation in yields
25  from both fish and plant sources. Cropland available for production of alternate
oil-producing crops is subject to competition from the steady expansion of
human populations and the associated increased need for food production on the
remaining arable land. Crops which do produce PUFAs, such as borage, have
not been adapted to commercial growth and may not perform well in
30 monoculture. Growth of such crops is thus not economically competitive where

more profitable and better established crops can be grown. Large scale
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5 D etary suppl enments and pharmaceutical fornulations containing
PUFAs can ngbagleigge di sadvant ages of the PUFA source. Suppl es@piSossdiss as
fish oil capsules can contain |ow | evels of the particul ar desired
conponent and thus require | arge dosages. Hi gh dosages result in

i ngestion of high |levels of undesi red conponents, i ncluding

contam nants. Unpl easant tastes and odors of 10 the suppl enents can nmake
such regi nens undemientdsion of arganisms suchhasMortierella isadsopxpansive. Oyatiked pat i ent .
Care nust be taken..i roviding fatty aci sup nts, as

over addi ti on may mﬂlt Syes °8{5‘6§‘r18§'sﬂ%%‘“fﬁgfé%é@8ﬂ&{§%?&?‘ toraESHit het i ¢

pat hways and | eadMicRoci@afigths éuchias WokphyPidhow aERRsfaela hldifficRRtitd Sultivate | N
various lipid fractions in, vivo, leading to undesirable results. For

exanpl e, 15 Eski i ¢eRupergiahseleat high in [err]3 fatty aci ds have an

i ncreased tendency to . bleed (U.S. Pat. No. 4,874, 603).

A nunber of efAzynes arldietany sipplemdnts audphannassyticd fenmplatidng soptaining aci d

LA, 18:2 [err]9, ' | ' , f a
Eer r]12- [ ! dePs%fAusr %@e&%g ?ﬁsgﬁ%a%@é% % ?Eﬁ’egﬁj@%g‘%%el p$®@&%é%f’q¥ﬁ%%as
linoleic acid (LAishifl caphses dath,confain lowZlkvély ofthe attichlad desited cdnponéitand20: 4
[err]5, 8, 11, 14 roduction from dl_k&gg- gamma-|ingl enic acid
(DGLA, 20: 3 [ er r]thus require large dosaggs, High dosagesrepult iningestion of highdevels of
However, animals : r A fore
cannot convert olgﬁgﬁggi%ﬁﬁgﬁﬁ?ﬁlr ggeg}lﬁwﬁbg.%}%ggg#%@p%&%ﬁ
[err]912). LilRewithesupplementy canhaktej such sigimens whdésitable, 28d taydnkib®, 12, 15)

cannot be synt hesj ls. .2 Qx her _eukaryote i.ncl udi ng fungi
and plants, have é@é’i’@%@e %ﬂgﬁaﬁeﬁ'aiﬁeaﬂ"ésqif&mm f?gécﬁ?géﬂg 2["é‘ir] 12 and
[err]15. The naj aupplegnts|dvetadtditidninidyl sdtinduppression BBéridogenous t herefore
are either derived fra}rg_dl et and/or. from desaturation and el ongati on of

linoleic acid (189synthetis pathwaysand lepd forcomnetition pithather neespsary[faity pgids 12,
15). Therefore ityhSrious lipi ' 10 =TT | teL Lol ved
I n PUFA bi osynt helgi S ?‘#sol?‘ﬁlgggc@g{gg}i; gé’t)tlhg?ﬂggt ur gﬁ%?%#%glgeﬁéﬁh%@b& atty
acids and to 1éxprEskimosiavirgd diethigh in 3 fatty acids have an increased tendency to

- 3- i.al in I crobial or aninmal system which can be
mani pul ated to pr%?ﬁrmfé'&t'bﬁ?'ﬁﬂq%& of commercial quantities of one or
nore PUFAs. Thus there is need for fatty acid desaturases, genes
encodi ng them and rec‘%ﬁﬂq%%?fmﬁﬁfdﬁwdeVQﬁf‘“ﬂ’lde%bMﬁ@‘h?ﬁﬁan}?@é‘d

andl or ent i ched {5t P AR b R o Rl R (13 EVWAMEER, 3

econoni cal met hoddesathrape.0GLAI (18:3546; 9 12)ds Brdddsed from linoRat sMaqt AL 18:0149 ur e
Production of gamma-Ilinol enic aci dAjé)K&z%bLerr] 6- desaturase is described in

USPN 5, 552, 338. A&y @dbdesaturase. A Behbild) proddcticn frgmiikatmer el | a
10 alpina is disgclag

“acid by di n&%ﬁiﬁf@?@&% @@Z& @&Aﬁﬁfﬂiﬁﬁs?ﬁ%ﬁe@%?‘%Oéaﬂ%xaﬁ%?%'f “a

[err] 6-pal mtoyl -However, animals cannot desaturate beyond the A9 position and therefore

cannot convert oleic acid (18:1 A9) into linolenic acid (18:2 A912). Likewise,
a-linoleic écid (ALA, 18:3 A9, 12, 15) cannot be synthesized by mammals.

25  Other eukaryotes, including fungi and plants, have enzymes which desaturate at
positions Al2 and A1S. The major poly-unsaturated fatty acids of animals
therefore are either derived from diet and/or from desaturation and elongation of
linoleic acid (18:2 A9, 12) or «c-linolenic acid (18:3 A9, 12, 15). Therefore it is
of interest to obtain genetic material involved in PUFA biosynthesis from

30 species that naturally produce these fatty acids and to express the isolated
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acyl carrier protein desaturase is described in PCT publication WD 96/ 13591

and USPN 5 Cloning of a [err]6-desaturase from bora i scri bed
d’ﬁ% 69%8.'“ on WD 96/21022. C oni ng of A9-desat uras {@9%@% bed

|n the 15 published patent applications PCT WO 91/13972, EP O 550 162 Al,

EP 0 561 569 A2, EP 0 644 263 A2, and EP 0 736 598 Al, and in USPN
5, 057, 4109. Coning of [err]12-desaturases from various organisms is
described in PCT material i s itroBial 6Fani¥aPy/steldWhichtdn BeRMnimAsted B grovideOni ng
of [err]15-desaturases from various qrganisns i s described in PCT

publ i cati on WO 9Jradustign ofgqmmercial guantitics of epeormaraPEFA @afbxmtbersrxsa
applications ref

o o0 et " GHeb®for Rt i ibaftiriel YeBY encoding théi Y Heciith ; nbdt ddfAds
| nvention of producinigydhezh. Amepdfuﬂthemxxs&fdroﬁﬁd:mﬂhnmgéngimomlm for
preparation of pol

t d | i d PUFAs. Th
conposi ti ons nclﬂﬁ%@mﬂﬁ%@%ge“% d%s&r‘:’%ﬁﬁg‘& %‘%Q?&P&?‘ﬁg{eﬁ&nd/ or ©

pol ypept i des havirggati@sdohSmetRs HetHods 8f producing Thée{ﬁépupwa.e pol ypeptides, and
probes for isolating and detecting the same. nmet hods i nvol ve

growi ng a host nNiggdi&nd LiiesiPupé ani Ml which contains and . expresses
one or nore transgenes encodrng a [err]5-desaturase and/ or a

pol ypepti de having [er - AS6. P t urase
-4- WD 98/ 46765 #rl)éuc%ﬁ%&'ﬁﬁpoalﬁ&tl%ﬁ{%ééi%rb Eﬁicf’e 3ess]a % ?vefa

i ncrease in [err]wSMéS;ﬂSQmBe@rdﬂdEﬁon of 8, ll-elcosadiéﬁéxalheidhmﬂgrmmvfella
therefrom as a result qc; altered concentratlons of enzy

subst Ir ates i ﬁ\()o: ng is pegiosediip LSEN, 2,376,541, Bradugtion ‘Pfiﬂ?cP$%h§’§aeE}§’é anirbY
Chelbde, | 5°r orhAREREs Rty BUSPNTSAGY ST Sioflibrl Aol

preferred enbodi raepkcarderprotein desatarade fsodpseritsest mcmnr publiegtion W 96/13591
a_pol ypept.i de encoded by

? ﬁZ""%ﬂLi”‘ZFCdZE : gt e&w gﬁﬁﬁﬁpédcgr&%gf %éé%io esptipsrofomdorags s dessabedhing gur e
gél ypepti de of SEQ%PP ﬁ@caﬁ%%\*@@@?g%% F .W'gésén%%ggfso& gaﬁkﬂq{lher

enbodi ment 0ofl5t hepublished patenhzgplications RCRWO$4/13982, BRI0IS60 26211 ER€@BEINCe

iy Sor e R AR 026 ppcand BEOHE S, B TRb S0 AB 0 °° °
mol ecul e. The n“@l%hﬁg%?'&hl&sﬁﬁﬁg@srf%}h%ﬂﬁ y’%?’“%‘ﬁgmg%ﬁﬁ%b%“ pcgukaryotic

cell, such as a fungal cell, or a fungal rtierella,
15 or of the gemublisgion WO Wit 1516rand/IZSEN 5(443,974 Sloriing b£Al Bdesaturases
i solated nucleic aci d .co uen e which anneal s t

nucl eot i de sequerfiUn yarious; grganisms sr‘iescn °Fl|‘§% 131‘.3“1“3?@ PHIRYS. 1‘}1? and a

nucl ei ¢ aci d 2¢ghi GlybEPARMAS and in
Figure 3A-D (SEQCP;IhD NO )%n Ifﬂnﬁ‘pfﬁaafé;ﬂltsgﬁx‘nghca ogsﬁeu %%?elg%%%d encodes
an amino acid seduearperatedin theiteritinetyibyuefergweD (SEQ ID NO 2) 20 which

is selected fromthe group consisting of am no acid residues 30-38, 41-

Summary of the Invention

Novel compositions and methods are provided for preparation of poly-
unsaturated long chain fatty acids or PUFAs. The compositions include nucleic
25  acids encoding a AS-desaturase and/or polypeptides having A5-desaturase
activity, the polypeptides, ané probes for isolating and detecting the same. The
methods involve growing a host microorganism or animal which contains and
expresses one or more transgenes encoding a AS-desaturase and/or a

polypeptide having AS-desaturase activity. ‘Expression of the desaturase:
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44, 171-175, 203-212, and 387-394. In an additional enbodinent, the
i nventi on wo 98/46769 OVi des an isol ated or purified polypepti %M}g%% 5
xy% end

desaturates a fatty acid nol ecul e at carbon 5 fromthe car

of the nmolecule. Also provided is an isol ated nucl eic acid sequence
whi ch hybridizes to a nucl eotide sequence 25 depicted in Figure 3A-D
(SEQ 1D NO 1), an isolated nucleic acid sequence havi ng at | east

about 50% i dent i lpybl}lpepﬁdegprbexdesﬁfcli:)a(taﬁﬁlé inchdaselin AS-desaturated PUFA, or The
present invention féb her i ncI udes a nucleic acid construct

conpri sing a nucid ReTelERIp @WSMHOWWWCMWSE@W 1)
| inked to a het ergl oS gﬁ.@.‘ rising
a 30 nucl eot i g sequtee?l?gog\beégllgt Alﬁma I gure Aﬂf)&?@é#%%ﬁ%%;p
operably |inked example inthe largersoate peductioniofBPUEAlcentaining dils ohixtrinclude,
conpr|5|ng a ucleotlde

S P&?W@‘ﬁ“&{ﬂ@% D (SEQ ID NO 1) operably |inked

to a pronoter which fu opal in a mcrobial cell. In a preferred
embodi nent, the mecr OBP&IP"‘E%FF em odiment, aygleic acid sequenrge qomPrising 2481 de

Nort erel | a, par et Adic e SHDARED 1D NO | A edpidl Gdiin By,
I'n anot her enbodithemcleit atid caridra/muifiedror 1mlatettbdype1mﬂediepmmitmll?igurb3A-D

rovi ded which c cleoti ence  whi cod a .pol ypepti de
(F:)orrglrl sing :am am?ggba@e@ %ﬂ%@ﬁ&% S\R,Eﬁ?“éﬁ'"g’ ?@%‘ GH&J]‘E%)R’&W 333383 P Preﬁt iatry
to an amino aoi d KAGYSACH (SEQI T NO: QEaxElpgwlﬁeé”AAQoﬁéEanQdMQm 6f e""“er ein

10 the nucleotide sequence is opera | inked to a pronoter whic
functional in  inveatigpig mblémlated@ndemrcbsqquem which equdea pelq'peptm e ncodes

a pol ypepti de whi bon,5 from
the carboxyl end vﬁ*&em;axd?ﬁ;%%ﬂ& am%ﬁratt ecuf‘g%idxg&f:ﬁ% Eorb?&?frﬂg’& by
the invention is carhouyl cmdcnfahn nolecule. dhasmclan:tacﬁbi?tmdefatab dtriwwfﬁﬂﬁ rde
sequence whi ch enc des.a f e] 15, act]v esat urase, where-

t he desaturase iff 82 %\‘ﬂ Lhrﬂ?"gtlt’?éal%’c!ﬁﬁﬁcfl@“gal vﬁftbﬁg%ﬁrl\é%’ﬁlﬂ‘ﬂ@sto or
i s conpl enent8ry ok of el geRihs/SPecit wrmn oA,

depicted in a Fi gure SE %’ec D NG 51, P er el ﬁt}:ferredx@ nuc eotﬁ‘g‘ﬁac
sequence is oper &8l ommtsmg Qi&qaet}ﬁpmleanmm@ amndleomde seqhere depicted in

The invention al il sSin nycl e aci d.20
construct of t he%? isﬁgqﬁslgPéﬁeWQGHBﬂﬁ'&ﬁcﬂ\aﬁp Hé“??éfeﬁﬁﬁlaﬁﬁm agids
cel | i s prauqmde :usplabd rORigutes3?6-D(SHE HD NOD). mpxniemaa thhAudlgiguence
whi ch .encode nct ional ly active Mrtierella al pi na fatty acid
desat urase havi n@"%ﬁ“ es anam%aée SeAusask depietcd in Bigprecd (SEQHB&@ 2A-D

(SEQ I'D NGO 29, WiélRiskelebRd from theGR $t£pafﬁgsggngﬂgﬁi "ach rekidfies $0-38 S

transforned with a vector conprisin sequence, and wherein
the DNA sequence 4&81&&7%@?‘212!’“@&&7&% Inanaddmonaitmbodﬁhenthﬂmtmmiulom s

Those. sel ect od f ERRRIFIHEHoF nurh] Fvatptide whictSesiites afetgaeid “an”
insect cell, a fumgjetuleatdarbonrSifrom the GRBoBsRlehd o?ﬂﬁfrﬁélké\ﬂe. Also provided is
' an isolated nucleic acid sequence which hybridizes to a nucleotide sequence
25  depicted in Figure 3A-D (SEQ ID NO 1), an isolated nucleic acid sequence
having at least about 50% identity to Figure 3A-D (SEQIDNO1).

The present invention _further includes a nucleic acid construct
comprising a nucleotide sequence depicted in a Figure 3A-D (SEQIDNO: 1)
linked to a heterologous nucleic acid; a nucleic acid construct comprising a
30  nucleotide sequence depicted in a Figure 3A-D (SEQ ID NO: 1) operably linked

to a promoter; and a nucleic acid construct comprising a nucleotide sequence
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manmal i an cells include an avian cell, a fungal cell such as a yeast, and a
30 mari ne al gae cell. Preferred prokaryotic cells include *’E&)\}?’% & ted
' e

fromthe Q?%up consisting of a bacteria, a cyanobacter i ch
contain a - - 6-

bact eri ophage, and/or a virus. The DNA sequence of the reconbi nant host

cel | preferably contains a pronoter which is functional in the host
cell. depictéd th APRurE SALD (SEQ IDNONYEsierably tkéd totprbmioter wiacHINA
sequences of the invention are enriched for fatty acids, such as 20:3

fatty acids. |In isfynetional iap migrobialasle iine preferrpd embadimeat, the micobigl ¢elhed
for 20:4 fatt ' : |, . whi ch
O 0t oY P RO AR b ol sequendd L BERRUUAR gl SRk o1

conmpared to an uifiingasef thergenudWieitierelld, pattiontariysa fimgos of the species MartikrélidA
sequence. |In yet another preferred enbodi nent, the invention provi des
a reconbi nant > ho&8P"%( | which conprises a fatty acid selected fromthe 10
group consisting of a_dihopmo-y-1linolenic acid, n-6 eicosatyienoic acid,

20: 3n- 6 aci d andn aeptherembpdiment of thejinvention, a nucleic acidigppsspedent

I nvention al so i Vi . | ; ' ' 1din
a mcrobial cell E%Jul tu%%%gﬁ%gg{n‘%?ﬁggé gé&rugfrx?esvglsnch °ﬁé&ﬁ’g 'rag)\%l}’ﬁgpg&é

m crobi al cell cuebmprisingaxamineagid sequien¢e,whichwooesgonds toca ik somplenientasy

contain one or re nucleic, acids codi.n ol,ypepiide I-ch,converts
i homory -1t nol entan et abtsdtpr I e EPSERENG 2 PP 7.
operably |inked g muchioBide b&juentdlid @perablydiike@ns a\Whethetey whithds ABRtiGhal iR €
nucl ei c aci ds are expressed, whereby arachidonic acid is produced in_the

nmicrobial cell cdahosteell, and wherginghe pueleetidesequenss gneades @ polypepids whisht i on,

the 20 pol ypepty | ng"’fé;" @?fb% ' m{.},ecul e
at carbon 5 de %&ﬁg@;@&;‘% en 1:o th??%x?%@%%?&%ﬁggg e; ‘the
nucl eic acid i s deklimaldcule. Additionaliyy pkdvidedbethednemtionasalinudieicaoidst rat e f or
sai d pol ypeptide is _exogenousl .gqupplied. The mcrobial cells used in
Uhe ot hods can 5@RSTCHEPRsag § guelsotide Sauencd whigh epfogles A fORUORALY | o The
preferred eukaryqtiive £5dksndhs, WheRahe BbRGirast ideludsd AMArhiNe a8{dNequéReS| Sting
of a mammal i an cell, an insect cell, a fungal cell, and an al gae
cell. Preferred rméichn¢arsaspensisite or iscdomplementanyi taralloflor a partionedfenramino

fungal cell is a st._and t.he .pr rre IS & J1ar.i al gae
coll the | 1S BN Rene BrbRG TR B R p DR TR R R . o e
group consi sti ng mtledtide sequett@ds 6pérably dink¥d vod pRnfiterfuneidnabindhasbcethnt ai n
a bacteriophage, and/or a virus. 30 The nucleic acid sequence encodi ng

the pol ypeptide of therhgiifiventionlalsedhdludes a hosPE&lf EsrapYising @ Buclkidaci pr onot er
which is functional in the host cell which .
-7- 20  construct of the invention. In a preferred embodiment, a recombinant host cell

is provided which comprises at least one copy of a DNA sequence which
encodes a functionally active Mortierella alpina fatty acid desaturase having an
amino acid sequence as depicted in Figure 3A-D (SEQ ID NO: 2), wherein the

_ cell or an ancestor of the cell was transformed with a vector comprising said

25 DNA sequence, and wherein the DNA sequence is operably linked to a
promoter. The host cell is either eukaryotic or prokaryotic. Preferred
eukaryotic host cells are those selected from the group consisting of a
mammalian cell, an insect cell, a fungal cell, and an algae cell. Preferred
mammalian cells include an avian cell, a fungal cell such as a yeast,and a

30  marine algae cell. Preferred prokaryotic cells include those selected from the

group consisting of a bacteria, a cyanobacteria, cells which contain a
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optionally is an inducible pronoter for exanple by conponents of the
culture WOE%?QS The preferred mcrobial cells used in thelpiiRigsd €

yeast cells, as Sacchar omyces cells. I n anot her

enbodi nent of the invention, a reconbinant yeast cell is 5 provided which
converts greater than about 5% of 20:3 fatty acid substrate to a 20: 4
fatty acid product. Al so provided is an oil conprising one.or

nmore PUFA. The aractatiopifage, and/os aivirusn elTher DNéy seqiésieaof the repombinantdtost gell
. 0. 3-30% ar achi doni ¢c. agj d (ARA approxi patel v, 0..2- 30%
0 b o] oo PresTe2Bly contam 4 prompter YRGS ¥ AiBkfanhl B 5 BOSssH: 1 1 ol eni o

e (LA A et o G PR S Ot 90 i Dy sl b L1 °
preferred embodi Ryntieh atd ricREET ATy Adids) sBHPdSTRE Bty GRlds. In a refR@AI ti on

conprising the oils in a pharnaceutically acceptable Carrier. Furt her
provi ded i s aSnutembodiment, the hpsisells ans entighed for 28:4tfhtdy atidsapgompazed ® an

. tion Th L e ' : . _
i i Stor ed to iRl SRERAPNIRIL AR P MR Lo RCRRIAPICRES
conposi tion of tHer 209 €ty auids comparddetoranl untransforméd lost cell ovhichris dexoid of nul a.

In a preferred godi nent, _the nutritiqnal, conpositigns of the
i nvention are insad &{}R SeAvHCs- fn,yshagpthsr prefergediemnbadiment, the invention 11,

present inventi 0%%2% d &%M_ﬂﬁﬁnﬁl&%élpﬂrhfcﬁrcog{?g%ériﬁ[ ity h8idPselRtddrom th

acid, where the conprises culturing a naht m crobi al celﬁ of

t he i NJént i groupicohsisting nfla dihomo-plinokehicacid) n-Geiposatridnoit arid,20:3n-6
pol ypepti de encoded, b ] nugcl eic acid, wherein the host cell
further conpri sesacéiiﬂ‘ét%% ﬁﬁz}tﬁl ‘rate of t he pol ypeptide. In a

preferred enbodinent, a fatty acid desaturated by the 25 met hods is

provi ded, including anthsipreseahinveationalsqncludes method dor production of The
present inventiong.$; j - L fy ' i de
Cequences prosentEa i rRegit [FEAcrobfll Y skt e BRI AR diBiRRy (7,
directed toward rgrowingsa microbiaingglitdultuschaving®plumlity efinéctobinl GHOWHIEINO  1- 34
as probes to,.denti rel at ed se%g{ig%:cg ordS cor;ponent ression

f
systens 30 :Md o hEpered ‘{j’gg‘r“§| R%’Fpe ﬁg‘gﬂ'ﬁ pof‘?’%{'tfsgeni c

oi l. _ dihomo-y-linolenic acid to arachidonic acid, wierein the nucleic acid is
The present invention is further directed to nethods of obtaining altered

| ong chai n poly wpstably inked tp atpromater.dindenesnsitions wherehysaidenetoranergeni ¢

nucleic acids are expressed, whereby arachidonic acid is produced in the

microbial cell culture. In several preferred embodiments of the invention, the

20  polypeptide is an enzyme which desaturates a fatty acid molecule at carbon 5
from the carboxyl end of the fatty acid molecule; the nucleic acid is derived
from a Mortierella sp.; and the substrate for said polypeptide is exogenously
supplied. The microbial cells used in the methods can be either eukaryotic
cells or prokaryotic cells. The preferred eukaryotic cells are those selected

25  from the group consisting of a mammalian cell, an insect cell, a fungal cell, and
an algae cell. Preferred mammalian cells include an avian cell, a preferred
fungal cell is a yeast, and the preferred algae cell is a marine algae cell. The
preferred prokaryotic cells inc':lude those selected from the group consisting of a
bacteria, a cyanobacteria, cells which contain a bacteriophage, and/or a virus.

30  The nucleic acid sequence encoding the polypeptide of the microbial cell

preferably contains a promoter which is functional in the host cell which
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m crobes whi ch encode transgene expression products which desaturate a

fatty 5294@94 ecule at carbon 5 fromthe carboxyl end OfP(ﬁl?‘gSJSﬁ’%%io

aci d nol ecule: The present invention is further cted
formul as, dietary . supplenents or dietary supplenents in the formof a
liquid or a solid containing the long chain fatty acids of the

I nvention. These fornulas and suppl enents may be adm nistered to a .
human or an anic miipﬁonally is an inducible ﬁl'rhmolfmrmﬂémn;ﬂaéy sumpbm«bﬁ:hehulthed f

i nvention may further conprijse at 10 _|east qQne nacronutrient select rom
the group consi st ﬁ%&f?ﬁ'ﬁf"“ﬁ?@?‘%& S used 1%me,mgt§w§qa5egpqs,tc $HCAG N d

di gl ycerides, gl thaﬁ%h' 1&ct ose, el ectrodi al ysed whey,
el ectrodi al ysed s %1 m }Uﬁ?lci whey, soy protein, and other protein

hydr ol ysat es. In anotherTé}gh&ﬂﬁ;@?H &ﬁh@fqvkﬂ&ox? %?é@d?ﬁbih&l&é@&ét Qen By
further include at |east one vitamn selected from.the dgroup consisting
of Vitam ns AS Cpréyidéd whitH cBnverts greatemthhmeabout 56 of 208#atty acid snbsteatedo a

sel ected fromthe group consisting of cal cium magnesi um zi nc,
manganese, sodi uf‘%o"{)%f'gégﬂm?‘?%osphor us, copper, chl oride, iodine,
sel enium and iron.

.y .. The p
to a method of treati fySaPYided/is anpil comprising ope o5 mare PHEA: o
i nsuffient intak r [ fs ﬂéﬁé [024.86%% arachi '
conpri sing adm n%éﬁ?n?rg%%{(ﬁ)%? gng%alf Flg&nrtwa |lg 0530 %achld&ﬂé £éi?@{iﬁ§§,

resent invention is further gtlio%ect ed

tary substitute o
i nvention in an aapproximately0.2i36% dihome#yEndlenic acid (D@L AY, and eppraxinetely

At RN RO I T e
invention is al squuiibh ﬂ%trﬁgo BPA%:D@%'A%@%%%&EBS%H@W?O to

conprising a nucleuotide sequence s roup consi sting of:
SEQ | D NO ¥80:1 962 Anbibet prefedfe@ dnibddingnt; of SxCinivEntii@ it @;phafE@deDticdD 21 ;
iﬁc? lS[E)QNIODZ ﬁo gs _(goltn%ols\{gorzl Zcbmgggnlg laxeNgi)lszi%’ a Iﬁllzagnla,c%uﬁgl?y%cc?p%%lle _%gl;rier. NG 26

The present i nverkirther povitledds 4 higitioAal dotnpiRitiod @oRipeidingahé bilofguence
conprising a peptide sequence selected fromthe group, consisting of: SEQ ID

NO 14:; SEQ | B3NO in¥entigpoThenpgritipgal compasitions)of the 1nyentiop prgferably are SpQ | D
NO: 29; SEQ | D NO ZhinSE % N AmrbiiarSh S RN 37 and SEQ
| D NO 34. adkhi Tdetgpresent . nverﬂpl%n | s%%%rﬁﬁé{rldﬂgf ?\eg%!eﬁd&{do

transgeni ¢ oi | s icempositiopiofthesioeertiondbt internalaphsirhptiaxeis mn énfant fotaular &sent

I nvention | S fu r"tpr}gferrgcll Eerei\l%togi(rjnent, the nutritional compositions of the invention are in a
liquid form or a solid form.
20 The present invention also includes a method for desaturating a fatty

acid, where the method comprises culturing a recombinant microbial cell of the
invention under condiﬁons suitable for expression of a polypeptide encoded by
the nucleic acid, wherein the host cell further comprises a fatty acid substrate of
the polypeptide. In a preferred embodiment, a fatty acid desaturated by the

25  methods is provided, including an oil comprising the fatty acid.

The present invention is also directed to purified nucleotide and peptide
sequences presented in SEQ ID NO:1-34. The present invention is further
directed toward methods of using the sequences presented in SEQ ID NO:1-34
as probes to identify related sequences, as components of expmséion systems

30  and as components of systems useful for producing transgenic oil.

-8-



to nutritional supplenents, cosnetic agents and infant fornulae containing

t ransgeniwoosl4s76s 10 The present invention is furthercliusssoesd2to a
met hod for obtaining altered |l ong chain polyunsaturated fatty acid

bi osynt hesi s conprising the steps -of : growing a mcrobe having cells
whi ch contain a transgene which encodes a transgene expressi on product
whi ch desaturates a fatty acid myl ecu at ..carbon omthe car boxyl
end of said fatty ac—rrg € RiSPRNt imvention I eﬁﬂéecf‘?datﬁd%%"qss"fj @lfered

associ ated wit hmﬁg BN RAP e RB é?iya%ﬁﬂb‘i%?fs@emémﬁgfovﬁﬂ ﬁ‘aﬁégéﬂ

whereby the transgene I's "'expressed, whereb ain | yunsat ur at ed
fatty aci dmixrobssnwhich eacadn tiahsgene Iexpreissorapm:letd whxch desaturate a fattyThe

present invention,is.fu er . dir he .us

ol yunsat ur at ed i FYe %iﬁ%*cge‘at’gcf% qp%ﬁ%fi’ﬂ’évlger@&g“’co%sfldaadswlm, baLA
20 and EPA pr.esen .ntlo rther directed toward
phar maceut i cal TBBH{?S%‘?‘WW?&"B ’f "t‘{]ﬁ“e‘sﬁg?&éﬁéieﬁﬁﬁyrl ent sel ected
from the group L5drit§'6r dietary s‘%leeneﬁﬁ Athe forf Md‘ﬁ‘(ﬁ\ﬁh or f s6Hd mmﬁ@t e, a
sugar, an am no acid, afreefatty acid pi d,

ant i oxi dant , anﬁxedom\dmm fastyasidsof tee invention, These form E)as and supplements
- 10- %ll ef Description of the

Dr awi ngs may be adnﬁu&gj};eéltg aé‘HERﬁé’ orgggsqng pat hways for the synthesis

of arachidonic acid 4 [.err and st i doni c.ac
(18:4 [err]6, 9, 12, T{‘S)fo’:;‘?“g ISHP l]egxeggloé‘jﬂie nv r(ta“etp?‘jf ﬁ“rﬁ’reﬁﬁ?rﬁpgﬁﬁ'?tety of
organi snms, imcl l&ibﬂﬁxe&hﬁﬂ@nutﬁ’&{ttsbl%ét@h Iffon® fé Q}Uﬂﬁaéhslsﬁng of BesmubbitAsycan

serve as precursors to ot her nol ecul es i nportant for humans and ot her

ani mal's, incl udpﬂgcqapbsmh@wwr aaddugbmati% ghisase, sdibleastose glegtradilysed
f which h f
;?ggugt [ onI gf g@ﬁz In a cfl¥segr§klmmllkf "ﬁl‘%‘xﬁ% g%f [ nlé’p%gydgéﬁz’r , vv?gf aor

vari ety of or gahydnolysates.

The formulas of the present invention may further include at least one
15  vitamin selected from the group consisting of Vitamins A, C, D, E,and B
complex; and at least one mineral selected from the group consisting of
calcium, magnesium, zinc, manganese, sodium, potassiﬁm, phosphorus, copper,

chloride, iodine, selenium, and iron.

The present invention is further directed to a method of treating a patient
20  having a condition caused by insuffient intake or production of polyunsaturated
fatty acids comprising administering to the patient a dietary substitute of the

invention in an amount sufficient to effect treatment of the patient.

The present invention is further directed to cosmetic and pharmaceutical

compositions of the material of the invention.

25 The present invention is also directed to an isolated nucleotide sequence
comprising a nucleuotide sequence selected from the group consisting of: SEQ
IDNO:13; SEQID NO:15; SEQ ID NO:17; SEQ ID NO:19; SEQ ID NO:21;
SEQ ID NO:22; SEQ ID NO:22; SEQ ID NO:24; SEQ ID NO:25; SEQID
NO:26 and SEQ ID NO:27.



10 Figure 3A-D shows the DNA sequence of the Mrtierella al pina
[err] 5- turase and the deduced am no aci d sequence
Figure 4 s‘ﬁ&k/g’g%%g deduced am no acid sequence of the PCR frggrn/grsl 8/07422
(see Exanple 1) Fi gure 5A and 5B show alignnents of the
protein sequence of the [err]5- 15 desaturase w th A6-desat urases.

Fi gure 6A and 6B show the effect of the timng of substrate addition
relative to inducti onThe pessemedngentionds alseivédted © dmisplatedpeptidersefoeie

cont ai ni ng the [.err]5-desaturase gene, . Fig /A_and 7B
Show the of f ect GPMPHAIAB ¢t DRGE Ssenss ssiectad frem thasgroyp consigtingafr SEQ 1D

expression in SCRiggg; SEQID NO:16; SEQIDIR0SA; R 35 NO20, ISR) 1h hs:280f

i nduction tenperature on Jerr]b5- desat Urase activify in SC334.

Fi gure 9A and 9BSEROID Neu2%f SEQIDINOH) t SEQ ABIiNOGH ; tYHQ H3MNR@B2; 8EQdID
substrate to prodgyct.in | %Rpressing the [err]5-desaturase gene at
15[err] C 259 %53 mdﬁ%@?@*‘%@ and 10B show the effect of host strain
on the conversion of substrate .t roquct ip strains expressing the
[err]5-desat urase gend P§Prefspiinygntion is e"/\%‘%@?‘il sgeni€ ofls In

Figure 11 shows HiAgmeick@idall9fac@epidld cartiéd! ThepeéseRSinténtiongs fitthet BRbGEET ase
as well as the [érr]5-desaturase gene on the conversion of substrate to

pr oduct . to nutritionalsupplements/cosmetic agenis and infant Somulac emtaininga
conposition and transeenic ditMPeEr ature on t he conversion of substrate to
product in two hos BT s 5 expressing the [err]5-desaturase gene.

Figure 13 sh align t _of the prot.ek.n,sequence. of a ntig
25953, 100 ' 0" TR peicnt ieiol S beRF AURAES I o Tof QPR LG ence
of Ma 524 and altered lorpoéHaigpdthisdfidtated fattylddid biosynthesis comprising the steps

Brief Description_of the Sequence Ljstings,. ) EQID NO 1
shows a DNA sequéific8royfing ganiggabeibayipg celiwhich coptain 3 transgene which aedss ¥ ase.

transgene expression product which desaturates a fatty acid molecule at carbon

5 from the carboxyl end of said fatty acid molecule, wherein the trangene is
15  operably associated with an expression control sequence, under conditions
whereby the transgene is expressed, whereby long chain polyunsaturated fatty

acid biosynthesis in the cells is altered.

The present invention is further directed to the use of chain
polyunsaturated fatty acid selected from the group consisting of ARA, DGLA
20 and EPA.

The present invention is further directed toward pharmaceutical
compositions comprising at least one nutrient selected from the group consisting
of a vitamin, a mineral, a carbohydrate, a sugar, an amino acid, a free fatty acid,

a phospholipid, an antioxidant, and a phenolic compound.
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SEQ I D NO 2 shows an am no acid sequence of Mrtierella al pi na A5- 15

desat ur aseyg 98/46765 SEQ I D NO 3 shows the deduced ggrRzofG1482
sequence of the M al pi na PCR fragnment (see Exanple 1).

SEQIDNO 4 - SEQID NGO 7 show the deduced am no aci d sequences

of various A6-desat urases. 20 SEQID NO 8 and SEQ ID NGO 9
show PCR priner sequences for [err]6- desat ur ases

SEQ ID NO 10 shows a prinmer for reverse transcr| t|on of total RNA

SEQ ID NO 11 and SEQ I D NO 12Bxiehieseris Drawings

desat urase sequences. 25 SEQ I D NO 13 and SEQ I D NO 14 show
the nucl eotide and angiygre 1 shows possibid ShBREVERE theQynthesls oF Haghi@bhid Feid

di scoi deum desat urase sequence
-12- (20:4 AS, 8, 11, Bﬁ@nﬂlstduﬁdonﬁ aaxdcﬂ&ﬁ@ﬁ 5, A2 15) dropi paimitie acid

nucl eoti de and arp o aci d uence .o Phaeod | u or nut um
desat ur ase sequem‘g) from a variety °ts°rg§E§‘f 6“@“57‘?326’@%6% f%%ﬁ%ﬂ% de and
deduced ani nos aCifHese PUF ASEHHRAR d3fprécudiors &6ty thbleBuie MpditaAh for hufhans
SEQ I D NO 21-27 show nucl eoti de sequences for human desat urases.

SEQ ID NO 28 - @tpther sudmalsdinshdingiprpstaenclivadaekntdenes amdmrpstpglandins,
desat ur ases. Detail ed Description of the
I nvention 10 someofwh1chare&1 ‘0 ensure a corrpl et e understandi ng of the

i ion, th def i
|[2\r/re]nt5| (Ej)gsat urGase [e?f%‘%m%gg%wip%ggﬁ?gqgwg%seﬁ M%’hof %W‘E‘)‘ab%a%dl%mﬁoubl e
bond between car kARA irheliflg EPArarid BHAR fdiGxydrietnel stfaristhat ty aci d

nol ecul e.
10 Figure 3A-D shows the DNA sequence of the Mortierella alpina AS-

desaturase and the deduced amino acid sequence.

Figure 4 shows the deduced amino acid sequence of the PCR fragment

(see Example 1)

Figure 5A and 5B show alignments of the pfotein sequence of the A5-
15  desaturase with A6-desaturases.

Figure 6A and 6B show the effect of the timing of substrate addition
relative to induction on conversion of substrate to product in SC334 containing

the AS-desaturase gene.

Figure 7A and 7B show the effect of inducer concentration on AS5-

20  desaturase expression in SC334.

Figure 8A and 8B show the effect of induction temperature on AS-
desaturase activity in SC334.

Figure 9A and 9B show the effect of host strain on the conversion of

substrate to product in strains expressing the A5-desaturase gene at 15°C.

25 Figure 10A and 10B show the effect of host strain on the conversion of

substrate to product in strains expressing the AS-desaturase gene at 30°C.
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A6- Desat urase: A6-desaturase is an enzyne which introduces a double 15
bond betweén carbons 6 and 7 fromthe carboxyl end of a fatt ' 42
nmol ecul e. w°9sj46768 [err] 9-Desaturase: [err]9-desat uraseyﬁ:@ﬁgﬁn&mgnzzyne
whi ch i ntroduces a double bond between carbons 9 and 10 fromthe
carboxyl end of a fatty acid nol ecul e. [err] 12- Desat ur ase:
Al2- desaturase is -an enzyne which introduces a doubl e bond bet ween

carbons 12 and 13 fromgmeuc%b@xué eftdtt DA host fsirhin)expmissing Gholinentansferase
Fatty Acids: Fatty acids are a class of conpounds containing a |ong

hydr ocar bon chaiasmbaﬁhcﬁrdmmaéagm@?@@ﬂ%ﬂﬁnOﬁﬁwat&gi’ﬂg"di“ﬁ'cl ude the

fol | ow ng: _ Fatty Acid

12: 0 | auric aci Figure 12A and 12B shawé i@ effect of mediaicompositionjand

\1,\% 38 / 46765pa| m %e?r{p%{'a(t:urg%lnq}xe conversion of substrate to product in two host sE%iny AC] d- 13-

18:0 5 St Sréssingthé A5-desaturase gene. 18 1 _ oleic acid

A9-18:1 18:2 [err]5, taxol eic acid A5, 9-18:2

.18:2 A6,9 6, 9- oct ' ' j L bidteid sdtieRce of Ma 29 and contig  18: 2

linoleic acid P@?@%%@*sﬁ% g‘h‘?ﬂtA‘if{tﬁ bidieitl scdfiefice of Ma 29 ferrleg 12

gamma- | i nol eni ¢ 283538aerr] 6,9, 12-18: 3 (GA) 18: 3

[err]5,9,12 pi nol enic acid [err]5,9,12-18:3 18: 3

al pha-1inolenic acid Figuret4 sibvisZalipnmibAt O thé\pAtein sequence of Ma 524 ap8: 4

stearidonic acid . A6, 9,12,15-18: 4 (SDA) 20: 0

Arachi di ¢ acid contig253538a. 20: 1 Ei cosceni ¢ Acid

22: 0 behehi c acid 22:1 erucic acid

22:2 10 pocasadi enoi ¢ aci d 20:4 [err]6

arachi doni c acid [err]5, 8,11, 14-20:4 (ARA 20: 3

[err] 6 [err]6-eicosatrienoic . [err]8, 11,14-20:3 (DGLA)

di hono-gamma |inol enic Brief Descriptiow of ce Listings; c osapent anoi ¢

[err]5,8,11,14,17-20: 5 (EPA) ( Ti modoni c

aci d) SEQ ID NO:1 shows a DNA sequence of the Mortierella alpina AS-
desaturase. '

SEQ ID NO:2 sflows an amino acid sequence of Mortierella alpina AS-
15 _ desaturase. )

SEQ ID NO: 3 shows the deduced amino acid sequence of the M. alpina
PCR fragment (see Example 1).

SEQ ID NO: 4 - SEQ ID NO: 7 show the deduced amino acid sequences

_ of various A6-desaturases.

20 SEQ ID NO: 8 and SEQ ID NO: 9 show PCR primer sequences for A6-
desaturases

SEQ ID NO: 10 shows a primer for reverse transcription of total RNA.
SEQ ID NO: 11 and SEQ ID NO: 12 show amino acid motifs for

desaturase sequences.

25 SEQ ID NO: 13 and SEQ ID NO: 14 show the nucleotide and amino

acid sequence of a Dictyostelium discoideum desaturase sequence.
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20:3 [err]3 3-eicosatrienoic [err] 11,16,17-20:3

20: 4 [err o os/46765[ €r '] 3- ei cosat et raenoi c [err]8, 11, 14, 1pcaQusés/07422
22:5 [err]3 Docasapent aenoi ¢ [err]7,10,13, 16,19-22:5

([err] 3DPA) 22:6 3 Docosahexaenoi ¢ '
A4, 7,10, 13,16, 19-22: 6 (DHA) (cervonic acid)

24: 0 Li gnoceric acid Ki i nto account these

Taki n

definitions, the pres¥EQIDNOni$ and SEQID NE:d§ shew the nucleotidegd amimna -
wnion perm t modid SAtACk of ARSI B Rl Bt soquence, | YOV 2
acid content of, for .m i al i . Ils are
mani pul ated to expresgéérfgeﬁgé%’?bgﬁ?ﬁégﬁgééélg?tg({?sa@?idg?ﬁ %fi aggé{{lﬁglgncodi ng a
pol ypepti de(s) WeigténcedfalSchpchtfiumuDNASIone. of DGLA to ARA. The
substrate(s) fo\r,\évtqhe expressed eir}gyrre may be produced by the host cell or
may 5 be exogsRQUE MOS 2PRY7ishew niRelcdtide Satficheds ToSkirfsh ddshfirases.

transforned DNA is

oper ably associ ated w I, et aﬂfelp 9&1%'3 L3ifhe i and
term nation regul at owtraéglggggﬁhg?@l%w%%t%hgna iagét he ﬂ%ésgtf&::lgﬁﬁp
Constructs desapwases.ng t he gene to be expressed can provide for
integration into the genone of the host cell or can autononously
replicate in the host cell. For production 5 of ARA, the expression
cassettes generally used include a cassette which provi des for

[err] 5-desaturase activity, particularly in a host cell which produces or
can take up DGLA. Production oDefatledWestyiptionnf thelmtentiohatty aci ds, such
as ARA, is favored in a host m croorgani smor animl which is
substantially, free f ALA. The host. is ,selected or obtalned by

renmovi ng or Y%hi biti n&%@ﬂ@ﬁ“{?@?"l ete“[“&?‘is l-ngc?rf%feelf‘? Jm“Ltglﬁe
desaturase (see filpwifg definitibss A8pAGEA1Is desat urase activity can be
affected by providing an expression cassette for an antisense [err] 15 or

[err]3 transcri B&lﬁ&‘énﬁ‘ﬁé:“ﬁ%‘d%gatﬁraké‘{%te E lwhich ﬁ'iroduceéadouble
[err] 3-desaturase gene through 1 nsertion, substitution and/ or

del etion of all bongbetveerd carhens hambé fipemthe carboly! edcifragfatty peid mpdlécule.

or [err]3-desaturase inhibitor. Production of LA also can be increased by -
15  providi ng expresdieDesatarnel As-desaturaseid &h enxgherwhieh intiodudsasedoubls es

where their rcfspecti ve enzymatic activities are limti n%.
15 bond between carbons 6 and 7 from the carboxyl end of a fatty acid molecule.

A9-Desaturase: A9-desaturase is an enzyme which introduces a double
bond between carbons 9 and 10 from the carboxyl end of a fatty acid molecule.

Al12-Desaturase: Al2-desaturase is an enzyme which introduces a
double bond between carbons 12 and 13 from the carboxyl end of a fatty acid

20 molecule.

Fatty Acids: Fatty acids are a class of compounds containing a long

hydrocarbon chain and a terminal carboxylate group. Fatty acids include the

following:
Fatty Acid
12:0 lauric acid
16:0 palmitic acid
16:1 palmitoleic acid
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Taking into account these definitions, the present invention is directed to

novel DNA sequences, DNA constructs, methods and compositions are

provided which permit modification of the poly-unsaturated long chain fatty

acid content of, for example, microbial cells or animals. Host cells are

manipulated to express a sense or antisense transcript of a DNA encoding a
polypeptide(s) which catalyzes the conversion of DGLA to ARA. The
substrate(s) for the expressed enzyme may be produced by the host cell or may

be exogenously supplied. To achieve expression, the transformed DNA is

-14-



inferest. By "desaturase" is intended a pol ypeptide which can desaturate
one or wo J8s%6sf atty acids to produce a nono- or poly-unsaicirgdosdrd2at ty

acid or precursor thereof of interest. O particular interest are
pol ypepti des which can catal yze t he conversion of DGLA to produce ARA
whi ch includes enzynes which 30 desaturate at the [err]5 position. By
"pol ypeptide" is nmeant any_ chain of am no aci d regardl ess of |ength

[ 1 Ny S, ,L€
or post -transl at operablyassciatedwith franesiptionalanddransliational initiation and

-16- : Wolall ASPRA ' i1d gﬁ"ggffor
choosi ng a speci ft?né:mﬁoiﬁ%%%@ye%g}o&éﬂ%w ng g%i‘%%hﬂgggg&%lni/ﬁo? I ncl ude
the pH opti num ofomprising the ggmelty pe pxprdssed whe prosidet foe inegrptimpintaitheigename at e
limting enzyne or,.a .o nent t her eof et he he, desat ur.ase used
is essential for °§§1}?t}??_é€"§l QJcay ajtonpmoys 6flg}i°a&g“ tﬂ%ﬁ?&f’%"a?‘éﬂ"@&?ﬁ?’hci d,
and/ or co- f ackor f NFOMithe Bxpt¥ssidifcateéttel ganeraly usbnclude a ca¥dtteostich _

ol ypeptide prefera as paraneters conpatible w e i ochemi ca
pol ypepti de pref bly h p t npat i bl th th b h I

envi ronment of i tpsovidesdoi Ah-desatutase agsivitycparticulpdy irex hegsicell whigh produces or

pol ypepti de may have.to te for substrate with ot her. enzynes,in the
host ~ cell. cﬁﬁmé@‘ﬁ@‘g‘t %@&f"é’r"?]&&‘r@gtygﬁ_gﬁ?mte_ag?%ﬁ‘?és’ _B‘fc_hﬁ?e

pol ypeptide in quagAiRTavdled i Chokk HiroBfdnfsaiS) dffhawhioh GehbsEhAIROfdd
suitability of a given pol épept I de for ] modi fyi ng PUFA production in a
gi ven host cel | . ofiddAoThebestisiseleptestion obtained by remuying exinhibiting activitpef a s
one whi ch can.fungtion ynder the conditions present .in the i Nk ed
nost cel | butOo ranpEe e Rege eSS FRFs 2 T el depmese SRl
activity which hagnbbgfeaed bﬁgrmﬁhg%%&pégﬁsn edss@f o8 afk aRidehe: Af5 rsf T yi ng
the 15 relative production of a desired PUFA. For

producti on of ARAransdript/Bydismpting a¢argetodll e o axdedesatupesk geagpthreigh insertiorhavi ng
[err]5-desaturase activity. In E{fart I cul.ar instances, this can ubgcgg%_ed

with an expupsttption andlordeletiopipfal] o5 partiof the target gency ot by
| ti de havi - L\ .
By o e o @ desanitiie SRRBINY. 186aghldn dri AN'cld e iORhsdtly - 020

for exanple kg prprwvidingExprssion sadseés fon AOandet Ne24desaturases wiretheirt i on of

anti sense sequences tQ the Al 5-desaturase transcription product, by
di srupting the [ <espective enzymatic agtdvijesare lisiting. usi ng a host cell which
naturally has, or has been nmutated to have, |ow [err]15-desaturase
activity. Inhibition of undesi red desaturase pat hways al so can be

acconpl i shed through the use of 25 speci fic desaturase inhibitors such as
t hose described in U S. PMIEGROBIAL PRODYCTAON OF FATI X AGIDS. of

conbi nati on of cassettes used can depend in part on the PUFA profile
of the host cell. WerMidrbeiahpretuctidn of[fatty héidsibasseverabaivantapes dveri s

limting, i on_of - desat | Ty will b
Sufti cf ont 1 G0 P iaoh Homt Gih i FoMRa: BRoT RS My MigoBE ce of
an appropriate 30nowiiith griafly SHERIRSE P ednpARiRIcaRipaicdRnhes: SFHighte

i ncreased by providing . expressjon cassettes for [err]9- or
[ err] 12- desat ur as@gemisms makdng pudfieation\afdesitedfomponents easier. Microbial

-17- production is not subject to fluctuations caused by external variables such as

=

weather and food supply. Microbially produced oil is substantially free of

25 contamination by environmental pollutants. Additionally, microbes can provide
PUFAs in particular forms which may have specific uses. For example,
Spiruliha can provide PUFAS predominantly at the first and third positions of
triglycerides; digestion by pancreatic lipases preferentially releases fatty acids
from these positions. Following human or animal ingestion of triglycerides

30  derived from Spirulina, these PUF As are released by pancreatic lipases as free

-15-



t hose desaturases are limting. A schene for the synthesis of arachidonic

aci d %g@é"‘éﬁ%r] 5 8,11,14) frompalmtic acid (Cerr]) im\y&#ﬁ

Figure 1. yne in this pathway is a [err]5-desat urase I'th
converts DHy-linolenic acid (DGA, ei cosatrienoic acid) to ARA
Conversion of [err]-linolenic acid (ALA) to 5 stearidonic acid by a
[err] 6-desaturase is al so shown. Production of PUFAs in addition to
ARA, i ncl udi ng EPfattyradidsidad thmsaredinectiy aPaidables for example, for infant brain

SOURCES OF POLYPERTI DES . . <2 . VI NG ,DESATURASE, ACTI VI TY
A source of pol ypgf)‘ﬁ?%EPégenﬁ'aﬁdﬂ‘émﬂﬁlyaPﬂ?rggéd 3létpf(§/d|“f yona?"ﬁﬁl b&'ﬁ%ﬁ‘%ﬁgmﬁ des 10
encodi ng such pol ¢mardlliseeul i caiditons sgabld b pravidifg partiouldeaibsestepory -
unsaturated fatty acid, As an exanple, mcroorgani sns having an ability to
produce ARA can bEl¢rebiglly gxpressed epgymess, prhy dslition.oficompoundswhich suppressch

M cr oor gani Snegi n { 0 : | :
Nortierella,  ooni %ﬁ%ﬁgﬁﬁﬁ%ﬁ%ﬁﬁt g’gﬁ‘ght%ﬁ%?%itﬂ%gtﬁ?‘éﬁﬁeg’?}gﬁ%“°n of

Por phyri di um Coi fstypeidsifrom keombinaitimigrobes) previdesthe ability, torRlteribe aaturally and
Ent onopht hora. W thin.the.genu or rigium_ of..particular..interest.is
or por 1 o o1 veREag EitRoD s B Sra e b arioB8 v it BBV incy oot
are Morti er e osEbibOdippresdig ihddsited ﬁatﬁ%hﬂ;‘ﬁxeﬁ%ﬁhé@iﬁ Rvélyef ophi | a,

Mortierella ramanni ana, var,. angul i spora, and rtierella alpina,
Wthin the genus Nettsd PURASs, opeonjugated-forms theprofranddeeneasingleyels of undesired
circinelIoide§0angtﬁ%ﬁprjavanicus.- DNAs encodi ng desired
desaturases can be Tdentified in a variety of ways. As an exanple, a

source of the desired desa fa¥qp e CDNA
libraries from Mrtierell ai)hiosij @Q}‘g@ﬁ‘emf?{gé?@?%&‘e“%ﬂ%’y ically-

or chem cal |l y-synt hesi zed, pr.obes. whigh.can b de from , RNA, _or non-
25 “natural 1y socurri REHEEPREL fifkaciasin Al A IFREPRAFYCIRIYRRLEEE, bo
enzymatical |y syniEkefds#6sl of dasaturlNegends il AfiMhlemiirodie @featly indtedse@levels
reduced-stringency hybridization nethods. O igonucl eotide probes also can

be used to 9€AesredFA{FAH agimpal tigsuescmpking tecavery Spmethoss tisspesamenmn
desat , i ncludi . ,
esat urases 15, ecordnlitdl! 9r gﬁﬁﬁ}e T;&&{&%‘éﬁﬁel mé‘%epu?f.@?s.egéﬁ e ir8ReS

or on peptide sequences romthe desire protein.
d i gonucl eot i de pmuiblesf animals, detheds afiisclatingPUEAs! frompnimalamilk are vl

d te t he d o s :
Clecnerane 12 enCmRThes, fn AfiIE Hidtidine g somen fr2cetion SEAEI A, of ¢t he
preferred codons @URAL animal breasithiliec Embsifhlatel threGgls bgréssibaofal so can be

used as priners for PCR from | ) L. )
desaturase genes, either alone or in combination with other human genes, to

20  provide animal milks with a PUFA composition substantially similar to human
breast milk during the different stages of infant development. Humanized
animal milks could serve as infant formulas where human nursing is impossible

or undesired, or in cases of malnourishment or disease.

Depending upon the host cell, the availability of substrate, and the

25  desired end product(s), several polypeptides, particularly desaturases, are of
interest. By “desaturase” is intended a polypeptide which can desaturate one or
more fatty acids to produce a mono- or poly-unsaturated fatty acid or precursor
thereof of interest. Of particular interest are polypeptides which can catalyze
the conversion of DGLA to produce ARA which includes enzymes which

30  desaturate at the A5 position. By “polypeptide” is meant any chain of amino
acids, regafdless' of length or post-translational modification, for example,

-16-



reverse transcribed nRNA froma known or suspected source; the PCR product

can be the {4 dg/defgzdt h cDNA or can be used to generate a prob
the 5 desired ?@g | ength cDNA. Alternatively, a desired p?ér&sﬁplég‘hpb

entirely sequenced and total synthesis of a DNA encodi ng that
pol ypepti de perforned. Once the desired genom c or cDNA has
been isolated, it can be sequenced by known nethods. It is recognized

in the art that sekyRosylatiosdgs PéP%PhOfylatIOIb (Egnsideratipns formheosing 8 kpecifin
mul ti pl e sequenci g‘g?’g&’r&é{é?‘a@ﬁ eg es | n&?ﬁélh&eﬂlgﬁﬁl (;FPQm& °§§ﬁ' | expected

to |l ead to neasur es o0 m e resu
sequence, parti cupelypgptide, whetharthe balwpqudeapaaﬁtecﬂindﬁngt@m@ﬂaﬁhmpbﬂent

secondary ’ structure,. or. u usual as I ons S, reglons
with hi gh GC basethereof, whgtherdhe « e%%"edﬁsif %@?L@ﬂ abmté@ls 9&@&3@4@9 By can
be done and caq eﬁii&aﬁ*atedfattyfd?&(‘ahéﬂoreslfm&%m ﬁ?&l%ﬂ:ﬁxd@aﬁ'hé”0| ude

altering sequencing conditions 15 by using: dif rat ures;
di fferent enzynesexpressed Pﬂbpmldﬂpreﬂetabb’ hasmarametersa;bmahlyle oNith the

ol i gonucl eot i des Dr ord ctur nucl | des
such as I TP or E’ﬁyf‘%f“cﬁ BRmgntq éﬁéﬂ?alé‘&&m?bdﬁ%t?eﬁ gf?é npl e
addi ng fornmam de; pélyf)é;ﬂfd&ﬁﬁa)ﬂliavﬁ% Sor@petp lfbﬂﬁﬁb&trét@m%ﬂhétenﬂyrﬁéﬁh% host
di st ances fromthe problemregion; or djifferent tenplates such as

singl e stranded DFgk.Analysesgfthecihe rRgSRECifiFackvity 96 thenolyneptidginguestion
por the oSt RAI ! mchAfR: £E cftisidepld ARG uRAGMERRS, (A %L&?gayhéme%rde

havi ng desaturase activity is froma naturaf source.
however, it is desiodifying RUFApdidugtian in given hosttcelbnThé pb]lypepndémsed infeor

exanple, to enhance ex ressi 0 | Qyin gf erred cqdgns.
Host preferred 25pamc°,‘655ﬂ§’a8 ﬂlso‘e“e '8&%?‘?158‘ Hﬂ%!eﬁg’ ?néi’r%?r&ﬂ’égi
frequency in the Biteidedmest cell but GhBFASSE%h waﬂﬂ%wp%aaéhaﬁﬂpaéyanh&ea
particul ar host species of interest. Thus, the codi ng sequence for a

pol ypept i de havi néctiiéeavhichas %@PS}TWM@MMW of being gapahlesifmetlifyingdhel e or
in part. Al p& palid o&’&ctitoﬂ%f%?édsﬁflf AN be synt hesi zed to renove

any destab|I|Z|ng sequences or I 'ons secondary 30 structure which

woul d be present |nth Qrtians o t DNA
al so can be synt hesi zego%él%aﬁ& (ﬁdﬁ%ﬁgh@g lﬁgﬁ‘pSSg'i' C%Hse;aoen%‘iesr?d?peypepg&
-19- WO 98/ Béwin® AS-desaturase activity{ ¢h ptRulad u{st&céb?ﬂhé &4h Brogoupledwith
Met hods for synthesizing, sequences and bringin sequences t oget her

are wel | establi smsxnrﬁssswasmt@rvévm provides fon preduction o ambmg@rémvmgand

ZrGr;)Ieg;egnt oSIOE)tealdlnBEimee%&g'f ons o ﬁ?ﬂg%lg ns Cgﬁflfpﬁ%fg@’ggﬁ'e%lst 0
5 produce a@ol ;immrasiﬂcﬁ&i\ty ﬂﬂ:sdﬁ,sﬂﬁ Bkﬂﬁﬁledﬁ%r&xﬂh‘zg'a’hﬁﬁbéﬁbtl@ntcﬁsd%ﬁé for
desirabl e “ﬁ%‘sl cal and kinetic parameters for function in the host

cell, such as a | Bpgiietion of antisensgisequenegs tothexA hj-dessturasetteansériptiongueduictn of

a desired ol yuns
Nortierel | g alym n§§: Besgﬁa@gllg at@%EﬁS-% sagurase gene, or by using a host cell which naturally

has, or has been mutated to have, low Al5-desaturase activity. Inhibition of

undesired desaturase pathways also can be accomplished through the use of
25  specific desaturase inhibitors such as those described in U.S. Patent No.
4,778,630. The choice of combination of cassettes used can depend in part on
the PUFA profile of the host cell. Where the host cell A5-desaturase activity is
limiting, overexpression of A‘S-desaturase alone generally will be sufficient to
provide for enhanced ARA production in the presence of an appropriate
30  substrate such as DGLA. ARA production also can be increased by providing

expression cassettes for A9- or A12-desaturase genes when the activities of
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O particular interest is the Mrtierella alpina [err]5-desaturase which

has 10 446 am no acids; the am no acid sequence is shown in Figure 3.
The gene ~WO98/46768nc0di ng the Mortierella al pi na [ err]5- des RCAFURIROTER be
expressed in transgenic m croorgani sns or animals to effect
greater synthesis of ARA from DG.A. O her DNAs which are

substantially identical to the Mortierella alpina [err]5-

desat ur ase DNA qhosufﬂeeituﬁeeshiehnﬁhng)aﬂkém fob thelsymthesisoftchiddnid acid
i dent i cal to h,ea Noytier el | a al pi na Berr ] 5- desat ur ase pol ypepti de,

al so can be used (2%4 *) from palsnitia asid i (Cys ﬁf@nwneaﬁauéel nfki§H 8BZYaRE i no

aci d sequence or C aci uence r, of

i ncreasing pref ertgﬁ “faylléﬁgls %eag}uraéﬁgﬁuc&danx?ﬂseﬂﬁq inolet G?I%mgﬁégy to
the Mrtierella aligisarichsicaki) ¢eARAL CSifversion\6F @-ﬁh&eﬁ@%‘iﬁr(%A%o

nucl ei ¢ acid sequence encoding the am no acid sequence. For pol ypepti des,

thgaOI 20 fI erSglt rstesfridonicasid baomAéehmmms glsnshavh. yPnoduaionItoé'MI;NsangP ngS
acids, preferably S, nost, preferably
ami no acids. For 3¢ H%@%ﬁd@"ﬁ‘a"‘g gpAmqﬁgﬁ’éﬁ P¥m By FigweZar i son sequences
generally is at |east 50 nucl eot] referably at |east 60
nucl eoti des, and nore preferabl ysaﬁﬁ%pﬁgoﬂﬁ and nost
preferably, 110 nucleotides. HyVAGE ﬁﬂg)&ggﬁésggmvz\ Yed usi ng 25

for exanple equence An

sequence anal ysis software, al ysis software
package of the Genetic

Bi ot echnol ogy Center, @f%"%ﬁ?@{é‘? &@?g%?/%ﬂ‘?ésﬁfh“?%gﬁ‘ sggﬁ c&?&gs
MEGAI i gn ( DNA® arencoding sudi?pdy®:ptides are Stganishisdiisicinprod¥cecadesired ﬁél?-lS) and
MacVect or (Oxford Ml ecu p, 2105 S, Bascom Aven Sui t

Canpbel |, Cal i T orearERh By Sef Fas it cxpmple, e oREnSTR iFPE SEA0URCES by
-20- roducdSAR Alah e WEH £H6Ssctfce! ST NBL RSN utaSe ¥AIVit9 Such
substitutions, deletions, and ot her nodi fi cations. Conservative

substitutions typmmmrgamsms mbxbufostexamplwhesaheldmgmg to the gepbma f ol | owi ng
groups: glycine a epci n nd aspartlc
acid, glutamc acD@rﬁg g’g‘% "d"%@""’ﬁﬁ&'y&' a#?cyﬁ%v “@‘é’r‘f énﬁ“f{@wpﬁr eoni ne 5

| ysine and ari@ ni P@pkﬁﬁduﬁb@bﬂo@b@ﬁunﬂe\lw Fu’dbﬁ:&hﬂﬂspe%mﬁ& Ilithuabt@ﬂﬂa,rm al so
be made Onl:éfd of gpg*nstgr ved h ophobi ci ty or hydrophilicity
(Kyte and pmop téorta Bssmusl%sn hyridis, @amfgb;z)nterssit iHn the
basis of the abilp u D

structure (Chou an%*%@ﬁ%‘ﬁn cm(eﬂﬁ& 'Wxtﬁh@\é %Jnu Moﬁ@&ﬁé&%ﬁgﬁﬁ%@@ﬁ?ﬁ&eﬂf&

Ot her Desat ur asesMortierella elongata Mooirpicedgud Mortierefla bm-nphzlmmmémﬂaar e

rel ated desaturases fromth sane t h Such at ed
desat urases i ncl u’d’é”‘{?gf‘{”gn}’as‘ Heuispora, and%ﬂ%ﬁ'ﬁ%é’i%g‘f 2?"5 t?%‘ %‘8§8’E ueors
natural |y ocQo rioRpartidularinteret s@Muddi citcinbRsides andMhdoP Favanicus. Of
Mortierella, as well as honol ogues of the disclosed [err]5-desaturase from

other 15 species. Al SDNA¥édn¢oditg aéﬁrea%m%nmdéﬂuﬁédﬂxwle

substantially I denti cal to the Mortierella al pina [err]5-désaturase,
desaturate a fatt}a¥%ki4s an example)|asource of thedesineshdesatiragen forexampldgsnpmiend of

a fatty acid ol egUiraNARMri&%rom Mortierella, is screened with detectable enzymatically-
or chemically-synthesized probes, which can be made from DNA, RNA, or non-

25  naturally occurring nucleotides, or mixtures thereof. Probes may be
enzymatically synthesized from DNAs of known desaturases for normal or
reduced-stringency hybridization methods. Oligonucleotide probes also can be
used to screen sources and can be based on sequences of known desaturases,
including sequences conserved among known desaturases, or on peptide

30  sequences obtained from the desired purified protein. Oligonucleotide probes

based on amino acid sequences can be degenerate to encompass the degeneracy
-18-



desaturases can be identified by their ability to function substantially

the same  woo@gg7kdre di scl osed desaturases; that is, are sti lPICT‘?L@g?/o‘}ﬁz
effectively convert DGA 20 to ARA. Rel ated desaturases al so can be

identified by screening sequence ‘dat abases for sequences honol ogous
to the disclosed desaturase, by hybri di zati on of a probe based on the
di scl osed desatura to a library . constructed fromthe source

organi sm or by qu ReticegdeaRisan be hiaseddn favor of the preterisd gadensaf hey

priners based on Hb?cecﬂréﬁrhﬁﬁe@l%%g@élwt%?als§U£1bbg§sed aggaiggég%ng?ﬁﬂ RGfaude

t hose from humans, Di ctyost_e1 I u I scol deum and ylum
tricornum reverse transthibed ;iNA froni a knoles at suspestedsdures the PER ipeguiuct ant
for desaturase actjwit a determn t hrough rqutine .,

mut agenesi s, expr ¥851% eg.}l? FB%‘_?‘PE’J‘?;PF ﬁﬂ‘e{’e meﬁqﬂﬁ?’?ﬁ#gﬁﬂ%etﬂﬂ%ﬂ’é%m&nd
determ nation $f @dstred fiellenpih!dDMA. MMeitiSelyRY désiel pesteidan bd@hfielyP NS,
insertions and point nutations, or conbinations thereof. A typical

-21- WO 98/ Srgnensed and total synthesis of 2 BANA engndingsthat palypeptidepetforradet i on

mut agenesis to determine the N and G termnal limts of the
protein necessary for Pueethesgsiredgenomiton cIMArhas beenl igolatedsit can be

insertions or poi tq further determ regi on ecessary
for Funct Foom ety B s, TuisieoRBls B B Bt ik B RETodS BR

total synthesis a$ubjectto érrors,cuch bt nfubtible Sijuehding of the 38108 @&di6n isSoutine and
acconplished,  for, ex | e, usj ng exonucl eases to sequentially
remove the 5' 1 # St’@ggp?@e édF%ﬁi‘n@.m‘?Gs’c’@blﬁr@tes of mistakeg jm thegpsultingdedsped,
techni ques. After bdel Paticil ' | ' e ;

ligating oli gonucféglgt i degﬂggn%% {bg?gf%t%ggeﬂg?tgggg@ g{r?ég%to {‘ﬁesegi%l}demt’yed
codi ng r egjrusturafaramusial baseTompekitivhs) such asspgions withyhigh\GOdbasat i vel vy,
ol i gonucl eot i des cor&gnt e%o(ﬁécr} a%t.art .Or sto‘P codons aae i nsdgqrted Lnto the
coding region by @ vari ety o Cies arise, FRSEUENFDE GAR R ders ehdfan smploy

nut agenesi s, nut aggeoial mefH3der Specidlingsihdditan include altelh® sddibnéihg estdiomt
existing restyjctjon ,m%g;f. Internal deletions can simlarly be

made t hrough & vaPy Bipeshifereptismperatues; diffeentrazymes; proteins sthichpaltesther i ct i on
sites in the DNA | Iy ' ' [ .agenesi s
or 15"t agent aA OB AR o fob ile? ool st A RC[BAN

| i nker-scanni ng such as IThot mgthydaseds dGTP; diffirene g¢ledmpositigns) o exanipleTut ageni c
PCR Point nutatig are .. weolfBde through.techni gues sich
site-directed nut %‘8‘3%@‘1‘%‘“8‘#“%&#5‘5 ipwxg primers locatéd at dﬁ?er?ﬂ‘?gﬁﬁt%s

nut agenesi s al so fraim the ptoblein tedion; ¢€ Biffdratit Aemplags Qih £fsimyle stranded DNAs.
desat ur ase po%pegtlde Jlnmpartant for activity. A nutated construct is

expressed, eangneing oh MR A ylsgrcan he emplayedi ng altered protein to
function as a desaturase is assayed. Such structure-function
anal ysi s can det er mi neFoithe mastpars semewy alh of the coding sdguence fior thérpalipeptige ons

tolerate insertiops,: | ' tons allowthe . nmut ant
protein to functi @%‘?ﬁgsﬁﬁ?gﬁf?‘gwﬁ %gmﬁ\ﬁ&‘g)“%\é\hﬁ?é“%%&‘%@“’
desaturase. All showeventitistdesiraifletomodifielalhuci poitiof of SRUGABAS, SoraixaRPie)® t hem
25 . are within the scope of,thg present .invention.

EXPRESS|I ON OF DESﬁ%S%%‘P{EﬁES’ y employing host preferred codons. Host preferred

25  codons can be determined from the codons of highest frequency in the proteins

expressed in the largest amount in a particular host species of interest. Thus, the
coding sequence for a polypeptide having desaturase activity can be
synthesized in whole or in part. All or portions of the DNA also can be
synthesized to remove any destabilizing sequences or regions of secondary

30 structure which would be present in the transcribed mRNA. All or portions of

the DNA also can be synthesized to alter the base composition to one more

-19-



Once the DNA encodi ng a desaturase pol ypeptide has been obtained, it

is placed in a vector capable of replication in a host cell, or is

propagat ed W 98/46765  yitro by means of techni ques such as PERTESI$¥422 PCR.
Replicating vectors 30 can include plasm ds, phage, viruses, cosm ds
and the |like. Desirable vectors i ncl ude those useful for

nmut agenesi s of the gene of interest or for expression of

- 22- WO 98?@%}? in the desu'ed host l%@ll L8] 720" 3 féﬁ&ﬁﬂh@ﬁim% Qedh@ﬁées%ﬁ&' s. The
t echni que of |on as made 1n vit ropagati oh of | arge
constructs possi lﬁmxgxrxgﬁeqhqmemﬂwm mﬂgs{abh:hceé ng@néltmture In vitro

I nterest, such as_putagenes add] t -0n. o | nd
pr opagat i on mutagggsxtsﬁgh ?eég{ﬂof‘f% ~tons "r’ﬁ&?gé’ngégi Ogg)g% g‘%ﬁ‘ﬁ ?agﬁ’f/' in
vitro wthout themsiey«iftodbtain mutatioheof nat@rlly gecueirigndesatirase pars teel | .

For expression of a, desat rase poI tide, fupgtional transcr pt| nal
and transl atlénaIPrP‘i’HCtelad{q PHeihg é‘? qsaturass aptatydn ¥ivg mithyp ?nked to

the DNA ;ﬁ&ﬁf&gio l&ﬁ&xcgﬁﬁﬁﬁé&é?@rf aepqme%st ENPLRASE grroﬂge the

pol ypepti de Ing redgion can ta ace in vitro or |naﬁost
cell. Transcri pt i bflifeaord highet ate Dfmodmttqnmfaldesmdtpowun&tuaml fatty adidat i on

regions are derived froma variety of nonexcl usi ve sources,
i ncluding the DNA to be expressed, genes knovvn or suspected to be
capabl e of expression in the desi Mattiexetla atprdsen vectors,

chem cal synthesis, or from an endogenous Iocus in a host cell.
Expression In \ﬂtro

acconpl i shed, for ex an‘Bf'Ba“‘BVa‘pﬂ“&eé?sﬁbs tﬁﬁyorfzer ella 3[!’?'155’3‘5%55 ﬁ’gtﬁgg’#“?’b’f‘aﬁ he

desat ur ase pqloypaptsﬁﬁmb@cﬂ& 1B RinffodcidseqBerice is $RWnAA Fibure 3. The Ferfeor in
vitro use and addi ng rabbit Teticul ocyte lysate and cofactors; [abel ed

amino acids can beacpdingtiblarréatella alping Aedesauash cambmxprcssoadmrmgm

d he
necessary in t he SvERRHaEHor SlRafto Br Sueatel SHERBIETARR FORRTIN 1 1 ne

art and the conpopgii DPNXs which aitssuBstamtially identical to tli‘eOMBﬁie?élﬁJ &zpmaws-l abl e.
The reaction mxture can_then be assayed directly fo

pol ypepti de, for @samrﬂse D};«Ad@t\ﬂmh chvge POB’P@RﬂdFS/WhIfh amsthfén’@%u’)'tlﬁémczbd

oy ooni on 1 nA rIGaPe Mar}iEroua Bpind 55 RS nolymontide,plsp FRADRUER: B | can be

acconpl i shed i n asubsRftialBNideticabisdfeded an amino aédeé’tpﬁﬂce &Vxﬂtalii@dﬁd
expre55| on can occur fromjntraoduced %onstruct s whi ch nt ai n

expressi on si gnal $qReRreexBiIbiing in ordex of increasiag prefergnce gt least Q%s&%éms’o
not replicate andgdeahglnid qutSQﬁ rﬁé}eﬁ@&g)k}%j&essgel%gdhnaggammea[c?dbée'aﬁe&%%& cell

i's not proll era ransi en
acconpl i shed by imsblic a@idtsb@ence encoding the amino acid sequence. For polypeptides, the

"23 20  length of comparison sequences generally is at least 16 amino acids, preferably
at least 20 amino acids, or most preferably 35 amino acids. For nucleic acids,
the length of comparison sequences generally is at least 50 nucleotides,
preferably at least 60 nucleotides, and more preferably at least 75 nucleotides,
and most preferably, 110 nucleotides. Homology typically is measured using

25  sequence analysis software, for example, the Sequence Analysis software
package of the Genetics Computer Group, University of Wisconsin
Biotechnology Center, 1710 University Avenue, Madison, Wisconsin 53705,
MEGALIlign (DNAStar, Inc., 1228 S. Park St., Madison, Wisconsin 53715), and
MacVector (Oxford Molecular Group, 2105 S. Bascom Avenue, Suite 200,

30  Campbell, California 95008). Such software matches similar sequences by
-20-



activity of a regul atable pronoter operably linked to the gene of interest,

al t hough SUQkD b g4 bl e syst ens frequently exhibit a | ow basa
expression. Sta ‘f*g expression can be achi eved by introducti oni,cjrlﬁgﬁiﬂn%2

construct that can integrate into the host genone or that
aut ononmously replicates in the 5 host cell. Stable expression of the
gene of interest can he selected for through ‘the use of a selectable

mar ker | ocat ed on 35¥igning degrees efchomalegyt tvagows wibstitytions, deleﬂ%@n%ﬂdf Qﬂ?@l‘,
foll oned by sel.ec e st
expression resul tgh@fgéﬁﬁ{o&? eb&;%ef%&éﬁ'b@?ﬁsgg}tfggggg aPFé%anégkreél}g?cg can %&%r
randonml y within t Khe fodlowinggronps: oglymnelaﬂubalamngexahde JSisolenoite drnddencise;of 10

constructs contai ni ng..regi,ons, of, W th.the host suff|C|ent
to target r Bﬁﬂ 'QH”W‘? fer #f’ép%%‘f‘e’laé‘é@“%r é‘g@ﬁrﬁ‘gﬁrﬂﬁ&?@nﬁr e
targeted to ans | sm@m}a@m ah®phtnylabdnineXind3P#Rinef shbﬁuﬁﬁ&ﬁ%ﬁiy Aéd pal
and transl ati onal ul at ory regl ons can provid

endogenous | ocus. made on the basis of enagrvedikydsephel lmrﬁrégém@hﬂl@ft)'(ﬁﬁtewdaturase
pol ypeptide in th d e Vv o) can be
enpl oyed. Addltloﬂ)(foq &9 Hl. éﬂ;p?ﬁ Slgsngztﬁﬁzéesa Eﬁ%géesﬂp%%émf 8 can be
i ntroduced into t Emsmmssmﬁ)hagpaﬂyp&pude seconddrygtrastateq(Chbt afd tFasmant Adie

desat urase | ocus C cr ed t hrough honol ogous '
recomnbi nat i on, ?l‘l: ﬂ@?@ ‘g?i&xég??)r ng a stronger pronoter into t he
host genone to cause i ncreased expression, by renovi ng dest abi | i zi ng 20
sequences frorp either the nRNA or the encoded pr ot e| n by deleting that

i nformation fridm the host genone, or Dther Desaturases; | j | ng sequences to the
nMRNA. (USPN 4, 910, 141). When it is deS| rable to express nore
than one different genelincﬁﬁiiﬁ%ﬂ'b?tt&presentuﬁ@ﬂiﬂr?ér@?élat&@ﬂéé%ﬂﬁaﬁ@ﬁ'omthe

expressi on nethods, introduced genes can be propagated I n the host cell
through use of repRMEAr Pt orgenisms. (Sﬁlc}bsblatﬂ-‘d d@amasgmlmhxde vatiantsofthe

Wh t d f t | i cat
Sotrors, e b doHoldth AseRe A Sl SR2G 0} Wi BR AR G hfffrer Shecied
replication. of Bdriticidllal AWEIR s BARSTbEMS lof tHY dibdI6ded Idst@aﬁﬁ}a%é o GMfkr

shoul d have a different means of sel ection and should |ack honol ogy

to the other dénstsperiess Alsoingludediane @@atusasaSJwabqutmsgh oot substantiadlyent
t t of el t f
s et o R RN e L (R 251 °

- 24- molecule at carbon 5 from the carboxy! end of a fatty acid molecule. Related

desaturases can be identified by their ability to function substantially the same
as the disclosed desaturases; that is, are still able to effectively convert DGLA

20 to ARA. Related desaturases also can be identified by screening sequence
databases for sequences homologous to the disclosed desaturase, by
hybridization of a probe based on the disclosed desaturase to a library
constructed from the source organism, or by RT-PCR using mRNA from the
source organism and primers based on the disclosed desaturase. Such

25  desaturases include those from humans, Dictyostelium discoideum and

Phaeodactylum tricornum.

| The regions of a desaturase polypeptide important for desaturase activity
can be determined through routine mutagenesis, expression of the resulting
mutant polypeptides and determination of their activities. Mutants may include
30 deletions, insertions and point mutations, or combinations thereof, A typical
21-



propagation of the introduced construct can be experinentally determ ned so
that all int genes are expressed at the necessary |levels to provide
f or s?%{’ﬁg(g&ggof the desired products. AsPﬁ'ﬁ’Ué%‘??ﬁ
where the host cell is a yeast, transcriptional and 5 transl ati onal
regions functional in yeast cells are provided, particularly fromthe

host species. The transcriptional initiation regulatory regions can be
obt ai ned, f Gunctimpalahalysis begigewith deletibinmutdggnesis/tbidetepainethy N- and G- as

al cohol dehydr ogenase, gl yceral dehyde- 3- phosphat e .dehydr ogenase (GPD),
phosphogl ucoi spr’r}e/‘?"é‘é'g’? ‘Hﬂﬁfﬁﬂb‘%‘?‘?'ﬁg’r%"g&ﬁy 32 cgglb.a?gmqnéwg%?@qjenes

10 such as aci dijseafaS 8 péifit muMisaeEmadeioFulthérieRMint refloHs PREYaASRr €1 C.
Any one of a number of regulatory sequences can be used in a

-particul ar situafimstion. Other techpigues swgh apeassetteamplegenssia or tataltsynthesis alseduced

transcriptiongis ' , . -1 | h Cd f .t he. pronoter

I n conjuncti 0?1 vmc%ﬁﬁéf ﬁ%ﬁb&eﬁogé%?%&éxgiﬁga%%p ﬂh%@%ﬁ%@?’ ,bg't“ﬁg‘%abi lity
to join a Wrs]ft r(ﬁng fﬁmf twédédue_ﬁtti)zlﬂlyrmmbe thed’ on 3f d:dﬂilﬁ@«e&ﬁ:fns. Kits by ent
pronoter which allq r indugi ble transcriptiqn, ease qf |

construction, an&"?‘ﬁqugké‘.‘ch@" F'Cﬁ%&?&’l]ﬁf@r @‘S't“aﬂ"g regIoR s coPpleted By are
activated in they 1601 ﬁgﬁ,ing(ﬁr@&t &l | S
(GAL1, GAL%I;EE.and i&fﬁ%ﬁdg\%gabeen extensﬁf@g %ﬁggﬁﬁégglg%g@ﬁlﬁgh | evel
and regul ated  regioreaftards or dhdeletiqn taspectively. Ydtesnativelyeoligonatleotidds| . Cel | .
Bi ol Vol. 7, 4R. 4 1 : hnst.on .crobiol.. Rev. Vol. 51 458,
1987). Trans 18 p%ﬁ%ogir%%’ %%?Phi‘g’éﬁ‘l’_d%%s dre et ’Et8$§e goding region 0¥ Weiyh‘g. GAL4
protein, which bimetsodsindlbding sitsvdir€sted Bfia@éhesis, mutagéitlc RCRI ofdydization

transcripti on when | actose js present. In the absence of . gal act ose,
t he ant agoni st GQE@%gH' 5’-’%“?5f LEKIstIRg esfsiction sites. dnternal delegions can sigilarlyat i ng
transcription. Agdiddemmhgabatdty kbl Bl 25
activation by GAL4. 8 Eﬁgﬂg{el%tulgg%ﬁlge ue%(‘:l;eés%is?gggééﬁ%ﬁ{l he
transl ational i nisitésdnitemD¥ad by use of mung@ih primeizeda sitodinutadomatbgenesis or

xpr ossed i niyeaduagiRie BOR; lnseriias B¥ieie soeouep mBholR s Tk S8hi0 can
be nodified to i naltagbhesis) sitéddiretted muyppendsid sransth@niOPCRNPbind kueftiodd are
sequence to obtain opti rrg_ll@gen_e expression. For expression in

Sacchar onyces, madethgp hniguesyplpagsitecdirestedimutagengsis o mytagenic BCR: an
inefficiently expressed gene . o ]

- 25- b-hemical gnutagepesis zlsmeanthe used forddantifidog regiansiefronyces

gene, preferably ' . &%i S | e.
The term nation rd g%a:&g%gc%%y%egngglr&%e Fg)é%&?ﬁg éy ﬁ{rﬁéagigdo%&g?mﬁﬁgegg)gensgg&

. fromwhich tRe i and tletability of dieaesulthsg alterad pretéioto fufictionas dideltirass isgene. A
|large 5 nunber off#)ef,gq' nati on I.on have been found

egi.ons are known to and
to be sat i sPHEY SEuGtre- By ueR aw@ésesscamdsmms @a%regms B er ent
genera and speci @sleted, whichitegibs ﬁilé?ét% i¥ert{ofs) 0 Mﬁi}gl?ﬂ)diﬁt’ﬁlﬁtaﬁ@ﬁseﬂﬁo%hgm e as
ul ar

a matter of convenience rat her than t}ecause of ‘any partic
property. Pref er Z91t3nt proteinite fagatign insubstantially the same way as the native

desaturase. All such mutant proteins and nucleotide sequences encoding them

25  are within the scope of the present invention.
EXPRESSION OF DESATURASE GENES

Once the DNA encoding a desaturase polypeptide has been obtained, it
is placed in a vector capable of replication in a host cell, or is propagated in
vitro by means of techniques such as PCR or long PCR. Replicating vectors

30 caninclude plasmids, phage, viruses, cosmids and the like. Desirable vectors
include those useful for mutagenesis of the gene of interest or for expression of
22-



region is derived froma yeast gene, particularly Saccharonyces, 10

Schi zosacch@gposuers, Candi da or Kluyveronyces. The 3' regdi onp@fudodias
manmal i an genes, y interferon and a2 interferon, are also known to function
in yeast . | NTRODUCTI ON OF CONSTRUCTS | NTO HOST CELLS
Constructs conprising the gene of interest may be introduced into a host. 15

cell by standard Ehechni gues. These tech 'que?m_'_ ncl g{a?gtpran formation,
prot opl ast fusi on} elgeﬁ‘b?g’é‘f‘? n ‘?séﬁé’fc“eg#’%‘?ﬁ H“ﬁﬁg tl%ﬁ%ﬁﬁ‘q}gd’ﬂr@m,
i nfection, bpfopagation|oTRAES cofdtrids pORMILIsb Wbt rilEAAKBALL! the Beneiét! AP1 NG,

or any other nethod ' es the gene of interest o the

I nt rodu
host cell. Methodintesest, such as mutagenssisenriadditioniof bxpressianssighals; ahdi grophgatinnum

acetate transfor ' t hods 2 in Enz L ogy.. Vol.. 194 p. 186-187,
1991). For conve%ﬁ&%%&%%&?ﬁc%ﬁw%@dygﬁ‘gg'o%g}?“ﬁéﬁiugﬁf’é?ed by any
met hod t o takes upreplititihg@qtoe 6£8 host cepnst r uct will be referred to as

"transfornmed” or "reconbi nant" herein. The subject host w |

have at ‘| east have oneFgo@Rprésbiohd€a Q¥sRasH pillypeptide, fRitiohalufdns@splionsy have
two or nore, dependi ng upon whet her the g_enlsem?psp% I nt egr at egl I'nto the

genone, anplifi edandyiransiationaldaitiatiomandtepminatierhregians areedperably linksadd o
having nultiple c L ect St. 1S east . ..f.our

princi pal types om%%mg{ as#gﬁl\?aestg?%%@%@%%' bEég’g%%‘&?‘ 09%0 W?Pga‘? ating

p: asmi (cjis E Yeqding regionsdan el placetii mgqubxfiﬁ Iiihégt delrIRDfah;;cn\fﬂi%ﬁﬁl alﬂanLr omer e
pl asm ds YCps),.. and. Yeast Epi sopal, asmds (YEps). Yips_ lack a
yeast replical9 ongg’ef)‘émaﬁl'g}t}?“aﬁan%maogwéf riygd fiomeg Variety of | enent s
in the yeast genofgnexclusive s)iess, KRty e TNR O BRbipteded, guRek la%mrg}rzrgusl y

replicating sequence and L .
are propagat ed asSsuspertethiochasapahlepEexpressiondn 4@ desized systenm expressiepiéatarsj ng,

unst ably segregat | . ) replicati origin and a
centronere sequen%%g%}%gﬁ%‘ggsﬁg}gkg%gf%@ogg%{}asﬁ?ﬁ%@}aE‘ﬁs-‘:%), aut ononmousl y
replicating, stably segregating plasm ds. YEps have an origin of
replication 5 fromthe yeast 2[errimplasm.d d are propagated as high
copy nunber, aut ononously repli Marl y segregating

pl asm ds. The presence of the pl asm ds in yeast can be ensured by

mai nt ai ni ng sk ecti on frovitra expreksion can bewecomplishell erexhmple, Hyaplidisgither

interest are the yeast vectors pYES2 (a YEp plasmd ,available from
| nvi trogen, conf e¥%£?ﬁ welqn %‘F ESJF&CF%SW%C B‘EH‘%’“@E&W’G&’“@D“&'MGM bl e
promoter for exprfi$h 9iho useBRd 28diREtabbit éﬁﬁl&#&sf 'g&t%’rf Dr.
T. H Chang, Ass. Professor of I\/bléeq(-:aul arr Gene |cg%£e0%?o@dtat es’%g%%rsity,

contai ni ng a cons@mingacids capbe ncomerated ifidgsivash fSuchiimytroexpressiopvedtasr ophy) ,

and pYX424 (a YEp ): Qwi Ltutive TP1 pronoter. and conferring
| euci ne protot ropﬂ@??’%ﬂ%‘ger ) _%@Dﬁ@ﬁ%&p&%ﬁ%@n&gnﬁ@%%sgaqmms_yst&mwﬁ&._ - 15
Genetics 1: 42®) . These methods are wellkrown antheaitid tROGmpkhts o8 thelgstehant i f i ed
by sel ection for a narker . . . )

commercially available. The reaction mixture can then be assayed directly for

the polypeptide, for example by determining its activity, or the synthesized

polypeptide can be purified and then assayed.

Expression In A Host Cell

25 Expression in a host cell can be accomplished in a transient or stable
fashion. Transient expression can occur from introduced constructs which
contain expression signals functional in the host cell, but which constructs do
not replicate and rarely integrate in the host cell, or where the host cell is not

proliferating. Transient expression also can be accomplished by inducing the
-23-



contai ned on the introduced construct. Alternatively, a separate marker
construct . ptroduced with the desired construct, as man

t ransfor na{(?%éﬁmd‘ge t echni ques i ntroduce nany DNA nol ecul es ﬁcﬁ(‘ésﬁ‘ﬁ@%‘tn
cells. Typically, 20 transfornmed hosts are selected for their ability to
grow on sel ective nedi a. Sel ective nmedia may incorporate an
antibiotic or lack a factor necessary for grow h of the untransforned
host, such as a naativityof aoeguiptahe proheateraperay linked to thet gend of arleresty ker gene

t heref or may conf ant i bi.ati,c.r.esistange, of, encode . .an ssenti al
growth factor or %Mﬁ%?u%d‘ﬁét?lﬁis}'éﬂ?%&f@emy 5@%&1&}‘@ basal ileé’eﬁﬁén 25
expressed in the éipassionl Seibld\@ressiofllcas be 8hiVeddylin®bdhicBbABE 2 BoSruad SO can

occur when the expressed marker protein can be detected, either directly or
indirectly. The kean iptegrats mtm&yhgs,tgﬁnwegs@ut autenamauslysreplicatessindhe t o
anot her r | Te : | . [ nzymati c
activity; for T Ohét g?(%rrp el@?é&x‘:efm%lg&atg% ggl aslgéléegﬁéa?g%\?sglre?%fi hféP rate
X-gal to a col or ethemsoodfxselecidble markdr lacatetl enas eransfectedwithrthe éxpeéskidhi N to a
light-em tting product. e ker, . rotein can be detected by its

| i ght - produci ng of°HyBHT %ﬂﬂ&’%h&?ﬁ&‘f@"i for E‘é .exprsssing the marker. Whenstable
-27- expresSioaTedults flofEinfigPAibn! ixﬂég’rﬁﬁﬁxedﬁcoﬂsftﬁfcﬁ' danQkcftequor ea
victoria fluoresces when _ illTumnated wth blue 1 ght. Antibodi es can
be used to det ectrandemlyawitkin the host ggnomesorreap be sargesed tudugh thagseoof f or

exanple, a prgjei ' ) Xpressing, the nmarker. protein
or tag can bemsel %b&gié’g%t%ﬁ@g&ngnﬁ ke)l,lss‘\)/tl.hsolﬂ%ql?a R'blﬁ%qshogt %?Popbecﬁlfﬁ‘aff&‘fosuch
as FACS or panni ngrges recgmbiratibn tiithsthe host lsvab.eWhesnconktri@a afe targeted to an

transformants, an rker .that functions in yeast nay be used. Desirably,
resi stance to kan%/fﬁ{}g?’wnéﬁ%“ﬁ?éf FPRS | seraptionaang teanglatipngl aeguatorys s

wel | as abik@;&sh&wﬁm@d@?@&d&g&&g 1dbugci |, leucine, lysine or
e [err

t rypt ophan. 5-desat'urase- nedi at ed producti on of
PUFAs can be perfor medwyan hikrefibd ' I.¢ 40, ells.
Prokaryotic cells of i nt_e?egtreiﬁnc%%ﬁ&la@{%‘%ﬁer| Sﬁgﬁéégellﬁg%&&& -
Lact obaci | | uslS cyengawismtis déesired sgverabmethiods cdfbecaryployed. Additiornmbgbsesi ncl ude
mammal i an cells s heose, of |actati ani mal s, avian.cells ) such
as of chickens, a%ﬁ%%g@%g;e e@?ﬁasﬁﬁgaﬁgﬁ?té‘{]et%&"ﬁg%Q@C?%W%@Fipﬁ%gﬂ%udi ng
insect, fungal, aBxpressitirfrerthenativedesutirase I6BYs 41 it ih&eased tirBugd as
part or 15 all of a host organismincluding an animal. Viruses and

bact eri ophage a|.slaorﬂg}9gousreco%@n@g@df%epcﬁnp ydnseridng gstrangeppromoierimle of
PUFAs, particul arihg hbstoeH6MRE td I |ng. and
selection. In a preferrgee enbo |rréeinl??eaﬁdee’wcr)%sgﬁPkwaﬁgln&'ﬁ{g%ts%gglrzg%r gani sm
or ani mal whi%h psequenses fio@ sithentheamRNArorakesendolied protein by delstigethatis| y
suppl i ed DGLA, angd.pref.er abl roduces | arge unts,of DAA. 20 Exanpl es
of host animals incra &oﬂ?'?@ﬂlgél?%,ge?%‘ﬂﬁﬂrg’?% -”@I{s@i&l}z"éﬁﬁqp?“qeﬁﬁ%@?s,

bovi nes, sheep, pPMBNA JUSPN4,91@8H1).etc., which are anenable to genetic
mani pul ati on and cl oning for rapid expansion of the transgene expressing

lation. F i nal i !
popul ation. For ani nal Whea 1t|ﬁ§d€|§ﬁﬁle%%§ﬁre§§ @Bﬁggy?ﬁqlggﬁ%xﬁ Ale gﬁﬂar&ﬁfate

expression in target organelles, tissues an
nodi fication of 2&gulalpsy seiensrand ekpressign methods)dntradfucahgéries virmbe propagatst i s

the producti oy of ;1RHERS cell thro&éii ds3%r perp?i%gtgngn?relc S tgyhi%te%?asutonamntiormé host

genome. Where two or more genes are expressed from separate replicating

vectors, it is desirable that each vector has a different means of replication.

Each introduced construct, wixether integrated or not, should have a different

means of selection and should lack homology to the other constructs to maintain
30  stable expression and prevent reassortment of elements among constructs.

Judicious choices of regulatory regions, selection means and method of
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Expression In Yeast Exanpl es of host m croorgani sns include
Saccharorry&sa)ség.;(%vi si ae, Saccharonyces carl sbergensi speRtissddyas:
yeast such as ndi da, Kl uyveromyces 30 or other fungi, for exanple,
filanmentous fungi such as Aspergillus; Neurospora,

- 28- Penicillium etc. Desirable characteristics of a host
m croorgani smare, for exanple, that it is genetically well

characterized, cpfopagatithest theintrodedediconstiuct can beexpementally détetrhinegsoduct
using ultra-high den

ity ferpentation, and i on the GRAS (general ly
recogni zed as saﬂ@}3ﬁF%tf"dé‘%%e“ﬁﬁéreﬁ?‘eﬁéieg&ta'r?d‘eﬁ?séﬂé(d?"ql%t,"?m“ﬂﬁ?@nded for
i ngestion by hu esiS ofHRE Eﬁx‘éhiﬁodu@fs?res'[ is use of a yeast, nore
particul arly baker's yeast %’S. cerevisiae), as a cell host in the subject

U, S5 ol il BB A o Gy oo

Hovl and P. etSal toanslaticdlregiansfinctiadalin yeast cellsGite pioyBledOpartigd @B rdmthe3- 52;

obtained fromDr, T. H. ng, Ass..Prafessor 10 of Nbl ecul.ar nefics,
Chi o Stat e Uni veRestispstiotTiptispTationl 1pHis308 ssegiatosd sodions Can B¢ obained,

| ys2-801/ 1 ys2-80% A0RReslia thd £lpbollGE pathwhy, sicHad AéHol

hi s3[ err] 200/ hi s3[ err] 200 leu2[err]1l/leu2[err]l; obtained frombDr. T.
H. Chang, Ass. Pdehydrogenass, ghyseraldehyde-3-phosp ydrogerane (GRPAt e

University), BJl ' [ Centre,
1021 Donner Laboi’gl?sééhg)?ﬁ%gr§§F‘tea§/£%§b§2g§g%%mm%1&%%{° %ﬂ %ﬁgﬁﬁﬁé\%[ err]l
B e o e A e
fr(r)ms ac | nvi t )Qé:,%;-}l%ercl;%eg&lagoryseq gxrlcre]scaxll & tsed i apartilf:r -ﬁi}:uéagj’gpgn i’;unne

Avi an Speci es deg%ndirtl%qur(on WSthé cBAM MR JPilidiRed RamithiBlior REfesHS, cells,

such as chi ckens, eys, quail and ducks, gene transfer can be
perfornmed by i nt patdicviargfficiency of theprbmoter i cohjwretion mith the opeti-regding frame

[err]5-desaturase.nto the Lls follown ocedures kno, in the
et 5o EE anog o Rt Ash e bt o lofh 2 Sk bromoty s ERIE Ratiiiiin el |
enbryos can Qs prdifferdacprotrober avhicicdllvwsdor inducibleardnsdriptiondesabiir ase

encodi ng transgene and devel oped intg adult animal (USPN 5, 162, 215; Ono et
25 al. (1996) CoREEIcHOR.Adahe like HEpPaticularintstst atsPERRIotarsWhich pre 87 290:

WO 9612793;%%t8&%§%ﬁe+& dl‘gifacﬁé‘éeéal 106 -t @G ERFREmBE gér (C?%Ll,

nodified to “express h evel's of the desaturase i'n or
i ncrease product iGAL®SanddFAE10) have behrextensivelyyatilized for High lewel andaegulated

le, b i di ng_.t i.pt i d/ tL t at
Feai one t hat T uncrPBAsh SEBRIE bt PRt (Rt AL G PL Vb 7. Bgas T e
e>2< Br essi on i rpoparfohsstbsMickéiiole Revd bl €19 pP45E, 398TC Tradciipidh frdhighe GAL

promoters is activated by the GAL4 protein, which binds to the promoter region

and activates transcription when galactose is present. In the absence of

galactose, the antagonist GAL80 binds to GAL4 and prevents GAL4 from

activating transcription. Addition of galactose prevents GAL80 from inhibiting
25  activation by GAL4.

Nucleotide sequences surrounding the translational initiation codon
ATG have been found to affect expression in yeast cells. If the desired
polypeptide is poorly expresselcl in yeast, the nucleotide sequences of exogenous
genes can be modified to include an efficient yeast translation initiation
30  sequence to obtain optimal gene expression. For expression in Saccharomyces,

this can be done by site-directed mutagenesis of an inefficiently expressed gene
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gene regul atory regions can be obtained froma variety of sources,

I ncl udi ng chi cken anem a or avian | eukosis viruses or avian genes such
as a chi ck®iQ 98/46765qy 3] buni n gene. PCT/US98/07422
Expression In Insect Cells 5 Production of PUFAs in insect cells
can be conducted using bacul ovirus expression vectors harboring a
A5- desat urase transgene. Bacul ovirus expression vectors are avail able

fromseveral co kil 1SQL .

br oduci ng. hybr i o DAk B ERS 1 AR Renons Spech R EE ser iR Ehighly

al gae, whi ch contexpressedizenesuch as thedasasegense transgene al so are 10

provi ded. For exanple, transgenic marine al gae may be prepared as descri bed

in USPN 5, 426, 040. As maﬂamhaﬁmfegtonmgoeaeﬁwdﬁmtt?m' rdggﬁb'fm@eﬁé)ove,

t he timng, extent ,of expression an ctivjty of th esat ur ase _
transgene can be_f%m wq’r‘@b&‘Fé’P atl%yresm‘v%@%ﬁwdpmfgﬁﬁﬁf{? eRiEMPgAdatEGence
with the apprapriginther of tertnirafioh &ég‘?&ﬂs%@kn&\ﬁg}o%ﬁﬁﬁ!vé‘oé%hn&%& atory

regions selected for a particular use. 15 particular interest are
pronot er regi ons satisfattoryoim dedrietyiofmdtsifrone the same apd diffiérenttgedergrandispecies.

conditions. For | e. J.ntroducti of temperature ensi tive and/ or
netabolite res poﬁg&v mMRf‘éé?‘? g%goni ‘ﬁP%P’{ ﬁé"‘fﬁ%‘ggf‘?ﬂ’%%a f“ragﬁrs‘bfsecr? VEMENCe e odi ng
sequences, its regtlepthahbetfge 6Nany Farticudir proferts TeeRrdly, ¢k tefminatiéh Whi ch
the transgene is infrqduced can be used for this purpose. 20

. P
Expression | n Pl ai§gionis derived from a yeast gengs pagiquigrly Serckagomyees) ant s can be
conduct ed usi V&I @5%,'2;;2. £ t he use
of Agrobact er%m_tﬁn@?ﬁcgwe'ﬁgycﬁ’acﬁ{ldya%ﬁ I Tus S?“'Z%’?‘%??P%ﬁg%ﬁ%
transf ormati on anmamimlibn genesjy mterferen alidse? tmeferom, are also kdgwph tocfanétion in
related applications U S. Application Serial Nos. 08/834,033 and 25
08/ 956, 985 and coff@ftuati on-in-part applications filed sinultaneously with

this application_all of which are hereby incorporated by reference.
The transforned host cEBYFRODYEAHIONQFLO T8t H:Qﬂ‘&@‘]a‘élapt ed
for a desired end result. For host cells grown in culture, the conditions
ar e Constructs comprising the gene of intgrgst may be introduced into a host

15 cell by standard techniques. These techniques include transformation,
ptotoplast fusion, lipofection, transfection, transduction, conjugation, infection,
bolistic impact, electroporation, microinjection, scraping, or any other method
which introduces the gene of interest into the host cell. Methods of
transformation which are used include lithium acetate transformation (Methods

20  in Enzymology, Vol. 194, p. 186-187, 1991). For convenience, a host cell which
has been manipulated by any method to take up a DNA sequence or construct

will be referred to as “transformed” or “recombinant” herein.

The subject host will have at least have one copy of the expression

construct and may have two or more, depending upon whether the gene is

25  integrated into the genome, amplified, or is present on an extrachromosomal
element having multiple copy numbers. Where the subject host is a yeast, four
principal types of yeast plasrfxid vectors can be used: Yeast Integrating plasmids
(Ylps), Yeast Replicating plasmids (YRps), Yeast Centromere plasmids
(YCps), and Yeast Episomal plasmids (YEps). Ylps lack a yeast replication

30  origin and must be propagated as integrated elements in the yeast genome.

YRps have a chromosomally derived autonomously replicating sequence and
26-



typically opti m zed to produce the greatest or nost econom cal yield of
PUFAs, Jﬁ Es relates to the selected desaturase acti Vi praagiyfi
condi tions v&n C be optim zed include: carbon source, nitrogen
source, addition of substrate final concentration of added
substrate, formof substrate added, aerobic or 5 anaer obi ¢ grow h,
grow h tenperature, inducing agent, induction tenperature, grow h

phase at inducti e, propapated ap htediund coferivmissr .(203fd4(1),edin¢ﬁdfn0LQMephcatmg,
mai nt enance of sel ectlon M croor anl such a@'l[geeﬂﬁ for, exanpl e, are

preferably grownUnsably segregating plasaud ps have be cationioriginard 3 east

pept one 08,)@?9 AlRse st

ni trogen base, and‘hrl an_r@ﬁ?cuern‘%nglf?@a gﬁ%ﬁ%&%s a gS%?ﬁ%%ﬁfoﬁﬁmﬁﬁ?

sel ection, for exapliphting,stablyl segregating plaxmsids.a¥Eps hwmmmef teplibationdded are
first dissolv d in hanol necessary re55|o of the

pol ypepti de o @Weﬁguﬁ’eﬁm&@@ﬂ arqqupagated é'kéﬁ‘pﬂpéf“b’y‘ ®hcl udi ng or
addi ng gal act ose fﬁ%‘lj r

Expression In An a%ﬁnbﬂﬁhﬁ?rﬁfﬁ@ﬁtﬁ%si &H%%e% | r}asé%lldf)s?g?b nocgto}?}ﬁ mal
can |ikew se be plasmidsinykad cambaensured bytmanmunng sedection bt @matkenon the

Transi ent express be..acconpl i she via nown ods. f.or
exanpl e infecti off a&?‘“fagi%?%@ﬂ% Jnse ?Fg %asf fEX‘%S% (g%ﬂf‘%md

mai ntai n desired aeailabmmﬁrln%&ugéxﬁ c@ﬁfeisheadxmrbmupﬁﬂmWQWmlpgalﬂa@@- Ebert,
PCT 20 publication WO 94/ 0578 St abl e exgresm on_can be acconpl i shed
vi a i ni@gr dadusiblepromaterfar ?Wstami,@RtsH 5pdt(agdipplasmidahiginediom, 3
t ransgeni ¢ ani ma h;g;e c

m croi nj ection OP) ’Ee cons Agg%&fe%b?ml&ﬁlg}gegﬁg% glﬂm étg{el@eirtlitfze
egg, or by transftenthining a catstibwive SiPD ptfoannercmdoonfemng lemmeprduandphy);ues

wher eby the constr | ced L i whi ch f orm or
be i ncor por at ed aﬂ#B&’&@é % lh? ng;acggﬁu eRﬁjIQF §‘P§erfé§°°ﬂf°

Patent No. 5,530 ldutfie '\iﬂ;thtroﬁ%} enbeﬂ\nr arfd B5RasaRR G. 11982). PAtMBE &Nappi5 . 366 894;
WIlmt et al. (1997) ture 385:8 10) The reconbi nant eggs or enbryos are

transferred €& aGatetiegsgathdOhot her (U.S. Patent No. 4,873,191; U.S. Patent

No. 5, 530, 177, U S. Patent No. 5,565,362; U S Patent No. 5, 366, 894;
WIlnut et al. 30 (suﬁﬂ@)tx)ansformed host cell can be identified by selection for amarker - 31-

WO 98/ 46765 t nic_a

I dentified, for gg%mn;&edon%epﬁrgéhéeﬁ %ré@‘é’ﬁ%‘i‘% Py %ﬁfﬁtgﬁl@ed mar ker
gene, such as foronstaict may de inttodubsd Wit desired constru&p&lirhﬁﬁﬂrhlsﬁriﬂdl’@nf rom
a blood, mlk or tissue sa le to d tect Lege i ntroduce construct,

or by an i nmunol dgfhBIguegntzg B‘Eﬁﬁ% wlgs ingo hest gelds.  Fepically, 5
expr essed prQbel Qraﬂéfo-xﬁé‘dl?&s?éjél'@%él a&&?&q&&r%ﬁaﬁg%rgﬁ%%g §g%tR'fetgﬂ£ﬁlﬁ 2

4,873,191; U S. Patent . 5,530,
Pat ent Selective medla may incorporate an antibiotic or lack a factor necessary for

growth of the untransformed host, such as a nutrient or growth factor. An
introduced marker gene therefor may confer antibiotic resistance, or encode an
essential growth factor or enzyme, and permit growth on selective media when

25  expressed in the transformed host. Selection of a transformed host also can
occur when the expressed marker protein can be detected, either directly or
indirectly. The marker protein may be expressed alone or as a fusion to another
protein. The marker protein can be detected by its enzymatic activity; for -'
example P galactosidase can convert the substrate X-gal to a colored product,

30  and luciferase can convert luciferin to a light-emitting product. The marker

protein can be detected by its light-producing or modifying characteristics; for
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No. 5,366,894; WInut et al. (supra)). The resulting transgenic ani nmals may

be entirely transgenic or may be npbsaics, having th r enes in
only a subs%?s’%fmg their cells. The advent of mammali iﬁ*@ﬁ%ﬁﬁ 2

acconpl i shed by fusing a 1 0 nucleated cell with an enucl eated egg,

foll owed by transfer into a surrogate not her, presents the
possibility of rapid, |arge-scale production upon obtaining a
“founder” ani mal &fampld, kthes@OR flSdrosehtisrotei 6LAblfRFeLH NG a\ RioresBéd Wherf O

this, it was necessary for the_transgene to be present in the germ
line of the ani neillumipated with blue light, fuibodies GW berugeddeo d@lmt tbsm@rlee;) 1
5 Expr essi tigBCI |

particularly lg)‘%té“p\/iﬁaer eﬁ%cﬁgp ™ ?‘fcfeegg'% ?‘%:té;i ggﬂééi‘{e%al or

production of PUdepresmng tlid miarker protein or tagean |bb)selettw,lfbﬁ&k@nﬁlé Gfiguiallg, drost

ani mal , such ) t.he de t t ransgene e an he expressed in

mamary cel | safr 0 §°}F‘§ﬂ?é‘?sewﬁb Réﬁd”ﬁ’ﬁ’é‘“&@?ﬂ“& gnikadies. Yor 533""1%0 fiygasthost

cells altered. Theaxﬁﬁﬁaiaafsaﬁsj ﬁlﬁﬂ(@ﬁﬂiﬁf‘ﬁm@ﬁ&xs% rya&@a&a 9belltd CRSiRDH, 0N 20
e

so that it is retained in the mammary créeted into.m . to form
t he PUFAresistaped orkapamyeinand ﬂvcaanmz @lycoside K Riarcof inETespas ivradlestsi on

WO 95/ 24488 t.ed .f

ti ssue usi nz; spem'?lh?tola%%gﬁ%e(raﬁehgl(é?ﬂ?gE?cgegﬁgﬁﬁ’ésg{’%?efé%ﬁgpI ogsieno;mmrary
b -lactal b

casel e [orr]-1 act ogPBbAP RS uRsReqaisd Ripduction cEPHE AG o haperforigen
optional 'y i ngd udgitHep Brokhry@HE 8r bﬁl&a%ﬂﬂ& 1REs, PRUaRidticYkefld amierés%mm‘ees

(U. S Pat ent " No. 5, 530, 17 Rosen, U. S. Patent No. 5,565, 362,
Olark et al., U, SEschericia, Bacilbus, dactohucillgs, spenoboererigand tre like. Hukaryte

publication WO 95 Q, at yrase trans nes, or
anti sense desat uréegg i?cﬁig%]esrg%agan cﬂ?@@ﬁﬁh’% otflaggﬁ ""a PaAVEY Sl be
used to alter thesichas Ioﬁclﬁi:kehpm'ldf dtBerEbEMneﬁbléjﬁrgeﬁaﬁd Mﬁﬁlpulan&Q inchidigg eof ,

found in the ani npl s A di.tion the [err]5-desatur ase transgene
can be expressed Eis? e & 5\ L hecelisHpay be alturdrrformed aypasior; o
produce 15 all ofahostor ani. cludi

g s including an amr]palde\éllnﬁsgﬁ 1enorp hm ti'os

animal m |k contal nisr;g hi gher proportions o
and concentr at i onbe vyediwithethe nblllsamnhq:mmdncmf BUF As, pRrticaladydbr géne, trﬁsfér,
publication WD 95 Tl ON OF FATTY

ACIDS 5 ééﬁ*ﬁ%ﬁa%mg selestion I aprsfested °H“’t°ﬁi§“?’§»r‘i‘f %L on may

be found in the hﬁﬁ&oorgamsmmreﬁmmkﬁ?ﬂodﬁce’smm and/ok cAadsithilate aci ds or
cerols, phospholipids, sulfolipids

in conjugated fornms such as
or glycolipids, aFFEPgﬁﬁ‘}PSB'eS"@?’c‘?‘bP@ and PrefF’iaBHi praduces large ampunts pHDGE. Ay
variety of negms pRih l@@i’ﬁbsi&uhﬁ%lﬂ&ﬁlde RHE) rats, rabblfge eﬂF qf&ﬂct]tudg? 5

extraction with organi c solvents, sonication, perci
extraction using bwn@xshepp,@xgargbm, xaksmtdewhmhdrqm;xmabhd torgenaetic such as

presses, or conbi cul ar erest is extraction with
net hanol and chl o%i’jé’ﬁp%%é\ﬁ%‘? gﬁ’ﬁg@%ﬁ%pé& e’iﬂ"f@“ﬁ'&]ﬂﬂ%‘ﬁé’*‘i’%ﬁ%? CXRIfSRe

aci dified tpo;ﬁnaidﬁna?oeaﬂm VS Jesaiipdsd ¥dnsgen e barfBe abgtddlTeF €0y

i ncrease partitioning of desired products into the organic |ayer.

After extracti on, eXpiessipngn targetnsganshes; tissues and body fluids through modification of
25  the gene regulatory regions. Of particular interest is the production of PUFAs
in the breast milk of the host animal.

'Expression In Yeast

Examples of host microorganisms include Saccharomyces cerevisiae,
Saccharomyces carlsbergensis, or other yeast such as Candida, Kluyveromyces
30 or other fungi, for example, filamentous fungi such as Aspergillus, Neurospora,
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15 can be renoved by evaporation under a stream of nitrogen. Wen isol ated
I n 698igtgat ed forms, the products may be enzymati caldornggespheni cal |y
cl eavedvgo rel ease the free fatty acid or a | ess conpl ex conjugate of
i nterest, and can then be subject to further mani pul ati ons to produce
a desired end product. Desirably, conjugated forns of fatty acids are
cl eaved wi th potassi um hydroxi de. 20 If further purification is
necessary, st aPasicilliumtetn ddesirablelsharantstistiasdf a host micBarganism vgd formay i ncl ude

extraction, treatnent, wi.t.h urea .fractjonal . rystal li.zati on, HPLC,
ractional i SORED gt it i apneiizally paflchA@erend, ppn B YRl or R 1SEL L o
centrifugati onexgiesdiontofitherodiot u@ihﬁwfa:higntdeﬁgig fefméri@ion, heT{3runayes.
Protection of reactive groups, such as_the acid or al kenyl groups, nmay be

done at 25  afRAS: (@enerally, trepgnizesias safe) hist sacecthe prapossdandinsodickis ati on or
I odi nati on. : ﬂxﬁkix’.{' ﬂ%&{; i I.ds to
pr oduce metshyl m(taegtdg@g&%&s’dﬁﬁg?r% ar 3) ro%ig%llh%ge sgfrso&lfggférg%/é%’eﬁ&gmved at
any step. Desipatitylarly baker's yeast (S. cetevizinepfasfarcel hostria thecsubjichinvgntidsd, DHA

gingt Frﬁa{rﬁ gn?esg;%gg 0 ll:vz{rtsxglﬁgr interest ar%ySéjrﬁa({\E% r&pevg\)ntlhhprgf-?ﬁza&]rgé%& lgﬁzela ! %al

98/ 46765 . . .57, {'ﬂf(}ﬁéﬁdﬁg -
There are seve:r;"aﬂuurggls5 lo%“*’act;etnf 83é5|7d654’(%? 8?’?%0‘}5@?1%(% amven | on. r2 obes
based on the DNfhielA200elys2-86F Gia3is2y 6btained fivhy D TIH. \Ciaing DA S8 Phofessof or

i solating related nolecules or in nmethods to detect organi sns expressing

5  desat uttsesf Mpiretlag Sisaetios, Qhispate Universiks YAC44 (#/gonets3ra3d3 nust be
Cnternal o te PR EOUEHERLY R RE OB R R LAt CA] B R0 R AR o ot
the 5 o  jeyAlBeu2AQE Bbtiiaed FOHEDr. T REIChaf @ REPRIRESSL JPMEREGSH abl e, can

bind to a secondari/ ) nmol ecul e that is detectably |abeled, or can
bi nd to an unl Een¢ticadObiecitatd dmjversity)OBJ1996 |(eletained froth the deastdderistiy | abel ed

tertiary nolecy]e; 4his SS C be t n S is
practical to ag*ﬂ%\ﬁsn °s]3{2|3‘§°&’6’f’5ﬁ&?q}m8’éi’ gff‘?ﬁﬁye% %ﬁgﬁﬂ RV &%"E hout
unaccept abjs | G 1l BpElesy Aridsz2ioBied mRh BVIBoYn, 1600 Fladay Ale,

bri dgi ng systems can | ncfude use of anti bodi es directed agai nst any ot her
mol ecul e, i ncl Cdrlstiad| EAc92008) amt INVSCG (Mbtoa his3 A200 urad+ 67 notthined from

nol ecul es lgq. me.igg.h bind to each other, for exanple a

biotin-strepta VERBER: di n system Detectabl e | abels typically

i ncl ude radi oactive isotopes, nolecules which chem cally or

enzymatical ly produce or alter |jght,, enzynmes whi ch produce
det ect abl e reaction products, n BECIEY yorescent nol ecul es or
nol ecul es whose fluorescence or light-emtting characteristics change upon

20 binding. Exanplrespfidutial PUFANN %01l 3fsciésamdRelld, Suetad dhidkeRdy 5, 011, 770.
Al ternatively, the binding of target nolecules can be directly det ect ed by

neasuring 2he &wkexseqrail andducks, sene transfer con bp peformeddty iptroducingat ar get vi a

nucleic acid sequence encoding a A5-desaturase into the cells following

procedures known in the art. If a transgenic animal is desired, pluripotent stem
cells of embryos can be provided with a vector carrying a AS-desaturase
encoding transgene and developed into adult anin;al (USPN 5,162,215; Ono et
25  al. (1996) Comparative Biochemistry and Physiology A 113 (3):287-292; WO
9612793; WO 9606160). In most cases, the transgene will be modified to
express high levels of the desaturase in order to increase production of PUFAs.
The transgene can be modified, for example, by providing transcriptional and/or
translational regulatory regions that function in avian cells, such as promoters.

30  which direct expression in particular tissues and egg parts such as yolk. The
' ' -29-



i sothermal titration calorimetry, or by coating the probe or target on a

surface and detecting the change in scattering of ht fromt
surface pr HRIBAEGY 25 binding of target or probe, respsgif{‘{%?’?’“és
may be done with the Bl Acore system PUFAs
produced by reconbi nant nmeans find applications in a w de vari ety

of areas. Supplenentation of humans or animals with PUFAs in various _
forns can result i - 0Nl gq,ad;}g t of
their tgje ﬁbo e? g‘ﬂg%]‘lifnggl‘ \?gpp{m@grﬁ(oexﬁfg \fa*:le mg%?%ﬁﬁéi?dnl rent
[err]5- des at ur asehicken anemia praviamieukesislyisbses ot 'aviaa genes sach aswichickbmal |
treatnent with ARAaI%an result not

- 34- *increased | evel s of ARA, but al so of downstream
products of ARA such as prostaglandins (see Figure 1). Conpl ex

regul at ory nechani snms can nake it d.esilr albl ett conbi'ne vari ous PUFAs,
or to add different conjugates of ngon nin r to prevent, control
or overcone such nechanisnms to achieve the 5 desired | evel s of specific

PUFAs in an i8di vi dualProduction of PUFAs in insect cells can be dddliRetEd QRIAL basdIBERIsTI ONS
The present invention also includes nutritional conpositions. Such

conposi tions, foreXpigssion ¥ectess h@w@npgwérdesamma@sgenpnamdevmw f ood or
t f t f t teral 10
onounpt | on, vini CAPRRURS DSk B flal e SoshetH cSRipRAs Bhestf P! “buf )

F-U

up ti ssues @Cloneteg. Methedgfior prodicing Hybridand trandgenicatralis of algas,unplr t
adequat e nutrition aiﬁaSt atus or netabolic function. The
nutritional conpdSiMariys algac, which P@%‘é’l&mﬂﬁ%ﬁﬁéﬁem%’%% alsoare

one oil or agipd may
15 either bgol anée&s*gg‘?%‘%"?ﬁg ga?}gre%%%g&%na Y, ? g cggrr%gésglcltqﬁéohn may
i ncl ude edi Bh&JSPRE5.426,040. eAs svxth\/che athensxpxemqn systerissiescribedabenes the
desired for a particul use, h redients  will vary
dependi ng on whet ’"gt%‘éenmfe"pé&eﬁbo&s |a fﬁ?é‘%ﬁ&'&t &a:ﬁggnwapﬁ) ®nor ma

heal thy infants, refilhtéd &y fittingthe lpbBpeptide dbaﬁimqﬁﬁﬁél»ﬁih thedppreptstesuch as

t hose whi ch acconpa é/ncertal nmet abol Lc 20 condi tigns Cﬁﬂ)f ., metabolic

di sorders). ptionalang franglational regulatonyiregions selegptedfor gpprticalasgaed ¢ o
the conpositign of partibdlarl 1Hf1?esphire ﬁlﬂoﬂpfegkdxg gh ﬁﬁnﬁh dhildsr

carbohydrates and protelns ts |nclude but
are not limted tmewwmdlgrowth QODQWHQI For mmlrhmmroducmn ofitethperagirgcer i des.

Exanpl es of such car.boh ates ude but are d.to 25 | ucose,
edi bl e | actose ard™H ylﬁ%‘?‘g t@%"g}&%ﬁesl’%féﬁew "““ﬁ/‘,nt {Egrﬁfaégragqtran gene
protei ns whi ch megodiig sefbencés; Gs rdpuldirytegiohs, afddk teOgEnemelof @Bl thtd Which

I nvention i nclude but are not linmted to soy proteins,
el ect rodi al ysed \ihefransgene is inreduced gambs, used fgkﬁhmﬁrptv@e m |k whey, or the
hydr ol ysates of these proteins.

20 Expression In Plants

Production of PUFA's in plants can be conducted using various plant
transformation systems such as the use of Agrobacterium tumefaciens, plant
viruses, particle cell transformation and the like which are disclosed in
Applicant's related applications U.S. Application Serial Nos. 08/834,033 and

. 25 08/956,985 and continuation-in-part applications filed simultaneously with this

application all of which are hereby incorporated by reference.

The transformed host cell is grown under appropriate conditions adapted

for a desired end result. For host cells grown in culture, the conditions are
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Wth respect to vitamns and mnerals, the follow ng may be added to 30
the nutritigra ositions of the present invention: calciumg.l Lus,
- 35- BT pot assi um sodi um chloride, nagnesium r"é‘r‘}é 3@2 2

i ron, copper, zinc, selenium iodine, and Vitamns A E D, C, and
the B conpl ex. Ot her such vitam ns and m nerals may al so be added.
The conponents utilized in the nutritional conpositions of the present 5
invention will of tysdillyptindizeaictoProduice itfd @reatestiodinibst Bbndaiial iHIJle?Q’F !
purified is neant_a material which has been prepared .b'? puri |c§tsi on
of a natural whigh relates to ghe selectad desatyrase activity. Media conditienswhich msy
nutritional conpogkty f: - et YoukdaV ' ' . but are not
limted to infant %%(E))?nu gg,m%%'g({ry sups*%h@%g%p%dﬁ%&?gﬁ@&?ﬁ??ﬁ‘h"s te,
conposi tions. Nut final coneéntratiop of addedrsnbsttate fotm of substratetadded; taeiobid side but

are not imted . to those utiljzed for enteral and parenteral
suppl enent at i o#} t apacrohis grawth, growth ?H&?F%eswgPﬁP&ﬁgeqthﬁW%,te@ﬂﬁfﬁ%nt s

for the elderly, apsivaphRscaRitiuetib® growth phasdAarvist, proashdiy @St | nal
difficulties and/or nmalabsorption. ]
Nutritional Conpodaintepance ofselection. Microargapismsstuch as yédst, foméxamplpase t i on of

the present invent] | i di bl.e. macrgnut ri S, Vvitam ns
and minerals in a%ﬁ%ﬁéﬁ@%@éﬁggtﬁlegﬁg}eﬁ%ﬁl feres ’wc}“glhg’é’f“ Y&t PSPYORE of
such ingredi ents bidth (YEDY astbpénitiaDtetia (ebrething amifteacids, yeast 8itfogeR bhsd) and

I nt ended for &1 e wth normal, heﬁl %ﬁ% i ndi vidual s tenporarily _exposed
to stress, or1Po amganyma splfate,Anddacksiaqomponentdarselertion; for sxamplemrasib).oni c
20 or acute dis 19 : |6 ' t M be

under st ood by %%ae?%’?}:g&s&kﬁtlggg a?ﬁéfﬁg ﬂé%tdﬁtsﬁg{egﬁg%%ér}bo%n s utilized
in a nutritional necessary,@xpressiohohthsfpolypeptidestinterest wmytbedndwoed, fok

sem -purified or I £ 0h). gL, By. sem -.purified qr purified is
neant a materi al fe %ﬁx&hggl %g%hg%%iql%gﬁl?ctoseto if iSKPEESHPR °B¥ag‘°&atural
material or by sypidmsters. These techni ques are well 25 known in the art

(See, e.g., Code of Federal Regulations for Food Ingredients and Food
Processing; Recommended Dietary Allowances, 10[err] Ed., National

Acadeny PressiSWashington, D.C., 1983XpressionIn An Animal! N a preferred
enbodi nent, a nutritional fornulation of the present i nvention is an
enteral nutritional preoduct, nore preferably an adult _or child

~36- P %gcpressmn i cells of a host an¥mal can likewise be accomplished in a

transient or stable manner. Transient expression can be accomplished via known
methods, for example infection or lipofection, and can be repeated in order to
maintain desired expression levels of the introduced construct (see Ebert, PCT
20  publication WO 94/05782). Stable expression can be accomplished via
integration of a construct into the host genome, resulting in a transgenic animal.
The construct can be introduced, for example, by microinjection of the construct
into the pronuclei of a fertilized egg, or by transfection, retroviral infection or
other techniques whereby the construct is introduced into a cell line which may
25  form or be incorporated into an adult animal (U.S. Patent No. 4,873,191; U.S.
Patent No. 5,530,177; U.S. Patent No. 5,565,362; U.S. Patent No. 5,366,894,
Wilmut et al. (1997) Nature 385:81 0). The recombinant eggs or embryos are
transferred to a surrogate mother (U.S. Patent No. 4,873,191; U.S. Patent No.

5,530,177; U.S. Patent No. 5,565,362; U.S. Patent No. 5,366,894; Wilmut et al.
30 (supra)).
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WD 98/ 46765 enteral nutritional product. Accordingly in a
further aspect of the invention, a nutritional formulation is
provi ded t MR 934676 t abl e for feedlng adults, who are PCEARAB(02422i ng
stress. The fornmula conprises, in addition to the PUFAs of the

I nvention; macronutrients, vitamns and mnerals in anounts designed to

5 provide the daily nutritional requirenments of adults.

Th triti | d
oo ne Bxerml ary e AR dnsdind Anal A6 Gienise, ELAINIETRHES 20

di gl yceri des and ;irésenﬁfﬂhnqntrsdmdmarkerlgene,rmcbas for ceatdodory oxlay BﬁRyn‘r ates

are | ucose,, edj ple | drol yzed orn tarc |caI
protein _sourge SS"PB‘ t\’g’ %‘é‘"@gg ?5{’]8%1@%, t‘sé?;%ﬁac“i‘éﬁf% ?E@dﬂ
el ectrodial ysed slgh§is: Cl))?ran'ﬂdrﬁimolo gical or Eﬁ‘&l’nolé’élcilf&@sa?)tgﬂgfdﬁmkes of

t hese proteins, although her protein sourcés are al so avail abl e
and may be uséd. cRpreseedrprotenenthe prodyctapaodiced thesefeam (H.S. Patent No. f orm of

comonl y accepte C SO

t hose present ind‘#‘l%i‘? @a‘;&?e@ﬁ’eﬁ@ﬁgg}"za@ © % %’%kg’gé%’rﬁc%rﬁtﬂn

basi s. 15 No. 5,368, 89a¢ Wilmat dra. f(b\hpih))ng'hblréwltﬁag&m:s@meaﬁhalmay bé onal
formul as are wel | known in the art_and are descri bed |n detail in

the exanpl es. entirely transgenic or pay kefnasai¢s, hayipg the t@aﬁs%ss%ﬁl 18 spBset 9hq
subsequently util tored in
théit gelfkn The adve t of mlg#%‘ﬁlearf Qofhitg! %%ic R %B':fughéi

a concentrated liquid or a po pared by
spray drying lthe raxdaatedlceﬂcmﬁxmaetmcbpmd@ggaﬁ)llowedby tiansfier inte d sulvogate and

the fornmula can be reconst reh n ntrate.
Aol t Cand fnf ant ToEf BRski Hetosbuky B il Reisii progption it Al
commer ci al | y avaid ‘“4btder®agimal & ¢8ll aﬁx{nd;ﬁisidg thEﬁﬁtbtfcﬁced]ebﬂstrﬁc@pﬁor to this, it
Alimentunferr] from Ross Products Divisjion, Abbott Laboratorl es).

An oi | or acid of WsRecessary for thefransgene tp b Prtseriindbmewe inreldhe animal fost
these formul as i rbrbﬁ%s it ?W?E““‘efgﬁgsnﬁpagfcr' bed below. The

energy density of I ona tion when in liquid form

can typicallyygange fr {. olid
or : plog\’/\der ed f%r r@&?(ﬂxe nulﬁ% gu“&%@%n o éér?"‘ceSW"d‘#}r%m

about 1.2 to nor ewhere the host ishaadonfesticated apigtal g For prodictiondf\PUF Aoin/ka fluidl s per

gram In general, t of a li oduct shoul d be | ess
than 700 nmOsm and® ﬁ%fyeobtamable fro ”B’é'f%l?ls a}, such %rfﬁﬁk’éé fyatyppse transgene

- 37- WO 98/ ¢ Meexpressed in mammary cells ﬁ'-gﬂ?a Rathdlb hb@Nald the PUE Acomtertd
typically include vitam ns and m neral s,

of the host cells altered. The desaturase transgene can be adapted for expression

=

20  so that it is retained in the mammary cells, or secreted into milk, to form the
PUFA reaction products localized to the milk (PCT publication WO 95/24488).
Expression can be targeted for expression in mémmary tissue using specific
regulatory sequences, such as those of bovine a-lactalbumin, a-casein, B-

~ casein, y-casein, x-casein, B-lactoglobulin, or whey acidic protein, and may

25  optionally include one or more introns and/or secretory signal sequences (U.S.
Patent No. 5,530,177; Rosen, U.S. Patent No. 5,565,362; Clark et al., U.S.
Patent No. 5,366,894; Garnel: et al., PCT publication WO 95/23868).
Expression of desaturase transgenes, or antisense desaturase transcripts, adapted
in this manner can be used to alter the levels of specific PUFAs, or derivatives

30 thereof, found in the animals milk. Additionally, the AS-desaturase transgene

can be expressed cither by itself or with other transgenes, in order to produce
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in addition to the PUFAs of the invention, in order to help the individual
i ngest m ni mum daily requirements for these subs

addition to ?98/4 | i sted above, it may al so be dggﬂﬁggif’%%?%
suppl ement the nutri t i onal comnposition 5 wth zinc, copper, and folic
acid in addition to antioxidants. It is believed that t hese
substances will also provide a boost to the stressed i mmune system and

thus will provi dearinskfifik cogtaiving Kigher progortioal of dbsiréd PURAsRE PEFXCAtRE 21 nC,
copper or folic aC|d is optional and is not required in order to gain the

benefi ci al and “@PF@%O%ﬂlﬁmmb%WW%hmﬂk (Réelpgab, PCT
phar maceuti cal o‘fmgéﬁd‘pw(;ggyzbg%) 10 supplenented wth these sane

subst ances as wel In a nore preferred enbodi nent, the

nutritional contains, in addi tlrﬁ@%f bgr{*’]c‘flr OFﬂeertAﬁﬁggant system and

t he PUFA conponent, a source o eT ei n at | east 5

wei ght % of sl d carb an i ndi e .. | i cchari de.
In yet a nore preferr(ejﬁ‘yeef?%x HFS "Fﬁ@dﬁﬁflﬁg Bostyon may_[ge? gli‘

addi tional | y contgidiSorParibion aningdl bt e ; The
PUFAs, or derivatives Fhereof made bye?drllié'%ﬁ’r'fss'(}%rgfsxggrgﬁgatﬁdtc'?rmssuchas be

used as dietary swalyqemlwhogph@mpbt sfolipids qraglydotipidsy dnd mayf beextrastadu| as,

for pat i I NI ravenqs feedl or for pre I ng or
treating ﬁgﬁ%ﬁ}l‘ﬂéjui[;l&sf &g#}&ﬁ/hpq 1N %f/ Pmﬁm?nw?} ¥ H \sée“ﬁhf atty
acid profile conpmeasigay incRide ekfravtionbeith ofgadie sdbveftsadomitiatiOn 3opdfcAticalHA,
from about O. 13):5)’ Z/ﬁég about 0.13 % as EPA, from about 8 %to

about 0.88 % extragiongising for example garbon dioxide, a%nbysepaémea@sa@cb@m
and from about 0.l td?c@ﬁ%rﬂatx?m@ﬂle £SOfb émcular mtere%t 1%58&%1@’ t he

predom nant triglyceride in human mlk has“been re
, 3-di - ol eoyl - 2- pamﬁﬁhmglland\mmibnpal\ﬁﬂmw;ibmgdb!&éwadlaeousdmrtcmﬂ baaclﬁfﬁdder

25 absorbed tha | |__or. 2:]i,neo cerl SPN 4, 876, 107) Thus,
fatty o FrtofiRY ol dERH m febpincirast BealioppEafe

i nvention can be desired produtiséstotthe ﬁlghﬁb liﬁ@ A‘i’!ép@)&i'dcheﬂ thé ofg%ﬁ%l\feﬁ{s'ml as
to better repllcate t he PUFA onposi tion of hunan breast m | k.

particul ar, an oifandbsFpHered Bneyaporation qnﬁeraa stream of nitrpgen: MWben isglatedoin food
suppl enent, parti gyl né) watedl Brhé Qﬁéégg%étgpﬁxg%ténﬁ% anH o&gsiglcaﬁ}l'j PRLEIFS! -

wil | preferably conprise one or re o
- 38- releaggthe freedatty adid pr a bass oomnpleixiconjngage ro&'&ﬁexfeﬁtpﬁhcﬁ&ﬂ&eﬂ) 3to

30% ARA, from abou to 30% and,from apopt 0.2.to out 30%
A b subiegt 5 S PBH AP HBTEBH O Aokraied tnd Brods. Dlesisbly
DGLA and GLA can conjugated faea9b LAt atids aRAdibdved vath th%MH?drUﬁﬁe Wien
formul ated as a breast mlk 5 suppl enent, or substitute an oil

conposi tion o ch cont Fifixghe
r\WrificaiBy i§ neé ssary, stﬁ%dGB?d-@dgE%r A e%‘b veI y

provided in a ratio of about 1:19:30 to a
For exanple, the $ichametheds mabtnchldemhsctmmamnt with aréap fractional of

ARA:DAA DA T ang&r?ﬂaﬁ:%xﬂ' }#L%,%i%c{lonaq dlsti?lagbn, silica gei c[,]-nrozlrjxgt%sgraphy, high

speed centrifugation or distillation, or combinations of these techniques.

Protection of reactive groups, such as the acid or alkenyl groups, may be done at

25  any step through known techniques, for example alkylation or iodination.
Methods used include methylation of the fatty acids to produce methyl esters.
Similarly, protecting groups may be removed at any step. Desirably,
purification of fractions containing ARA, DHA and EPA may be accomplished
by treatment with urea and/or fractional distillation.
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intermediate ratios which are preferably about 1:1:1, 1:2:1, 1:1:4. Wen 10
pr oduced tagf; t)e; 5| n a host cell, adjusting the rate and percent of
conver si on 846765 4 precur sor substrate such as GLA and DGPATUSORE&M22an
be used to precisely control the PUFA ratios. For exanple, a 5%to
10% conversion rate of DGA to ARA can be used to produce an ARA to
DG.A ratio of about 1: 19, whereas a conversion rate of about 75%to

80% can be used to produce an ARA tSESOF PArfy aicipsof about 6:1.
Therefore, whether in a cell culture systemor in a host ani mal ,

regul ating the tim ng, TiR¥d SRlsefdis &Q??drffh d@éftﬁ@%’ﬁ] tl]on Probes
expression as described can be used to nodulate t eve s and rati os.
Dependi ng on the baxqﬁ@sﬂnd)NAygfﬁmmmm lneerglqnmey ﬁndu*sd: imrmeethodssfor ani nal

expressing oil(s), oils ca | sol ated and reconbi ned
in the 20  desi rleét’:*g%éﬁtl%la 'QP le8ﬁ§ S Ship T%#‘P‘g%to J&r‘ﬁf% ATEBMSSHPESHPBYI di ng
these ratios df desamae&EANhanumad@tafe@mequmé boylightusledfigkahusebet ocol s.
PUFAs, or host ce .contaipning them also can be used as ani mal food

suppl enents to al4eke cigetaple. This is wﬁtlaémgmnhgwebsbaﬁwmg glabelyeithen a4 an
conposition to o éﬁfﬂ@rﬁ b Qn.
25 For ngfegggtégﬂpﬁm nt at I on, on ofa}n;;}l ec”&ﬂ%&%{’ﬁm% of
derivatives ther e.’oft¢mnnus Sm:ia lakels cancherﬂ)reatlgdeteumbleccmkbmg toa kez:pndarys or

mar gari nes fornul at r mal sether ul d
recei ve the desi r'gﬂle &H’& él"ﬁ?tw}%be y/OT can "é‘t?c?"o‘@'ﬁt&??gltﬁg Wa% into
infant formul@s, moletile aﬂmaueeuﬁatyqawé&teeﬁwhttﬁécmmﬁis procespéa@tcuéct s, and
may find use as anti-inflanmatory or chol esterol ovverln&a gents.

-39- extended as long as is practtcal to achievpiasatisfactorilc teatihie sighali ons

The present inve [

conpri sing one O?Mn%heﬁé?&teﬁgﬁac s And: ?kgl%r esl |n§%§+?&£g$§r§&§}egpi n
accordance with tbreigmgSystﬁmscbaaanolhdmhdeexfanﬁbod&&mhr&tbﬂ(}lgﬁixﬁﬁéﬂywth&uCh as
phar maceuti cal con SItIO rise one,or, nore of the aci and/ or
e el | B RERE 150 AT bOMish o g% tovphe R BRESER | y
acceptable 15 Oﬁﬁlbh ind t8@hslyethr, %rékﬁmtp @bﬁuﬁ%ueﬁtavfd%%ﬁ

phosphat e buffered saline hanol , polyols, vegetable oils, a

wetting agent or Iaﬁe‘étﬁ‘i!lp;hh?lﬁ %’B@hlllalﬁcblde radioggtiverisasopescrmalesiles whithe

conposi ti on nmay hﬂca‘ﬁ;r f e, the
conposi ti on nay B‘glel nt ép‘%n%t aﬁy?’a‘g{ ?8{ nger I%Flme";’ﬁ%%ssteglﬁbim‘!: liquid
or powder, i nj ectdetdctablereattin pmﬂuo:ls mhagnetic n'folcuumtrﬂuorescent molecules ofossi bl e
routes of admnistr tllﬂon nClﬁﬂ for ewﬁ) ora recta

parenteral . The rBEFEYE} Wit HTESCERT AT migipg ¢ %FP%‘EnStEFé ?FEEWBH t he
desi red 20 f eihdin OEx@sﬁréBbmabbﬁ ?*ﬁetﬁéuma'b@t&m ) 5N$,041A7p2ed to
treat rough, dry, or 15 _aging skin, fo treat injure urnéd skin, or to
treat skin or haiflternativelys dhe,binding of target molecules can be du'ectly detected by

measuring the change in heat of solution on binding of probe to target via

isothermal titration calorimetry, or by coating the probe or target on a surface
and detecting the change in scattering of light from the surface produced by

25  binding of target or probe, respectively, as may be done with the BIAcore
system.

PUFAs produced by recombinant means find applications in a wide
variety of areas. Supplementation of humans or animals with PUFAs in various
forms can result in increased levels not only of the added PUFAs, but of their

30  metabolic progeny as well. For example, where the inherent A5-desaturase

pathway is dysfunctional in an individual, treatment with ARA can result not
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di sease or condition, it may perhaps be applied topically.
The dosagewaof9sidemssconposition to be adm nistered to the patiRPar/uses/ iz

determ ned by one of ordinary skill in the art and depends upon vari ous
factors such as wei ght of the patient, age of the patient, inmune
status of the patient, 20 etc. Wth respect to form the

conposition may be, for exanP a sol ution, di spersi on,
suspensi on, an eenlydn dncreasedy °§F(§r°if MMM@FOM#@W@WMWS of ARA such

reconstituted. ent
mvent i on may be *hProFEpiandips (GRRRETE Chmple oG RiBA b aRisRs ol 0
pre- exi sting cosdeditablectorrpmbiric vanious PUFAssercto aﬂddiffarenncnnjmgetes of PUFAsd or
may be used as a.sole co maceut i cal

conposi tions may T R HEOSI c@n%hqrrﬂvgfcé);net%hmgﬁﬁamsmstoa& ’r?b’SHéent to an

i ndi vidual . Sgi t gediRdnEvelSBCpetific PURAN RS ihdi¢iduallBy conprise
physi ol ogi cal | y acceptable sterile aqueous or non-aqueous sol utions, 30

di spersi ons, suspensions or emMNETRITIONAL CONPOSITIONS for

reconstitution into -40-

sterile solutions or ‘%’h%@o s%hﬁﬂ@ex{tﬁh a'lébgﬁj?luhéérhuu@f@nﬁpl:&?g it V;hl @#es

aqueous and non- aqueous carriers ents
include water, etcompositions, for mmpqseé of mpmyxhtenegiuxanahcluﬂehxysefdwﬂloeneg! ycol ,

| ycerol, and the i a bl e her eo vegetable oils
?sﬁch as olive oﬂ?@fﬁ%‘ faﬁ %?@Swgﬂ?ﬁwcﬁgf@ r gnte HEPPIEEC hyl ol eate.

Proper fluiditpy Gafsudptivhl WhithR%itbn thih iReAHP bedy QY sér?€ to nounsﬂ%'r'ﬂﬁﬁdl‘ﬁﬁce of
the required particle 'size in the case of dispersions and by t use

of surfactants. ItissyRgpr Supply meranesmd/anﬂbémamtamm@ee ¢rswppmtedqgrem s, for
exanpl e sugars, %%%ngﬁ%bg& %ﬂgld hbﬁe Besi des such inert di I uents,

t he conposi t can a Juvants such as wetting agents,
enul sifying and 10 s n enin flaxoring and rfun1ng
agent s. R el b ThE R smisBlS pOERRBR B RE . o
contain S dehewldi@cﬂq&‘ﬁ&md a5 adcoEdaaue Withehe prefeanx vah@sh asbmbpar v

al cohol s, pol yoxyet hyl ene_sorbitol and sorbitan esters

ni crocryst al 1Pne %@Fﬂhﬂ‘&é‘éd‘d or liquig emﬂéiﬁlﬂmalﬂuyd%&qwsummnﬁ@de
agar-agar and tr I ke.
Sol i d dosage for%g%siﬁgﬁbrgg ttrmg etugﬁglr?gtagéﬁgu sﬁgﬁH a%%érfg ﬂiasrlil E‘gﬂl

t echni ques wel | kisewifhe mbhﬂdmﬂchﬁgre@rﬂs@lbvar?dﬁi@dﬂg anwhéetherghe i on can

and cornst arch  COMPOrHSROVBIPAER B UiF PROIeRRR Beaifyogeise SaloPer or BRE B o

or gelatin, disi rHa@iligabediglizd needsOsRBh &s &lé@@%fch%&@lﬁﬁhn?to%f@iﬁ RétaBoliy Ni C
acid and a lubricant such as stearic acid or magnesi um st ear at e.

Capsul es can 2 proagisionsi (a8, ma@belivdiserdags)t hese excipients into a

gelatin capsule along with the antioxidants and the PUFA
Examples of macronutrients which may be added to the composition

include but are not limited to edible fats, carbohydrates and proteins. Examples
of such edible fats include bﬁt are not limited to coconut oil, soy oil, and mono-
and diglycerides. Examples of such carbohydrates include but are not limited to

25  glucose, edible lactose and hydrolyzed search. Additionally, examples of
proteins which may be utilized in the nutritional compositidn of the invention
include but are not limited to soy proteins, electrodialysed whey ,

electrodialysed skim milk, milk whey, or the hydrolysates of these proteins.

With respect to vitamins and minerals, the following may be added to

30 the nutritional compositions of the present invention: calcium, phosphorus,
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conmponent. The anmpbunt of the antioxidants and PUFA conponent that shoul d
be i ncorpo i.pt 0 the pharnmaceutical formulation should fi i P he
25 gui dewltr)lg%"dglg%cussed above. ' As used in th:Pg:Tﬁ%s% }Io@g%i on,
the term"treat"” refers to either preventing, or reduci ng the

i nci dence of, the undesired occurrence. For exanple, to treat i mmune
suppression refers to either preventing the occurrence of this

suppression or r kg, bdtiuraEHIoKde) fnag s URRNgasEdeDlton, Woppés wifl, " pat i ent "
30 and "individual! are_being_used intézr changeapbl ﬁ and both refer to an
i

ani mal . Théelem-%nwpg Vitamuasoy, E.Dy G and ghe,Bicomplon Qdeesuch o any

war m bl ooded storns d minBRNRLy 2isbe'sidad, but not limted to, dogs,
humans, nonkeys, vétﬁg“%spaen_s.ml&s yused %ﬁ:ﬂhe application the term "about™

refers to an anount v [ ] . . e QL nu r.h

r easonabl e anount dep%icﬁg]p&%% ﬁﬁlgzegcl)% eef? u%ét?cqmai gmia%sgﬁoﬁnﬁﬁﬁrgg‘?@al
nunber or range spesntibhevilliofisérhieputifiedior iparifiedorigino Bycsehs-purifie@os pokified! t o
be nodified by the term abouyt " Do nd "serving” are used

C se" ]
i nt er changeabl y dfh&epRadnaterial which hes heen preparegiby misification of & pafural

phar maceuti cal cqgggﬁ;lt&g?s&,ﬁggsqg_ed by the patient in a single setting
and designed to deliver effective amunts of the antioxidants and t he

structured triglyceri an@? ' B -@PQ . . Ski in
the 10 art, a singl eq%(os eg)wﬁsrlg}r@?’r?é“b Lﬁ‘e |c8]£?‘§tpﬁ%stg?{|xp?§)rﬁlﬁ% Kgélkggejr

shoul d supply t hebut are nos limited toinfant foronilaka dietary suppRétheists, dind cetpaieationbove.
The amount of, .t he dose. .0 shoul d. be.a,val une i cal

. i h
adult can corSumEorPOsH: Ir""éi Iflﬁnﬁs _g{lv.ﬁh?&osmons o Raigularntegest i’“@v{%gﬂ@x‘% not

dependi ng upon t himit@Fto thde@iitizedb ¥ efteral Bl fartbnteral suppdidérthtih RF idfis,
patient. However as _g}éﬁgeneral gui deline, a single serving or 15 dose of a
li quid nutritionaPe@aliyinfantfarylae. supplements frabe eldedy,aodsupplemgnts for

vol ume from 100 tg & 3 f m and nost
preferably from1l 15 %%@,ﬁeﬁhﬂﬁfﬁﬁi%s%&%é%%B%EQ_ t he present
invention may al so be added to food even when suppl enentation of the
diet is not required. For exanple, . BS] 1] may be added to
food of any type including but not #‘J}F%L&%gﬂ Bin 0%039%5, nodi fi ed
butters, cheeses, mlk, yogurt, chocolate, candy, snacks, salad oils,

cooki ng oi | s,15cooki ng A &ypical mutritionalfdoptposition lof therpregest invention will contain

Phar maceuti cal Appki,cations, . . For .phar maceuti cal, use (hunan or
Veternary) .t he St Bsitiirient, ytapmins and mifkeaif 5T SRy SeRd 0TS BAPYURL
can be admi ni st enge. The amypusitd of such)ingediehts will vary p¥éndiny oSVt asst ul |y
absorbed, e.g., pfgr enterally (i.e, subcutaneously . .. . intranuscularly or
i ntravenously), rioEmaltion i5intgadsdfer nse with nexmal healthy ingividuals temposarlye, as a
skin ointnent or J8bidle sth : eited ' DB¥ai . be
adm ni stered al oné‘gor i%scgﬁnb?ﬁgélﬁ%g&\smhgﬁng%%ar nadc{e%et%lggdg?% accef)}%rg e 30
carrier or exdi piwmcuteViisease states (el metabplicatisordera) Juirdis banaddriteodp bef er r ed

f or m of

persons skilled in the art that the components utilized in a nutritional
formulation of the present invention are of semi-purified or purified origin. By
semi-purified or purified is meant a material that has been prepared by
purification of a natural material or by synthesis. These techniques are well -

25  known in the art (See, e.g., Code of Federal Regulations for Food Ingredients
and Food Processing; Recommended Dietary Allowances, 10% Ed., National
Academy Press, Washington, D.C., 1989).

In a preferred embodiment, a nutritional formulation of the present

invention is an enteral nutritional product, more preferably an adult or child
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oral adm nistration. Dietary supplenentation as set forth above al so can
-42- WO 98/46765 provide an oral route of administration. FEEUS8/07422
unsat urated aci ds of the present i nvention may be administered in
conjugated forns, or as salts, esters, amdes or prodrugs of the fatty
aci ds. Any pharmaceuti cally acceptable salt is encorrpassed by the
present inventi on especially preferred are the sodium pot assi um or-
lithiumsalts. ﬁ@ﬁﬁm@gmdmte&qser@gimwﬁyﬂ% k@ﬂ#lﬁ@ventmn,w ts,

such as N net hyI / The
preferred esters are e&%ﬁ%@%%@ﬁ@@%?{é@@;ﬁ&%@gﬁg %ﬁ?&sﬁighﬁ SO can
be adm ni st e:xpehenmrtgadniesst. Tlmrﬁmnﬁiarcomphsewammhtlmdmthe PUFAs afithe t he
PUFAs or der.i vat,i ves t hereof ma.%/ he |n orpor,ated into,co rcial

formul ations sucHOYteE: macrphufrients, \dtaming, S FLPReynts deignegit8sm fatty

aci d profile GOMibgs b dhflyufiritional r%gﬂﬁgﬁl&{ts%ulﬂ; 45 to 3.11%of DGLA
and 0.02 to 0.08% of GLA ese UFAs or.their metabolic precursors

can be adm nistered, epjhgy, craﬁ&pﬁ?&n cbﬁ'xgonents mcnfdureaﬁ,w\f\ﬂ&héﬁ gﬁydeHE/aﬁd to

achi eve a nor mal fatty acid pro at1 ent esired
i ndi vi dual conpormqmmsoﬁxmlplmy adlbbrﬁtsrchmnutMI,\soymdl m;dmanowdw ded in

kit form for si ot i cal Iar
fatty acid is fro‘ﬁg]& %kwi ?1386%3%8’“&)%?’%?& eéraé%l y
from 10 Ny glecoke, e’dhblE 1€2tosé @nd hyldrolyred Some@tth &4l typical gmitah seﬂneval ent
amount s of derivative faornms thereof Parenteral nutritiqQn conposi, f | ons

conpri si ng fri®m would bgsey,proseipeleatiodialygd wehey or elsstredialysedigkin r&ékeg milk
calculated as tr '\%eépﬁf ﬂ{é%ﬁgﬁ afed ofﬂ%@ﬁfﬂiﬁﬁ%ﬂh@ﬂ%{{ﬁﬁe r‘ét%?x{' E%ea? ' on;

preferred is a conpd$ition-having from dbout out WEIg
percent of the tcﬁlszda\ailﬁwletand'pwluelmed afhéﬁbhacronume(mlswuuﬂ,hb%d&@ﬁ)thea her

vi tam ns, and pagiculfarl f t-solule vitam ns svaltatm'n A D,
E and L-carnitine0&f6 Mweﬂﬁ Ppteiton 0%3?&?3“&&?9‘@6“1‘&" en
preservative suchhage frésent inl MERBIIIR br BR¥ndiBy BEL Y c., ORI fedbhldridbagibout 0. 1%

by 25 weight. Sui t abl e pharnaceutlcal conposi tions may
conpri se physjpl ogi cal \péthods for ﬁﬁﬁﬁ&ﬁﬁ@h&mafaﬁ& bﬁt‘érﬂﬂuﬁﬁiéﬁa%nﬁ% SREURAYS
sol uti ons, dlsper5|ons suspensi ons or emul si ons an terile powders

for reconstituti ofROWRia the ant andajerdeseritiedlin detailim theraxamples. or di spersi ons.
Exanpl es of suitable aqueous and non-aqgeuous carriers, 30 di l uents,
sol vents or vehicl es iThe¢ enterahformnla aanﬂﬁrstdrillzpubhud)slﬂ)seq)renﬂymiﬁw:yml

egggf ;Bly le enegycol feagy to-feed l(RTf}f'g 1ishoer storlég }ri a ggrlmteg atgd E‘gﬁ(itduorreas o 9@;‘% 676 5

powder can be prepared by spray drying the enteral formula prepared as

20  indicated above, and the formula can be reconstituted by rehydrating the
concentrate. Adult and infant nutritional formulas are well known in the art and
commercially available (e.g., Similac®, Ensure®, J evity® and Alimentum®
from Ross Products Division, Abbott Laboratories). An oil or acid of the
present invention can be added to any of these formulas in the amounts

25  described below.

The energy density of the nutritional composition when in liquid form,
can typically range from about 0.6 Kcal to 3.0 Kcal per ml. When in solid or
powdered form, the nutritional supplement can contain from about 1.2 to more
than 9 Kcals per gm, preferably 3 to 7 Kcals per gram. In general, the

30  osmolality of a liquid product should be less than 700 mOsm and more

preferably less than 660 mOsm.
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oil's (such as olive oil) and injectable organic esters such as ehyl ol eate.

(Ij][o?ﬁre o W09dl6f7é§'“ dity can be naintained, for exanple, by bphe s d& ance
gquire particle size in the case of di spersions an

the use of surfactants. It may al so be desirable to include

I sotoni c agents, for exanple sugars, sodiumchloride and 5 the |iKke.

~Besides such inert diluents, the conposition can al so include

adj uvants, such as vvetmiemn-agmat formalawaild yypiugallgridcladBMdinsgndigﬂmral,s

sweet eni ng, flavqring. and m ng_agent s ensi ons in
addition to the awl E%‘SS@W& S Y eRtion, in order to hel%%ﬁ%‘mﬁ"lgl
as for exanple, %émx heghilySeiiRaotts f8F aﬁe@&ﬁ:stanceslqn adaﬁiomwﬁtmmae

sorbitol and sorbitan esters,” mcrocrystalline cellul ose, al um num
met ahydr oxi de, bdrstedrabwq, ﬂagaw alag be desirdblerta gupplement the nmrwpnals@nmbsmon

t hese substan es a he |ike,. « g . r
phar maceuti ca gm? iCSHp%'b?ﬁd ﬁOHg acid in addmoxb égi gfﬁ%ft hs%eggfe e‘é@ ers
of nono- and di gltuése siibitsnced GalDAlNE Provideal bavgtatie stressédixmmﬁﬂasystanoand

solvent. Di acetyltartarl c acid esters_of pono uﬁp gl yceri des ,have
an HLB val ue of ~dBeuwileroyids ferther e%qftsmorthemm? EpyeReBEmPh 21RC,t han

exi sting o?@ér'd?‘f&ﬁ@ﬁ@* .clg!ughﬂs‘m& foth lxﬁoi’cﬁ:lr mﬂfthezbéheﬁz se
exi sting hydropho I pids cannot be"formnul ate nto aqueous
conpositions. As aﬂfestslonsinmm:ersapprpssxon szewme lahermdcpiltiical compositiomean be

sol ubilized into agueous I n conbl on Wt 20 di acetyltartaric
acid esters Ulﬁ ‘8537‘@@8?%%&?3 Sp 5?)?%‘3’5 e With th| s

enbodi nent, di acet ltartaric no- .and,di erl .g.,
DATEM C12:0) is n'el>/t e M'PWG&E?@F@@ g?fﬁ“‘&ﬂ% RypgHeug! °P aggﬁw “ig: 2
and 12: Qhé’f&itﬁ%d%% s@&ﬁ)&n&ﬂx@ FUPS@GO&BO:S&?&GH d&u?ce'”tﬁmaﬂ%ﬁ Srdfe

m xt ure. Honogenei t I ncreased antimcrobial activity.

The mi xture can b@heremzsleas %Wplgb t %l of saud@peb@adramsmmdagesnbi% i s not
possi bl e wi t hout g&g eoqn%gtamorevgrfﬁrgp%ﬁx%toﬁinﬁéﬁttﬁél C ,%hgl esters of
1=des an nmonoglyceri des

nono- and di gl ycer pre
prior to intridducdonpositioh@ddivionsily dammm tawrinecmidtcammitinan t hen
be adm xed under sterile conditions with physiologically acceptable
diluents, preservati veFhe PUFAS/dr defivitived tHekevT] madsbyihe ditléseduietitsdl dad f or m
a spray 30 or i nhal ant

1]

- 44- be used as dletaﬂﬁ gubstitesns or SURplements, paqt%laélmeeﬁﬁh@s@glaﬁ#er
treatment of nu ntation with
PUFAs of the pr g‘;igagi!ﬁts underggi (r}lith?%‘{neﬁ%%gnﬁﬁmﬁgbw o trea ?Hf)gé osi s after

angi opl asty. Synpngimgtrition. Typxqaﬂy,l honmeaittireast milkchasatfattylacid pmﬁle cemprisiog
asthma and p IS ca 1reate | 5 t PU fraloh re
i nvention. \s#{je %mlaﬁaﬁgtc(gfseé'rtf’l‘?h?‘% ?‘F@Hée% q“ﬁ@tﬂS\/égo gt?]ouigﬁéi Yj’m
nmet abol i sm suggestERA), frdiaabsitfers0 %ito labsutil. 88 % ds ARA, frofv4tidut 022983 be used
in the treatnment or prevention of osteoporosis and o
about 0.67 % as DGLA, and from about 0.27 % to about 1.04 % as GLA.
Additionally, the predominant triglyceride in human milk has been reported to
be 1,3-di-oleoyl-2-palmitoyl, with 2-palmitoyl glycerides reported as better
25  absorbed than 2-oleoyl or 2-lineoyl glycerides (USPN 4,876,107). Thus, fatty
acids such as ARA, DGLA, GLA and/or EPA produced by the invention can be
used to alter the composition of infant formulas to better replicate the PUFA
composition of human breast milk. In particular, an oil composition for use in a

pharmacologic or food supplement, particularly a breast milk substitute or

30  supplement, will preferably comprise one or more of ARA, DGLA and GLA.
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ki dney or urinary tract stones. The PUFAs of the present
i nventi on caookas7ésed in the treatnent of 10 cancer. Ml i gnapéTogdd/grammave

been shown to have altered fatty acid conpositions; addition of fatty
aci ds has been shown to slow their growh and cause cell death, and to
I ncrease their susceptibility to chenotherapeutic agents. GLA has been
shown to cause reexpressi on on cancer cells of the E-cadherin cel | utar

adhesi on nol ecul &4ore|pseferagly tag ol willsompsise framezbont 03 tad9Ve ARAsdrors about
netastasis. di nloc@{o j(p/gpdtg?og&?ﬁ};ﬁgg woaﬁghpg@}r@ﬁAon of the water

sol ubl e lithiumsa ancreatic cancer patients produced

Cuppl emeniat | on may ol aukGR e R5hERRTRNY tne Ak of WA, Ht Aeid G eap

Wi th cancer. be adapted for a'lﬁaﬂldmﬁ@vemf exﬁhﬁepﬁﬂmﬁbnhﬂu&ﬂtds&rbréﬁﬂnﬁlléo be
used to treat 5d| abetles g PN 4, 826, 877; HOFFODLH et,al., Am J. din.
Nutr. Vol . 57°( SSPRR el)“en%'z%' stitute an o mposmrbwb’& £aRRNSAWOPrRATEOE| | sm

and conposition hosabpen APeEANAIEs: prov1ded hpa fﬁtﬁ%’bﬁu@ﬂ‘l%b% aﬁe S€

al terations have been suggested to be 1 nvolved
| ong-term conpl i dal:P3nrespestivelyi gr exampld; the breast milk of aniimads can vary in ratios

brimose of . whi SRCUS PO RIS el A PR 16 60095 R T, ever oo
di abetic nerve daﬁﬁgﬂedlate ratios which are pféferaB ufl: 11921 epenf. WRYENti on can

be used to treat ec‘ﬁ{"ﬁ reduce bl ood pressure and inprove math
scores. Essedli alpre togethsr i3 host eelb adhsting the rateta@érpewggeéccmeamﬁ i ng

i nvol ved in ecze C

eczenmn fromtreat nt gver% %§Sl@¥%?¥%§a%2%%° shown aQ’Iboe"?seB%&r%gg&ge

i ncreases in bl ocdnieldbe BUF Asmatios | Borexkamiple a $24 s )% @oavdrsioh mate of DGLA

-45- rfo rithmetic ts. .GL nd A have been
shown to inhibit © Aﬁﬁ?‘hﬁ%‘t‘%ﬁ%&bﬁ"@@%ﬁgﬁl‘“&ﬁg @é@&%ag?ﬁ‘to]ﬁ | VERfEFas

chol est erol | evelascoagérsionhrateiof about 75%@' soPeEead b@ﬂseﬁftoEXF&ﬁﬁEa ggoot h
muscl e and fi rous g‘l ssye Brenner et al Bi oI Vol .

83, p. 85-101; %‘%M @il &hetﬁfomwhether m aceﬂi@_u&uramm orina
conbi nati on wt h
gastro-intestinal Efm | ng a‘r?gi gt er side elﬁég%ée@ggﬁa%%?a%?fpster oi dal

anti - i nf | &xpressiony asidesgibéd iaRbed1s6d modnlateChA\PUIFA [8¢14 ahd vatios) o
been shown 0 Rélgventthor treat endometri osi s _an prerrenstru I
syndrome (USPN 4% g pn the expression systemdised, 5,8 erlculivee.onan ¥Hmal i ti s and

chronic fatigue aikpResidg bﬂ(s% imitemilk ORe oflP alsb E’m Bolat& &dlrecombined in the

Further uses of the PUFAs of this invention include use In treatnent of

AIDS, multipi28 sdssizgdransentitignsandeatips. at.mopnts\ofoils pegviding ¢hese matiasofand .
fl Ki f th t I
For O byl AR B dererhiliedMIICOARE pbfard BeERNalS) PR AS Tl .

containing them, also can be used as animal food supplements to alter an

animal’s tissue or milk fatty acid composition to one more desirable for human

or animal consumption.

25 For dietary supplementation, the purified PUFAs, or derivatives thereof,
may be incorporated into cooking oils, fats or margarines formulated so that in
normal use the recipient would receive the desired amount. The PUFAs may
also be incorporated into infant formulas, nutritional supplements or other food

products, and may find use as anti-inflammatory or cholesterol lowering agents.
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15 Veterinary Applications It
shoul d be note t the above descri bed pharnaceutical and

nutriti onaiw%?)%g&at ions may be utilized in connection with gr?rr’rua 98/07422
wel | as humans, as ani mal s experience many of the sane needs and
conditions as hunan. For exanple, the oil or acids of the present

I nvention may be utilized in 20 ani mal feed suppl enents.

The follow ng exanpl es are presenPrsrmvcentivaliCombpbsifibnat i on, not of
limtation. Exanples

Exanmple 1 | sol ati on of a [err]5-desaturase Nucl eotide S nce fron125
Mortierella al pina  Lhepresentinve $QLCNEOMPRSSSS 8 P °8\‘ Sp1pPesition

[err]5-desaturas ) £ ofthe acids and/or resulting oils produced in'east
Exampl e 3 I ni t?cag%ml%rg zatlﬁgﬁ 8? (elu 'ture Conditi (%ns P

46- accordance wiih thephethads deSkrihediHerin.oMage sprokieallynsuebast Li pi d

Eanpl o6 | dentBEFRAEBRA GPRRBtipb S orprtp Al e fEbeiiandlon gl

desaturases 5  aswell as a StxdtiaRd, Svell-knovilf lﬁbh-ftd)ﬁabhﬂmméuﬁdallﬁ|aﬁd:djb&1b|leﬁr r]5 and

[err]6 honol ogues in ot her PUFA-%% gj,x
or gani snms carrier, adiyyant PE vehicle suehias, forexample, phosphatg by %5 and

[err]6 honol oguesyia,. eﬂgolhs?lgog vegetable oi awemﬁ%{ﬁéeg%ﬁmggﬂ%h&gas a

or gani sns uman Desat ur a quences
Exanpl e 10 Nut ri waterfeil efabsios i Thecemposition may be in either a liquid or solid form.

%?{r}o le(raelll a 1°p| ngosroelx%}nlp er,] th%fco"rin Sitio ?nag' Seaitn Eform leca tgglt{ %gps%?eq 'ilﬁa (s:t':i}bllc rom

liquid or powder, injectible, or topical ointment or cream.

Possible routes of administration include, for example, oral, rectal and
parenteral. The route of administration will, of course, depend upon the desired
effect. For example, if the composition is being utilized to treat rough, dry, or

15  aging skin, to treat injured or burned skin, or to treat skin or hair affected by a
disease or condition, it may perhaps be applied topically.

The dosage of the composition to be administered to the patient may be
determined by one of ordinary skill in the art and depends upon various factors
such as weight of the patient, age of the patient, immune status of the patient,

20  etc.

With respect to form, the composition may be, for example, a solution, a
dispersion, a suspension, an emulsion or a sterile powder which is then

reconstituted.

Additionally, the composition of the present invention may be utilized
25  for cosmetic purposes. It may be added to pre-existing cosmetic compositions

such that a mixture is formed or may be used as a sole composition.

Pharmaceutical compositions may be utilized to administer the PUFA
component to an individual. Suitable pharmaceutical compositions may
comprise physiologically acceptable sterile aqueous or non-aqueous solutions,-

30 dispersions, suspensions or emulsions and sterile powders for reconstitution into
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Motierella al pina produces arachidonic acid (ARA, 20:4) fromthe

precursor wiodeysa AS- desaturase. A nucl eotide sequence encedingsosio®i22
Jerr]5- 15 desaturase from Mortierella al pina was obtai ned through PCR.

anplification using M alpina 1 [err] strand cDNA and degenerate
ol i gonucl eoti de priners corresponding to am no acid sequences
conserved between A6-desaturases from Synechocystis and Spirulina, The

procedure used wateridasqluions\es dispersions for ingestionro Exampiqs of suitableaquesys ardym a
3 day ol d PUFA-pr rii

protocol of Hoge gﬂ %‘QP&Q’(S%M{ E}}ﬂém@%%%{@&v@ﬁﬂak@%ﬁ*@é%?%&z The
RNA was used to [pobils (preinylsneglystl; polyethylenbilycol, glycersl,rand B like), suitable

| anbda- Zi pLox system fol|ow ng the nuf act u struction

Sover al S| 76 11 achRBHeE BrrephacARtas oA BRAS iF LoD intetiable R aE ey,
yield | isbr agbipgs dhjiblekitd, fﬂoﬁ@:t ARy %ﬂ?béhﬁﬁﬁmh@é %i Exargple, by the
“full-Tength" library contains approximately 3 10[err] cIones wth

an average i nser tmainteganse of ﬂreweqmremmucle size inl ﬁ@cpaemf digpegsionsand by ther y
contains appr oxi TRt %k‘ ¥1.|r?ac)t(aniL 5. [IF l' afso%@ed%si\{'\ﬁblp ticlude 15%&18 5@8& 'fo;S ert size

of 1.1 kb.

5[ grr]hg of tot aITSdim gm éﬂ;;ﬁd&ﬁnbhbﬁaémé%ﬁ% _r}l_?_?ﬁeks&l?%?_ﬁ%q%}??it% RFSEEQ
and the priner AL .
| D N 10. Degenerwoanwgamelﬁemm%@ae%m@ﬁwﬁmg agents, RS

Spoct 11 pr1 oy s eRpdibRiEIREREL phydid ERfbafge sgemances e
CUACUACUACUACAYCAYACOT; Ak fﬁ)d%“"ﬂ}g ﬂgpg@g%gﬁgoqnds R’-’%?EQ“&Q‘ NG 9)

(5" - CAUCAUCAUCAUOGGRAA and O=l +C
PCR anpl i fi cati orsuspendirgyagentd, asufor exansple, SHtkoxyldted 1sostearybhlnohols,ont ai ni ng:

t | ate d d f 4 h 00 M
cach deoxyr| bonudtalgraEYIste sisaah s s mubrorsine selfesenyy |
(NALer 1) [er 1] SOl gisnun? s GKI28 BosorSa Bl Sagheil E44AEARNOH rifd di ¢ 2

denaturation step of 95 degrees (al terrperatures Cel sius) for
m nut es, theri5helthe$tsub$ances,andé§¢bb% V\/m le 0.2 U of Taqg pol ynerase vvere
added. PCR thernocycling conditions were as fol |l ows: 94 degrees for 1

mn., 45 degrees for 1Sdliddosage fopms Such asdgbletsand capstilesican be@rRepesed wsing i nued

for 35 cycles. usin se 0 a.first-strand
cDNA produced a gtgf}"ﬂ% é"é@lﬁﬂﬁ’ﬁ&dpg&]ﬁ Forexm@g%%ﬁé%ﬁf Eﬂ’éﬁﬂb@%
anm no aci d sequengbletd witecddventighal tabReBases sucH 53’16&653 sﬁﬁ&é Qn&laaﬂlsfaﬁihem ed
regi ons of honol ogy with A6- desatur ases (see 5).. However,, there

was only about 28%qoaéwtlpy vgthobinders suchasAgacia, corremﬁh Peaelatm, disintegrating The
PCR product u nes
P VRS %‘ig sasﬁcﬁa%&%% stdicH SCAl kﬁc d binb® %Q& Salhias steala e&él&’

froma M alplna rary. ongest c one Sl gnat ed
pCG\5521 and has éromagnesipl s;eaaraty Sapsidesce lmrprqmrtd by rrwm{mratmg thesthe cDNA

's contained as aexlcilp81éLnts Pnto ngg atin capsui1 eal\égé: %N?til t}? ]ho(xx es O(Iiathe PUFA

component. The amount of the antioxidants and PUFA component that should

be incorporated into the pharmaceutical formulation should fit within the

25  guidelines discussed above.

As used in this applicatibn, the term "treat" refers to either preventing, or
reducing the incidence of, the undesired occurrence. For example, to treat
immune suppression refers to either preventing the occurrence of this
suppression or reducing the amount of such suppression. The terms “patient”

30  and "individual" are being used interchangeably and bdth refer to an animal.
'The term "animal” as used in this application refers to any warm-blooded
-41-



25 Research Laboratories) and, beginning with the first ATG contains an
open Lg frame encodi ng 446 am no acids. The readi

cont ai ns t‘ﬁé%gak%g sequence deduced fromthe PCR fragnent. Tﬁgr@gg%@ﬁ%ze of
the cDNA insert was found to contain regions of honology to

[err] 6-desaturases (see Figure 5). For exanpl e, three conserved

"hi stidine boxes" (that have been observed in 30 menbr ane- bound
desat ur ases ( Okuhemmml including, b2Ongt lifhitedrioadegsChithar®, monkaysgand apes. Aswer e

found to be present,.in the. Mutigrell g seqyence . at am no aci.d positions
Tasnt 10 7% PTOSERin the appicatinsfe Gom R Resa n SRR ivie B By,
the typical statebKedigde of RuMBety ﬂlrdﬁﬁéﬂablé&ﬁoﬁxhqs&éﬁdi@ onithéltditet@f f or
the Mortierella deésaturase was found to bhe OXXHH, SEQ ID NO. 11-12.

Surprisingly, these. Anynymerical aymberes resigespecifipd infthg sprcitication shopld be

si gni ficant no . . eins. Thus, the Mrtierella
cDNA cl one agsgeaérogg%ﬁgiegt?ber"?a%érlggd;éfﬁgh%%%ﬁ&bep ween a cytochrone b5 and a
the. ol ot ron donor - orPMEnandnerving bS5k HierpraB i b 198 bitnd ible©" 2
possi bl e that t hef the hitritional orgpHafififdeqti€al Rbmpositionl igested df thepatiedeinal ur ase
protein is involved in its functiaon. TBi S y .be 10 ady&nta eQHS whe
expressi ng the dHBglespling aﬂﬁdﬁ%fé’éﬁd(fptﬁﬁ Ve edipstignameyys o °3P8J'F’54 Pidefifet i on.
Exanpl e 2 the structurc? tRERREKAL RS will b8IdAING apBREltHh ARfe SiNlEE iy i

Baker's Yeast Yeast Tr ansformation 15
Li t hi um acet Hl e antaasifgle dase ansenfing ofithe liguid murifionalpawdershouldraypply the

standard protocols t-hods .i.n Enz Vee VOl .. 194 . -
Briefly, yeast mg%gmﬁ?ﬂd%mﬁ%ﬁgrdhcgs%h\éd v’\g}eeajngogﬂ%%t&\%ﬁ %SQ or
resuspended servihg Bhouldbda viivhe 638k Bypica 24610 Catieshsivhe Ticososittimgn i Thgs 100

nmMv | ithium acetate, spun, down a%gi n, and resuspended in TE/ lithium
acetate. The res@@puRfan vary widglrdepending upen the-agedweight sexer medical, 60

m nutes w th shaking: L &Ly ' : : e
aliquoted into tE%tggt.mﬁgri\lgﬁ %trl%}lﬁg er\/\a/assa %\%g%ggmd@ﬂge’ta}a}%ag‘ %?e%tn bi(:as wer e
i ncubat ed f ot5 30dosernf adiquidpatritip@al predhceshotldde cofEderédvay yncompassing=G 4000,

noubat [ on at | soraPprom 180 10O piRodieieraty BSER B mmammptoy  ne

cells 25 wer e pRiféablgdrodashesi3g ifh. TE, pell eted again and resuspended in

TE. The resuspended cells were then, plated on sel ective nedi a.
Desat urase Expressi onThe PURASSRhEBrbsciftdfvention may also be addé@ @ flolldvér ones
fromMrtierella al pina were screened for desaturase activity_in '

baker's yeast. Awhghghpplansntatienef the diat iy aastrequired. [For exmple; the campgsition
20 may be added to food of any type including but not limited to margarines,

modified butters, cheeses, milk, yogurt, chocolate, candy, snacks, salad oils,

cooking oils, cooking fats, meats, ﬁsh and beverages.

Pharmaceutical Applications

For pharmaceutical use (human or veterinary), the compositions are
25  generally administered orally but can be administered by any route by which
they may be successfully absorbed, e.g., parenterally (i.e. subcutaneously,
intramuscularly or intravenously), rectally or vaginally or topically, for
example, as a skin ointment or lotion. The PUFAs of the present invention may
be administered alone or in combination with a pharmaceutically acceptable
30  carrier or excipient. Where available, gelatin capsules are the preferred form of

oral administration. Dietary supplementation as set forth above also can
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- 49- strand cDNA from Brassi ca napus cul tivar 212/86 seeds
usi ng pri ngyS ofaaesl on t he published sequence (Arondel eicPUsIsHI4ENCE
258: 1353-1355)) was used as a positive control. The [err] 15-desaturase
gene and the gene from cDNA cl one Ma29 was inserted into the
expression vector pYES2 (lnvitrogen), resulting in 5 pl asm ds pCGR-2 and
pCGR-4, respectively. These plasm ds were transfected into S.

cerevi si ae yeast psovidé an galrauteiofadministratiom { The unsatated aeidsof theagsgnt ose

Gocat urate o Afterbbe DR R Relin Pon Rl AL A, SRRC i o,

cont ai ni ng the ursiptiraegs of the fanEEiasvmxyqxhanfﬁtxeuﬁadmtaoaemblusddxs t he
products produced and the ﬂ%&’ecat ed 10 desat ur [ vveqrfﬁ: DGLA
(conversion to Amc‘esemsaeq RFeseptdpyqnsion; especi %Q{‘fﬁ Eﬁ‘%‘{%“’éh?? ¥

linolenic aci ¢ (Gmssua annmnﬁa&sw&o%dcaﬁ ERELE afbthe N-amylgéﬁa@awﬁﬁﬁne
activity; conversion to ALA would indicate [err]15-desatufase activity),

oleic acid (an ersabgeudu& Numethylglecamine foyndSn REF publsqaaen WOrdeérdisén t o
l i nolenic acid d _indi at e [er at ur ase I Vi
corovt ol ge ab. | e tbiieS R bt b sfuf BRets, AERIA S e RS Bl Zap pe

7-desat urase act iadhimﬁ)stered mtablértffenﬁesui infradéroup kaminiatation, thalFUFAs el ow.
The lipid fractions were extracted as follows: Cultures were grown

for 48-52 hours aﬁenysmsft hereofapay be insprpored inte.epmpercial formulationsisyghes on,
washed once Wi h &1@ W{cﬂ formd{ & é\g@géxhg%ﬂg acféﬂﬁ# ﬁ&écaéﬁﬁ es 6.64 to,

vortexed wth rret ormwas a tritri can0|n (as
an 20 internal sﬁéﬁ%af@)RAM o Xkt oed DGLA, anutﬂm&toaﬂlOB%ofdﬂLAedé‘mse)ne

hour at room erar ur at 4C ov JThe rof ormlayer was.
oxtracted and  PUPATREERLFiaiRlic freckrsom combs i pitcred, SHOGALOM Sriiot
anhydr ous sodi um giidnired Gith@ther PUFAIsefH)&ﬁld% aldofMbPfaety a@ii'lfbrbﬁfel ifl laqiauwct er.

The organi c sol vents were evapor at ed at 40C under a stream of

nitrogen. The extWhetedlgsired;thesindividual epmponentsafifpreations may beindjvidually

met hyl ester FQ;Y@‘ y ng 2
m of 0.5 N Blos'ga Sl um%:{ndﬁgm éhlg-n Igﬁe’%ﬁlgrﬁg?ﬁp?é@ %@?g%th %ée o?ggartﬂ:%
sanpl es were heatﬁttyacld%ﬁomd) 1 np06 20qg, oBEven 10X pdaiby) dnd @xpreferably frooni0
t enper at ur e. Approx 14 %.bqron t{affluorlde I n et hanol was

added and the hea‘f’g:ﬁ‘b gae"o{ chd*%’taérreqlﬂ@ e %t gler GVRISREAROUAS 0% cool ed, 2
m 30 of water @pdatvétorb (HePecEN PaiRicPalaftidibd Sonfidsithiis cofprisdiErdme"

anal ysi s by GC. The percent conversion was cal cul ated by dirviding the
product produced about2 to about 30 weight percent fatty acids calculated as triglyegyides are

20  encompassed by the present invention; preferred is a composition having from
about 1 to about 25 weight percent of the total PUFA composition as GLA
(USPN 5,196,198). Other vitamins, and particularly fat-soluble vitamins such

- as vitamin A, D, E and L-carnitine can optionaIIy- be included. Where desired, a
preservative such as o tocopherol may be added, typically at about 0.1% by

25  weight.

Suitable pharmaceutical compositions may comprise physiologically
acceptable sterile aqueous or non-aqueous solutions, dispersions, suspensions or
emulsions and sterile powders for reconstitution into sterile injectible solutions
or dispersions. Examples of suitable aqueous and non-ageuous carriers,

30  diluents, solvents or vehicles include water, ethanol, polyols (propylleneglyol,

polyethylenegycol, glycerol, and the like), suitable mixtures thereof, vegetable
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by the sum of (the product produced and the substrate added) and then
mul tiplyin To cal culate the oleic acid. percent conv ' no
Tudvudles AT e

substrate S d, the total linolenic acid produced was diVi

sum of (oleic acid and linolenic acid produced), then nultiplying by 100.
PCT/ US98/ 07422 Table 1

M al pi na Desat urase Expression in Baker's Yeast CLONE

TYPE OF ENZYME  oils (such as%@liebil)-hitd inféctable organic esters such as ehyl oleate. Proper
ACTIVITY . .OF SUBSTRATE . pCGR-2 err]6
0 (18:2to 18: 3[{byififyyan be maintained, forexample, by thq maintenangeof the required

16.3 (18:2 to 18: 1? L?é in the case of disper§iSSdnd358¢ use of suffalthrts. It may also
(20:3 to 20:4]err|6 Al7

g g (20: 4 to 20: Hesiesirable to include isotonic agents, for example sugars, jadivin thloride and

é' 8 (18:1 to 358( ﬁmgﬁin.ggesides such iqe&c}ilhfgps%'c%mposition can alaéb‘ ?nclude

|[Vgr25r9% . adjthfrhhfs]6 .§w.g:h as wetting agents, emufsifying and suspending :%Snts,

3.3 5 sweetening, flayeringandpesfuming 8gem®t r ol cl one exhi bited 16.3%
conversion of the substrate. The pCGR-4 cl one expressing the Ma29

cDNA converted 15. 3% o$uspensions in additiondo thesaghive compoungs pay femaipe,

background ( non- heRiEfE SRR B96R ckbble (HERANAN AbGearyl plohols), 35, |
t hese cases. Mg apaipoxyethylereusbsfitohtnd sorbitim ésters, micrdcpystallihe vellosby usi ng
100 [errm AR sy de, BoRPETG AerGAesE B CRE AR ed o
100 [err] M 0 i) ; dto
when substrate Wagese substancesadd @k K. 25 [err] M (see below). Additionally,
by varying the DGA substrate concentrations, between about 5
Fanged 1 rom about 596 t B TS DT e e TRl composition ka0 FOR

0 0 - .
-52- diacetyltartaric acid esters of mono- and diglycerides dissolved in an aqueous

15 medium or solvent. Diacetyltartaric acid esters of mono- and diglycerides have
an HLB value of about 9-12 and are significantly more hydrophilic than existing -
antimicrobial lipids that have HLB values of 2-4. Those existing hydrophobic
lipids cannot be formulated into aqueous compositions. As disclosed herein,
those lipids can now be solubilized into aqueous media in combination with

20  diacetyltartaric acid esters of mono-and diglycerides. In accordance with this
embodiment, diacetyltartaric acid esters of mono- and diglycerides (e.g.,
DATEM-C12:0) is melted with other active antimicrobial lipids (e.g., 18:2 and
12:0 monoglycerides) and mixed to obtain a homogeneous mixture.
Homogeneity allows for increased antimicrobial activity. The mixture can be

25  completely dispersed in water. This is not possible without the addition of
diacetyltartaric acid esters of mono- and diglycerides and premixing with other
monoglycerides prior to introduction into water. The aqueous composition can
then be admixed under steril; conditions with physiologically acceptable

diluents, preservatives, buffers or propellants as may be required to form a spray
30 orinhalant.
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These data show that desaturases with different substrate specificities
can be expmas 876 a het erol ogous system and used to producePCT/US9ISN07422
pol y-unsat ur at ed | ong chain fatty acids. Table 2
represents fatty acids of interest as a percent of the total lipid 5
extracted fromthe yeast host S. cerevisiae 334 with the indi cat ed plasm d.
No gl ucose was present in the growmh nedia. Affinity

chromat ogr aphy was  1he pressat %"(YW&? @‘W%%ﬁhﬁc‘ﬁ%"m xggner@g,vs was
enpl oyed to verif er%s [ toduct for
t he B. napus [errcTi?LS- esv,gtthut}a%%gaﬂf Sﬁ@éﬂ%&ﬁ&?ﬁ%ﬁ&ﬁf@‘%&?ﬁ%ﬁ%ﬁ% det ect ed
when its subst r atiayertionchs be vsaktodreatwestendsis aftérGangimplasn oSwhptoms afhe

i nduced yeast cul.t This, fin enn at.es t hat
expr 655 o of a dedABARCY hewBslolhrFaR, s R FiRkioRERs sa be fgeted with
detectabl e 5 tBEPUFAS df&h@ﬁx@@ﬁdﬁinﬂéﬂﬂ&i Ebidefdd 1h§i&§te§ﬁm6@m}ﬂh}t béNSs.

Bot h exogenously added substrates were taken ug east, although
slightly | ess of inMelvedyealcium metabolishh spegeatingithab RHFAs|afts present aci d
(20:3), was incor; en
ei ther was added ’Bg&?ogcelnéﬁér)ﬁl%gﬁﬁie m%n %’gc? feasf‘ﬁ&k Sf&g%%o%%s?se@dw
Arachi doni ¢ aci d kidseydatweirtagyitract stonevel PUFA in yeast when

di homo-y-1linolenic acid was added as the substrate to S. cerevisiae 334

(pCGR- 4). Thi s THePUFA 0 theG@rebeft (nVedion @ Heh@ed'n hieadatihareff rom M
al pina. Prior to this, no_isolation_and expression of

.
[err] 5- desat has ecanFefmMalienspt sells have besnsshoym to hayrplfesed fatty acid

-93- compositions; addition of fatty acids has been shown to slow their growth and

cause cell death, and to increase their susceptibility to chemotherapeutic agents.
GLA has been shown to cause reexpression on cancer cells of the E-cadherin
cellular adhesion molecules, loss of which is associated with aggressive

15  metastasis. Clinical testing of intravenous administration of the water solyble
lithium salt of GLA to pancreatic cancer patients produced statistically
significant increases in their survival. PUFA supplementation may also be

useful for treating cachexia associated with cancer.

The PUFAs of the present invention can also be used to treat diabetes
20  (USPN 4,826,877; Horrobin ef al., Am. J. Clin. Nutr. Vol. 57 (Suppl.), 732S-
737S). Altered fatty acid metabolism and composition has been demonstrated
in diabetic animals. These alterations have been suggested to be involved in
some of the long-term complications resulting from diabetes, including
retinopathy, neuropathy, nephropathy and reproductive system damage.
25  Primrose oil, which contains GLA, has been shown to prevent and reverse

diabetic nerve damage.

The PUFAs of the present invention can be used to treat eczema, reduce
blood pressure and improve math scores. Essential fatty acid deficiency has
been suggested as being involved in eczema, and studies have shown beneficial

30 effects on eczema from treatment with GLA. GLA has also been shown to
reduce increases in blood pressure associated with stress, and to improve
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[err] [err]
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performance on arithmetic tests. GLA and DGLA have been shown to inhibit
platelet aggregation, cause vasodilation, lower cholesterol levels and inhibit
proliferation of vessel wall smooth muscle and fibrous tissue (Brenner et al.,
Adv. Exp. Med. Biol. Vol. 83, p. 85-101, 1976). Administration of GLA or
DGLA, alone or in combination with EPA, has been shown to reduce or prevent
gastro-intestinal bleeding and other side effects caused by non-steroidal anti-
inflammatory drugs (USPN 4,666,701). GLA and DGLA have also been shown
to prevent or treat endometriosis and premenstrual syndrome (USPN 4,758,592)

and to treat myalgic encephalomyelitis and chronic fatigue after viral infections
(USPN 5,116,871).

Further uses of the PUFAs of this invention include use in treatment of
AIDS, multiple schlerosis, acute respiratory syndrome, hypertension and
inflammatory skin disorders. The PUFAs of the inventions also can be used for

formulas for general health as well as for geriatric treatments.

Veterinary Applications
"It should be noted that the above-described pharmaceutical and

nutritional compositions may be utilized in connection with animals, as well as
humans, as animals experience many of the same needs and conditions as
human. For example, the oil or acids of the present invention may be utilized in

animal feed supplements.
The following examples are presented by way of illustration, not of

limitation.

Examples

Example 1  Isolation of a A5-desaturase Nucleotide Sequence from

Mortierella alpina

Example2  Expression of M. alpina A5-desaturase Clones in Baker's
Yeast

Example 3  Initial Optimization of Culture Conditions
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[err] [err] WD 98/ 46765

Exanpl e 3 wo 98/46765 Opti mi zation of Culturectusss/iiaens
Tabl e 3A shows the effect of exogenous free fatty acid substrate
concentration on yeast uptake and conversion to fatty acid product as a 5
percentage of the total yeast lipid extracted. In all instances, | ow

anount s of exogenous S bstrate ( ed inlowfatty
aci d substrate upt ake Exam ‘5“&“58%8% ﬂj%ﬁ?é{‘% l‘ﬁé‘éﬁ’?‘% and 50

[err] M concentration of free fatty acid in t he grow h and

i nducti on nedi a gave t¥amplghestF %@F&Gﬁ%@@@mm@wy aci d pr oduct
formed, while the 100 [err]M concentrati on and subsequent high uptake 10
into yeast appeared t& ebse Idcnﬁfmangnpfﬂqmodiw@smé@glpammuang}AGThe

f eedback i nhibition of zﬂa atty acid substrate concentration was
well illustrated when t g‘B@P ent conversion rates of the

respective fatty acid _subs e respec prodycts were
conpared in Tgbl e 3B. ErS ‘f azlésn“ O?QfM Ml;g%y,agﬁé&éflomologuesm

concentration in the growh medigy %wa O@hfiSMAE conversion to
product. 15 The effect of nedia ﬁOSItIOI’I was al so evi dent when

gl ucose was present i F‘?&f%ﬁ%%ﬁy%ﬁnm&cﬁéﬁ‘?}m"?g‘g@ﬁturase

since the percent of su a§e u rease

(Tabl e 3A). However, the per centoth@PEF Aippoditing 6fghhiSms desat ur ase
I ncreased by 18% and the percent product forned remai ned the sane

in the presence of gl U@EaMILs t NHuMAR WeBatiRMé Bequences

10 Example 10 Nutritional Compositions

Example 1
Isolation of a AS-desaturase Nucleotide Sequence from Mortierella alpina

Motierella alpina produces arachidonic acid (ARA, 20:4) from the
precursor 20:3 by a AS-desaturase. A nucleotide sequence encoding the AS-
15  desaturase from Mortierella alpina was obtained through PCR amplification
using M. alpina 1% strand cDNA and degenerate oligonucleotide primers
corresponding to amino acid sequences consefved between A6-desaturases from

Synechocystis and Spirulina. The procedure used was as follows:

Total RNA was isolated from a 3 day old PUFA-producing culture of
20  Mortierella alpina using the protocol of Hoge ef al. (1982) Experimental
Mycology 6:225-232. The RNA was used to prepare double-stranded cDNA
using BRL's lambda-ZipLox system, following the manufacturer's instructions.
Several size fractions of the M. alpina cDNA were packaged separately to yield
libraries with different average-sized inserts. The "full-length" library contains
25  approximately 3 x 10° clones .with an average insert size of 1.77 kb. The
"sequencing-grade" library contains approximately 6 x 10° clones with an

average insert size of 1.1 kb.
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-55- Tabl e 3A

Ef fect of gﬁg %ﬁbstrate on the Percentage of Incorporated perusesordzz
Substrate‘?% uct Forned in Yeast Extracts

Plasm d pCGR- 2 pCGR4 in
Yeast ([err] 15) (5)

subst rat e/ product 18:2 /a-18:3 20:3/20: 4

1 [err] M sub. 5pof total RNA was reversg/ttangcribed using BRL Superscript RTase

36 Cort ] M oup. and the phgger TSyn (5-CCAAGCTTETGCAGGAGCTCTTITTTT

25 [err]Merr] SWTTTTTTJ ?fSlfQ IDAG:0] Degenerate ofigdhdvléitides were designed
50 [err] M sub. 53. 1/ 100

[err] M sub. 80regiohs mnserved bet\mnshﬁt\mcyanobactenal A6-desaturase sequences.

Tabl e 3B ct of bstr, dia on the
Percent Convetsi GHE specﬁ'fc Primers used were &ﬁﬁ%ﬂjﬁﬁwﬁ%&&? ate to

Product in Yeast CEACEACUACUACAYCAYACOTAYACOAAYAPIEPMIDEDESATSRI

pCGR- 2 pCGR- 4 , ,
([err]15) (SEQIPMNG:9) (5’-CAUCAUCAUCAUOGGRAAOARREGRIG:B by wheret
18:2 [err]-18:3 0, = sub.
2 YsCAf, RA%G, and O=I+C. PCR amplification wag s rﬁﬂﬁ.lg ohM
_ND v5l%nfé containing: template derived from 40 ng totaZ RN&FZI}M catlpprimer,
ND err)]Merr] sub.
16. 4 10 3@0@ pM each deoxyribonucleotide triphosphate, 6@,(;11\[1 rqs} , 8H$.5, 15 mM
10. 90
3 70 @B%SO,;, 2 mM MgCl,. Samples were subjecte& Q(Q ax[x ﬁ‘[l{lil’%eﬁhgtaél ﬂcos e in
nedi a step of 95 degrees (all temperahueﬁcelaas)tfopﬁ piinmes,thet keld ¥P) 10

sub.

* 18:1 is an end nous
e ne)

is substrate con ?sa‘f’h%%& itU o% 'rllaq polymerase were added. PCR thermoq;dﬁlueg] ot do
conditions were as follows: 94 degrees for 1 min., 45 degrees for 1.5 min., 72
15  degrees for 2 min. PCR was continued for 35 cycles. PCR using these primers
on the M. alpina first-strand cDNA produced a 550 bp reaction product.
Comparison of the deduced amino acid sequence of the M. alpina PCR
fragment SEQ ID NO:.’; revealed regions of homology with A6-desaturases (see
Figure 5). However, there was only about 28% identity over the region

20 compared.

The PCR product was used as a probe to isolate corresponding cDNA
clones from a M. alpina library. The longest cDNA clone, Ma29, wae
designated pCGN5521 and has been completely sequenced on both strands.

The cDNA is contained as a 1481 bp insert in the vector pZL1 (Bethesda

25  Research Laboratories) and, beginning with the first ATG, contains an open
reading frame encoding 446 amino acids. The reading frame contains the
sequence deduced from the PCR fragment. The sequence of the cDNA insert
was found to contain regions ef homology to A6-desaturases (see Figure 5). For
example, three conserved "histidine boxes" (that have been observed in

30  membrane-bound desaturases (Okuley et al., (1994) The Plant Cell 6 :147-158))

were found to be present in the Mortierella sequence at amino acid positions
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Tabl e 4 shows the anount of fatty acid produced by a reconbi nant 15
desat ur asewo ogrié7esluced yeast cul tures when different anmount spoOf/usssmTaiatty

acid substrate were used. Fatty acid wei ght was determ ned since
the total amount of lipid varied dramatically when the growh
condi tions were changed, such as t he presence of glucose in the

Yoas OTOn AN AN A i 8 PAAT LiskRime Al Hewrventbeietoi nant

desaturase woul d PHRYYPR" hifho acid moufféﬂﬁé tlﬁ’iﬁﬁstﬁﬁiﬂé’ld&i fortReAPMAREIG Y Of
I ndi vidual fatty acids were exam ned. absence of gl ucose

reduced t he anmpuntdesafuraseawas fgund to %Qmﬂdﬁﬁﬁdwo[blri? sSurprisingly, the -

P T T i AR i

Table 4 5 cytochrome b5 proteins-aTHug, the M%MM@NArtldrﬁrapb@rﬁ tom Yeast
Extracts Pl asm d |n (1%

pCGR- 7 represent a fusion betweerg my ome b> and a fatty ag Fa}tgl)ase Since
(13[3”2’[ 112) cytochrome b5 is bellive[d to BARtic Extas the electron dongr gor%Herﬂbrane-

ND bound desaturase Bpzyroes, ]iﬂ\rs possible that the N-tdmnﬁal cytochrome b5 ND

gg %g: H m [sg:)r] S&gmain of'st}lxiszdesatfgs%protein is -invclaérgd g‘éirt? ’ftmction This may be
[err] no glucgge laBvdiiedhiedus When expressing the desaturase in heterologoussdyterrisSor
substrate concentration ND (not done)
*18:1, the substrXEFA P@d&ﬁ“@hdogenous yeast |ipid

Exanpl e 4 Distribution of PUFAs in Yeast Lipid
Fractions 15 Table 5 illustrates the uptake of free fatty
acids and their new products foEE:EEEL‘hZ.yeast i pids as

di stributed in the maj o}l g0 b3fif DAL Cibsilsdn Baker's yeasf! " aC!

was prepared as describ

Yeast Transformation

15 Lithium acetate transformation of yeast was performed according to
standard protocols (Methods in Enzymology, Vol. 194, p. 186-187, 1991).
Briefly, yeast were grown in YPD at 30°C. Cells were spun down, resuspended
in TE, spun down again, resuspended in TE containing 100 mM lithium acetate,
spun down again, and resuspended in TE/lithium acetate. The resuspended

20  yeast were incubated at 30°C for 60 minutes with shaking. Carrier DNA was
added, and the yeast were aliquoted into tubes. Transforming DNA was added,
and the tubes were incubated for 30 min. at 30°C. PEG solution (35% (w/v)
PEG 4000, 100 mM lithium acetate, TE pH7.5) was added followed by a 50
min. incubation at 30°C. A 5 min. heat shock at 42°C was performed, the cells

25  were pelleted, washed with TE, pelleted again and resuspended in TE. The

resuspended cells were then plated on selective media.

Desaturase Expression in Transformed Yeast

The cDNA clones from Mortierella alpina were screened for desaturase

activity in baker's yeast. A canola Al5-desaturase (obtained by PCR using 1*

-49-



TLC plates, and the fractions were identified by conparison to standards.

The were coll ected by scraping, and internal wer e
added. Thevgaggﬁﬂgé fractions were then saponified and nethylate hﬁﬁz
above, and subjected to gas . chromat ogr aphy. The gas chr omat ogr aph
cal cul ated the anmobunt of fatty acid by conparison to a standard.
It would appear that the substrates are accessible in t he

phosphol i pi d for ratiadd cIMNAl6®a{ BFa3Si6& napus cultivar 212/86 seeds using primers based on
-57- WO 98/ 46765

Table 5 the published sequepgs Grpndal ef @i Seigneei 3580353 IIS S Nerestused #a
F ti i . i i | d
Froo Fatty | Tr gl G aueh e s Hebitedls ghne diliBE 4 A Rt o 1€

Aci d ' Ma29 was uﬁ&it&l into the expression vé&stor(f¥EI2 @nvitrogerpredulting in
1.9 22.9 6 3.3 substrate 20:3

SC (pCGR-4) 5 /plagmids pCGR-2 apd gCGR-4, respegtiyely. These plasmjds were transfgcted
product 20:4

Bxanl & 5 into S, cerevisiae yeast strain 33%and %8 ea\ﬁ ﬁfé r#ﬁaat se
The growt h and i nahdcinithepresende of suhstrates tlmpallamid dm:ecmntof epemﬁc desaturase

desaturases in Saccharopyces Vi Sj wer e. eval uat Li.ous cul
condi tions that v@é@%ﬂ%ﬁﬁ?’é"‘f‘gé cﬁﬁflwséf’fth @qvﬁé’f‘%’mfl?a?e'ﬂﬁ& gn 10
tenperature, ii) SYBSEREdtSLE i THe @bs&awlmea, thé produtts @itd‘tﬁhc@d asd b tidiéfted

addition, iv) concentration _of substance, r sour ce, Vi)
growt h phase H i desatirasggctivity were: DG conyersionde dwgie

addi 1on. the of { SeRRBeaRabr B eiES: 28 Reiyefionsp Gl w&i{%ﬁ% Ag

[ err]5- desat ur aseq&anrPass@stivity ofrabAtd'REA wdmld indicate AlS-desatlﬁ-ﬁséi&ﬁthyPEd
above, the best rate of conversion of substrate to ARA wa

observed at a subeleiceacid (orendogenans substrite Ina[krbw]ﬂ\/rerhwmmonvemvnﬁer cent age
O 28 ot on. e AP ol A0S, SRSl e oSt 1S
to areadily ?S/a' {4k Cor ARA (conversion tcpEf’Rrv?odl& irfdRidteth PRdéshidrase BetiviYy)! he
desat urase, the subst rate was added eif her
The results are provided in Table 1 below The lipid fractions were extracted as
follows: Cultures were grown for 48-52 hours at 15°C. Cells were pelleted by
centrifugation, washed once with sterile ddH,0, and repelleted. Pellets were
vortexed with methanol; chloroform was added along with tritridecanoin (as an
20  internal standard). The mixtures were incubated for at least one hour at room
temperature or at 4°C overnight. The chloroform layer was extracted and
filtered through 2 Whatman filter with one gram of anhydrous sodium sulfate to
remove particulates and residual water. The organic solvents were evapdrated
at 40°C under a stream of nitrogen. The extracted lipids were then derivatized
25  to fatty acid methyl esters (FAME) for gas chromatography analysis (GC) by
adding 2 ml of 0.5 N potassium hydroxide in methanol to a closed tube. The
samples were heated to 95°C to 100°C for 30 minutes and cooled to room
temperature. Approximately 2 ml of 14 % boron trifluoride in methanol was
added and the heating repeated. After the extracted lipid nﬁxture cooled, 2 ml
30  of water and 1 ml of hexane were added to extract the FAME for analysis by

GC. The percent conversion was calculated by dividing the product produced
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20 hours before induction or concomtant with i nducer addition

(i ndi cat edyaosakiar in Figure 6A). As it can be segp. | e
6A, addition of substrate before i nduction did not ﬁgggﬁggmﬂﬂg
significant effect on the activity of [err]5-desaturase. In fact,

addition of substrate along with the inducer was:-slightly better for

expression/activity of [err]5-desaturase, as ARA levels in the total fatty

aci ds were by the sum of (the product produced and the substrate added) afiBthen

hi gher. However, the rate of cquversion of subsfirate to product was

slightly muulipfye by 100 o GIGHEHS the olSizeidgercnot SomversiohuseRo

concentration of sehiaRSHANdRE  thy tdt 1HoldRE hdi pRdduBed ivi .
A4S the taul o g% Was divided by the su of |y

[err] 5-desaturase was exam ned by inducing SC334/pCGR5 Wt

5 ~ of gal acfelsis acigkandHinglenicacid produced)pthenanwitplyinghyedd. on of

A5- desat urase was hi gher when induced with 0.5% gal act ose.
Furthernore, rate of conversion of . Substrate to product was al so
better when SC334/pCGR5 was i nduced with 0. 5% gal act ose vs 2%
gal act ose. To determine the effect of tenperature on

A5- desaturase activity, the 10 SC334 host strain, transforned with
pCGR5 (SC334/ pCER5) was grown and i nduced at 15[err] C, 25[err]C,
30[err]C and 37[err]C. The quantity of ARA (20:4n6) produced in
SC334/ pCGR5 cul tures, supplenental with substrate 20:3n6, was

measured by fatty acid analysis. Figure 8A depicts the quantity of 20:3n6
and 20: 4n6, expressed as percentage of total fatty acids. Figure
8B depicts the rate 15 of conversion of substrate to product. G owth
and i nduction of SC334/pCGR5 at 25[err]C, was the best for the
expression of [err]5-desaturase as evidenced by the hi ghest

| evel s of arachidonic acid in the total fatty acids. Additionally the

hi ghest rate of conversion of substrate to product al so occurred at

25[err] C G owm h and induction at 15C gave the | owest expression
of ARA, whereas at 20 37C gave the | owest conversion of substrate to
pr oduct . The effect of yeast strain on expression of the
[ err] 5-desaturase gene was - studied in 5 different host strains;

I NVSC1, 1 NVSC2, YTC34, YT41, and SC334, at 15C and 30[err]C. At
15[ err] C, SC334 has the highest percentage of ARA intotal fatty
aci ds, suggesting higher activity of [err]5-desaturase in SC334. The 25
rate of conversion of substrate to product, however is |owest in SC334 and
hi ghest in INVSCL (Fig. 9A and B). At 30[err]C, the highest percentage of

pr oduct (ARA) in total fatty acids was observed in | NVSC2,

al though the rate of conversion of substrate to product in | NVSC2
was slightly | ower than | NVSClL (Fig. 10A and B)

-59- . .
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ARA, the product of [err]5-desaturase, is stored in the phospholipid

faction Exanple 4). Therefore the quantity of ARA produced in
yeast is | i MABHRS t he amount that can be stored i¥CT/HE98/07422
phospholipid fraction. If ARA could al so be stored in other

fractions such as the triglyceride fraction, the quantity of ARA 5
produced in yeast m ght be increased. To test this hypothesis, the

[ err] 5-desaturase gene was expressed in the yeast host strain
DBY746 (obtained fromthe Yeast Genetic Stock Centre, 1021 Donner
Laboratory, Berkeley, CA 94720. The Table §€NOt ype of strain DBY746 is
Mat[err], his3-[err]l, leu2-3, leu2-112, =32, trpl- 289,

gal ). The DBY746 yeast st ra'Ff. aﬂgﬁa%ﬁgggg%m!és‘gggilﬁggmpgl '!;ne 10
transferase. The presence 0 46 strain to
convert excess phosphelpi-ts—i i i~ = } ig.
i oA ¥ a‘u e
g@ﬁ§q%$TMEi ne

11 show no inc
transf erase. CGR-2 TO dy the ef fect—of Teti. TR ESSi oNn
P pCGRY] % n e AP

Su

conpared to SC334, which doe
of [err]5-desaturase,” 15 SC334 was grown in ent
medi a at two differ enfcanadapds at ur eAlS (15[ erif.8 @B BABIwI)) and in

two different host stgains (SC334 | NVSC1). The ition of
the media was as foll eﬁgmrasg) aAr}'dl\/ledi a A mm U a,2'0+(%@/'o3é%§§§?’gie + 2%
gl ucose. Media B: mm Ur 17+ 20% gal act osep g %Q/O:@ltygg_g@,;;?t 1M
sorbitol (pH5.8) 20 Media C mmUra, + 2% gal actose + 2% raffinose

Media D nm Ura, + 2% gal actose +2%1Raf fi nose + 1M sb8bi(1&ll t¢ pRIZwE)

mrem ni mal nmedi a Resul ts show that the hi ghest conversion
rate of substrate to product at 1 5Cin SC334 was observed in
medi a A. The highest RdRet sion ratd overal | 25 Of or [err]5-desaturase
in SC334 was at 30 in‘f%r\sﬁg%?aD. Theﬁk}isghest conversi op rate of
[err] 5-desaturase in was al at 30[err] in dia D (Figures 12A and
- 12B) . Ma29hese dat a gshow that a DNA epg@di ng a desaturase

t hat can convert DGLA to ARA can be isolated from Mrtierella

al pi na and can be expressed in Al7 a heterol oggﬁs system and used to
produce poly-unsaturated |ong chai pjhatty 33

- 60-

5 The AlS-desaturaﬁe control clone exhibited 16.3% conversion of the
substrate. The pCGR-4 clone expressing the Ma29 cDNA converted 15.3% of
the 20:3 substrate to 20:4w6, indicating that the gene encodes a AS-desaturase.
The background (non-specific conversion of substrate) was between 0-3% in
these cases. We also found substrate inhibition of the activity by using

10  different concentrations of the substrate. When substrate was added to 100 uM,
the percent conversion to product dropped compared to when substrate was
added to 25 uM (see below). Additionally, by varying the DGLA substrate
concentrations, between about 5 pM to about 200 uM percent conversion of
DGLA to ARA ranged from'about 5% to 75% with the M. alpina A5-

15  desaturase.
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acids. Exenplified is the production of ARA fromthe precursor DG.A by
expr essi on r] 5-desaturase in yeast. PCT/US98/07422
Exanpl e 6 Wo sBiub s I dentification of Honologues to M a plsna err]5
and [err] 6 desaturases 5 A nucl ei c acid sequence that
encodes a putative [err]5 desaturase was identified through a
TBLASTN search of the est databases through NCBI using am no aci ds
100- 446 of Ma29 as a (Uhese. daﬁﬁowﬂlmdvsmirqsmwithﬂiffdrenthabM@speciﬁcities
sequence was used to avoid pjckin onDI es, based on, t he c t ochr b5
portion at the N F& §°55$A‘H*ﬂeh°g@'§§’tgﬂ}‘%§y§g”r § BEPdyse Rot rﬂﬂﬂ“’a‘?rﬁe
sequence 10 102 cABinSatty Adi@$n Di ctyost el i um di scoi deum (accession #
C25549) shows very significant honology to Ma29 and | esser, but

still significant homolrggy 2tr9Pr§sents fatty MR oF intdfdst AW heP AV SLEE tota! IR %Sleg[ ed

as SEQ I D NO 13. The am no sequence |s presented as
NO 14. 5 extracted from the yeast host S. cerevisiae 334 withEheindicated plasnﬁd. No

| denti fication of alLpi na r and [err oques in.oth

PUFA- pr oduci ng or § %Pgeﬁgas preien{ “J'ge Jf% %ﬁl"%s Qtagrgg 5VPhvol ved
in PUFA product i o@sedaoGEpdfatt itht REpective hplds CEMIaasémployeditd vepify tet al  RNA
i sol ated from Phaeodactyl um tricornutum | asm d- based cDNA

p
library was const ndmtl@cprpduq@(s)?cﬁrqexp@m@@rw} fozmheB napw@lﬁdmatgrase, a-

(61 B00 BRL) | RanabPioeoACRF sHES8teRa ST shirele, BHfgnitoiefls S gaced
sequences t hal0 enegsienpuslyto the ifiduced §east clleire] Phiddiding daeensiates thatgest f i ed

t hr ough BLAST,search of the dat abasgs and COTT‘]DaI’I son to Ma29 and
Ma524 sequences. expression of a desaturase ggpe gangpradygedup snzymerang deteriable

Phaeodactylum | i b%ﬁﬁ)iinﬁé"othNA ct under 2RO ol dtdRticHid M%gsh(tms
call ed 144-01 1-B12. The sequence 1S presented as I'D NO.

15. The ami no aci dddaspubstrates wensrtakennpdy yaastSalthdugh slightly less 6f3he Bmger
-61- chain PUFA, dihomo-y-linolenic acid (20:3), was incorporated into yeast than
15 linolenic acid (18:2) when either was added in free form to the induced yeast
cultures. Arachidonic acid was detected as a novei PUFA in yeast when
dihomo-y-linolenic acid was added as the substrate to S. cerevisiae 334 (pCGR-
4). This identifies pPCGR-4 (MA29) as the A5-desaturase from M. alpina. Prior
to this, no isolation and expression of a A5-desaturase from any source has been

20  reported.
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Exanpl e 8 Identification of M alpina [err]5 and [err]6

honol ogues - PUFA- produm n

or gani sns “}098%6ng To | ook for desaturases involved ¥ %7422
production, a cDNA library 5 was constructed fromtotal RNA i sol at ed
from Schi zochyt riumspecies. A pl asm d-based cDNA |ibrary was
constructed in pSPORT1 (d BCO BRL) foll ow ng manufacturer's
instructions using a comrercially avail able kit (A BCO BRL) .
Random cDNA cl ones were sequenced and nucleic acid sequences t hat

encode putative [err]5 or [err]6 desaturases were identified through 10
BLAST search of the databases and conparison to Ma29 and Ma524 sequences.
One clone was identified fromthe Schl zochytriumlibrary with

honol ogy to Ma29 and NVg524—t—tsTcartgd—84+323-C7. This clone contains a ~1
kb insert. Partial seqyencg Was oltaingd frgm each end of the clone using
t he uni versal [forBarnd andor evgese dequencing priners. The DNA
sequence from 15 t &' fE)rward grinen is gresented as SEQ ID NO 17. The
. pepti de sequence is presdntedjas SHQ I D NO 18. The DNA sequence
fromthe reverse primerfis. prdsentdd as SEQ ID NO 19. The am no
aci d sequence from tjue .f—ev?rsg prilger je is presented as SEQ ID
NO. 20. =k e o Exanple 9 20
Human Desat ur ase Geae quendes Human desat urase gene
sequences potential gy ijnvegvad i n}l ong{chain pol yunsaturated fatty
aci d bi osynthesis e ivsoﬁatgd bgsed gg horjol ogy bet ween the
human cDNA sequencess a & N®r ti erel{fa al|pi na {[desat urase gene
sequences. The three c nse%vdd "hi{sti dilne bdxes" known to be conserved 25
anong nmenbr ane- bound.‘.d gses—werefjourmdt] As with sone ot her
nenbr ane- bound desafr sesgte firal HY{XHH Histidine box nmotif was found
to be QXXHH. The amgo a.pig dequerjge ofj.the Jputative human desaturases
exhi bi ted honol ogy {& Nl 8irg [erlg] 5, iflerr]|6, [err]9, and [err]12
desat ur ases. - S
The M al pina [erd] 8 ddsatrgse arld A6 desatjurase cDNA sequences were
used to search tli & f efSe Uetapage o [reytje Phar maceuticals, Inc., Palo
Alto, & % |o B :
& 2; ."'g’ 1) o =)
S [T &
= .
>
et
& I3k e
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California 94304. The [err]5 desaturase sequence was divided into

f ragment s; wig og/4676s am no acid no. 1-150,2) am no acid no.pcirfadsegits2zand
3) amino acid no. 301- 5 446. The [err] 6 desaturase sequence was
divided into three-fragnents; 1) am no acid no. 1-150,2) am no
acid no. 151-300, and 3) am no acid no. 301-457. These pol ypepti de
fragnments were searched agai nst 't he database using the "t bl ast n*

al gorithm This alogarithm conpares a protein query sequence agai nst
a nucl eoti de sequence database dynami calEMﬂh&l ated in all six reading

frames 10 (both strands). N R ptide fragnents 2
and 3 of Malpina [err]5 and | Qpti atmnofCultm:gE 'Rﬁh '?sei es wth the

Cl onel D sequences as outlined in Table 6. The C onel D represents
an i ndi vi dual sequencd dbledv shaws the effiecti dffexGganods frab fatty. acid substrathe

"tblastn" results hav een revie one | nfar ion,was, searched with
the 15 et FaRcErGafon A Yox SRR LR eioniodRy S PRENEA R cor e <100
for differept  percentagbofiift!tBraDyéiRenid eXiifcréd. Ol inbtaRdeR] oW areifi 65

di spl ayed the information including the ClusterlD, d onel D,

Library, HtID, Hxbgéeussubstriate(1- M) resulted in lowehity acid substratetiniakesnd D
nunber di spl ayed the cl.one .infarmati of, .al . .t he cl ones that

bel ong in that CRISH fsmating: Rebwrn s o S0 conceamptaotfse By orid 150

C onel D whi ch conpg bfvth ARd fduslisd mbdia Pade ﬁﬁ'ﬂi%f‘ﬁkr@&{t@é&'éf@@&did‘gs wer e
used for GCG (CGenetics Conputer G ou ni versity ‘'of Wsconsin

Bi ot echnol ogy Cerpredyct Medowhilvmd@ﬁéiM cbacenEptidsaehdibgequent high uptake \Wor d

Si ze: 7 25 M ni Overl ap.,. 14 Stringengy:

0.6 10 "\ ipm¥GesABREHE to deprease OF inhibit the desamrase agiyity.  The igsdback

Gap Wi ght: inBibitfA of high fatt§RGid Subéti®Eoncentration was well illustrated when
- 63- GCG Assenbly Results displayed the contigs

generateed on the thep¢rserticonversion rategefthe mespestivedatnacid substratesto their O onel D.
ACoNtig i s an ali SR BN ere compared BOPESS O PATEfkel 100’5 Sufifrte
concentration in the growth media decreased the percent conversion to product.
15 The effecf of media composition was also evident when glucose was present in
the growth media for the AS-desaturase, since the percent of substrate uptake
was decreased at 25 pM (Table 3A). However, the percent conversion by AS5-
desaturase increased by 18% and the percent product formed remained the same

in the presence of glucose in the growth media.
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5

DNA
was identifl
was edited based on the
NO 21 -
procedure was repeated for
produced five uni que conti

sequences were assenbl ed.

and this new contig was ca

SEQ I D NG 25) to generate

sequence (consensus sequence) was generated based on the aligned
ggﬁmgces within a contig. The contig containin
? ) and the ambi guous sites of the cons

t he C onel D
nce

alignnment of the ClonelDs (see SEQ ID

six ClonelD 10
The edit ed TGHISEASUS

call
gs.

R RORMEF o Pl

t he best possi bl e sequence.
listed in Table 6. This

The

sequences of
the 5 contigs were inported into the Sequencher software program

(Gene Codes Cor por at i obffegtaf Added Substrate om theReregenge ghlncorppratednsus

cgnti g 3506132,
£ gs fromthe 15

Sequencher program were cq sl war e package
of GCG Bach ﬁqqigtg was_t rafigl at ed i P 5] SiXx reading
frames into protein - sequences.} The alpilna [err]5 (MA29) and
[err] 6 (MA524) sequences \ersebstrate/product |cortBaretB:3n tlh @88M0:46f {he transl ated
contigs using the FastA sea-r-ci-\t—rﬁsug‘_cm Slom 2653 atrerg et search for
-simlarity between a query_seguence and a group of sequences of
the same type (nucleic aciid olOgMewei n) HoNBI ogy [anmonip/4 hes¢

sequences suggest the open T T otz Fhei honol ogy
anong the Malpina [err]5 |and Jﬁeﬁ‘?* td contyqs 2535 an'g/6'3[854 D33 were
utilized to creatle t¥HeMdsulal clont 366/22¢ | ed 258H88n. Figure 13 is
the FastA match of the fina™2F msup,  COMGE 450 o anypv28] and Figure
14 is the FastA match of tlhe final contlig ' 253538a angd MA524. The
DNA sequences for the varijous!®§M®ys are 601570  |or $38ABRd {n SEQ ID

NG 21 -SEQ ID NO 27. The vartrous peptTde SEUUETTES are shown in
SEQ ID NO 28 - SEQ I D NO 34. Al t hough the open reading

frame was

generated by nerging the two 3(Table3B contigs, the contig 2535

shows that there i Fffectof §ubstrate(consentratiomin Mediawn the Percent Convefsiemi s
contig which does not nmat efiFadity AcidSubstrate tp BAREH Yéist Extiawets, it is

- 64-

rated from

LT IR € oA g o = aat
i ndependent desaturase |iKe lasmid in “*funan r:éq@s. P The
contig 253538a contains an_gpen readingjfra ncodi ng @ am no
acids. It starts with G n |( Guoyralsineduchdg WiBRk>d-H3 s{ opo:3eddh (TGA). 5
The contig 253538a al i gns wrttyimtig Mg prnagger+p—an 6 sequences,
suggesting that it could Re_either of the desaturasés, as well as other
known desat ur aseq whil@Mshtar e honol A8y with eaéh8ot her. The
i ndi vidual contigs ' TS LRab. T Tqo e Gypas—vwett—3a%3 i nternedi ate
contig 2535 and the final |jcanti g 253538a _can be utilifzed to
i sol ate the conpl ete geneq fo®S PMh#h degat ur d%es. 36.7
50 uM sub. 10.90 ND
100 pM sub, 8.70 15.20
¢ no glucose in media
* Yeast peptone broth (YPD)

10

* 18:1 is an endogenous yeast lipid

sub. is substrate concentration
ND (not done)

Table 4 shows the amount of fatty acid produced by a recombinant

15

desaturase from induced yeast cultures when different amounts of free fatty acid

substrate were used. Fatty acid weight was determined since the total amount of
lipid varied dramatically when the growth conditions were changed, such as the

presence of glucose in the yeast growth and induction media. To better
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10 Uses of the human desat urases

These humaweesy@esces can be expressed in yeast and pl ants utpciriusesgr4z2

t he procedures described in the precedi ng exanpl es. For expression in
manmal i an cells and transgenic ani nmals, these genes may provide superior
codon bias. These human sequences can also be used to identify related 15

desat urase sequences. .. . : Table 6
Sections of the defeonine|tie eonditionsidwadherecombinant desgturase would produce the

Desat ur ases most PUFA prodtict; thE Qm&rﬁ%%_@ﬁnj&vi?uea} faty acidd$Wet8 Examined, The

Fatty acid desat uiase

A6 abSente 3Dfluteserrbduced the amount of a&ddiidéific acid produced by A5- A6
151- 300 A6 1362863 A6

151- 300 A6 desaturase by half gbigrgf-desaturase the amount of total ygast lipid was

301-457 [ers]6 [err] 6

Exampl e 10 5 decreased by al%%i%ﬁein the absence ofglucRIt;uef ritional Compositions

20 ' The PUFAs of the previous exanples can be utilized in

vari ous nutritional supplenents, infant fornulations, nutritional
substitutes and ot her ~nutrition ,i,o{)ut I ons. l. | NFANT
FORMULATI ONS able 4 - 65-

A | som | [err] Soy Formnul b WRid P di tpge: As a
beverage for infants, chil d)?aer}txy an'ggll a ulutces w%%frgﬁngﬁ%%‘y or

sensitivity to cow s m -t-h—%vgaﬁg#e-ﬁe-for whi ch
| act ose shoul d be avoi g ‘actgse intolerange and 5
gal act osem a. (A12) Soy protein
i solate to avoid synptd Oy 183+ . or
sensitivity :
: 1 uM sub. 8.3 ND

10 uM sub. . 19.2 ND

25 uM sub, 31.2 115.7

25 uM O sub. 16.8 390

¢ no glucose in media
10 - _ sub. is substrate concentration
ND (not done)

*18:1, the substrate, is an endogenous yeast lipid

Example 4
Distribution of PUFAs in Yeast Lipid Fractions

15 Table 5 illustrates the uptake of free fatty acids and their new products
formed in yeast lipids as distributed in the major lipid fractions. A total lipid
extract was prepared as described above. The lipid extract was separated on
TLC plates, and the fractions were identified by comparison to stan&ards. The
bands were collected by scraping, and internal standards were added. The

20 fractions were then saponified and methylated as above, and subjected to gas
chromatography. The gas chromatograph calculated the amount of fatty acid by
comparison to a standard. It would appear that the substrates are accessible in

the phospholipid form to the desaturases.
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Lactose-free fornulation to avoid | act ose-associ ated di arr hea 10'
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pot assi um phospha'rgé-m\, spgig tmrehggde—egH e —chipr e,
ferrous sul fate, minositol} al pha-focopheryl acetatie,

sulfate, L-carnit| Repduct20:4 ni acilnami de, [al ci um pantot henjate, cupfic
sulfate, vitam n & pal n‘l%a.*;, — 1 thiamne chlolide h)ldl“ chlori ,
riboflavin, pyridoxine hydr’?cﬁrso?er‘ér’éf'“‘f@?%‘“d)

- 66- aci d, manganese sul fate, potassiumi odi de,

phyl | oqui none, biotin, sodi

cyanocobal am n.

Di arr hea. 5
managenent “of diarrhea 5
Feat ur es:

fiber fromsoy fiber

um sel eni
B.

Usage: As a

* Fi 1 ki adiin

Specl

te,

rs.

vitamn Derr] and
lsom | [err] DF Soy Formula For
hort-termfeeding for the dietary

in inf antsgmiéoddl e

s fiZaBiofiONt ain added dietary

R Opigiptoh

di arr hea managenent.

“The growth and induction conditions for optimal activities of

desaturases in Saccharomyces cerevisiae were evaluated. Various culture

conditions that were manipulated for optimal activity were: I) induction

10

temperature, ii) concentration of inducer, iii) timing of substrate addition, iv)

concentration of substance, v) sugar source, vi) growth phase at induction.

These studies were done using A5-desaturase gene from Mortierella alpina

(MA 29). In addition, the effect of changing host strain on expression of the

AS-desaturase gene was also determined.

15

As described above, the best rate of conversion of substrate to ARA was

observed at a substrate concentration of 1 pM, however, the percentage of ARA

in the total fatty acids was highest at 25 uM substrate concentration. To
determine if the substrate needed to be modified to a readily available form

before it could be utilized by the desaturase, the substrate was added either 15

20

hours before induction or concomitant with inducer addition (indicated as after,

in Figure 6A). As it can be seen in Figure 6A, addition of substrate before
induction did not have a significant effect on the activity of A5-desaturase. In
fact, addition of substrate along with the inducer was slightly better for
expression/activity of AS-desaturase, as ARA levels in the total fatty acids were
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* Cinically showm to reduce the duration of |oose, watery stools 10
during ml aypegmaensre diarrhea in infants. N iddsir k! v
conplete to neet the nutritional needs of the infant. Soy
protein isolate with added L-nethionine neets or exceeds an -

infant's requirenment for all essential am no acids. *
Lactose-free fornmul ation to avoi d | actose-associ ated di arrhea. 15

*  Low osnol al i t yhigltetO He®evek thematesof)conversion of subistrate to prodaét wasshightty

di arr hea. Dual carbohydrates (corn syrup and sucrose)
designed to enhar}g er. car bohydrate absorption and reduce the

ri sk of exceedi ng the abs tive . capacity.qf the damaged
gut. 20 Throetidet ot inguces sonqentration of xErcasion/ agtiar-af Mevierella
recommended by . %Im 3 hii I can
Acadeny of Pedi atArSi gessagxrl;%se was exatrifed J&ﬁ%‘gﬁw@}gt‘ﬁg‘ (?%]p gg?’ év | a

Act . 5 of galactoke.8 ASSh@Wn it Pigufes JAf 1B exprebsicr 60 ARaésahiseGRsOr i €S
to hel p prevent iron deficiency. 2

, : . 5
Veget abl e oi | s t iphasrhes indicsd withdh3poizalastose.oFurthesmare, sate pheanyersion of

aci ds. substrate to prodh@ Wi ' r %5 VR 8% corn
syrup, 2.5% sugar are 01& (sucro?les)é,beggﬁ&féégsﬁlc%aﬁ(ﬁ,d%gg%oy %%%F"Ae]?‘n

i sol ate, 1.4% codbblsgalictose¥s 2¥0galactose.

-67- fiber, 0.12% calciumcitrate, 0.11 % cal cium

phosphate tribasic, 0.Td®8etermine the effeot GRXEinpeRatiré 612 AS-deRRERSSAHVIG O | de,
pot assi um osph%%nobasi,c, nono- . and di sgl yceri des, soy
lecithin, Yarrag  hoshsiraiitranstormed with pCOROS6334 X5) was grown and

L- met hi oni ne, pot;agsd ' | $70 Lum chl ok 10l . ne
chloride, 5 taS?ﬁlgwg?g%ggdgﬁfda?eF?ﬁﬁ‘lemgﬁ}xl%f%@?‘bdeopheryI

acetate, zinc sulgreduced in SC334/pCGRScaultnies] su@pleficatl WatkisBstratR® 38 was
pant ot henate, cupric SH [ | mtate, thiam ne

_ If_afte, v.|'_tari1'n Ar pa 2 _
chloride hydr ochi™BFastesd by 1Aty pcidiapalysis, Figyss $A depicts the quantity-of 20r3nGiand,
folic acid, mangaesis. e éh"‘tﬁ% Walsl RV F{Qps :
biotin, sodium sel eni t’ei,e_kl"r%i@t'tegﬁ.%s ga%[ er _w&%&gﬁgggbg e nﬁ'ﬁ%gts the rate
C. | somdd [ er r jofspnwugion o€ substrate 3o pradoctm Grawedil sdd induction of SC334/pCGRS

Usage: As a beveragged QL. J il B0k Sor Y L)Lp%sesponaor}%f&ie%lt&éasgm asE Qvi gncgcli L? e
highest levels of arachidonic acid in the total fatty acids. Additionally the
highest rate of conversion of substrate to product also occurred at 25°C.
Growth and induction at 15°C gave the lowest expression of ARA, whereas at

20 37°C gave the lowest conversion of substrate to product.

The effect of yeast strain on expression of the A5-desaturase gene was
studied in 5 different host strains; INVSC1, INVSC2, YTC34, YTC41, and
SC334, at 15°C and 30°C. At 15°C, SC334 has the highest percentage of ARA
in total fatty acids, suggesting higher activity of A5-desaturase in SC334. The
25 rate of conversion of substrate to product, however is lowest in SC334 and
highest in INVSC1 (Fig. 9A and B). At 30°C, the highest percentage of product
(ARA) in total fatty acids was. observed in INVSC2, although the rate of

conversion of substrate to product in INVSC2 was slightly lower than INVSC1
(Fig. 10A and B).
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sensitivity to cows-m |k protein or an intolerance to sucrose. A feeding
for patients with disorders for which | actose and sucrose shoul d
be avoi ded.WO 98/46765 Features: 15 Soy PETBIS23/¢7422
isolate to avoid synptons of cow s-mlk-protein allergy or
sensitivity. Lactose-free fornulation to avoid

| act ose- associ at ed di arrhea (carbohydrate source is

Pol ycose[err] @ ucose f e ?? duct of AS- desatlgase, is stored f'thé p%ﬁ&iﬁd el c85n' or

the patient who cannot e sucrose
osnmol ality (180 niBxathple mn@fmmemmyrafmprmm mGyeast is limited by the

di arr hea. S, ferrous sul fate 100
Calories to help a&cg%matcanbe storre@m&)epi) hﬁ)@ id feaction. oIf coul)daﬁ)sobe

* Reconmended | evgdred §f othbr! fPdiBas fidH a@tﬁlﬁh?i yRerideXPaction, the antity of ARA
Vegetabl e oils to provide recomrended | evel's of essenti al q}'l t{/

aci ds. 5 produced in yeast m@mhc tm;rttasd:d) rTo test thxslhypetheﬂs;sthe;nﬁidegan&ast

| 1 d 1 5% t
Doy or | s eq 8585 s srwpssed in e Youk Bou SRAG pREIE (htaingl b sl Yo

i solate, 2.8% coa@étetic Stdck Cenfi¥) 1020iDdrier CWARStbAY, Berkeley, CA 94720, The
- 68- 0. 38% cal ci um phosphate “tribasic, 0.17% potassi um

citrate, 0.13% pgeastpenf strain DBY746/i$ Matachishahdeu2:ddeud-3 42, yrad-32dmpl- soy

citrat 4
cal cf um car bonat sl ORCAPY7 A0 ot RGHR hes whprioRcions esad or chafie ™ conan

taurine, feorous tednsfepdse, THe pfeeérick @ff thisb@yend MPAPERLI the DX PI4E strinte S
sul fate, L-canitine, niacinamde, calcium pantothenat ehRéquE“ c sul fate,

vitanin caniert gxesy phosphlipidsiatotriglycerides fiagtion tgén Figi bbf | avi n,

pyridoxi ne showhedhaeid 'ﬂ%gc pot assi um
| odi de, phyl | oqui none i <ih on@@sioﬁﬁg?ﬁs%a{ggpg%gf Vi ﬁie%tBS and
cyanocobal am n. SC334, which does not have thel gepaifér{cholife t2dhsfwyseFor nul a Wth Iron
Ready To Feed, 10 20 Cal /fl oz.
Usage: Wien a soy feedlioigudysthdesfectast media on expression of A5-desaturase,

15 pCGR4/SC334 was grown in four different media at two different temperatures

(15°C and 30°) and in two different host strains (SC334 and INVSCl). The

composition of the media was as follows:
Media A: mm-Ura, + 2% galactose + 2% glucose.
Media B: mm-Ura, + 20% galactose + 2% Glucose + 1M sorbitol (pH5.8)
20 Media C: mm-Ura, + 2% galactose + 2% raffinose
Media D: mm-Ura, + 2% galactose +2% raffinose + 1M sorbitol (pH5.8)
mm=minimal media
Results show that the highest conversion rate of substrate to product at
15°C in SC334 was observed in media A. The highest conversion rate overall

25 for AS-desaturase in SC334 was at 30° in media D. The highest conversion rate
of A5-desaturase in INVSC1 was also at 30° in media D (Figures 12A and 12B).

These data show that a DNA encoding a desaturase that can convert
DGLA to ARA can be isolated from Mortierella alpina and can be expressed in

a heterologous system and used to produce poly-unsaturated long chain fatty
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I ngredients: (Pareve, [err]) 85% water, 4.9%corn syrup, 2.6% sugar

(sucrose), wobsfemey oil, 1.9% soy protein isolate, 1.4% cocglyusdsioray- 15%
calciumcitrate, 0.11% cal ci um phosphate tribasic, potassiumcitrate,

pot assi um 15 phosphat e nonobasi ¢, potassium chloride, nono- and

di sgl yceri des, soy | ecithin, carrageenan, abscorbic acid,

L- met hi oni ne, magnesi um chl ori de, Fot assi um phosphat e di basic, -
sodi um chl ori de, adids. | Exemplified isihe productioreof ABAr from the precursor D@IiAaby,

minositol, alpha-.3ocopheryl etate .zinc sulfate, L-carnitine,
ni aci nani de, cal c?’{Pﬁ?Sﬁg’ °£¥'r{1\éﬁ§?s§€’r¥ﬁb‘?¥??s§ul fate, vitamn A palnitate, 20
t hi am ne chl ori de hydrochl oride, riboflavin, pyridoxine hydrochloride,

folic aci d, manganese sulfate, potassium i odi de, phyll oquinone,

bi otin, sodium selenite, vitaniEQEF¥§$¥ and cyanocobal am n.

E. Simlac[err] Infant Fornul a Usage: Wen an i nfant
" formula is needed: if the decision is nmade to 25 di sconti nue

br east f eedi ng ‘bef or e Identificativay of mmalggugomg{gmamb aRaA 6 dadhiiasdsS

needed or as a routine feeding if breastfeeding 1s not adopted.

Feat ures: _ .Protein of appropriate quality and quantity for
good growt h? heat - A nucleic acid sequengethatiengedes wputative &§ asewns sk of

m | k- associ ated e G : I .

"o faftfidt kS o FREAST search of the st databases thrppigh NGRI s 1
hormogeni zed), pr carmitioragids 100-446 of Ma29 as acmuesnt Tie! tnink#ed orioa i the Maz9 i s
easi |y absor bed. %ar.bo,hédrzilt e as.lactose in pro&%rt i.on
simlar to that ofeaHERREVESYsgd to avoid picking up homolqgigs hasschen the citoehtomed o

mni mze stress Opori6N &t BRINE IR S the désaturase. The deduced’ [
Concentrated Li qﬁ’?% and Ready To Feed forms.ase ¢ deduce amr%g%@nsa?‘ée F?ants:

([err]-D) Wter, ofcrest fram Richiogielivwmdiscaideumi(pceessiondhG25549) shows very  nono-

and di gl yceri des, o it hi i ' rkaggen chal | ne
chloride, tauri ne?l%¥$%§o%h&ya@%%%ggﬁﬁg¢ gf“ si@éf%ﬁﬁ?“?ﬁ%@éﬁ%t e,

ni aci nani d, Ma524.eTho D sddueiice, is presaitedragSEQ @Dwﬂagrrhe Hﬂ%ﬂcﬁ&&' fate,
vitamn A palmtate, 10, t hi am l.ori.de hydrochl oride, riboflavin,
pyri doxi ne hydroc?ﬂqg?’fcﬁép’feé?qti‘?as éEQ?B]‘?%@I“d, manganese sul f at e,

phyl | oqui none, biotin, sodiumselenite, vitamn Derr] and

cyanocobal am n.
Example 7

15 Identification of M. al_gina AS and A6 homologues in other
PUFA-producing organisms

To look for desaturases involved in PUFA production, a cDNA library
was constructed from total RNA isolated from Phaeodactylum tricomutum. A
plasmid-based cDNA library was constructed in pSPORT1 (GIBCO-BRL)
20 following manufacturer's instructions using a commercially available kit
(GIBCO-BRL). Random cDNA clones were sequenced and nucleic acid
sequences that encode putative A5 or A6 desaturases were identified through

BLAST search of the databases and comparison to Ma29 and Ma524 sequences.

One clone was identified from the Phaeodactylum library with
25 homology to Ma29 and Ma524; it is called 144-011-B12. The DNA sequence is

presented as SEQ ID NO:15. The amino acid sequence is presented as SEQ ID
NO:16.
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F. Simlac[err] NeoCare Premature Infant Fornmula Wth Iron

Usage: For re infants' special nutritional needs after gr} '
di schar ge. @PW%\ SNeoCare is a nutritionally conplete f or mul® 2‘3@5}% %d to
provi de premature infants with extra calories, protein, vitamns and

m neral s needed to pronote catch-up growth and support
devel opnent . Feat ures: Reduces t he need
for caloric and vitam n suppl enentati on. E¥amples cal ories (22

Cal /fl oz) then standard termformulas (20 Cal/fl o0z).

H ghly absorbed fat blend, with nmediumchain triglycerides (MCT
oil) to help neet the speci rema urelnfants
* Higher levels of proteff ’ R ONNG 8D NG gne

extend the nutritional support i ni PU@AﬂgrddhcﬂE?x_‘gtgﬁisg(s 25 Mor e
cal cium and phosphorus for inprove Oone mneralizatlon.

Ingredients: [err]-D Corn syrup solids, nonfat mlk, |actose, protein
concentrate, soy oil, ﬂ‘p@wl@foedgsagaasemmlquunPlfFrAamodmmacEwoﬁbmoi|

e odonat o "0F A oM BRSO A RERRAD Shleac BT GRS e,

magnesi um chl ori delasmid-based ¢DNAlibrarylwas constructed in pSPORT1 (GIBCO-BRL)
-70- WO 98/ sodi um chl ori de, taurl ne, ferrous

sul fate, minosi tg?lzwﬂ&maﬂefaewwﬂwcswm a commercia lﬁél"ﬂﬁl%béﬁ kit
L-carni'tine, al phaaim@mwmﬁeﬁ?émwl&ﬁs Wekd Qhﬁenc% afid AEAEiE Geid

m xed tocopherols, sodiumcitrate, calciumpantothenate, cupric sulfate,
t hi ami ne chl ori de Stgluncnshhasrenmde putatta{mArS ok Afadesatusdses wb&txdentxﬁedtthoegh

ri bofl avin, |do h rochlorlde fO|IC se
sul fate, phyll oqgiw %t r}ﬁhex bases an éﬁégm‘{%ﬂﬁqﬁ%ﬂ
R Mk Bor 111 er RORgplone was identified from the écﬁ,,o inlig Loy Wi {1 oo

Usage: Designed t %oﬁﬂld'ﬁg%@ddmta?tdm ffid ka1l g1 230e7 f ?ﬂls%wn‘ércﬂﬁﬁiﬁgLM 10

with human mlk to |l o irth-wei ght infants. I ngredients:
[err]-D Water, nokbanserti Pactiakspduasicy ag obtainedifeams hachl endtof the, clone usmg the

fracti onated coco ( %gl | des rot ei :
concentrate, soil I;i%)qvlepgaici(‘?conuta“ r&k r}‘eéﬁ%n%*%m ih?ﬁﬁ%é oﬁlj"égy um
citrate, 15 theefprward pringds lioprestiitedsaBEQID NO:aV eIha§6§tfdéls€qmcdls
cal ci um car bonate, nono, g Drﬁsd dlﬂmycerl des, sqy lecithin,
carrageenan, . chol PFRSCRIRT 8% PEQ T NAzsgansnee ffom the reverse primer is
' presented as SEQ ID NO:19. The amino acid sequence from the reverse primer
is presented as SEQ ID NO:20.

Example 9

20 Human Desaturase Gene Sequences

Human desaturase gene sequences potentially involved in long chain
polyunsaturated fatty acid biosynthesis were isolated based on homology
between the human cDNA sequences and Mortierella alpina desaturase gene
sequences. The three conserved "histidine boxes" known to be conserved

25 among membrane-bound desaturases were found. As with some other
membrane-bound desaturases the final HXXHH histidine box motif was found
to be QXXHH. The amino acid sequence of the putative human desaturases
exhibited homology to M. alpina AS, A6, A9, and A12 desaturases.
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ni aci nam de, L-carnitine, alpha tocopheryl acetate, zinc sulfate, potassium
chl ori de, o&bogiagrsgpant ot henate, ferrous sulfate, cupric sul f BCEUSISHNT422

ri bofl avin, vitamn A palnmtate, thiam ne chloride hydrochl oride,
pyri doxi ne hydrochl oride, biotin, folic acid, nanganese sulfate,
phyl | oqui none, vitamn Dlerr], 20 sodi um sel enite and cyanocobal am n.

Various PUFAs of this invention can be substituted and/or added to the
infant fornul ae descr i BeMa@iping Shdesaturase gad Abrdesatirase, s A AeaRensGMWELS t hose

[ th
7 cxeure o " Tt s e il A8 e AR e o 1o

desi gned pri nari | Qali#mid94304. The Ascrteahmfusé §¢qxxembaba§dmﬂb¢lm@fragmeﬁte Dsed
with or between neals or, in aBpro pr.i

repl acenent . ENSUREnp acid o 448 %)r?&“@‘P G‘E‘ér‘i‘Df }3630%%5 ?’)samm‘) acid no. §QH abl e
for use in d| fi zﬁt%rdl*h%t dés%%‘&gk{l’ﬂlg %g%g?iﬁﬁ‘ﬁ?h‘ggé ﬁ%@mexﬁk,tﬁ%iﬂﬂo' t 30

S prlnarlly an supp enen
-71- acid no. 1-15340, Q?ﬂlhuﬁcnciﬂ 1o.d63-300, and 3) amind-asid pei30437. on

nodi fied diets el der |l atients nutritjon rjs
For patients wt thi‘WGBP’cXHF%H‘{} ‘%’/‘?fg§°a"° dagamsttg i’?f&t“?’é‘ﬂ
recovering from ilgpaae al%Bnﬂl‘rH UPKi¥ alogarithm compaés %t&na&&@éz}daﬁ@@a inst

| owresi due di et I'ngr edi ent’s:

Sugar (Sucrose), amudletisietsequen¢eidatabase dymanhioaliyoatmansiBiad inll six reading frames
Casei nates H| gh- @ &W f)flower Gl, Soy Protein lsolate, Soy G1l, Canola
al, Pot trat e, Cal CI um Phosphat e Tribasic, Sodi um

Ct rat e Magnesi um

Artificial Flavor, SOdTmW%ra'éggmm L@Bﬁf%iﬂ%@?"ﬁ’e

Chloride, Ascor bi gorhiglogies GHhItREERHRID szqueﬁce'étak Bﬁﬂx‘ﬁed in Table 6. THACIOALD
Sul fate, Al pha-Tocopheryl Acetate, Cellan Gum N aci nham de,

Cal ci um Pant ot hen@P@SCMngwQéu@@mm@ ﬁ'erihG) hlcmllfl&tssg dutabasei Afixr g
Pal mi tate, Thi am g b O HEREDHedS Rvaede: Clons TEREh AR WY 25hSS Hilf the

15 default settings of Stringency of >=50, and Productscore <=100 for different
ClonelD numbers. The Clone Information Results displayed the information
including the ClusterID, ClonelD, Library, HitID, Hit Description. When
selected, the ClusterID number displayed the clone information of all the clones
that belong in that ClusterID. The Assemble command assembles all of the

20 CloneID which comprise the ClusterID. The following default settings were
used for GCG (Genetics Computer Group, University of Wisconsin
Biotechnology Center, Madison, Wisconsin 53705) Assembly:

Word Size: 7
25 Minimum Overlap: 14
Stringency: . 0.8

Minimum Identity: 14

Maximum Gap: 10 -
Gap Weight: 8
30 Length Weight: 2
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Ri bof l avin, Folic Acid, Sodium Ml ybdate, Chrom um Chloride, Biotin,

Pot assi um o4, odi um Sel enat e. B. ENSIIJB%,L%@%,‘Z;O
Usage: ENSG%E9%2ﬁg§are conpl ete, bal anced nutrition for

suppl emental use between or with neals. They provide a delicious, nutrient-
rich alternative to other snacks, ENSURE BARS contain <1 g | actose/bar, and
Chocol ate Fudge Brownie flavor is gluten-free. (Honey G aham Crunch fl avor

contains gluten.) 25 Pat i ent Conditions: For patients who
need extra calories, protein, vitamns and mnerals Especial ly
useful for people who G@@Aﬁssﬁ@kﬁk&ﬁl@ﬂ&pwye@&ie%hﬁgsmﬂratedonthebagislbfi ents
-72- For peopl e, who have the abi |1t chew and svval | ow
Not to be used byseaﬁménmﬁmat within tee Glongllyy, nﬁw Wgwr@ to
nuts. ungc

Hi gh- Fruct ose Cornqggé‘%g? dogafec?“fhomdogyamﬂ?m %t?%%g}é‘%m llgbugar Honey,

Mal t odextrid (Cor sgquemel(sqmsﬁmm:e s¢dueh¢ed avaRigensrated based on tlwgbgnepMAos e],
Salt [ Sodi um Chl ori de

Cot t onseed and Sof® q&cﬁl 3% f%%%%%gw%m%’?%hﬁg?nﬁmewidléb(tgf{e%?enat ed

Protein Concentrahmm@a&mw ﬁ&@,ofﬁfettsbh@é@us fedhiérice Wasadred Bised ofvdgwa 10
Powder, Artificial Flafors, Canola O, ﬂ?]h O eic Saffl ower G|, Nonfat

Dy M | k aligasegnt phihe&loneEDy (see SEQHING:Z! BEQ 18 NO:3R e eenarate ed i n
a facility that rbeE)t astBBQE ?L?e?\ e. " roce ur waﬁ'eg étE@?arl%gl s?f'élt:Mefﬁ’r al s:

Cal ci um Phosphat e SIC assium asi c gnesium 15
Oxi de, Sal t10( Sodi mlnd?hi 'ﬁabldé) Ihﬁqnmedlﬁwé:hhane dentighs dhe edited’mindensierri ¢

Ort hoph hat T Acet at, Z i de, Cal ci
Pant of nangt 6. _ CopBELERSS Bb A LoniEs Fafeipossf i B Sesbprlt o e prpgrors

(Gene Codes Corporation, Ann Arbor, Michigan 48 105). These consensus
sequences were assembled. The contig 2511785 overlaps with contig 3506132,
and this new contig was called 2535 (SEQ ID NO:27). The contigs from the

15 Sequencher program were copied into the Sequence Analysis software package
of GCG.

Each contig was translated in.all six reading frames into protein
sequences. The M. alpina A5 (MA29) and A6 (MAS524) sequénces were
compared with each of the translated contigs using the FastA search (a Pearson

20 and Lipman search for similarity between a query sequence and a group of
sequences of the same type (nucleic acid ;)r protein)). Homology among these
sequences suggest the open reading frames of each contig. The homology
among the M. alpina AS and A6 to contigs 2535 and 3854933 were utilized to
create the final contig called 253538a. Figure 13 is the FastA match of the final

25 contig 253538a and MA29, and Figure 14 is the FastA match of the final contig
2535382 and MA524. The DNA sequences for the various contigs are
presented in SEQ ID NO:21 -SEQID NO:27. The various peptide sequences
are shown in SEQ ID NO:28 - SEQ ID NO:34.

Although the open reading frame was generated by merging the two
30 contigs, the contig 2535 shows that there is a unique sequence in the beginning
of this contig which does not match with the contig 3854933. Therefore, it is
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Car ot ene, Pyridoxi ne Hydrochl oride, Thiam ne Mnonitrate, Folic Acid,
Bi oti n, wo98/467¢@”0m um Chl ori de, Potassium | odi de, Sodi ump, h%%m 5

Sodi um Mol ybdat e, 20 Phyl | oqui none, Vitam n D3 and QIanoc

Pr ot ei n: Honey Graham Crunch - The protein source is a blend of
soy protein isolate and m | k proteins. Soy
protein isolate 74% 25 M1k proteins

26% Fatpossible that these contigs wéte generfied fimm indepentent dEbfudasd lilo ur C eis
a blend of partiagll - hydr ogenat ed cottonseed and soybean, canol a,
hi gh ol eic saffl Ma”%ﬂ?'corn oils, and soy |ecithin.

-73- Partially hydrogenat ed cottonseed and soybean
oil 76% Thegoptig 2§3338a contains an open reading frame encoding432

Hi gh-ol ei ¢ saffl
40/((;315 Oéggigo Q!ggf {% starts with Gln (CAG39 and ends with the stop g@/&cﬂx ﬁ‘dA)

Car bohydr at: The contig 253538aldhgag/w(ﬂubbﬁrm4vm5 aﬂ&]AGtseqdeﬁbgsdr ate source
is a conbination of rn syrup, brown su

t
mal t odextrin, ﬁ@ﬁgesarlgé‘&tfﬁceaﬁbeéf epgfe‘QFaE%‘F‘F S, @W‘bﬁ%‘ﬁ &’Pl de, and

oat bran. 10 desaturases whicH Shdré H%Bﬁﬁy%ﬂf‘ea%}i ro%H%r The mdlvxﬂ}éail cOftis EQAS
Brown sugar trin

12% listadoindiable 6, as well as the mtennedlate contig 2535 and the fm% contig
g) AI) Sp rice 25%53 8a ct b§. auctxérﬁrgd todlgolate ﬂgle complete genes for humw\tliesaturases
giltsugrEfgr ] }0 Hl GH PROTEI N Uses of the7 h/(l\xman desaturases c

These human sequences can be expressed in yeast and plants utilizing
the procedures described in the preceding examples. For expression in
mammalian cells and transgenic animals, these genes may provide superior

codon bias. These human sequences can also be used to identify related

15 desaturase sequences.
Table 6
Sections of the Clone ID from LifeSeq Database Keyword
Desaturases .
151-300 A5 3808675 Fatty acid desaturase
301-446 A5 354535 A6
151-300 A6 3448789 A6
151-300 A6 1362863 A6
151-300 A6 2394760 A6
301-457 A6 3350263 A6
Example 10
Nutritional Compositions
20 The PUFAs of the previous examples can be utilized in various

nutritional supplements, infant formulations, nutritional substitutes and other

nutrition solutions.

L INFANT FORMULATIONS
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20 Usage: ENSURE HI GH PROTEIN is a concentrated, high-protein

| i quid food desi d for people who require additional calories rotein,

vi tanins, %99%?‘?%?& s intheir diets. It can be used as an 3;;{05@8/07422
nutritional suppl ement with or between neals or, in appropriate
anounts, as a neal repl acenent. ENSURE H GH PROTEIN is | act ose-
and gluten-free, and is. 25 suitable for use by people recovering from

general surgery or hi pAfrackshi® S4yFormula with BRenPat i ents at risk for
pressure, ulcers. Patient Conditions For patients who

require additional calggases AsRtRVé&hge fo‘fiiﬁ&‘i‘iis,r@xilﬁl?égxdafnﬁiaaﬁfm an allergy or such

as patients recovering fromgeneral “surgery or ractures, p at
ri sk 30 f orsepsitvitiutoccon'smilk. Adfieedipg forgatients withalisordexs fxtveliich di et s

-74- Feat,ur es- OW | aturated fat

Contains 6 g of tAFg¥e ﬁhgflﬁabr?d’vgldgd#ﬂcﬁe dc?ﬁ(lg}egg’g?%?sedﬁpimiaﬁﬁ

Rich, creany tastgalactosemia. Excel l ent source of protein, calcium and
ot her essential vitam ns and m neral s - For

| ow- chol esterol diets Features: Lactose-free, easily digested

I ngredients: 10 Vanilla Suprene: -[err]-D Water, Sugar (Sucrose),

Mal t odextrin (Corn), Cal g o ggg- | L pates, . H. gh- | C
Saffl ower G|, Soy Prot e?hy?lé%?lgtlseo,l ateS%)y “f%ﬂmn%?g&gg%ﬁ(ap %'te%m a%%!\ssi um
G trate, Cal ci um Phospiraessifivitbasi c, Sodi um Citrate, Magnesi um

Chl ori de, Magnesi um Phosphate Di basic, Artificial Flavor, Sodium

Chloride, Soy Lecithim Chctbserfedlvmaiation toevid Rictosdaisdciated didgig@nan, Zinc
15 Sul fate, Ferrous Suffate, Al pha-Tocopheryl Acetate, Cellan Gum

Ni aci nani deg CaLG B3R OIE B ik VAR B e e'r{_sﬁﬁ/ Fosfil |

Sulfate, Vitamn A . Pal m tate, Thia ori rochloride,
Pyri doxi ne Hydrochl or idigtrhea. Ri bofl avin, Folio Acid, Sodium

Mot ybdat e, Chrom um Chl ori de, Biotin, Pot assi um | odi de, Sodi um
Sel enat e, Phyl | oqui nore, Duat carbohybratesa(ooin2§rup and suépse)alesigaéditodnhance

carbohydrate absorption and reduce the risk of exceeding the absorptive
capacity of the damaged gut.

15 * 1.8 mg of Iron (as ferrous sulfate) per 100 Calories to help prevent
iron deficiency.

e Recommended levels of vitamins and minerals.

® Vegetable oils to provide recommended levels of essential fatty
acids.

20 * Milk-white color, milk-like consistency and pleasant aroma.

Ingredients: (Pareve, ®) 85% water, 4.9% corn syrup, 2.6% sugar

(sucrose), 2.1% soy oil, 1.9% soy protein isolate, 1.4% coconut oil, 0.15%
calcium citrate, 0.11 % calcium phosphate tribasic, potassium citrate, potassium
phosphate monobasic, potassium chloride, mono- and disglycerides, soy

25 lebithin, carrageenan, ascorbic acid, L-methionine, magnesium chioride,
potassium phosphate dibasic, sodium chloride, choline chloride, taurine, ferrous
sulfate, m-inositol, alpha-tocopheryl acetate, zinc sulfate, L-carnitine,
niacinamide, calcium pantothenate, cupric sulfate, vitamin A palmitate,

thiamine chloride hydrochloride, riboflavin, pyridoxine hydrochloride, folic
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Pr ot ei n: The protein source is a blend of two high-biol ogi c-val ue

proteins: GRy&idE7681d soy. Sodi um apgraosibresd
casei nat es 85% 25 Soy protein isolate

15% Fat : The fat source is a blend of three oils:

hi gh-ol ei ¢ saffl ower, canola, and soy. H gh-oleic

saf fl ower oil 40% ) -

- 75- acid, manganese sulfa®s potaasivin iodide, phylloquinone, biotin, sodium 30%
Soy oil 30% The | evel of

fat in ENSURE HI CFlepitgsiiteminDapud cypopeobalaniin, ¢ Associ ation (AHA)
gui delines. The 6 gra of fat i URE HI . PROTEI N represent 24%
of the total calories ,rﬁwi t SQW%F%SW%'&“?;@?%&‘?FW' sat ur at ed

fatty acids and 7.9% from pol yunsaturated, fatty agi ds. These val ues

are within the AHA guideagends ashort-termm fesdingJon the digteryiraanagempntrofdiarthea 1 oy
of the C } urated fatty acids, and < 10% of total
cal ories fr%m QhQﬁfaﬁ%gﬁggﬂdz?%r ated fatty acids. 10 Car bohydr at e:
ENSURE HI GH PROTEI N co&a%gé a conbi nation of maltodextrin and

sucrose. The m|d sweethess and flavor variety (vanilla suprene, chocol ate

royal, wild berry, and banapa)., .plus.,VARI -| LAV&%E .Fl avqr Racs | ecan,
cherry, strawberry, |eho “SQW#%E%HB@%W%B 14 eag'gpﬁogﬁ fie and
aidin 15 pat i ent speeiiRhlly vt Biarrhea managemef@tNi | | @ and ot her nonchocol ate
flavors _ Sucrose 60%

Mal t odextrin e Clinically shown to reduf@ffe duration of loose, watery stools

10 during mild to severe diarrhea in infants.
¢ Nutritionally complete to meet the nutritional needs of the infant.

» Soy protein isolate with added L-methionine meets or exceeds an

infant's requirement for all essential amino acids.
¢ Lactose-free formulation to avoid lactose-associated diarrhea.

15 o Low osmolality (240 mOsm/kg water) to reduce the risk of osmotic

diarrhea.

¢ Dual carbohydrates (corn syrup and sucrose) designed to enhance
carbohydrate absorption and reduce the risk of exceeding the absorptive

capacity of the damaged gut.

20 e Meets or exceeds the vitamin and mineral levels recommended by
the Committee on Nutrition of the American Academy of Pediatrics and
required by the Infant Formula Act.

e 1.8 mg of iron (as ferrous sulfate) per 100 Calories to help prevent

iron deficiency.

25 e Vegetable oils to provide recommended levels of essential fatty

acids.

Ingredients: (Pareve, @) 86% water, 4.8% corn syrup, 2.5% sugar

(sucrose), 2.1% soy oil, 2.0% soy protein isolate, 1.4% coconut oil, 0.77% soy
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Chocol ate 20 Sucr ose 70%

Mal t odext rj 30% : NSURE
LLGHT WO ssiees Usage: ENSURE LIGHT is a | ow fat |iuniCJ"f’%&3'3"£
designed for use as an 25 oral nutritional supplenment with or between
meal s. ENSURE LIGHT is | actose- and gluten-free, and is suitable
for use in nodified diets, including | ow chol esterol diets.

Patient Conditi OfBer, 0.12% calcium citrate, 0.11 % calcium phosphate tribasic, 0.10% - 76-
For normal -wei ght or overwei ght patients who need extra nutrition in a

suppl enent that petassiim sitmtmPpiassium ghlozide, potassiuayehosphate moagbasip MANSURE

For heal t hy adul: gﬂﬂ'i { gh e ANg N
Features: 5 A &YQ@ Yo |%1’s§ g?ecgthgx, é%lr?a%rgg{;gﬂg?% hitn BhibFi&E, aé%,obﬁPlaciar%d’S g
of total fat perLanéthioniheapstassivim phosphate diffasicpsodium chloride, diolifie cldoridery
taste * Excei.l | ent urce, of, cal Cﬁ um a %rﬁt her essential vitam ns

and ni neraPs taurine, ferrops sulfaie, Msingsital,alphastoge @cetate, zing sufate,df ( e

easi |y digested camitine niacihilﬁfd@,cﬂﬁﬁxﬁ:pantothenate cupﬁE%ﬁH'ﬁte,\@erﬂih% [err]-D
Water, Maltodextrin (Corn), Sugar (Sucrose), Calcium Casei nat e,

Hi gh- O ei ¢ Saf f | peleitats, thiargiae shleride hydwskjatide, aibo@ayios pyridox8iedi um

phosphat e 15 WARHHBIE ol EhAE HPRIEIRSRAR otdsHthl ot iBlfone,

Phosphat e Tri basbibtinGsodiuth eélenite, vitamin D; and cyanocobalamin,

10 C. Isomil® SF Sucrose-Free Soy Formula With Iron.

Usage: As a beverage for infants, children and adults with an allergy or
sensitivity to cow's-milk protein or an intolerance to sucrose. A feeding for

patients with disorders for which lactose and sucrose should be avoided.

Features:

15 ¢ Soy protein isolate to avoid symptoms of cow's-milk-protein allergy

or sensitivity.

e Lactose-free formulation to avoid lactose-associated diarrhea

(carbohydrate source is Polycose® Glucose Polymers).
e Sucrose free for the patient who cannot tolerate sucrose.

20 ¢ Low osmolality (180 mOsm/kg water) to reduce risk of osmotic

diarrhea.

e 1.8 mg of iron (as ferrous sulfate) per 100 Calories to help prevent

iron deficiency.
e Recommended levels of vitamins and minerals.

25 e Vegetable oils to provide recommended levels of essential fatty
acids.

¢ Milk-white color, milk-like consistency and pleasant aroma.

Ingredients: (Pareve, ®) 75% water, 11.8% hydrolized cornstarch, 4.1%

soy oil, 4.1% soy protein isolate, 2.8% coconut oil, 1.0% modified cornstarch,
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Gel, Choline Chloride, Soy Lecithin, Carrageenan, Salt (Sodium Chloride),
Ascor bi ¢ RpbYgiaéReh! ul ose Gum Ferrous Sul fate, Al pha- Tocophegeyuédaffradae.

Zinc Sulfate, | aci nam de, Manganese Sul fate, Cal ci um Pantothenate, Cupric
Sul fate, Thiam ne Chloride Hydrochloride, Vitamin A Palmtate, Pyridoxine
20 Hydrochl ori de, Ri boflavin, Chrom um Chloride, Folic Acid, Sodium
Mol ybdate, Biotin, Potassiumlodide, Sodium Selenate, Phyl !l oquinone, .
Vitam n _ 0.B8%avaltivy @h@phb@hﬁbisib 0.17% potassmxﬁrciti'a%é 10.13% potassium The
protein source is calciumcasein um casei nat e
100% Fehloride, mono- andligslyc dgwpzéew@"a%mmafcﬂqweoﬁl sgorbic

hi gh-ol ei c saf fl| gue . ARthiGRAC) |c§lcuﬁn carbonate, sodlum chloride, choline chloride,

-77- oleic safflower oil 70%
Canol a oi | carrageenan, taurine, ferrous sulfate, ma@@sltol alpha-tocopheryl acgtate, zimg¢e| of

fat in ENSWRE LI nerj.can rt As a

gui del i nesy The gﬁ’sé%ﬁ“ p%[tchﬁpagﬁg ?Q‘ﬁﬁ&geﬂfpﬂffugéf bY‘}%’“‘

the total calori ASpalmltAtb, thiaffinthlbhide lﬁﬁﬁo&mm tiboflavial pyridoRthef at ty aci ds
and 2.6% rom pol yunsaturated fatty acids. These values are within

the AHA gui del i nbxdrochlonde, folic wl@mmmqssﬁulfat@m%w@m iodide philloquinpneo, of
the calories fro ﬁﬁ%ﬁﬂfrﬁgel%ﬁ#e?ﬁttmmDadandac%ﬂécobﬁ% ; 1 0%of total
' t

cal ories fram po yunsat urate Cair bohydrate 10

ENSURE LI GHT contai nspa cogh i bﬂ%ogfl«‘o?ﬁ{utlé’%ﬁ i%a’h}ﬁ@&’df’t‘&ﬂ%&

The chocol ate flavor contains cofn s | d” Sweet ness and
flavor variety (French van20 Cal/fldzocol ate suprene, strawberry swirl), plus
VARl - FLAVORS[ err] Flavor Pacs in pecan, cherry, strawoerry, |enon, and

orange, help to preveUkade: aVhén 4 8dy feedingiéldédirdd] N patient conpliance. 15
Vani |l a and ot her nonchocol ate fl avors Sucr ose

51% Ingredients: (Pareve, ®) 85% water, 4.9% cormn syrup, 2.6% sugar
(sucrose), 2.1% soy oil, 1.9% soy protein isolate, 1.4% coconut oil, 0.15%
calcium citrate, 0.11% calcium phosphate tribasic, potassium citrate, potassium

15 phosphate monobasic, potassium chloride, mono- and disglycerides, soy
lecithin, carrageenan, abscorbic acid, L-methionine, magnesium chloride,
potassium phosphate dibasic, sodium chloride, choline chloride, taurine, ferrous
sulfate, m-inositol, alpha_—tocopheryl acetate, zinc sulfate, L-carnitine,
niacinamide, calcium pantothenate, cupric sulfate, vitamin A palmitate,

20 thiamine chloride hydrochloride, riboflavin, pyridoxine hydrochloride, folic
acid, manganese sulfate, potassium iodide, phylloquinone, biotin, sodium

selenite, vitamin D3 and cyanocobalamin,
E. Similac® Infant Formula

Usage: When an infant formula is needed: if the decision is made to
25 discontinue breastfeeding before age 1 year, if a supplement to breastfeeding is

needed or as a routine feeding if breastfeeding is not adopted.

Features:

e Protein of appropriate quality and quantity f01; good growth; heat-

denatured, which reduces the risk of milk-associated enteric blood loss.
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Mal t odextrin _ 49% Chocol at e

Sucrose 47.0% 20 Corn_ Syrup
26. 5% WO 98/46765 Mal t odextrin PCT/USH07433
Vitam ns and M neral s An 8-fl-o0z serving of ENSURE LI GHT
provi des at |east 25% of the RDIs for 24 key vitam ns and

m nerals. 25 Caf f ei ne Chocol ate flavor contains 2.1

ng caffeine/8 fl oz. . : 0 -78
E. ENSURE PLUS * Fat from a blenof vegetable ofi(dppbly homogenized), providing

| owresidue |iquid foeskehtial linoleic acid thas ix eabibynatentbed. cal ori es and nutrients,
but a normal concentration of protein, are needed. It is designed

primarily as an oral ﬂUtC%bWHihte%HlH@fd%@Wﬁmb@rﬂ%ﬁ sitfiid to that of humh kdilkor
between neals or, in appropriate amounts, as a neal replacenent.

ENSURE PLUS is | act 0sg- E&Qr&la!‘%&ﬂteﬁ&ﬁﬁto xﬁﬂmxﬂ&b‘gﬂeéston'd%vab H@rdr%éhsan oral

nutritional supplenent, It can be fed

Condi ti ons: %ﬁ@éx,é@ﬁdeﬁ&& %%%ﬁ’k& Ryt ESag@hpd. €S, and

nutrients, 5but anorrral concen teln ina’limted
volure o Ak gRhS: 16D 3, bnP factb, Bo51o], LR3hi b, v O

mono- and dxglycendes, soy lecithin, abscorbic acid, carrageenan, choline

chloride, taurine, m-inositol, alpha-tocophery! acetate, zinc sulfate, niacinamid,
ferrous sulfate, calcium pantothenate, cupric sulfate, vitamin A palmitate,

10 thiamine chloride hydrochloride, riboflavin, pyridoxine hydrochloride, folic
acid, manganese sulfate, phylloquinone, biotin, sodium selenite, vitamin D; and

cyanocobalamin,
F. Similac® NeoCare Premature Infant Formula With Iron

Usage: For premature infants' special nutritional needs after hospital
15 discharge. Similac NeoCare is a nutritionally complete formula developed to
provide premature infants with extra calories, protein, vitamins and minerals

needed to promote catch-up growth and support development.

Features:

» Reduces the need for caloric and vitamin supplementation. More
20 calories (22 Cal/fl 0z) then standard term formulas (20 Cal/fl 02).

¢ Highly absorbed fat blend, with medium-chain triglycerides (MCT

oil) to help meet the special digestive needs of premature infants.

e Higher levels of protein, vitamins and minerals per 100 Calories to

extend the nutritional support initiated in-hospital.

25 ® More calcium and phosphorus for improved bone mineralization.

Ingredients: ©-D Corn syrup solids, nonfat milk, lactose, whey protein
concentrate, soy oil, high-oleic safflower oil, fractionated coconut oil (medium-
chain triglycerides), coconut oil, potassium citrate, calcium phosphate tribasic,

calcium carbonate, ascorbic acid, magnesium chloride, potassium chloride,
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Good source of essential vitamns and mnerals 15 | ngredi ents

Vani | | a: [vﬁgggmd;ﬁg/\at er, Corn Syrup, Ml todextrin (Corn), CompgradesnoRrdi um
and Cal ci um Casei nat es, Sugar (Sucrose), Soy Protein |solate,
Magnesi um Chl ori de, Potassium Citrate, Calcium Phosphate Tri basic,
Soy Lecithin, Natural and Artificial Flavor, Sodium G trate,

Pot assi um Chl ori de, Choline Chloride, 20 Ascor bi c Acid, Carrageenan,
Zinc Sul fate, Fesod’mm;clﬁulideataminﬂ fetrausTsudfaps en-jlositol, choline chtorides ascorbyl

Ni aci nam de, Calc nt ot t.e fate pric . .

Sul {2t o, Thi am rEEHRE -SRI SEh BEPHREH iR A gt Befipamidee,

Ri bof | avin, Vi tQﬁixed&mthébesaéoamnEeiuare Q&lcihm ﬂxanaté;im it walf4ee) or i de,
Sodi um Mol ybdat Pot assi um | odi de, Sodl um Sel eni | oqui none, 25

Cyanocobal ani n hiaming elderdeysdrechloride, vitamin Appkmr@qt% beta carotene riboflavin, The

protein sogrce is aobie Wd@f';%lwﬁ?’an@@ {i %%&eé’eaéu ééﬂlﬁiqﬁﬁxoggaﬁgﬁﬁ‘

and soy. caselna

-79- sodium selenite, v1tarﬁ§nﬂ)mdtogmdobalhmﬂm 16%
Fat The fat source is corn oil. Corn oil
100% 5 Car bohydgat € Similac Natural Care IV IRn AubfarcMillkeW étifier Ready
conbi nation of maltodextrin and sucrose. The m | d sweet ness and
flavor variety (vanilla, cholised4Califl pzberry. coffee, buf f er

pecan, and eggnog), plus VARl - FLAVORS| err] Fl avor Pacs in peca
cherry, strawberry. |6smgs; Designed torhominedwith l@upawdkmr#qawfﬂdaif&magMQIYand

aidin 10é #ﬁﬂﬁxaﬁmtbm%rth-welght “Eo a@ni Il a, strawberry, butter
pecan, and coffee rn Syrup
39%

_ I\ﬁg;e%?e%tst: r@-ﬁ Water, nonfat milk, hydrolyzed comstarag ({gctose,
fractionated coconut oil (medium-chain triglycerides), whey protein
concentrate, soil oil, coconut oil, calcium phosphate tribasic, potassium citrate,
magnesium chloride, sodium citrate, ascorbic acid, calcium carbonate, mono-

15 and diglycerides, soy lecithin, carrageenan, choline chloride, m-inositol, taurine,
niacinamide, L-carnitine, alpha tocopheryl acetate, zinc sulfate, potassium
chloride, calcium pantothenate, ferrous sulfate, cupric sulfate, riboflavin,
vitamin A palmitate, thiamine chloride hydrochloride, pyridoxine
hydrochloride, biotin, folic acid, manganese sulfate, phylloquinone, vitamin D3,

20 sodium selenite and cyanocobalamin.

Various PUFAs of this invention can be substituted and/or added to the
infant formulae described above and to other infant formulae known to those in
the art..

II. NUTRITIONAL FORMULATIONS
25 A. ENSURE®

Usage: ENSURE is a low-residue liquid food designed primarily as an
oral nutritional supplement to be used with or between mealé or, in appropriate
amounts, as a meal replacement. ENSURE is lactose- and gluten-free, and is
suitable for use in modified diets, including low-cholesterol diets. Although it

30 is primarily an oral supplement, it can be fed by tube.
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Sucr ose 23% 15 Chocol at e and eggnog

flavors Corn Syrup 36%

Mal t odext r VP 98/46765 34% EGAf598/07422
30% Vitam ns and Mnerals 20 An 8-fl-o0z serving of
ENSURE PLUS provides at |east 15% of the RD s for 25 key Vitanmi ns
and m nerals. Caf f ei ne Chocol ate flavor contains
3.1 ng Caffeinel 8pfg dss flavor contains a trace anount of
cattolne | 55" CritientConilibi? [1AVDL L OO0

- 80- : ) URE PLUS HN is a nutritionally
conpl ete hi gh_calarfg{patxmtsongﬁﬁigﬁgﬁﬁ ogen liquid food designed for

peopl e wi th higher | or.ie and protein, . needs or limted vol ume

tol erance. It may® bg:%ﬁgléar?¥8‘?t‘e&€%?tn§'§ﬂtﬂ“é?$nt ation or for total
nutritional support by tube. ENSURE PLUS HN is | actose- and gluten- 5
free. Pat | &RF Petisats With inyoluntary weightdossor patients with increased
calorie and protein needs, such as follow ng surgery or injury

For patient8 withe| iFot patienteieconering fronmillnesssorcurgery y satiety 10

Feat ures * For supplenmental or total nutrition

o For patients who need a low-residue diet
Ingredients:

©.D Water, Sugar (Sucrose), Maltodextrin (Corn), Calcium and Sodium
Caseinates, High-Oleic SaﬁloWer Oil, Soy Protein Isolate, Soy Oil, Canola Oil, '
10 Potassium Citrate, Calcium Phosphate Tribasic, Sodium Citrate, Magnesium
Chloride, Magnesium Phosphate Dibasic, Artificial Flavor, Sodium Chloride,
Soy Lecithin, Choline Chloride, Ascorbi¢ Acid, Carrageenan, Zinc Sulfate,
Ferrous Sulfate, Alpha-Tocopheryl Acetate, Gellan Gum, Niacinamide,
Calcium Pantothenate, Manganese Sulfate, Cupric Sulfate, Vitamin A
15 Palmitate, Thiamine Chloride Hydrochloride, Pyridoxine Hydrochloride,
Riboflavin, Folic Acid, ‘Sodium Molybdate, Chromium Chloride, Biotin,

Potassium Iodide, Sodium Selenate.

B. ENSURE® BARS

20 Usage: ENSURE BARS are complete, balanced nutrition for
supplemental use between or with meals. They provide a delicious, nutrient-
rich alternative to other snacks. ENSURE BARS contain <1 g lactose/bar, and

Chocolate Fudge Brownie flavor is gluten-free. (Honey Graham Crunch flavor

contains gluten.)
25 Patient Conditions:
e For patients who need extra calories, protein, vitamins and minerals

e Especially useful for people who do not take in enough calories and

nutrients
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* For oral or tube feeding 1.5 CavnL * High nitrogen
15 * GRlbYgl4efssl y dense I ngredi ents Veaathisesniaasr] - D
Water, Maltodextrin (Corn), Sodium and Cal ci um Casei nat es, Corn
G I, Sugar (Sucrose), Soy Protein |solate, Magnesium Chloride, Potassium
Citrate, Calcium Phosphate Tribasic, Soy Lecithin, Natural and Artificial

20 Fl avor, Sodium  Citrate, Choline Chloride, Ascorbic Acid, Taurine,
L- Carni ti ne, e For pzople wholbaye the ability doshesyatdiswallosy pha- Tocopher yl

Acet ate, Ni aci nam de, Carrageenan, Cal ci um Pant ot henat e, Manganese
Sul fate, Cupric ®ulNatite be used by anyomé wdthi ayseatind alergycortang rtypddfialletiey to

Pyri doxi ne Hydrochl oride, R boflavin, Vitamn A Palmtate, Folic
Acid, Biotin, ChPB® um Chloride, Sodium 25 Mol ybdat e, Pot assi um

| odi de, Sodi um Sel eni_it e, Phyl | oqui none, Cyanocobal am n and Vitam n
Derr]. Ingregients: ENSURE POVDER

-81- Usage: ENSURE POWDER (reconstituted with

water) is & | owresi d@@ney Graham Cl'\m&hrdHf%EF“m¢ GesuSyupntey Pspteis an or al
triti | t URE
18 0 S Rl e ., S B

ree, Useé in
nodi fied diets, lSngin{Sumgsd]pS!gIC[&)Haﬁm €hhindd] at:SMalt) ©at Bran, Fastidliynt

Condi ti ons: For tients o fi lets o E
el derly pati ent s H#dregspated Cigtonsee and Soy Oils, & ﬁ%vsaﬁéﬁl@m lecses%‘%% from
;:| | [les s/ surgery protein Concerittite, FllyR@RirdseMPRIcBRRICACBVCARMAI T Hbg! 10
eat ures :
10 Powder, Artificial Flafors, Canola Oil, High-Oleic Safflower Oil, Nonfat Dry
Milk, Whey Powder, Soy Lecithin and Corn Oil. Manufactured in a facility that

processes nuts.
Vitamins and Minerals:

Calcium Phosphate Tribasic, Potassium Phosphate Dibasic, Magnesium
15 Oxide, Salt (Sodium Chloride), Potassium Chloride, Ascorbic Acid, Ferric
Orthophosphate, Alpha-Tocopheryl Acetate, Niacinamide, Zinc Oxide, Calcium
Pantothenate, Copper Gluconate, Mariganese Sulfate, Riboflavin, Beta-
Carotene, Pyridoxine Hydrochloride, Thiamine Mononitrate, Folic Acid, Biotin,
Chromium Chloride, Potassium Iodide, Sodium Selenate, Sodium Molybdate,
20 Phylloquinone, Vitamin D3 and Cyanocobalamin. |

Protein:

Honey Graham Crunch - The protein source is a blend of soy protein isolate

and milk proteins.
Soy protein isolate 74%
25 Milk proteins 26%
Fat:

Honey Graham Crunch - The fat source is a blend of partially

hydrogenated cottonseed and soybean, canola, high oleic safflower, and corn
oils, and soy lecithin.
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* Convenient, easy to m x Low in saturated fat Cont ai ns
9 g of total fat and < 5 ng of chol esterol per serving | I N
vitam ns aNQ%BP8Pals 15 * For lowcholesterol diets PCTms;Mmzi
Lactose-free, easily digested Ingredients: [err]-D Corn Syrup,

Mal t odextrin (Corn), Sugar (Sucrose), Corn Ql, Sodi um and Cal ci um
Casei nates, Soy Protein Isolate, Artificial Flavor, Pot assi um ..
Qtrate, Magnesium %&ﬁél%yé%&m%&amm@o%wahosmate 20

Tribasic, Potassium Chlori"de, SOy Lecithin, Ascorbic Acid, Choline

Chl ori de, ZiGanoluoil at e, Ferrous Sul fate, AB¥ha- Tocopheryl Acetate,
Ni aci nam de, | Gi. enat e, Manganegg Sul fate, Thiam ne

Chl ori de Hydrochl ori O%I%ﬁ 0%18%9}55)%% c Sul fate, Py??’doxi ne Hydrochl ori de,
Ri bofl avin, Vitam n ACéloil t ate, Folic Aci 4% Biotin, Sodium

Mol ybdat e, _Chromi um Chl ori de, Potassium |odide, 25 Sodi um Sel enat e,
Phyl | oqui ndne, Vit ami$PYI8CHHR Cyanocobal ani n. 4%  Pprotein

The protein source is a blend of two high-biol ogic-value proteins: casein
and soy. Carbohydrate: ' -82-

Sodi um and cal ci um casei nat es 84% ] Soy protein

i sol at e Honey GrahamyCrunch - The carbohydrate source is a combimaitonfaft

source is corn

To0% gl frmthes pam syrup, browt higal maliedeyrin honey erisprice, |

conbi nati on of cglycerkie] st polysaccharide,adtoatibrahy i N, and sucrose. The mld

sweet ness of ENSURE POWNDER, pl us VARI - FLAVCRS Fl avor Pacs in
pecan, cheory, strawHighy/frudt6s¥dbm syitp 24%
Brown sugar 21%
Maltodextrin 12%
Honey _ 11%
Crisp rice 9%
15 - Glycerine 9%
Soy polysaccharide 7%
Oat bran 7%\

C. ENSURE® HIGH PROTEIN

20 Usage: ENSURE HIGH PROTEIN is a concentrated, high-protein
liquid food designed for people who require additional calories, protein,
vitamins, and minerals in their diets. It can be used as an oral nutritional
supplement with or between meals or, in appropriate amounts, as a meal
replacement. ENSURE HIGH PROTEIN is lactose- and gluten-free, and is

25 suitable for use by people recovering from general surgery or hip fractures and

by patients at risk for pressure, ulcers.

Patient Conditions

¢ For patients who require additional calories, protein, vitamins, and minerals,
such as patients recovering from general surgery or hip fractures, patients at risk

30 for pressure ulcers, and patients on low-cholesterol diets
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10 orange, helps to prevent flavor fatigue and aid in patient

conpli ancqyp ogueres  Vanilla Corn Syrup  pcr/usesn74
35% Mal t odextrin 35%

Sucr ose 30% 15 H. ENSURE
PUDDI NG Usage: ENSURE PUDDI NG is a nutrient-dense

suppl enent provi di ng bal anced nutrition in a nonliquid formto -be
used with or bet Heatureseals. It is appropriate for

consi stency-nodified diets (e.g., soft, pureed, or full liquid) or 20

for people wth swdldwim sapurateddatr nents. ENSURE PUDDI NG i s gl uten-free.
Patient Conditions: For patients on consistency-nodified diets
(e.g., soft, pureect;orﬁﬁmwgloﬂtbﬁwadhnd<5mgofchomteraaﬁdr@&tva1g/vith swal | owi ng
| mpai rment s Features 25 Ri ch and creany, good taste
Good source of egseﬂchaéreﬁhg, g&dlens and nminerals Convenient-needs no
refrigeration - 83-

1095 Tot 81 Fat *adPupiensBlice StRlhef Giliug, 86 ol St SltpipgbATC T,

Vanilla: [err]-Dniagthet M| k, Water, Sugar (Sucrose), Partially

Hydr ogenat ed Soybean G|, Mdified Food Starch, Mgnesium Sul fate.
Sodi um St ear oyl For lowlvc@x@;le\é{e%l%etss()d' um Phosphate Di basic, Artificial
Fl avor, Ascorbic ACI d, ul fate, Ferrous Sul fate,
Al pha- Tocopheryl A@&&&sglﬁe@g&@%‘égg{egrl de,
Ingredients:
10 Vanilla Supreme: -@-D Water, Sugar (Sucrose), Maltodextrin (Corn), Calcium

and Sodium Caseinates, High-Oleic Safflower Oil, Soy Protein Isolate, Soy Oil,
Canola Oil, Potassium Citrate, Calcium Phosphate Tribasic, Sodium Citrate,
Magnesium Chloride, Magnesium Phosphate Dibasic, Artificial Flavor, Sodium
Chloride, Soy Lecithin, Choline Chloride, Ascorbic Acid, Carrageenan, Zinc -

15 Sulfate, Ferrous Suffate, Alpha-Tocopheryl Acetate, Gellan Gum, Niacinamide,
Calcium Pantothenate, Manganese Sulfate, Cupric Sulfate, Vitamin A
Palmitate, Thiamine Chloride Hydrochloride, Pyridoxine Hydrochloride,
Riboflavin, Folio Acid, Sodium Motybdate, Chromium Chloride, Biotin,
Potassium Iodide, Sodium Selenate, Phylloquinone, Vitamin D.3 and

20 Cyanocobalarnin. |

Protein:

The protein source is a blend of two high-biologic-value proteins: casein and

s0y.
Sodium and calcium caseinates 85%
25 Soy protein isolate . 15%
Fat:
The fat source is a blend of three oils: high-oleic safflower, canola, and soy.

High-oleic safflower oil 40% -
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Ni aci nam de, Manganese Sul fate, Cal ci um Pant ot henate, FD&C Yel |l ow #5, 10
Potassium Citrate, Cupric Sulfate, Vitamin A Palnitate, Thiamine Chloride
Hydr ochl orWEdSMEI85i doxi ne Hydr ochl ori de, Riboflavin, FDSC YeFPF&HNSHLT4, i ¢
Acid, Biotin, Phylloquinone, Vitam n D3 and Q/anocobal am n.

Pr otei n The protein source is nonfat mlk. 15

Nonf at mi | k 100% - Fat
The fat source is hydqrpdenagt ed soybean oil. 30% Hydr ogenat ed
soybean oi l 100% Car bohydrate 20 ENSURE
PUDDI NG contai ns a cW&ption of sucrose and nodi f jge f ood
starch. The m|ld sweetness and flavor variety (vanilla, chocol ate,

putterscot ch, and t aphogye RPER iR gﬁﬁmsf;hmpmbﬁm%e@meﬁegﬂ

contains 9.2 grans O 0Se per servin

ot her nonchocol aAssotiatiow(AHAJ guidelines. The 6 graﬂscof«fmen ENSURE HIGH
56% h\?ct ose . . ° 2.1%
Mbdi fied fod stBREREIN represent 24% of thegfal calories, with 3§ gf the fat being from
'533 - WO 98§aﬁﬁ‘3t§§ fa%tty acids and 7.9% from pslyah&s@ated fatty acids. 'léléese values

0 ' Lact ose
Modi fi ed food stareatithin the AHA guidelines of < 38% of totakcalories from fat, <|1 0% of the
ENSURE[err] W THca'l:or?e%@rom saturated fatty acids, and < 1 0% of total calories from

polyunsaturated fatty acids.

[a and

10 Carbohydrate:

ENSURE HIGH PROTEIN contains a combination of maltodextrin and
sucrose. The mild sweetness and flavor variety (vanilla supreme, chocolate
royal, wild berry, and banana), plus VARI-FLAVORSO® Flavor Pacs in pecan,
cherry, strawberry, lemon, and orange, help to prevent flavor fatigue and aid in

15 patient compliance.

Vanilla and other nonchocolate flavors

Sucrose 60%
Maltodextrin 40%
Chocolate
20 Sucrose 70%

Maltodextrin 30%

D. ENSURE ® LIGHT

Usage: ENSURE LIGHT is a low-fat liquid food designed for use as an
25 oral nutritional supplement with or between meals. ENSURE LIGHT is
lactose- and gluten-free, and is suitable for use in modified diets, including low-

cholesterol diets.

Patient Conditions:
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Usage: ENSURE WTH FIBER is a fiber-containing, nutritionally

conpl et e | wloghyehepd designed for people who can benefit fropdPesRATIE
dietary fiber and nutrients. ENSURE WTH FIBER is suitable for people who

do not require a lowresidue diet. It can be fed orally or by tube, and can
be 10 used as a nutritional supplenent to a regular diet or, in
appropriate anounts, as a neal replacenent. ENSURE WTH FIBER i s

| act ose- and gl ue erFor nemnalaweightor overweight patientamhe need extsanutritiondn &i ed
diets, including_lowchal.esterol digts, os s at i ent NGkt rd

For patients whoStR e%eéﬁ&a?{;o t?‘&%%ﬁ"c‘??a@%ﬂ’dd?oe/f g(m/,erfclago s%%?%t s 15
Feat ures vanced for a-lowin saturated fat, higher in
vitam ns and m nérﬁé\ﬁeﬁ%y “fts“@ﬁggjitﬁ%t@ apd necgh extramytritiony < 5 ng of
chol esterol per serving Rich, creany taste : Good source
of fiber 20 Featurestyce| | ent source of essential vitamins and ninerals
For | owchol esterol diets Lactose- and gluten-free

| ngr edi ent § o Low imfat andhsatyratedifatD Wat er, Mal t odextrin (Corn), Sugar
(Sucrose), Sodium and 25 Cal ci um Casei nates, QCat Fiber, H gh-Oeic
Saf fl ower G|, CandCantfin$ 3 gSf\ytotal fat per sefing andi<53ng ehelestéroin O |, Soy

Fi ber, Cal ci um Phosphate Tri basic, Magnesi um Chl ori de, Potassium

Gtrate, Cellul ose Kieh,cr&y tagel t hi n, Potassi um Phosphate
- 85- Di basic, Sodium G trate, Natural and Artificial

Flavors, Choli neodﬁﬁeilgﬁgﬁ}u&e iog galéiwgmtﬂgg égggﬁigpﬁ%inééﬁ@ ifth&alRCi d,

Cel | ul ose Gum Pot assi um Carrageenan, rrous Sul f ate,

Al pha- Tocopheryl A v Lfate, Ni aci nam de, Manganese
Sul fate, Calci ym'Pg%rg{’ﬁec#ﬁegt%r%:ébertgp Sulfate, 5 Vitamn A Palmtate,
i amine Gl ori de Hydk Qe Lty digeled i e

Ingredients:

French Vanilla: ©-D Water, Maltodextrin (Corn), Sugar (Sucrose), Calcium
Caseinate, High-Oleic Safflower Oil, Canola Oil, Magnesium Chloride, Sodium
Citrate, Potassium Citrate, Potassium Phosphate Dibasic, Magnesium Phosphate

15 Dibasic, Natural and Artificial Flavor, Calcium Phosphate Tribasic, Cellulose
Gel, Choline Chloride, Soy Lecithin, Carrageenan, Salt (Sodium Chloride),
Ascorbic Acid, Cellulose Gum, Ferrous Sulfate, Alpha-Tocopheryl Acetate,
Zinc Sulfate, Niacinamide, Manganese Sulfate, Calcium Pantothenate, Cupric
Sulfate, Thiamihe Chloride Hydrochloride, Vitamin A Palmitate, Pyridoxine

20 Hydrochloride, Riboflavin, Chromium Chloride, Folic Acid, Sodium

' Molybdate, Biotin, Potassium Iodide, Sodium Selenate, Phylloquinone, Vitamin

D3 and Cyanocobalamin.

Protein:
The protein source is calcium caseinate.

25 Calcium caseinate 100%
Fat

The fat source is a blend of two oils: high-oleic safflower and canola.
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Hydrochl ori de, Riboflavin, Folic Acid, Chrom um Chloride, Biotin, Sodium

Mol ybdat e, ﬁghﬁg_&gum | odi d Sodi um Sel enat e, Phyl | oqui none, gjr}ug '27 and
P

Q/anocobal"g Protein 10 The prote sour

bl end of two high-biol ogi c-val ue proteins- casein and soy.

Sodi um and cal ci um casei nat es 80% Soy protein

| sol ate 20% Fat 15 The f at.
source is a blend of Highesleioishfftower gfl- ol ei ¢ saf f| ow@0% canol a, and

corn. H gh-ol eic saffl ower oil 40%

Canol a oi | Canola oil 40% 30% Corn oi l

20% 20 The |l evel of fat in ENSURE W TH FI BER neets Anerican
Hear t Associ Thd level(offik)in ENSIERETIGHT iheets AQﬁ&lBth{eahaAsstiaEbiﬁURE

W TH FI BER represent 22% of the total calories, wt 01 % of the

fat being from s(a&}%hg@éelmes The 3 grams of fa¢ iyEN, §muﬁ/%l?ﬁ6?ﬁe§ﬁﬂtﬁrﬁ%a?ﬁlrat ed
fatty acids. Theng al difitid] Gitd"1/4% B the fat being Irifh iiiali'eAlE) ddi@ar2.60430%

of total calories %rom he ca rles rom sat ur at ed
fatty acids, andfremipobfinsdtutatddafatty atids. Fhedervainep ate/withintthe AFPAl guidelines

fatty acids REWT rﬁ:IBER
Re

contains a conbi % 207 (gartﬂ]gqa%(dtate fatand O%Ofmecal%(g%gésatw

sweet ness and fl gyay, aﬂ@k'lq;%oﬁ"(&ﬂ'dal&esmgbl&ﬁs s. _
- 86- pecan), plus VARI-FL S[err] FI avor Pacs i n pecan

cherry, strawberfyrhohydrate | €M0n, and orange, help to prevent flavor
fatigue and aid in pat I ent conpliance. Vani | | a and ot her

ggg}f hocol ghe flavors gNSURE LIGHT contabfd 4 &fiBthétidh of maltodextrin and sucrose.
The chocolate flavor contains corn syrup as well. The mild sweetness and
flavor variety (French vanilla, chocolate supreme, strawberry swirl), plus
VARI-FLAVORS® Flavor Pacs in pecan, cherry, strawberry, lemon, and

orange, help to prevent flavor fatigue and aid in patient compliance.

15 Vanilla and other nonchocolate flavors
Sucrose 51%
Maltodextrin 49%
Chocolate
Sucrose 47.0%
20 Corn Syrup 26.5%
Maltodextrin 26.5%

Vitamins and Minerals

An 8-fl-oz serving of ENSURE LIGHT provides at least 25% of the
RDIs for 24 key vitamins and minerals.

25 Caffeine

Chocolate flavor contains 2.1 mg caffeine/8 fl oz.
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5 Sucr ose 25%

Cat Fi ber wo 98/46765 7% i

2% Chocol at e Mal t odextrin pCHisdainih
55% 10 Sucr ose 36%

Gat Fi ber 7% Soy Fi ber
2% Fi ber The fiber blend used in ENSURE WTH .
FI BER consi sts of oat B.i beEENSURESPLUS® soy pol ysaccharide. This bl end
results in approximately 4 grans of total dietary fi ber per

8-fl -0z can. The rati &Jsage:i BNSURE BLUS is o high-ealdrid) bowreside Equid food for

The vari ous nut r| erent SClLi above and own fo .

ot hers of skill %u ?’ﬁgn 3’??30‘2% §d‘b‘§?"1“ﬁa gbaﬁ?fm’{if‘ 3’?‘%%?1{@'8‘%’% t he
PUFAs Ofneédbb:ls {1 1@‘de§igh£d1pnm2@lé(as an oral nutntlonil suppléﬂf&ﬁ%{ B¢ %
Nutritional_ Product epa is | ow carbohydrate, calorically

dense enterdal nut¥itherdehvesyaenls or, in appropnatq empgmwmealmplacmmy
management of paig\&i f as_a_uyni que
conbi nation of ingredi engjs f|§r% ustfl M)J Q%D%m(k)&qght}'fgﬂ’&‘mmqym"mq

cont ai ni ng ei cos aptriticaeihsippleamnt i(d:'daﬁbeffed)byfm&h oil), y-linolenic acid (GLA
25 fromborage oil), and el evated anti oxi dant |evels.

Cal ori ¢ Di stri butPatient Conditions: -87-
Caloric density is high at 1.5 Cal/nL (355 Cal/8 fl 0z), to mnimze the

volume required t0 Fargiatiefs eho ré§eifSextra calories and nutrients, but a normal

10 concentration of protein, in a limited volume

* For patients who need to gain or maintain healthy weight

Features
¢ Rich, creamy taste
¢ Good source of essential vitamins and minerals

15 Ingredients

Vanilla: ®-D Water, Corn Syrup, Maltodextrin (Corn), Corn Oil, Sodium and
Calcium Caseinates, Sugar (Sucrose), Soy Protein Isolate, Magnesium Chloride,
Potassium Citrate, Calcium Phosphate Tribasic, Soy Lecithin, Natural and
Artificial Flavor, Sodium Citrate, Potassium Chloride, Choline Chloride,

20 Ascorbic Acid, Carrageenan, Zinc Sulfate, Ferrous Sulfate, Alpha-Tocopheryl
Acetate, Niacinam_ide, Calcium Pantothenate, Manganese Sulfate, Cupric
Sulfate, Th_iamine Chloride Hydrochloride, Pyridoxine Hydrochloride,
Riboflavin, Vitamin A Palmitate, Folic Acid, Biotin, Chromium Chloride,
Sodium Molybdate, Potassium Iodide, Sodium Selemte, Phylloquinone,

25 Cyanocobalamin and tharmn Ds.

Protein

The protein source is a blend of two high-biologic-value proteins: casein
and soy.

Sodium and calcium caseinates 84%
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The distribution of Calories in Oxepa is shown in Table 7.

Table 7. stribution of Oxepa per
8 fl oz. CW6)55!’&57‘][’:)ger liter % of Cal Cal or {F&3/US98/07422

355 _ 1, 500 Fat (9) _ 22. 2

93.7 55.2 Car bohydrate (Qg) : 25

105.5 28. 1 Protein (Q) 14.8

62.5 1@oy protein isolateVat er (g) 16% 186

785 5 Fat : . Oxepa contains 22.2 g of fat per 8-fl oz
serving (93.7 ¢/ Fat * The fat source is a oil blend of 31.8%
canol a oil, 25% medi um chain triglycerides (MCTs), 20% borage oil,
20% fish oil, and 3. Z%MOhﬁ@llgmrﬁoﬂThe typical fatty acid
profil e of O<epa is showmn in Table 8. 10 Oxepa provides a

bal anced amount of polgy dllﬁn§ﬁturat ed, rmnounsaturat ed, 100% and saturated
fatty acids, as shown 1 n Table 10. Medi um c?]ai n trigylcerides
(MCTs) -- 2H5% of At}%oi' ra%end -- aid gastric "~ enptying because
they are absor be I'ntestinal tract w thout enul sification

by bile acids. 15 The A s.fat.t i n
Oxepalerr] nutriti onaIElﬁ%%Hé}tL ntax%s a%gmbggtngﬁ Bgﬁaﬂﬂﬁéﬁgﬁ@-‘ é&rose
suppl emrent ed Wi t ITHelgildPSikéEnass aﬁchﬂsvdrwﬁetyl (@anilla, chocolate, strawberry. coffee,

Table 8. Typical Fatty Acid Profile %
Total Fatt );p bugttpgmqano@d eggnog), plus VARI-FLAVORS® Flavor Pacs in pecan, °
Aci ds ﬂ% Cstt@@’oggry lemon, and &a:%, help to prevent fléo? fatigue and aid in
0.18 Caprylic (8:0 14. 3.1
13. 07 10 Capatient complidncel 1. 06 2.33
9. 87 Palmtic (16:0) 5.59 1.18
4.98 Pal Viarilla cstrawliedry, butter petad2and coffee flavor<. 38
1.62 Stearic (18:0) 1.84 0. 39
1.64 Corn Syrup 39%88-
Maltodextrin 38%
Sucrose . . 23%
15 Chocolate and eggnog flavors
Cormn Syrup 36%
Maltodextrin 34%
Sucrose 30%
Vitamins and Minerals
20 An 8-fl-oz serving of ENSURE PLUS provides at least 15% of the RDIs
for 25 key Vitamins and minerals..
Caffeine
Chocolate flavor contains 3.1 mg Caffeine/8 fl oz. Coffee flavor
contains a trace amount of caffeine.
25

F. ENSURE PLUS® HN
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Oeic (18: In-9) 24. 44 5. 16 21. 75

Li nol ei ¢ WiBb8H6765 16. 28 3.44 PCTAIS98)07422
a-Linolenic (18:3n-3) 3.47 0.73 3.09
y-Linolenic (18:3n-6) 4.82 1.02 4. 29

Ei cosapentaenoic (20:5n- 5.11 1.08 4.55

3) n- 3- Docosapent aen0| C

0. 49 (22: 5nUspge: E Hag’§3glﬂé§< a§HB}‘£°nEli>2°‘6H%l2ﬂ32h1§1?'°al°“e’

0.48 - desfbned fi VWith §fgher calorie and 7. 55
1 59 high muég%hqmd food es?ﬁne o:;/peogle : with hilgh r% p%rrl% ?(:Ix lioelu;/ 95% of
total fat. needs or limited volume tolerance It may be us#d fireord supplenm@ntation or of
Oxepa. Y0 0 | ori fr,om

Pol yunsat ur at ed f?'é‘f’@ Eﬁ@gala uppm% By tube. %Wg%‘_us HNis laaoi?ﬁ A88 8F%, at ed
fatty acids free. 25.53 g/L Saturated fatty acids

32.38 g/L n-6to n-3 ratio 1.75:1

Chol est er ol Patient Condmons. 9.49 ny/ 8 fl oz

40.1 ng/L Car bohydr at e: The carbohydrate content is

25.0 g per 8-fl 'oozrﬁxgéjéﬂxepﬂ; v‘lﬁ?ﬁmﬁeagé alonéarbd O%rogfm neeiﬁgesuﬁﬁrap?&Wﬁ%e

sources are 45% ma rin (a co ex car

sucrose (a si nplsargenger injurbot h of which are readlly di gested and
absor bed. * The high-fat and | ow carbohydrate content of Oxepa is
designed to e For patitht¥ with Hited vollingxfoliearice@na ehdly sqtiepgluct i on. Hi gh
Cderr] levels can conplicate 10 weani ng in ventil ator-dependent -
patients.iglhe | qugagneg! of carbohydrate al so - may be useful for
those patients who have devel oped stress- i nduced hyper gl ycem a.

Oxepa is |actose;f etary carbohydrate, the am no
acids from proteil n?ﬁ?sa)pl%men o&ta? nutgtxozP‘ noi ety of fats can be

converted to gluco t dy. Throughout this process,
t he car bohydr ate r§§ﬁ¥\nﬂ%ﬂl}’g%ﬁd§)’% ucose- dependent tissues (such as

the central nervou and red blood cells) are net. However, a diet
free of ¢ iféi&m?j - 89-

55%

s High nitrogen
15 s Calorically dense
Ingredients

Vanilla: ©-D Water, Maltodextrin (Corn), Sodium and Calcium Caseinates,
Corn Oil, Sugar (Sucrose), Soy Protein Isolate, Magnesium Chloride, Potassium
Citrate, Calcium Phosphate Tribasic, Soy Lecithin, Natural and Artificial

20 Flavor, Sodium Citrate, Choline Chloride, Ascorbic Acid, Taurine, L-Carnitine,

| Zinc Sulfate, Ferrous Sulfate, Alpha-Tocopheryl Acetate, Niacinamide,

Carrageenan, Calcium Pantothené,te, Manganese Sulfate, Cupric Sulfate,
Thiamine Chloride Hydrochloride, Pyridoxine Hydrochloride, Riboﬂavin,
Vitamin A Palmitate, Folic Acid, Biotin, Chromium Chloride, Sodium

25 Molybdate, Potassium lodide, Sodium Selenite, Phylloquinone,
Cyanocobalamin and Vitamin D;.

G. ENSURE® POWDER
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car bohydrates can |l ead to ketosis, excessive catabolismof tissue protein,
and f fluid and el ectrol ytes. These effects c nt ed
by daily mges?’?@gg of 50 to 100 g of digestible car zﬂ?ﬁg sob Xﬁ
caloric intake is adequate. The carbohydrate level in O<epa |s

al so sufficient to mnimze gluconeogenesis, if 5 energy needs are
bei ng net. Protein: Oxepa contains 14.8 g of protein.
per 8-fl-o0z servi ng ( sagey ENSURE POWDER (févonstituted with watee) isiatloweesiduet i 0

(150:1) neets th s.tre sed i ents oV

enough prot ein t ‘gﬁ%@ eﬁﬁﬁ% W@ r?&af‘r?éalr%tﬂ?mﬁ@é’%m&%tﬂ’ "'3%

body mass wit houtornfememrhﬁls 'ENSURE POWDER ¥ ablogéand gl@tbn-Bree] fidls

i ntakes are a concern in patients wth respiratory _insufficiency. AIthough

protein has |itt|®itablederussin qudtﬂqd]dlﬁﬁsdéﬁ‘@ﬁhnﬂ@wapwegﬁfﬁr%@tél n diet wll

I ncrease ventilatory drive. The protein sources of Oxepa
are 86. 8% s&di um Ratiemt Gonditions: 13. 2% 15 cal ci um casei nat e.

Al'l publications and patent applications nentioned in this specification
are indicative ofet [fer patients axf modifiet digts t hose skilled in the art to which

this I nvention pertains. Al publications and patent applications
are herein 20 o iFoteldpsly pattshtdat nufitionaiske to the sanme extent as if each
i ndi vi dual publication or pat ent application was specifically and

i ndi vi dual I'y i ndi gatrggl ﬁaknﬁl%@é%ﬁh@tﬁ%% fihess/surgery [ €f erence.
The invention now being fully described, It % be apparent to one of

ordinary skill in,the H@'ﬁ%’ ué?% modi fi cations can be made
25 thereto w t hou?ﬁ%g})%?{il n om ?ﬁggwu t or scope of the appended
cl ai ns. 10 -90-

Features

¢ Convenient, easy to mix

e Low in saturated fat

e Contains 9 g of total fat and < 5 mg of cholesterol per serving
« High in vitamins and minerals

15 e For low-cholesterol diets

e Lactose-free, easily' digested

Ingredients: ®-D Corn Syrup, Maltodextrin (Corn), Sugar (Sucrose), Corn Qil,
Sodium and Calcium Caseinates, Soy Protein Isolate, Artificial Flavor,
Potassium Citrate, Magnesium Chloride, Sodium Citrate, Calcium Phosphate
20 Tribasic, Potassium Chloride, Soy Lecithin, Ascorbic Acid, Choline Chloride,
Zinc Sulfate, Ferrous Sulfate, Alpha-Tocopheryl Acetate, Niacinamide,
Calcium Pantothenate, Manganese Sulfate, Thiamine Chloride Hydrochloride,
Cupric Sulfate, Pyridoxine Hydrochloride, Riboflavin, Vitamin A Palmitate,
Folic Acid, Biotin, Sodium Molybdate, Chrqmium Chloride, Potassium Iodide,

25 Sodium Selenate, Phylloquinone, Vitamin D; and Cyanocobalamin.

Protein

The protein source is a blend of two high-biologic-value proteins: casein
and soy. .
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SEQUENCE LI STI NG (1) GENERAL | NFORMATI ON: (1) APPLI CANT: KNUTZON,

DEBORAH  woO 98/46765 MURKERJI, PRADI P PCT/US9siAG,
YUNG SHENG THURMOND, JENNI FER

CHAUDHARY, SUNI TA LEONARD, AMANDA (ii) TITLE OF
| NVENTI O\t METHODS AND COMPOSI TI ONS FOR _SYNTHESI S OF LONG CHAI N
POLY- UNSATURATED FATTY, ACI DS _(iii). NUMBER OF SEQUENCES: 34 (iv)
CORRESPONDENCE ADDRES$0dium and calciuy caseinsioResserE: || | & LI MBACH LLP

(B) STREET: 2001 FERRY. BUI LDl NG (C) CTY: SAN FRANCI SCO

(D) STATE: CALI FORNI A Soy protein isolafeE) COUNTRY: USA  16% (F) ZIP: 94111
(v) COVPUTER READABLE FORM (A) MEDI UM TYPE: Fl oppy di sk

(B) COVPUTER: | BWabC conpati bl e (C) OPERATI NG SYSTEM

PC- DOS/ Ms- DOS (D) SOFTWARE: Patentln Rel ease #1.0; Version #1.30
(vi) CURRENT APPL| CATIThe favsbarceiscornoil.  (A) APPLI CATI ON NUVBER:

(B) FI LI NG DATE: (C) CLASSI FI CATI ON: (viii) ATTORNEY/ AGENT

| NFORMATI O: Corfidjl NAME: M CHAEL R WARD  100% (B)

REG STRATI ON NUMBER: 38, 651 (C) REFERENCE/ DOCKET NUMBER:

CGAB-i 10 Carbohydrate

ENSURE POWDER contains a combination of corn syrup,
maltodextrin, and sucrose. The mild sweetness of ENSURE POWDER, plus
VARI-FLAVORS® Flavor Pacs in pecan, cherry, strawberry, lemon, and

10 orange, helps to prevent flavor fatigue and aid in patient compliance.
Vanilla |
Corn Syrup | 35%
Maltodextrin 35%
Sucrose : 30%
15

H. ENSURE® PUDDING

Usage: ENSURE PUDDING is a nutrient-dense supplement providing
balanced nutrition in a nonliquid form to be used with or between meals. Itis
appropriate for consistency-modified diets (e.g., soft, pureed, or full liquid) or

20 for people with swallowing impairments. ENSURE PUDDING is gluten-free.
Patient Conditions:
 For patients on consistency-modified diets (e.g., soft, pureed, or full liquid)
» For patients with swallowing impairments
e Features

25 ¢ Rich and creamy, good taste

¢ Good source of essential vitamins and minerals Convenient-needs no
refrigeration
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- (i x) TELECOMVUNI CATI ON | NFORVATI ON: (A) TELEPHONE: (415)

433- 4150 (B) TELEFAX: (415) 433-8716 (C : A
(2) | NFORMIY® #6268k SEQ I D NO 1: (i) SEQUENCE CHARACTE#E@W“N
(A) LENGTH: 1483 base pairs : (B) TYPE: nucleic acid
(C) STRANDEDNESS: single (D TOPOLOGY: |inear (i) MOLECULE
TYPE: DNA (genomic) (xi) SEQUENCE DESCRI PTION: - SEQ I D NO 1:
GCTTCCTCCA GTTCATCCEfut&frdéd CGCCA CCTGCATTCT TTACGACCGT TAAGCAAGAT 60
GGGAACGGAC CAAGGAAAAA CCTTCACCTG GGAAGAGCTG GCGGCCCATA ACACCAAGGA 120
-91- Sz A rids 2 Y atdin 1699090 FPRAGTTCT
TGAGCCGCCA 180 Nmpgwtmm TCCT’GCTCGGI AGCTGGC% GATGITACTC
CGGICTTTGA 240 Cathohgdrate3&2WUCCTTTGEGEG CTGCAGATGC CATTATGAAG AAGTACTATG
TCGGTACACT 300 GGTCTCGAAT GAGCTGCCCA TCTTCCCGGA GCCAACGGTG TTCCACAAAA
CCATCAAGAC 360 IngheédiéBESGAG GGCTACTTTA CGGATCGGAA CATTGATCCC AAGAATAGAC
CAGAGATCTG 420 GGGACGATAC GCTCTTATCT TTGGATCCTT GATCGCTTCC TACTACGCGC
ACCTCTTTGT 5 480 V4dilid:T FcDNordQUARCHaker Budas(Duttese Baftialles Hyldrégeate AT CA
TGGGATTTGC 540 _ GTGCGCACAA GTCGGACTCA ACCCTCTTCA. TGATGOGICT CACTTTTCAG
TGACCCACAA 600 Soybeanvitdvledifisddacd Prarch ddesnesivmutiaie-cradrym StearoylceeAG

CATCGTACCT 660 Lactylate, Sodium Phosphate Dibasic, Artificial Flavor, Ascorbic Acid, Zinc
Sulfate, Ferrous Sulfate, Alpha-Tocopheryl Acetate, Choline Chloride,
Niacinamide, Manganese Sulfate, Calcium Pantothenate, FD&C Yellow #5,
10 Potassium Citrate, Cupric Sulfate, Vitamin A Palmitate, Thiamine Chloride
Hydrochloride, Pyridoxine Hydrochloride, Riboflavin, FD&C Yellow #6, Folic
Acid, Biotin, Phylloquinone, Vitamin D3 and Cyanocobalamin.

Protein
Thg protein source is nonfat milk.
15 Nonfat milk - 100%
Fat

The fat source is hydrogenated soybean oil.

Hydrogenated soybean oil 100%
Carbohydrate
20 -ENSURE PUDDING contains a combination of sucrose and modified

food starch. The mild sweetness and flavor variety (vanilla, chocolate,
butterscotch, and tapioca) help prevent flavor fatigue. The product contains 9.2

grams of lactose per serving.

Vanilla and other nonchocolate flavors

25 Sucrose 56%
Lactose | 27%
Modified food starch 17%

Chocolate
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GGTGTGGATG TACCAACATA TGCTCGGCCA
TCCCGACGT gvﬁ CTG AGCCCGATGT
TGICAACCA GC ACATGITTGT
GGTGCGCATT CAGGACATCA ACATTTTGTA
CAATCCCATC TCGACATGEC ACACTGIGAT
GTATCGCCTG ATTGITCCCC TGCAGTATCT
GGTCGCCGAC ATGGTGTCGT SadrddeCT GECT
TGAGGAAGIT CAGIGGECCGT TGCCTGACGA
TATGCAGGTC GAGACTACCCLA¢tosel TACGC
TGGCAGCTTG AACTACCAGG CTGTGCACCA
TCCCGATATT CTGGCCATCA

TCACCCCTAC ACCAACATTG CTGGAGCAGA
TCGTCGTATC AAGCCCAACC AAAAGIGGTT

720

TCCTTTCCTG TACGGACTGC TGGCG??EM”’%%

CTTTGTCAAG ACCAATGACG CTATTCGTGT
GITCTGEEEC GGCAAGECTT TCTTTGICTG
GCCCCTEEEC AAGGTGCTGC TCTTGITCAC
GGCCCTGACC TTCCAGEF3, ACCACGTTGT
GAACGGGATC ATCCAAAAGG ACTGGGCAGC
ACACGATTCG CACCTCT@3g8, CCAGCATCAC
TCTGITCCCC AACGTIGICGEC AGCACCATTA

GCGAG TACAAGGI ke, CATACCTTGT

900
960
1020
1080
1140
1200

11260

1320

1380
1440
1483

(O

CAAGGATACG TTTTGGCAAG CATTTGCTTC ACATTTGGAG CACTTGCGIG TTCTTGGACT
CCGTCCCAAG GAAGAGTAGA AGAAAAAAAG CGCCGAATGA AGTATTGCCC CCTTTTTCTC
CAAGAATGEC AAAAGGAGAT CAAGTGGACA TTCTCTATGA AGA

(2) I NFORMATI ON FOR SEQ | DENQVRE Tzﬂa QUENCE CHARACTERI STI Cs:
(A) LENGTH: 446 am noEam ds ® Wi qéEE am no acid

STRANDEDNESS: not reI gég, EI?SUFES%@&E% %ﬁ\g Fl i hear

.
MOLECULE TYPE: pepti dé€ piiaIndngn PB“M}

Met Gy Thr Asp &mpl@te}dldum fooldrdeSigaed for p'EbﬂeQHb dantbeh@ﬁt o if¥réased 1
5 Asn_Thr Lys Asp Asp Leu
Leu Leu Ala Il1e e lg;elmrg Wenﬁ,rENSURE WITH FIBER is suitable for people who

-92- do not require a low-residue diet. It can be fed orally or by tube, and can be

10 used as a nutritional supplement to a regular diet or, in appropriate amounts, as

a meal replacement. ENSURE WITH FIBER is lactose- and gluten-free, and is

suitable for use in modified diets, including low-cholesterol diets.
Patient Conditions
¢ For patients who can benefit from increased dietary fiber and nutrienfs
15 Features |
¢ New advanced formula-low in saturated fat, higher in vitamins and minerals
» Contains 6 g of total fat and <5 mg of cholestero} per serving
e Rich, creamy taste
* Good source of fiber
20 e Excellent source of essential vitamins and minerals
e For low-cholesterol diets
» Lactose- and gluten-free

Ingredients '

Vanilla: ®-D Water, Maltodextrin (Corn), Sugar (Sucrose), Sodium and
Calcium Caseinates, Oat Fiber, High-Oleic Safflower Oil, Canola Oil, Soy
Protein Isolate, Corn Qil, Soy Fiber, Calcium Phosphate Tribasic, Magnesium
Chloride, Potassium Citrate, Cellulose Gel, Soy Lecithin, Potassium Phosphate

25
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20
Arg

50

Ile
75

Thr
95

100
I'le
125
130
Val
155
Al a
175
180
Tyr
205
210
Arg
235
Phe
255
260
Arg

25 30 Asp Val Thr Lys Phe Leu Ser
Hs Pro Ay Ay Val Asp Thr Leu 35 40
Leu WOWPBA6Y65Al a Ay Arg Asp Val Thr Pro Val Phe G u MPCTSE9§47422
55 60 Ala Phe Ay Ala Ala Asp Al a
Met Lys Lys Tyr Tyr Val @y Thr 65 70

80 Leu Val Ser Asn Qu Leu Pro Ile Phe Pro Qu Pro

Val Phe H s Chlorid
Lys Thr 11 le)lktasm, §%dm%r rN@ﬁm] énd Almﬁcxa}]Flavors, @Qohner ~hlon lori e,I e

Magnésﬁ)&m Phosphate, Ascorbic AdxﬁiOCellulﬂmﬁanoPa_tyslum fhlrigePro G u
Trp Ay Arg Ala L 120
dy Ser L W"ﬁnﬂ&ueg@}‘s %l?%ﬁwpkf'g O@W@Lﬁ%e’\?dﬁlc Peten e val
Niaciradtide, Manéanese Sulfate, Chfium Pa¥tdthetate, eﬁﬁth Qiilfate,p Leu G n
Val Phe Ala lle lle he - 145
5 Vltaxmqad’almltMeaTh;;gxm Ghigride Hydrashlpride, P mxmeo Leu Hi s Asp

Ser His Phe B Sodi
Ser Val Tfl;lry df—‘ﬁcmo,&lsd e, ﬂﬁm’ é}ﬁfc é Ehroer.xm C[helﬁng7 I?AEI‘% '(I!h rum Hi s
Molyliﬁe Potassmm Todide, SodlﬂﬂCSelenaﬁs Bhﬂhtquﬁtweﬂénarﬂnﬁm Ser
Leu val Trp @ GI n Hs Mt 195 200
Leu Ay Hi FJPB“‘Tyr Thr ‘Asn Ile Ala Ay Ala Asp Pro Asp Val
215 220  Ser Thr Ser G u Pro Asp Val
Arg Ile Lys Breten Qn Lys Trp 225 230
240 Phe Val, Asn His Ile Asn G n H s Met Phe Val Pro
Leu Ty0 Ay The protein source i9a blend of two hlgh-blologxcz\g@xe proteins- casein
Leu Leu Alaﬁdgge Lys Val Arg Ile dn Asp Ile Asn Ile Leu Tyr Phe
65 _ 270 Val Lys Thr Asn Asp Ala Ile
Val Asn Pro Ile Sgf,4{IM add Laibfuth caseinates 80%
Soy protein isolate 20%
Fat
15 The fat source is a blend of three oils: high-oleic safflower, canola, and
corn.
High-oleic safflower oil 40%
Canola oil 40%
Com oil ' 20%
20 The level of fat in ENSURE WITH FIBER meets American Heart

Association (AHA) guidelines. The 6 grams of fat in ENSURE WITH FIBER
represent 22% of the total calories, with 2.01 % of the fat being from saturated
fatty acids and 6.7% from polyunsaturated fatty acids. These values are within
the AHA guidelines of < 30% of total calories from fat, < 1 0% of the calories

25 from saturated fatty acids, and < 1 0% of total calories from polyunsaturated
fatty acids.

Carbohydrate

ENSURE WITH FIBER contains a combination of maltodextrin and

sucrose. The mild sweetness and flavor variety (vanilla, chocolate, and butter
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275 280 285 Thr Val Met Phe Trp Ay Qy
Lys Ala Ph Trp Tyr Arg Leu 290
300 ||e€‘<ygF"51§y§4 Leu Gn Tyr Leu Pro Leu Ay Lys Val Leu L P8R e

305 310 315 320 Thr val
Ala Asp Met Val Ser Ser Tyr Trp Leu Ala Leu Thr Phe @ n
325 330 335 Ala Asn H's Val val Qu G u.
Val @ n Trp Pro Lggdal) pludMARI-FLAMORS® Flavor Pacs in pgé4h, cherry, sn'awléerry, I 3|4|5
350 - Ile e
An Lys Asp Trp APmop andgrangs, helm vasnﬁﬂﬁvwfﬁﬂw And aid in patient comsbylce
360 ' 365 Asp Tyr Ala His Asp Ser His Leu Trp Thr Ser
Ile Thr Ay Ser L¥snilla and othexsrenchocolate flavors 375 380
Asn Tyr Gn Ala Val Hs His Leu Phe Pro Asn Val Ser Gdn H's His 385
390 3NBltodextrin 400 T$6%Pro Asp Ile Leu Al a
Ile Ile Lys Asn Thr Cys Ser G u Tyr Lys : 405
410 5 48icrose  Val Pro Tyr Leu Val Ly25%sp Thr Phe Trp- G n
Ala Phe Ala Ser Hi's 420 425
430 Leu Gu Hs LoatHber Val Leu Gy Leu Arg Pro7%ys GQu Gu
435 440 445 (2) I NFORVATION FOR SEQ I D
NO 3: (i) SEQUENCEoyFWBACTERI STI CS: (A% LENGTH: 186 ami no
aci ds (B) TYPE: am no acid (C) STRANDEDNESS: not
rel evant Cho&dlathOPOLOGY: | i near

Maltodextrin ' 55%

10 Sucrose 36%
Oat Fiber 7%
Soy-Fiber 2%
Fiber

The fiber blend used in ENSURE WITH FIBER consists of oat fiber and
15 soy polysaccharide. This blend results in approximately 4 grams of total dietary
fiber per 8-fl-oz can. The ratio of insoluble to soluble fiber is 95:5.

The various nutritional supplements described above and known to
others of skill in the art can be substituted and/or supplemented with the PUFAs

- of this invention.
20 S R Oxepa™ Nutritional Product

Oxepa is low-carbohydrate, calorically dense enteral nutritional product
designed for the dietary management of patients with or at risk for ARDS. It
has a unique combination of ingredients, including a patented oil blend
containing eicosapentaenoic acid (EPA from fish oil), y-linolenic acid (GLA

25 from borage oil), and elevated antioxidant levels.

- Caloric Distribution:
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(ii) MOLECULE TYPE: peptide (xi) SEQUENCE DESCRI PTION: SEQ I D NO 3:

Leu Hs H's Thr Tyr Thr Asn Ile Ala Ay Ala Asp Pro Asp Val Ser 1

5 - WO98/46765 10 15 Thr Ser G PGHUSRELF29,

Arg Arg Ile Lys Pro Asn A n Lys Trp Phe 20

25 30 Val Asn Hs Ile Asn A n H's Met Phe Val Pro

Phe Leu Tyr Ay Leu 35 40 _

45 Leu Ala Pphe Ly | e | . .Phe I

co b c S?:al\é?ic dehdlty ik Gigh 4t 1{%2@&}&16 (ffi;(szhgﬁg logg rt]J ﬂ%ﬁggeaﬂ{% .

Arg Val Asn Pro | velufterequired To melet enefgy needs. 65 70

75 80 Val Met Phe Trp Ay Ay Lys Al a Phe Phe Val

Trp Tyr Arg Leu lbe  The distribution of Calories #POxepa is shown in Table 790

95 Val Pro Leu Gn Tyr Leu Pro Leu Gy Lys Val Leu Leu Leu Phe Thr.

100 ‘ 105 Table 7. Calormribution‘ﬁWr

Ser Tyr Trp Leu W& Ceu TN PNE G PerAiffoz per lithe. %% of Cal 120

125 Asn Tyr [Walbrieval G U G U val3sd n 11 p| Pro Le0o Pr o A}sp gUuASn d

130 Fat (g) 30 222 14 93 I1e @ n LysaAsp IT|p

Ala Ala Met G n VeabdBydratd (@ Thf G n ASp 45 1055 Z50

155 Protein{§0 Tyr Al B8 s Asp Ser 635 lLeu [Trp Thie.7Ser 1lje

Thr Ay Ser Leu A¥ater(g) 186 165 785 170

175 -94- Tyr @n

Xaa Val H's H's Leu Phe Pro Hi s 180 185
' 5 Fat:

¢ Oxepa contains 22.2 g of fat per 8-fl oz serving (93.7 g/L).

o The fat source is a oil blend of 31.8% canola oil, 25% medium-chain
triglycerides (MCTs), 20% borage oil, 20% fish oil, and 3.2 % soy lecithin. The
typical fatty acid profile of Oxepa is shown in Table 8.

10 '« Oxepa provides a balanced amount of polyunsaturated, monounsaturated,

and saturated fatty acids, as shown in Table 10.

e Medium-chain trigylcerides (MCTs) -- 25% of the fat blend -- aid gastric
emptying because they are absorbed by the intestinal tract without

emulsification by bile acids.

15 The various fatty acid components of Oxepa™ nutritional product can

be substituted and/or supplemented with the PUFAs of this invention.

“Table 8. Typical Fatty Acid Profile
% Total Fatty g/8 fl oz* g/L*
Acids
Caproic (6:0) 0.2 i 0.04 0.18
Caprylic (8:0) 14.69 3.1 13.07
Capric (10:0), 11.06 2.33 9.87
Palmitic (16:0) 5.59 1.18 4.98
Palmitoleic (16:1n-7) 1.82 0.38 1.62
Stearic (18:0) 1.84 0.39 1.64
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(2)

| NFORMATI ON FOR SEQ | D NG 4:

(i) SEQUENCE CHARACTER! STI CS:

process, the carbohydrate requirements of glucose-dependent tissues (such as

the central nervous system and red blood cells) are met. However, a diet free of

-89-

(A) LENGTH 457 am no aci ds. (B) TYPE: am no acid (O
STRANDEDNIM98/4¢765 1 e| evant (D) TOPOLOGY: |inear PCYUSIS/ME2=CULE
TYPE: peptide (xi) SEQUENCE DESCRI PTION: SEQ I D NO 4: Met Ala Ala
Ala Pro Ser Val Arg Thr Phe Thr Arg Ala Ju Val Leu 1 5 .
10 15 Asn Ala Gu Ala Leu Asn Gu Gy Lys Lys Asp Al a
G u Ala Pro Pheoresmo) 24.%@ 516 25173173 30
Leu Met Ile Il d_Asp Asn 1ys Val %r Asp Vall Arg A u Phe \fal Pro
35 Linoleic{$8:2n-6) 16.28 45 |34 asp His A84¥™y Ay Ser| val
Il e Leu Thr H s ¥Gho Ei;cm{:y;ss)ﬁé ESD OB 3.09 55
n T T4 Phe Hi ¢ Dr
' gg Thr Asp y-Linoleni (18: n-6) | 482 75 WWa
Asn Phe Tyr Val|ERoyaphsgendit @0:Asn diu Ser Asp VO8g Asp I1e LysSs
85 3) 90 95 Asn Asp Asp Phe Ala Ald G u
Val Arg Lys Leug§Bochiientashbid o] 035" 0.2 66159
105 (22 5,,.3'1)1 Ser Leu Ay Tyfr Tyr Asp Ser [Ser Lys Ala Tyr
Tyr Al a Phe LyslA = # 120
125 Ser Ph%)‘i&g‘ﬁh"?_‘%eﬂ"'ﬁ?g METrp dy LelPBer Thr val 138 val Ala Lys
130 135 _ 140 Trp Ay i[dn Thr Ser Thr
Leu Ala Asn Val| Qthers Ser Ala Al a 1¥u Leu 115425 6.72 150
155 * Fatty adidsbqual apprdﬂrﬂateljm‘ypolﬂfétalfw GG Ss Gy Trpteu Al a
H s Asp Phe Leu His 165 170
175 Hs @pVval Phe @ n ASp Alsh lﬂie«*ailpﬁﬁiao yoteph. LeU Phe Uy Ala Phe
180 % of tothFcalories from fat 90[552 Leu Gy @y Val Cys djn
Ay Phe Ser Ser|Esbunshuptedifaty hojs Asp Lys 3144gLl” 105 200
205 H s AspMdtennspugtedifagty @dida Al a Pro Asi@S\@Ig/lH s Val Qd u Asp Pro Asp
210 Saturatepd f8ty acids 220] 32.38 /L
| n-6 to n-3 ratio 1.75:1 _
Cholesterol 949 mg/8 floz
40.1 mg/L
Carbohydrate:
e The carbohydrate content is 25.0 g per 8-fl-oz serving (105.5 g/L).
5 o The carbohydrate sources are 45% maltodextrin (a complex carbohydrate)
and 55% sucrose (a simple sugar), both of which are readily digested and
absorbed.
» The high-fat and low-carbohydrate content of Oxepa is designed to
minimize carbon dioxide (CO;) production. High CO; levels can complicate
10 weaning in ventilator-dependent patients. The low level of carbohydrate also
may be useful for those patients who have developed stress-induced
hyperglycemia.
e Oxepa is lactose-free. '
Dietary carbohydrate, the amino acids from protein, and the glycerol
15 moiety of fats can be converted to glucose within the body. Throughout this



Ile Asp Thr H's Pro Leu Leu Thr Trp Ser Qu Hs Ala Leu Ju Mt 225

230 235 240 Phe Ser Asp Val Pro Asp
Gu Qu Lewdbs4eregy Met Trp Ser Arg Phe PCT/US98/07422

- 95- ’ _ 245 250

255 Met Val Leu Asn A n Thr Trp Phe Tyr Phe Pro Ile Leu Ser Phe Al a
260 265 270 Arg Leu Ser Trp Cys Leu G n
Ser Ile Leu Phe Val Ley Pro n,g& . . 2105 . . 280"
285 G Al SRRt Sup ead f Kstosisyexcossiye salpbolE o tissuggroteit, sgd G
290 - loss of Rid and electrolytes. The3®8ffects canBepréRitedty daﬁg ifgedtidfet H s
Trp Thr Trp Tyr Leu Ala Thr Met e 305 | o . 31

315 of 50 t@ 200 g of digestiblrarbohydrate.Jf galericintakeas adequatredThe ey Val
Tyr Phe Leu Val Ser . . . < . .

355 Gn Al a SEobgtedeyel i Qxpea el SHRiqnt o piginize Seoptinesinif g s
340 5 enerk¥meeds are being met. 350 Asn Gy Met Pro Val Ile Ser
Lys Gu Gu Ala Val Asp Met Asp Phe 355 360
365 Phe Thr ppsgeifd N Ile Ile Thr Gy Arg Asp Val Hs Pro Gy Leu Phe
370 375 380 Ala Asn Trp Phe Thr Ay Qvy

Leu Asn Tyr G n |J efFeps Eritaill $4.88f proteid®er 8-fl-oz serving (62.5 g/1390
395 o B BB 0f protoirper oz seving (02 e ser Lys

415 " TG The Celneiehslorisninggen o (381D mests the negd o sfeiia patieis

420 . 62)(5epa provides enough pmtefrll?ig promote anabolism and the maintenance

10 of lean body mass without precipitating respiratory problems. High protein
intakes are a concern in patients with respiratory insufficiency. Although
protein has little effect on CO; production, a high protein diet will increase

ventilatory drive.

» The protein sources of Oxepa are 86.8% sodium caseinate and 13.2%

15 calcium caseinate.

All publications and patent applications mentioned in this specification
are indicative of the level of skill of those skilled in the art to which this
invention pertains. All publications and patent applications are herein

20 incorporated by reference to the same extent as if each individual publication or
patent application was specifically and individually indicated as incorporated by

reference.

The invention now being fully described, it will be apparent to one of
ordinary skill in the art that many changes and modifications can be made
25 thereto without departing from the spirit or scope of the appended claims.
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Ile Qu @y Thr Ala Ju Val Phe Ser Arg Leu Asn G u Val Ser Lys 435
440 445 Ala Ala Ser Lys Met Ay Lys Al a

455 (2) IYPEHRISoN FOR SEQ I D NO 5 (i) SEQUENCE m@%‘f’ﬁ %’Fﬂ@c

(A) LENGTH 446 ami no acids (B) TYPE: am no acid (O
STRANDEDNESS: not rel evant (D TOPOLOGY: |inear (i) MOLECULE
TYPE: peptide (xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 5: Met Ala Al a
G@n lle Lys Lys S'B;QUE&dEeLI‘EmNGSer Asp G u Leu Lys Asn 1 5
10 15 H's Asp Lys Pro Ay Asp Leu Trp Ile Ser Ile @n
Gy Lys Ala Tyr 30 Asp
VaIy Sgr Aspg T?lp \‘/1 'f_ys Agbf)mﬁrhs'n?yr’o Gy Ay Ser Phe Pro Leu 35
40 {5 APPLICANT: KNUI@ON, DEBORAH Lys Ser Leu Ala Gy Gn
A u Val Thr Asp Ala Phe Val Al avigixerdd, serapir 50 55

60 Pro Ala Ser Thr Trp Lys AanV_PéTG' -@GPhe Phe Thr @y Tyr Tyr 65

70 10 75 ND;I sum,m’i“Leu Lys Asp Tyr Ser Val Ser

G u Val Ser Lys Val Tyr Arg Lys% . 85 90
95 Val Phe G u Phe Ser Lys Met y Leu Tyr Asp Lys Lys Ay His Ile

100 (105TITLE OF INVENTION: METHGSS AND COMPOSITIONS FOR

1 SYNTHESIS OF LONG CHAIN POLY-UNSATURATED FATTY ACIDS
5

(iii) NUMBER OF SEQUENCES: 34

{iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: LIMBACH & LIMBACH LLP
20 . (B) STREET: 2001 FERRY BUILDING
{C) CITY: SAN FRANCISCO
(D) STATE: CALIFORNIA
(E) COUNTRY: USA
(F) ZIP: 94111
25
(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible -
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
30 (D) SOFTWARE: PatentIn Release #1.0, Version #1.30

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
35 (C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
{A) NAME: MICHAEL, R. WARD
(B) REGISTRATION NUMBER: 38,651
40 (C) REFERENCE/DOCKET NUMBER: CGAB-110

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (415) 433-4150
(B) TELEFAX: (415) 433-8716
45 {C) TELEX: N/A

{2) INFORMATION FOR SEQ ID NO:1:

50 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1483 base pai This Sheet Has Been Replaced

(B) TYPE: nucleic acid l |||| |||I|| I|II III

(C) STRANDEDNESS:' single
(D) TOPOLOGY: linear

55

{ii) MOLECULE TYPE: DNA (genomic)

60 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

GCTTCCTCCA GTTCATCCTC CATTTCGCCA CCTGCATTCT TTACGACCGT TAAGCAAGAT 60
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Met Phe Ala Thr Leu Cys Phe Ile Ala Met Leu Phe Ala Met Ser Val

115 120 125 Tyr Ay Val Leu Phe Cys GQu
Ay Val LewOAHd/M46H%s Leu Phe Ser Gy 130 PQTES98/07422
140 Cys Leu Met Gy Phe Leu Trp Ile @n Ser Ay Trp Ile Ay H's Asp 145
150 155 - 160 Ala Ay H's Tyr Met Val Val
Ser Asp Ser Arg Leu Asn Lys Phe Met 165

170 cocanddeic Gh¥orhhf ERcf: 8dBchitic GYSockita SRAchaal | 825€f
lle Ay Trp Trp 180 185 190

Lys Trp Asn Hi s ksmc%a‘cwmsmscq G@GNG&G@@MTgeMHCG T¢AGREECCA 180 195
200 GB c@ An Tyr Ile Pro Phe Leu Val Val
Ser Ser Lyss Phe TCCTGE"I_"E?A GT ACACTC TC Gcrccczfgc'rcc CGA GATGTTACTC CGGELIATGAD, 24Py y

Ser Leu’Thr Ser 'éh&iﬁ?&cTHJcrﬁchd—Mﬁ;cﬁfﬂGé%ﬂmAAE hRerASPATd ZocaTacacT 300

230 240 Ser Leu Ser Arg Phe Phe Val
Ser Tyr An H's 'Easpcr’EmTRtwcﬂqwcPrurcccscn GCCAACGGTG TTCQGEAAA CCATCARGAC 360 250
255 1le M@ Cys Ala Ala A Arg Leu Asn Met Tyr val Gn Ser Leu |le Met

260 GAGRGFEGAG GGCTACTTTA CGGATCGGAR) SATTGRTCGC ARGPATRGAC %A%T&TGAS #2943

Ser Tyr Arg Ala teCmaearcer Rért rerrred 0
So5 s Lou Var efhhth Sttt ancerr adbdtiec momagsese ascrerridd) 40

290 15 GCCTIROEIT GTCGAACGCA CATGGCTTCR GOTGGRA®MT chﬁm@msa&\msd | s4bvbt
Phe Val Ile Ala Ser Leu Ser Val Thr 305
315 GTGCGCACHA CISFFAAVER ACSCRCTEH TRAICCECH %’@TS‘@F ’LGéGC%S‘H‘ Hi %% Phe
Ser Ser Ser Val Fg czf'rs'rc G‘JEGGAfSATTLS%éSG?GCCA% CAC&ACTTE c%%gskf CAT GTACCT ss0 330
Tyr Val daplys
340 GGTG'n%éEJrG TACCAACATA 'rsc'rccscc8 FOacctimic 'E\l&mplcsusﬁaqacidcespSe r72@ys
Pro Pro Trp Met Asp Trp Phe Hs Gy 355 360
365 Ay Leu G n TRESACFTF TR PF%CC‘F‘F§T [TEEFCHFEC PRABCASHACC\AARERCETTAr (780
3;9 25 TGTcxé\Zé\c ATCAACCAGC ACATGTTTG’I?'%QCTTTCCTG TACGGACTGC TGGCGTTCAA 840
GGTGCGCATT CAGGACATCA ACATTTTGTA CTTTGTCAAG ACCAATGACG CTATTCGTGT 900
30 CAATCCCATC TCGACATGGC ACACTGTGAT GTTCTGGGGC GGCAAGGCTT TCTTTGTCTG 960
GTATCGCCTG ATTGTTCCCC TGCAGTATCT GCCCCTGGGC AAGGTGCTGC TCTTGTTCAC 1020
GGTCGCGGAC ATGGTGTCGT CTTACTGGCT GGCGCTGACC TTCCAGGCGA ACCACGTTGT 1080
35  TGAGGAAGTT CAGTGGCCGT TGCCTGACGA GAACGGGATC ATCCAAAAGG ACTGGGCAGC 1140
TATGCAGGTC GAGACTACGC AGGATTACGC ACACGATTCG CACCTCTGGA CCAGCATCAC 1200
40 TGGCAGCTTG AACTACCAGG CTGTGCACCA TCTGTTCCCC AACGTGTCGC AGCACCATTA 1260
TCCCGATATT CTGGCCATCA TCAAGAACAC CTGCAGCGAG TACBAGGTTC CATACCTTGT 1320
CAAGGATACG TTTTGGCAAG CATTTGCTTC ACATTTGGAG CACTTGCGTG TTCTTGGACT 1380
45 CCGTCCCAAG GAAGAGTAGA AGAAAAAAAG CGCCGAATGA AGTATTGCCC CCTTTTTCIC 1440
CAAGAATGGC AAAAGGAGAT CAAGTGGACA TTCTCTATGA AGA 1483
50 (2) INFORMATION FOR SEQ ID NO:2:
{i) SEQUENCE CHARACTERISTICS: ———
(A) LENGTH: 446 amino acids
(B) TYPE: amino acid This Sheet Has Been Replaced
(C) STRANDEDNESS: not relevant
55 (D) TOPOLOGY: linear | Ilm |II||| || lll
(ii) MOLECULE TYPE: peptide
60 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

Met Gly Thr Asp Gln Gly Lys Thr Phe Thr Trp Glu Glu Leu Ala Ala
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AMENDED SHEET Cys Asn Leu Arg Lys Ile Ser Pro Tyr Val

Ile Au Leu Cﬁé %%s Lys 385 390 395
400 . HVYOR¥STPRy Pro Tyr Asn Tyr Ala Ser Phe Ser Lys A a PAIP8PT4%2 ¢
405 410 415 Thr Leu Arg Thr Leu Arg
Asn Thr Ala Leu G n Ala Arg Asp Ile Thr 420

425 - 430 Lys Pro Leu Pro Lys Asn Leu Val Trp Qu Al a
Leu. His Thr 1 435 5 44Q0 15 445 (2)

| NFORVATI ON FOR SEQ | D NO 6: i ) - SEQUENCE CHARACTERI STI CS:

(A) LENGTH 359 ani nd+adpyshr Lys Asp Asp Ly Lewpen AlaiThe AxgiGdy Mg val Tyr (0
STRANDEDNE?g: not rel evant 20 (D) TOPAXOGY: |i near (i)
MOLECULE TYPE: pept i dgp var aétivd rREQRENCE ARFSCRIpRT 160 615580 |4gp Nek Gieu

Met Leu Thr Ala Qu Arg Il esLys Phe Thr Gaa Lys Arg Ay Rse Arg 1

5 10 15 Arg Val Leu Asn G n Arg
Val Asp Al iiOTyl’ Phe Ae% Lep FlyiAda Gly Arg hsp Val Thr Pro Val Phe fju Met Tyr His

25 30 *° Thr @ n Ar&sAsp Asn Pro SE Met Tyr Leu Lys Thr
Leu Ile Ile Val Ala Phe Gl?&la Ala Asp Ala Ile Met I9P Lys Tyr Tyr Val Gly Thr4O

Leu Trp Leu Phe Ser Alsa Trp Al a Phe 7\fétl Leu Phe asPro Val Ile so 50

55 60 Phe Pro Val Arg Leu Leu Ay Cys Met Val Leu Al a
Ile Al a Lelle Al a Leu Val Ser Asn Glu Leu Pro Ile Phe Pro Glu Pro Thr Val Phe His
85 20 95

Lys Thr Ile Lys Thr Arg Val Glu Gly Tyr Phe Thr Asp Arg Asn Ile

100 105 110
20
Asp Pro Lys Asn Arg Pro Glu Ile Trp Gly Arg Tyr Ala Leu lle Phe
115 120 128
Gly Ser Leu Ile Ala Ser Tyr Tyr Ala Gln Leu Phe Val Pro Phe Val
25 130 135 140
Val Glu Arg Thr Trp Leu Gln Val Val Phe Ala Ile Ile Met Gly Phe
145 150 158 160
30 Ala Cys Ala Gln Val Gly Leu Asn Pro Leu His Asp Ala Ser His Phe
-165 170 175
Ser Val Thr His Asn Pro Thr Val Trp Lys Ile Leu Gly Ala Thr His
180 185 190
35
Asp Phe Phe Asn Gly Ala Ser Tyr Leu Val Trp Met Tyr Gln His Met
1385 200 205
Leu Gly His Hig Pro Tyr Thxr Asn Ile Ala Gly Ala Asp Pro Asp Val
40 210 215 220
Ser Thr Ser Glu Pro Asp Val Arg Axrg Ile Lys Pro Asn Gln Lys Trp
225 230 ) 235 240
45 Phe Val Asn His Ile Asn Gln His Met Phe Val Pro Phe Leu Tyr Gly
245 250 255
Leu Leu Ala Phe Lys Val Arg Ile Gln Asp Ile Asn Ile Leu Tyr Phe
260 265 270
50 .
Val Lys Thr Asn Asp Ala Ile Arg Val Asn Pro Ile Ser Thr Trp His
275 280 ) 285
Thr Val Met Phe Trp Gly Gly Lys Ala Phe Phe Val Trp Tyr Arg Leu
S5 290 295 300
Ile Val Pro Leu Gln Tyr Leu Pro Leu Gly Lys Val Leu Leu Leu Phe
305 310 315 320
60 Thr Val Ala Asp Met Val Ser Ser Tyr Trp Leu Ala Leu Thr Phe Gln
- 328 330 335

This Sheet Has Been Replaced
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65
Phe
85
Val
105
Asn
Thr
135
Ile
160
165
Leu
185
Ser
195

220
225
Tyr
245
Thr
265

Ser

Leu

Tyr
Tyr

Tyr

Val
Leu

Tyr

Ay

Pro

70 75 80 Al a
Phe Asn Val Gy H's Asp Ala Asn H's Asn Ala Tyr Ser
WO 98/46765 90 95 Ser Asn Pro HCI/USB®OAIN Arg
Gy Met Thr Tyr Asp Plie Val . 100
110 Gy Leu Ser Ser Phe Leu Trp Arg Tyr Arg His
Leu His H's 115 120 125
Thr Asn Ile I "130
ﬁ%‘ 284 ¥ml'"v§1 %f GX\? Slvse‘ﬂt!l lh £ Tgi %rgl%u 36;1";_' Ao y
Arg Phe 145 150 155
A n. A n Phe ®)r 1k¢ a19Ghn Gy ABp (FrA Wia [Ady MPhSlh [Vl RBlw TRhEhd \Bin Tr p
5 170 358 1780 Phe Leu3T?r Asp Val Tyr

L Asn L L Tyl Hi
U R e O R e RSB T Lew
eu y

10 280 Tyr Gln Ala Val His His 2% Phe Pro Abh e’al_yssr lcen Hiewidrp Leu
Val Phe Gy 1B8% Pro Leu Al a3eu 2885 400 215

Ay Phe Ser, )Ic»)lpgo Rl O Ige LLe\\xlila I‘I‘iuztgg%ya Agn %?" f-‘?g Sexr “%ﬁ) TXI‘ Vet

405 Thr
IlesVval Val Cys Thr Ile Phe Met Leu Al a H| s Val Leu
- 230 pPro Tyr Leu Val Lys AspfhD Phe Trp cCh r1Sahe Phs sek wilPhe Leu

Asp Gy GQu Ser Gy A4&%||le Asp 425 26030
L%Z Q;lu His Leu Arg Val i.eu Gly Leu Arg Pro Lys Glu Glu
20 435 , 440 445

(2) INFORMATION FOR SEQ ID NO:3:
(1) SEQUENCE CHARACTERISTICS:
25 . {A) LENGTH: 186 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: not relevant
(D) TOPOLOGY: linear '

30 (ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

35 Leu His His Thr Tyr Thr Asn Ile Ala Gly Ala Asp Pro Asp Val Ser
1 5 10 15

Thr Ser Glu Pro Asp Val Arg Arg Ile Lys Pro Asn Gln Lys Trp Phe

20 25 - © 30
40
Val Asn His Ile Asn Gln His Met Phe Val Pro Phe Leu Tyr Gly Leu
35 40 4s
. Leu Ala Phe Lys Val Arg Ile Gln Asp Ile Asn Ile Leu Tyr Phe Val
45 50 55 60
Lys Thr Asn Asp Ala Ile Arg Val Asn Pro Ile Ser Thr Trp His Thr
65 70 . 75 80
50 Val Met Phe Trp Gly Gly Lys Ala Phe Phe Val Trp Tyr Arg Leu Ile
85 90 95
Val Pro Leu Gln Tyr Leu Pro Leu Gly Lys Val Leu Leu Leu Phe Thr
100 108 110
55
Val Ala Asp Met Val Ser Ser Tyr Trp Leu Ala Leu Thr Phe Gln Ala
115 120 125
Asn Tyr Val Val Glu Glu Val Gln Trp Pro Leu Pro Asp Glu Asn Gly
60 130 135 140

Ile Ile Gln Lys Asp Trp Ala Ala Met Gln Val Glu Thr Thr Gln Asp

-94.-
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Asp Gu Trp Ala Ile Cys Gn Ile Arg Thr Thr Ala Asn Phe Ala Thr

275 280 - 285 Asn Asn Pro Phe Trp Asn
Trp Phe. OyWQRYA67$S, | eu Asn His G n Val 290 PCT/US98/0742D)5
300 Thr Hs H's Leu Phe Pro Asn Ile Cys His Ile His Tyr Pro An Leu
305 310 315 320 Qu
Asn Ile Ile Lys Asp Val Cys G n QQu Phe Ay Val du Tyr Lys )
325 38 . 150 335 Ysd Tyr Pro Thr iehe Lys
Ala Ala lle Ala Ser Asn Tyr ArgTrpLeu 340
345 Tgnfla His Agp §e\His tey Ty 9‘h:|‘_ er Ale, Thg Gly Ser Leu Asn 355
(2) | NFORVATI ON FOR SEQ I D NO 7: *€® (i) SEQUENCE cHARACTERI $TfCS:
(A) LENGTH™ 365 anmin f’-@ﬁ.xd%aa Val His His (LB) PIJBEQ Hﬂn ho acid . (C)
STRANDEDNESS: not reI evant 180 (D) TOP@EOGY: |inear (ii) MOLECULE
TYPE: peptide (xi) SEQUENCE DESCRI PTION: SEQ ID NO 7: Met Thr Ser -
Thr Thr Se{O Lys \Mal IFFPRMBPION (BOf SEQSIDIKY:4i| e J y Phe 1 5
10 1(515) szounﬁl'iag gkys,r&gsu Asn Arg Arg. Val Asn Ala Tyr Leu
Ju Ala Gu Asn LENGTH: amino acids 25
30 Ile Ser Pro Arg é@pﬁnﬁg&&’&g Met Tyr Leu Lys Thr Ala lle lle
35 40 (C) STRANDEDNESS: not ¥fevant Leu Ala Trp Val Val Ser
Ala Trp Th¥S Phe Val Val Fie T@QOpoFH: GLiness 50 55
gg Val Leu Trp l}/e;[ MIG sch‘_Eetij.YPLEe pept%eq?/; Ile Val Leu Ay PthGI y VaISer
Ala Val Ay Phe Asn Ile Ser Hs Asp Ay Asn Hs Ay Ay Tyr
85 20 ©S4)) SEQUENCE DESCRIPTION: SHEYDID NO:4:
99 Met Ala Ala Ala Pro Ser Val Arg Thr Phe Thr Arg Ala Glu Val Leu
1 5 10 15
25 Asn Ala Glu Ala Leu Asn Glu Gly Lys Lys Asp Ala Glu Ala Pro Phe
20 25 30

Leu Met Ile Ile Asp Asn Lys Val Tyr Asp Val Arg Glu Phe Val Pro

35 40 45
30 .
Asp His Pro Gly -Gly Ser Val Ile Leu Thr His Val Gly Lys Asp Gly
50 585 60
Thr Asp Val Phe Asp Thr Phe His Pro Glu Ala Ala Trp Glu Thr Leu
35 65 70 75 80
Ala Asn Phe Tyr Val Gly Asp Ile Asp Glu Ser Asp Arg Asp Ile Lys
85 © 90 95
40 Asn Asp Asp Phe Ala Ala Glu Val Arg Lys Leu Arg Thr Leu Phe Gln
100 105 110
Ser Leu Gly Tyr Tyr Asp Ser Ser Lys Ala Tyr Tyr Ala Phe Lys Val
115 120 . 125
45
Ser Phe Asn Leu Cys Ile Trp Gly Leu Ser Thr Val Ile Val Ala Lys
130 135 140
Trp Gly Gln Thr Ser Thr Leu Ala Asn Val Leu Ser Ala Ala Leu Leu
50 145 150 155 160
Gly Leu Phe Trp Gln Gln Cys Gly Trp Leu Ala His Asp Phe Leu His
165 ° 170 175
55 His Gln Val Phe Gln Asp Arg Phe Trp Gly Asp Leu Phe Gly Ala Phe
180 185 190
Leu Gly Gly Val Cys Gln Gly Phe Ser Ser Ser Trp Trp Lys Asp Lys
195 200 205
60

His Asn Thr His His Ala Ala Pro Asn Val His Val Glu Asp Pro Asp
210 215 ' © 220
[ —
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Ser
100
Leu
120
du
Au
150
Trp
170
Lys
190
195
Val

220
225
Thr

245
Leu
265

285
290
I'le
315
Val

335

Lys

Trp

Il e
Leu

Phe

Arg

Hi s
Asp

Phe

A_sn

Tyr A n Trp Val Asn Tyr Leu Ser Ay Leu Thr His Asp Al a
105 110 Ile Ay Val Ser Ser Tyr
Lysvo¥amiefysg Hi s Asn Val Leu His 115  PCT/US98/07422
125 H's Thr Tyr Thr Asn Ile Leu Gy His Asp Val
Hs Ay Asp 130 135 140
Val Arg Met Ser Pro Ser Met GQu Tyr Arg Trp Tyr H's Arg 145
. 155 160 Tyr Gn Hs Trp Phe 1le
Val Tyr Pro IEbQ\sﬁ l8y B39 pI¥ ed Meu Thr Trp Ser Glu His Ala LeuldiB Met
Trp Sso IIe Ala Asp2¢al A n Thr Met2abeu Phe
A@n Tyr H's
Asp Hi s GBhe|See ABPd’a?SeH“I’FB GFHr““Fr"ﬁ“\?&F ﬁﬁgﬁ’eFl"%Pﬁeé r®"eu Leu
200 205 °Ala Phe Lys A3 Phe Gy

Val Phe Leu lJeLGIaUIQuFJ){sQ dll’xerhél'ﬁ'p Phe Tyr PhezPLg Ile Leu Ser Phe Ala 215
Val Ay Tyr Ser Prasbeu du Ala Vadsslle Gy Ala Sowo |le Val Tyr

10 230 240 Met
dy Leu Val wa»ewr\rap WaILePHw't}“I\?éF Jlg fep| Bpeyad ‘(?z‘g‘l Pro Asn Gly
250 27 58 lle dU°Pro Ala G u Phe
Pro Asp Asn é—],ﬁl'h],';" Eﬁ.slﬂ‘ég P%%F)Seéstﬁy Ala Arg Val Pro Ile Se%GIQeu Val Glu
15 27 uTrp Asg lle /g\la GnMaI Lys Thr Thr Val
Ala Pro Asn 275

Asn Thr || eSlp| leeu/gep muphl?yrfetvws '{HPyT*GI e By %‘n“l’y’f'hrd’ﬁ’f Bher  val
¥95 H*% H s Leu Phe % Hi s

: HI2§ Ile Hs Taérphpr ﬂe% AJp%z%' @al Asn b?éQSLeu Val Tyr Phe Leu Va13§é}

Pregsl | e Leu Ala Qs Val Cys G u §dsu Phe Gy

Tyr Al a Val 425 330
Hi s G n ThrehalaPied g‘:yGJA(I 2pn| bay NuaMAI BeAd ‘I’}PrS%‘ePe“TNf:P Beu Lys
25

Asn Gly Met Pro Val Ile Ser Lys Glu Glu Ala Val Asp Met Asp Phe
: 355 360 . 365

Phe Thr Lys Gln Ile Ile Thr Gly Arg Asp Val His Pro Gly Leu Phe
- 30 370 375 380

Ala Asn Trp Phe Thr Gly Gly Leu Asn Tyr Gln Ile Glu His His Leu
385 380 395 400

35 Phe Pro Ser Met Pro Arg His Asn Phe Ser Lys Ile Gln Pro Ala Val
405 410 415

Glu Thr Leu Cys Lys Lys Tyr Asn Val Arg Tyr His Thr Thr Gly Met

420 425 430
40
Ile Glu Gly Thr Ala Glu Val Phe Ser Arg Leu Asn Glu Val Ser Lys
435 440 445
45 Ala Ala Ser Lys Met Gly Lys Ala Gln
450 455
(2) INFORMATION FOR SEQ ID NO:5: e
50 (i) SEQUENCE CHARACTERISTICS: 1
* aced
{A) LENGTH: 446 amino acids heet Has Been Rep
(B) TYPE: amino acid
(C) STRANDEDNESS: not relevant
(D) TOPOLOCGY: linear
55
{ii) MOLECULE TYPE: peptide
60 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
Met Ala Ala Gln Ile Lys Lys Tyr Ile Thr Ser Asp Glu Leu Lys Asn
1 5 10 15
-96-
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340 345 350 Lys Met Ser Ile Asn Pro

GQu Thr Lys Ala Ile u Gn 355 360

365 (2) | NIET$ON FOR SEQ I D NQO 8: (i) SEQUENCE CHARGEUBIY/QI#22CS:
(A) LENGTH: . 32 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D TOPOLOGY; Iinear (i) MOLECULE
TYPE: other nucleic acid (A) DESCRIPTION: /desc = "Synthetic
ol i gonucl eoti de" - 100-

(i x) FEATURE: uis Asg Bys NAVEIKES Léd o6 Teakelf @le Gln Gly Lys A(Bjyr
LOCATI ON: 21 (D) OFHER | NFCRNATI Ors /nunber= 1 3¢note=

"N=Il nosi ne _or t03| ne" A) NAME/ KEY: m sc
feature Y bg? %’Zval Lys & “p His PF) CHTRBRSTNERRIESTLEN:

/[ nunber= 2 /not e— "N:I n03| ne or Cytosi né? (xi) SEQUENCE -

DESCRI PTION: SEQ | D 63 8er n&JACIAGHA G CACAYICAYAGsINALY ARdNALYY A% phe His
32 (2) I NFORVATI ON FO?SGEQ ID NO 9: ss (i) SEQUEMCE CHARACTERI STI CS:

(A) LENGTHO 27 base g rs (B) TYPE: nucleic acid (O

STRANDEDNESS:  si ng| e Ala Ser Thr (I'B) m@ylksq ILﬁ‘é%Pe Phe Thr Gly Tyr T}(;r

Leu Lys Asp Tyr Ser Val Ser Glu Val Ser Lys Val Tyr Arg Lys Leu

15 85 90 95
Val Phe Glu Phe Ser Lys Met Gly Leu Tyr Asp Lys Lys Gly His Ile
100 105 110
20 Met Phe Ala Thr Leu Cys Phe Ile Ala Met Leu Phe Ala Met Ser val
115 120 128

Tyr Gly Val Leu Phe Cys Glu Gly Val Leu Val His Leu Phe Ser Gly

130 135 140
25
Cys Leu Met Gly Phe Leu Trp Ile Gln Ser Gly Trp Ile Gly His Asp
145 150 155 160
Ala Gly His Tyr Met Val Val Ser Asp Ser Arg Leu Asn Lys Phe Met
30 165 170 175
Gly Ile Phe 2Ala Ala Asn Cys Leu Ser Gly Ile Ser Ile Gly Trp Trp
180 185 190
35 Lys Trp Asn His Asn Ala His His Ile Ala Cys Asn Ser Leu Glu Tyr
195 200 205
Asp Pro Asp Leu Gln Tyr Ile Pro Phe Leu Val Val Ser Ser Lys Phe
210 215 220
40
Phe Gly Ser Leuw Thr Ser His Phe Tyr Glu Lys Arg Leu Thr Phe Asp
225 230 2358 240
Ser Leu Ser Arg Phe Phe Val Ser Tyr Gln His Trp Thr Phe Tyr Pro
45 245 250 255
Ile Met Cys Ala Ala Arg Leu Asn Met Tyr Val Gln Ser Leu Ile Met
260 265 270
50 Leu Leu Thr Lys Arg Asn Val Ser Tyr Arg Ala Gln Glu Leu Leu Gly
275 280 285
Cys Leu Val Phe Ser Ile Trp Tyr Pro Leu Leu Val Ser Cys Leu Pro
290 295 300
55
Asn Trp Gly Glu Arg Ile Met Phe Val Ile Ala Ser Leu Ser Val Thr
305 310 315 320
Gly Met Gln Gln Val Gln Phe Ser Leu Asn His Phe Ser Ser Ser Val
60 325 330 335

Tyr Val Gly Lys Pro Lys Gly Asn Asn Trp Phe Glu Lys Gln Thr Asp
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(ii1) MOLECULE TYPE: other nucleic acid ' (A) DESCRI PTION: /desc =

"Synt hetic oligonucl eotide" (i x) FEATURE: (A) NAME/ KEY:

m sc f eat w(e98/46765 (B) LOCATION: 13 (D) OTHER/USEISORMIET| ON:
/nunber= 1  /note= "N=Inosi ne or Cytosine"; (i x) FEATURE:

(A) NAME/ KEY: misc feature (B) LOCATION: 19 (D OTHER
| NFORMATI ON:  / nunber= 2 / not e= "N=Il nosi ne or Cytosi ne" (xi)

SEQUENCE DESCRI PTION: SEQ I D %Q 9: CAUCAUC@ AUNGGRAANA RRTCGRTG
27 (2) 1 NFORMVATI ON FOR SEQ PR NO 10: 1) ‘SEQUENCE CTERI STI CS:
(A) LENGTH:. 35 basegpairhsS Leu Asp Ile Sek Bys PXPhro AYS IMet dspaifl Phe His 61y (C)

STRANDEDNESS: si ngl e 355 (D) TOPOL®BY: |i near 36%i1) MOLECULE
TYPE: othe? nucleic acid (xi) SEQUENCE DESCRI PTI ON:. SEQ I D NO 10:
CCAAGCTTCT GCAGGAGCPE PR P Py PLyFieflu His His Leu #he 2003y MEH)™P REERMATI ON
FOR SEQ I D NO 11: ‘(i ) SEQUENCE RACTERI STI CS: (A) LENGTH:
5 am no acids Cys Asn Leu Arg Lys Ile Ser Pro Tyr Val Ile GllQku-cys Lys Lys
10 385 390 3ss 400
His Asn Leu Pro Tyr Asn Tyr Ala Ser Phe Ser Lys Ala Asn Glu Met
405 410 415
15 Thr Leu Arg Thr Leu Arg Asn Thr Ala Leu Gln Ala Arg Asp Ile Thr
420 425 430

Lys Pro Leu Pro Lys Asn Leu Val Trp Glu Ala Leu Hisg Thr
435 440 445
20

(2) INFORMATION FOR SEQ ID NO:6:

(i) SEQUENCE CHARACTERISTICS: This Sheet Has Been
(A) LENGTH: 359 amino acids

s ) oo e S I m}iﬂ

{D) TOPOLOGY: lineaxr

(ii) MOLECULE TYPE: peptide

30
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
Met Leu Thr Ala Glu Arg Ile Lys Phe Thr Gln Lys Arg Gly Phe Arg
35 1 5 10 15
Arg Val Leu Asn Gln Arg Val Asp Ala Tyr Phe Ala Glu His Gly Leu
20 25 30
40 Thr Gln Arg Asp Asn Pro Ser Met Tyr Leu Lys Thr Leu Ile Ile Val
35 40 45
Leu Trp Leu Phe Ser Ala Trp Ala Phe Val Leu Phe Ala Pro Val Ile
50 55 60
45
Phe Pro Val Arg Leu Leu Gly Cys Met Val Leu Ala Ile Ala Leu Ala
65 70 75 80
Ala Phe Ser Phe Asn Val Gly His Asp Ala Asn His Asn Ala Tyr Ser
50 85 90 95
Ser Asn Pro His Ile Asn Arg Val Leu Gly Met Thr Tyr Asp Phe Val
100 105 110
55 Gly Leu Ser Ser Phe Leu Trp Arg Tyr Arg His Asn Tyr Leu His His
115 120 125
Thr Tyr Thr Asn Ile Leu Gly His Asp Val Glu Ile His Gly Asp Gly
130 135 140
60
Ala val Arg Met Ser Pro Glu Gln Glu His Val Gly Ile Tyr Arg Phe
145 150 155 160
-O8-
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(B) TYPE: am no acid (C) STRANDEDNESS: not rel evant

(D) TOPOL (ii). MOLECULE TYPE: peptide j NCE
DESCRI RTI %X%E%D NO: 11: Hs Xaa Xaa H's Hi s 1 #etrssiorhs 5
(2) | NFORMATI ON FOR SEQ | D NO: 12: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 5 am no acids (B) TYPE: am no acid (O
STRANDEDNESS: not rel evant (D) TOPOLOGY: Ili near (i)
MOLECULE TYPE: pepti de (xi) SEQUENCE DESCRI PTI ON:. SEQ | D NO: 12:

A n Xaa Xaa His Hi s Gn Glp Phe Tyr Ile Trp Glygleu Tyy H“H‘QF‘ERI\/NT-I B ’I’—*BR‘“SEQ‘PI D

NO: 13: (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH® 746

nucl ei c acsds rhe LeliBoyr BB a1 Mi&! RCvaACield Asn Lys Gly Lﬁ%:ﬂ DNESS:
not rel evant (D TAMELOGY: linear 185  (ii) TYPE:

nucl ei c acid (xi) SEQUENCE DESCRI PTION: SEQ I D NO 13: CGTATGTCAC
TCCATTCCAA ACTCGT TCARsG@F ARSAAFRPIATRTFCHACES ISPTHACHERTA 2 SegOLECARRCEIFCTA
TGGTATTTAGH ACACTCAAAT ATCGPACTCA AGATTGGERAR GCTTTTGTAA 2°F20 AGGATGGTAA
AAATGGT ATTCGTGTTA. QGGRAG ITJl T AA Jeu 380, ACHLCALTGG
TAAATTGTCT TTTGTTTTCT T TTCAT C CGTTATCATA&o 240 GCITTACAGA
TTTAATTTGT TATTTCCTCA TTGCTGAATT CGTCTTTGGT TGGTATCTCA 300 CAATTAATTT
CCAAGTTAGT . CATGT CGCTRIY ARG/ SEETRIAAPIATHCTEEGET RECHETHAARer VE6ThrGARONEATGA
ACCATCTCAAS ATCAATGAMBSATTGGGCAAT CCRPCAACTT AAAACTRETC 420 AAGAMPATGG
TCATGGITCA CTCCTTTGI4,, T@'E%%I%ﬂg%ﬁré NATEATSAAR, af180: T I FT IS CA
TTTATTCCCA TCAATTGCTC AAGATTT T GTASRAATTG 540 T

TTGTAAAGAA CATAACATTA CTTACCACAT TAAACCAAAC TTCACTGAAG 600 CTATTATGTC
ACACATTAAZOTACCT TTACR uATRA TIBEGRAAPHEGERCOAGRP ARGV TEMARer CBGELaANGCASBT AGC
CTCAAAAGAT GATTAAATGA AATAACT3PRA AAACCAATTA FFTACTTTTG  7287°ACAAACAGTA
ATATTAATAA ATACAA

Asp Glu Trp Ala Ile Cys Gln Ile Arg Thr Thr Ala Asn éhe Ala Thr

275 280 285
25
Asn Ash Pro Phe Trp Asn Trp Phe Cys Gly Gly Leu Asn His Gln val
290 295 300
Thr His His Leu Phe Pro Asn Ile Cys His Ile His Tyr Pro Gln Leu
30 305 310 315 320
Glu Asn Ile Ile Lys Asp Val Cys Gln Glu Phe Gly Val Glu Tyr Lys
325 330 33s
35 ) Val Tyr Pro Thr Phe Lys Ala Ala Ile Ala Ser Asn Tyr Arg Trp Leu
340 345 350
Glu Ala Met Gly Lys Ala Ser
) 355 '
40

(2) INFORMATION FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 365 amino acids

45 (B) TYPE: amino acid :
(C) STRANDEDNESS: not relevant
(D) TOPOLOGY: linear :

This Sheet Has Been Replaced

(ii) MOLECULE TYPE: peptide

50
(xi} SEQUENCE DESCRIPTION: SEQ ID NO:7:
Met Thr Ser Thr Thr Ser Lys Val Thr Phe Gly Lys Ser Ile Gly Phe
55 1 5 10 15
Arg Lys Glu Leu Asn Arg Arg Val Asn Ala 'Tyr Leu Glu Ala Glu Asn
20 25 3o
60 Ile Ser Pro Arg Asp Asn Pro Pro Met Tyr Leu Lys Thr Ala Ile Ile
35 40 45
-99.
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(2) | NFORMATI ON FOR SEQ I D NO 14: (i) SEQUENCE CHARACTER! STI CS:

(A) LENGTH. 227 am no aci ds (B) TYPE: am no acid (O
STRANDEDNES®? 98/¢476% el evant - - (D) TOPOLOGY: linear PCT(USp§/07422
MOLECULE TYPE: peptide -102-

(xi) SEQUENCE DESCRI PTION: SEQ ID NO 14: Tyr Val Thr Pro Phe G n Thr Arg
Ser Trp Tyr H's Lys Tyr Adn 1 5 10

15 His Ile Tyr Ala Pagu hﬂlrwual% 6Ly ald %rme BV vhYal ¥he Eyy Pro Asp

20 s5s 30 Arg Thr A BoAsp Trp Gu Al a Phe
Val Lys Asp Gy Lys Asn Gly 35 40

45 Ala lle Arg Val SEAl Ven Tre HetThys PSnLehELnGys Kis VAl aeyCly Pye Gly Val
50 85 70 60 Val I1e™y Lys Leu Ser®Phe Val

Phe Phe Arg Phe Ile
75 Leu Arg Tyr H's Slgr Bﬁ%qﬁ}h?lﬁg}ée fsenu II1 gerc,\!}’éﬁ%pr Gllﬂﬁésrll_gls GBY §§” TYQ

80 85 90 Ala A u Phe Val Phe Ay Trp Tyr
Leu Thr 11 Asn Phe ©knLy&[tyr Gln Trp Val Asn Tyr Le)Ber Gly Leu Thr His Asg (Q0a

105 Ser His Val Ala Gu Asp LélP Lys Phe Phe AP Thr Pro Guipfg

élg Asp Tr 0 Alalle %é‘é Ga Val Ser Ser Tyr Let}%gp ? Pé‘éergG‘Hg’.ls Fﬁ)r:;? V§PrLeG§tgsl le Asn
135 Leu LysS Thr Thr @ n Asp Tyr Gy H's G y Ser Leu Leu Cys Thr

140 Hi§ Thr Tyr Thr Asn Ile Led 50y Rhe 2ARh@aSelu Gly ESeclyeep Asn Hi s
Adn Vval val His H's Leu®Phe : 135 155 140 160

165 Pro Ser Ile Al Pl |
190 ro ser e a %g;é?gafagg LX!: i:;’r grigar het: G ;/%? r%‘rlg_(r HJ. ?ﬁng s Asn

20
Ile Thr Tyr Hs Ile Lys Pro
195 Asn Phe Thr G u Ayaclh @id/Ftp See Ik Irp [Pe ASIlTiﬁyIPrdLQUe'Eyé pl:ysryr Tyr

165 170 175
25 Trp Ser Ile Ala Asp Val Gln Thr Met Leu Phe Lys Arg Gln Tyr His
180 18S 190
Asp His Glu Ile Pro Ser Pro Thr Trp Val Asp Ile Ala Thr Leu Leu
195 200 205
30
Ala Phe Lys Ala Phe Gly Val Ala Val Phe Leu Ile Ile Pro Ile Ala
210 215 220
Val Gly Tyr Ser Pro Leu Glu Ala Val Ile Gly Ala Ser Ile Val Tyr
35 225 230 235 240
Met Thr His Gly Leu Val Ala Cys Val Val Phe Met Leu Ala His Val
245 250 255
40 Ile Glu Pro Ala Glu Phe Leu Asp Pro Asp Asn Leu His Ile Asp Asp
260 : 265 270
Glu Trp Ala Ile Ala Gln Val Lys Thr Thr Val Asp Phe Ala Pro Asn
. 275 280 285
45
Asn Thr Ile Ile Asn Txp Tyr Val Gly Gly Leu Asn Tyr Gln Thr Val
290 295 300
His His Leu Phe Pro His Ile Cys His Ile His Tyr Pro Lys Ile Ala
50 305 310 315 320
Pro Ile Leu Ala Glu Vgl Cys Glu Glu Phe Gly Val Asn Tyr Ala Val
325 330 335
55 His Gln Thr Phe Phe Gly Ala Leu Ala Ala Asn Tyr Ser Trp Leu Lys
340 345 : 350
Lys Met Ser Ile Asn Pro Glu Thr Lys Ala Ile Glu Gln
355 " 360 365
60

(2) INFORMATION FOR SEQ ID NO:8:

This Sheet Has Been Replaced -100- .
THIS SHEET HAS BEEN
||| II " ”Il III REPLACED




200 205 210 Met Ay Asn Asp Pro Asp Tyr Val

Lys Lys Pro Leu Ala Ser Lys 215 220

225 Asp ASKORB467652) | NFORMATI ON FOR SEQ | D NO. 15: (i \PEERIE0ie22
CHARACTERI STI CS: (A) LENGTH: 494 nucl eic acids (B)
TYPE: nucleic acid (C) STRANDEDNESS: not rel evant (D)
TOPOLOGY: |i near (i1) MOLECULE TYPE: nucleic acid (xi) SEQUENCE

DESCRI PTI ON: SEQ | D NO degtencE IchAKACANZET I¥E CCAAGT TN ACCACGGANT NGGCAAGTTN
ACGGGECGEEA AANCGGTTTT (a3 LE@BBCCRAWEE saldsl TGTCGA CTGGITCTGI GGTGGECTTCC
AGTACCAAGT CGACCACCAC ‘B2(FYTRATYREIICACICCTGCCCCG ACACAATCTG GCCAAGACAC
ACGCACTGGT SCGAATCGT TC \ (GTA8EBGTGTCCA GTACCACGAA GCCGACCTCG
TGGACGGGAC™ CATGGAAGTC 10 \ TGGEGCAGCGT GGCCGECGAA TTCGTCGTGG
ATTTTGTACG CGACGGACHL:) mei@eur&lepd COAAL LeldiGTdeeT GACGATGCAA GGGTTCACGC
ACATCTACAC ACACTCACTC  Go(resGACHART XGeskF ABGIHEER c AdIAG#HNETIdeE dst GTCGACCT
GGACCTTGIT .,TGACTGGTITG 420 GGGATAGGGT AGGTAGECGG ACGCGTGEGT CANCCCCGEG
AATTCTGT 0CCGGTACC'I('G GCCCGCGTNA AAGT
494 (2) | NFORMATI ol a b SRENOnf feature (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 87 am no aci @9 rocarion: 21 (B) ITYPE amno acid
-103- (D) OTHEK @yroRMAMABIDENWES= not rel evant (D)
TOPOLOGY: I5i near /note= (Nsljosiit BEIGVESSTVMPE: pepti de (xi) SEQUENCE
DESCRI PTI ON:  SEQ | D(ix i %g\m

(A) NAME/KEY: misc_feature

(B) LOCATION: 27

20 (D) OTHER INFORMATION: /number= 2
/note= "N=Inosine or Cytosine"

(xi) SEQUENCE. DESCRIPTION: SEQ ID NO:8:

25
CUACUACUAC UACAYCAYAC NTAYACNAAY AT 32
(2) INFORMATION FOR SEQ ID NO:9:
30 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH:. 27 base pairs
(B) TYPE: nucleic acid
(C}) STRANDEDNESS: single
(D) TOPOLOGY: linear
35
: (ii) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "Synthetic oligonucleotide”
40 (ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 13
(D) OTHER INFORMATION: /number= 1
/note= "N=Inosine or Cytosine"
45 :
(ix) FEATURE: Thi
is
(A) NAME/KEY: misc_feature Sheet Has Been Replace
(B) LOCATION: 19
(D) OTHER INFORMATION: /number= 2 .
50 /note= "N=Inosine or Cytosine"
(xi)} SEQUENCE DESCRIPTEON: SEQ ID NO:9:
55 CAUCAUCAUC AUNGGRAANA RRTGRTG 27

(2) INFORMATION FOR SEQ ID NO:10:

{i) SEQUENCE CHARACTERISTICS:
60 (A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single

-101- THIS SHEET HAS BEEN
REPLACED




Phe Trp Lys Xaa Pro Ser Xaa Pro Arg Xaa Xaa G n Val Xaa Ay 1
5

10 15 Ala Qu Xaa Gy Phe Pro Pro Lys
Pro Phe Valwg\sgué6T6p Phe Cys 20 PCT/US98/7422
30 Ay Gy Phe An Tyr An Val Asp His H's Leu Phe Pro Ser Leu
35 40 45 Pro Arg H's Asn Leu Ala Lys Thr
Hs Ala Leu Val du Ser Phe 50 55
60 Cys Lys Gu Trp Gy V&l) Selhoky¥! 1Hes, G U Ala Asp Leu Val Asp
65 75 Ay Thr Met Gu Val Leu H's His
Leu Gy Ser Val Ala (G)YM&EEUJLE TYPE: other nucleic ach® 70
75 Phe Val Val Asp Phe Val Arg Asp Gly Pro Al a Met 80
85 (2) | NFORMATI ON FOR SEQ I D NO 1 SEQUENCE CHARACTERI STI CS:
(A) LENGTH 520 nucl'®tcS basGrpHon: SER gp . amino acid N
(C) STRANDEDNESS. cAj@brric? | @¥@Akcre Trrrrrrrrr itk TOPOLOGY: |inear (i)
MOLECULE TYPE: nucleic acid (xi) SEQUENCE DESCRI PTION: SEQ I D NO 17:

GGATGGAGT TI ICGT CT GOA TS - BTiChCESCEEACERGAGETG GTTTAAGCGT CATGGGTGCG 60
CTTGGGTACA CGCCGGGGCA GTCGTTGRRC ATGTACTTGT GCGCCTTTGG TCTCGRCTGC 120
ATTTACATTT TTCTGCAGTTCH ‘@‘y HAR g TGCCCGTGAG CAACCCGGAG 180
GATCAGCTGC ATTGGCTCGA GT me-.-_e, ?ff GAACATCAGC ACCAAGTCGT 240
GGTTTGTCAQ ATGGTGGATG T A A DMIT'EQAG&I;VQGAGCACCAC CTTTTCCCCA 300
OGGOGOCCCA GTTOOGTTTC AAGHARSSRAEYCITEEECOGT CGAGGCCCTC TTCAAGOGCC 360
ACGGTCTCCC TTACTACGAC ATGCCCTACA CGAGCGCCGT CTCCACCACC TTTGCCAACC 420
TCTACTCCGT CGGCCATTCEd IGHRIEEAEATYEECEARIAACGA CTAGCCTCTT TTCCTAGACC 480

TTAATT CCCCACCCC ATGITCTGIC TTCCTCCCGC 520
(2) I NFORVATI ON FOR @EQskdsehie dskcrrprron: S(Eb) 1R WENCE CHARACTERI STI CS:
(A) LENGTH 153 ami no acids (B) TYPE: am no acid (O
STRANDEDNESS:. not reHéwXpg Xaa His His (D) TOPOLOGY: |i near (i)
I\/C]_ECthLE T%DE pepti de (xi) 5SEQJENCEhDESCRI PEI ON: SEQ ID NO 18:  Met

G u Phe Vaf“ Trp | fg\%@mx r Trp Phe Lys 1 5
10 P Jz? -PJON oQéX D@S{Ia Trg Val H?/s Ala dy Ala Val Val
Ay Hs (i) széiﬁ:ucz CHARACTERISTICS: 25 30 Val Leu

Val Arg Leu Trp Ser Arg U®uLFjcTH{ 8 amihsaddde Ser Al a
30 (B) TYPE: amino acid

(C) STRANDEDNESS: not relevant
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

35
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
Gln Xaa Xaa His His

40 1 s

45 {2) INFORMATION FOR SEQ ID NO:13:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 746 nucleic acids This Sheet Has Been R

i
(C) STRANDEDNESS: not relevant I ”’,I,”"l
50 (D) TOPOLOGY: linear .

(ii) MOLECULE TYPE: nu_cleic acid

55 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:
CGTATGTCAC TCCATTCCAA ACTCGTTCAT GGTATCATAA ATATCAACAC ATTTACGCTC 60
CACTCCTCTA TGGTATTTAC ACACTCAAAT ATCGTACTCA AGATTGGGAA GCTTTTGTAA 120
AGGATGGTAA AAATGGTGCA ATTCGTGTTA GTGTCGCCAC AAATTTCGAT AAGGCCGCTT 180
ACGTCATTGG TAAATTGTCT TTTGTTTTCT TCCGTTTCAT CCTTCCACTC CGTTATCATA 240

60 GCTTTACAGA TTTAATTTGT TATTTCCTCA TTGCTGAATT CGTCTTTGGT TGGTATCTCA 300
CAATTAATTT CCAAGTTAGT CATGTCGCTG AAGATCTCAA ATTCTTTGCT ACCCCTIGAAA 360
GACCAGATGA ACCATCTCAA ATCAATGAAG ATTGGGCAAT CCTITCAACTT AAAACTACTC 420

-102-
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35 .40 45

- 104- Val Arg Arg Lys Ser His Pro Phe Ala Arg rg Ay

dy . WO%BM6IEs TTo, 55 P 7156%

AIaLeuAIaArgVaI Arg Ala Asp His Thr Val Asn Ile

70 75 Ser Thr Lys Ser Trp Phe Val Thr Trp Trp Met Ser Asn

Leu Asn 80 85 90 Phe.

Gn lle Au H s HAATATEGPIRATEITICH ITCAr TETR IO TBITRTASHTEGATCFTTA AATCATCAAG 480

95 TTGTRFHTCA TTTATTCCCA TCAATTGCTQRACKIETERASCICREAACT R CTROCANITO Asg> Val
STAAAGAA CATRACATTA CTTA( T TAAACCAAAC TTCACTGAAG L5600

Gdu Ala Leu Phe W e 5800

120 Gy LeusPro TisceabthoceRatdiont cherhtioad Taragerrsl oa “@:ﬁ%&@ﬁq o

125 canAbROrA ATATTAATAA ATAcAA 135 Thr Al a eu Tyr é%‘{ Val

Ay H's Ser Val Gly Asp Al a 140 145

150 Lys Arg Asp 2) | NFORVATI ON FOR SEQ I D NG 19: (i) SEQUENCE

CHARACTERI §j| CS: (2! INFORMATION(ERR $ERNEBTIP:1429 nucl eic aci ds (B)

TYPE: nuclelc acid (i sgouence M%EQNESS not rel evant _ (D)
TOPOLOGY: |inear ( ’(u(i,) L CobF YR 4Cl ei c .acid (xi) SEQUENCE
DESCRI PTI ON: SEQ | D NO: 198) THECGmiAdSaeidCCACGCGICC GCCGCGAGCA ACTCATCAAG
GAAGGCTACT, JTGACCCCTC (60 SGEFHDIIBBAGoA TEASGERACC GOGTGGTCGA GATTGITGIT
CTCTTCGTGCIITTCCTTTTG 121 TeROPeS¥F GaarCAGTCTTCAC CCCTOGCGCT CGCTCTCGRC
ATTGTCGTCA GCGBCATCTL M%%WCGC TGCGECTGGEG TAATGCATGA GATGGGCCAT
GGGTCGITCA CTGGTGTCA CBACCGGTTGT GOGAGTTCTT TTACGGOGTT
GGITGTGGCA TGAGCGGT Crxi)  sBOSENTE AESREy N AS¥CASn0GA . GCAAACACCA CGCAGCGCCA
AACCGGCTCGAGCACGATGT 360 AGATCTCAAC ACCTTGCCAT TGGTGGCCTT CAACGAGCGC
GICGTGCGCA AGGT C(‘EIESAC@ Thg JRyo @)Glpmﬁwiﬁamrﬁ@ 1B N Qﬁx

His Ile Tyr Ala Pro Leu Leu Tyr Gly Ile Tyr Thr Leu Lys Tyr

20 25 30

25 Arg Thr Gln Asp Trp Glu Ala Phe Val Lys Asp Gly Lys Asn Gly

35 40 45

Ala Ile Arg Val Ser Val Ala Thr Asn Phe Asp Lys Ala Ala Tyr

50 55 60

Val Ile Gly Lys Leu Ser Phe Val Phe Phe Arg Phe Ile Leu Pro

30 65 70 75

Leu Arg Tyr His Ser Phe Thr Asp Leu Ile Cys Tyr Phe Leu Ile

80 85 90

Ala Glu Phe Val Phe Gly Trp Tyr Leu Thr Ile Asn Phe Gln Val

95 100 105

35 Ser His Val Ala Glu Asp Leu Lys Phe Phe Ala Thr Pro Glu Arg

110 118 120

Pro Asp Glu Pro Ser Gln Ile Asn Glu Asp Trp Ala Ile Leu Gla

125 130 135

Leu Lys Thr Thr Gln Asp Tyr Gly His Gly Ser Leu Leu Cys Thr

40 140 145 150

Phe Phe Ser Gly Ser Leu Asn His Gla Val Val His His Leu Phe

155 ) 160 165

Pro Ser Ile Ala Gln Asp Phe Tyr Pro Gln Leu Val Pro Ile Val

170 175 180

45 Lys Glu Val Cys Lys Glu His Asn Ile Thr Tyr His Ile Lys Pro

185 190 1385

Asn Phe Thr Glu Ala Ile Met Ser His Ile Asn Tyr Leu Tyr Lys

200 205 : 210

Met Gly Asn Asp Pro Asp Tyr Val Lys Lys Pro Leu Ala Sexr Lys

50 218 220 225
Asp Asp w**

(2) INFORMATION FOR SEQ ID NO:1S:

55
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 494 nucleic acids .
(B) TYPE: nucleic acid .- This Sheet Has Been Replaced
_ {C) STRANDEDNESS: not relevant
60 (D) TOPOLOGY: linear

(ii) MQLECULE TYPE: nucleic acid

-103-
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(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 125 amino acids

(B) TYPE: amino acid (C) STRANDEDNESS: not rel evant

(D) TOPOLOXP 98/467(5, (ii) MOLECULE TYPE: peptide (RET/USHAIRIICE
DESCRI PTION: SEQ ID NO 20: Arg Val Arg Pro Arg Val Arg Arg Gu G n Leu lle
Lys Gu Ay 1 5 10 15
Tyr Phe Asp Pro Ser Leu Pro His Met Thr Tyr Arg Val Vval Qu

20 25 30 Ile val Val Leu Phe Val Leu Ser
Phe Trp Leu Met Q y (&3)NSEQUENCE DESCRIPTION: SEQ ID MdB1s: 40

45 Ser Pto Leu Ala Leu Ala Leu Ay Ile Val Vval Ser Ay-lle aer o val et
50 S 'r'r'r'r ?\se CCAAGTTN ACCACGGANT6I(\:T)GGG I ™ he Gccgcc(éxs cs}c/; rpo g

Hs Gu Mt Ay ¢ Yairrorcan croqrIcTr GGTGGﬁ c@f&ﬁ% caceac’ © 120

75 Phe Thr Ay VQi'A'rh'l:@:cil' ldectcRbcolSAtARGR 2 TTIC 180

65 TGCAAGEAGT GGGGTGTCCA GTACCACGAA?ECCEMECTG YodhRbodat Yeatdtmnddcy Web Ser
GI y His Tyr Trp E{RFAREHIT (YSEGCAGCGT GGCCGECGAA TTCGT@DGG ATTTTGTACG CGACGGACCESS5 300
10 G CATGTAAT CGTCGTTCGT GACGATGCAA Wcsc ACATCTACAC ACACTCACTC 368 Ser

95 'nm AAGT

Val Al a Phe Asn GI u Arg Val Val 110

115 15 120 Arg Lys Val Arg Pro 125
(2) 1 NFORVATI ON FO? SEQ 1 D NO. 21: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 1219 ‘Had¥ TF%“ FOR SEQ ID NO:16:  (B) TYPE: nucleic acid
(C) STRANDEDNESS: si pgl 8equence cuaractersTrest D) TOPOLOGY: |inear
20 (A) LENGTH: 87 amino acids

(B) TYPE: amino acid
(C) STRANDEDNESS: not relevant

(D) TOPOLOGY: linear

25 (ii) MOLECULE TYPE: peptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:

Phe Trp Lys Xxx Pro Ser Xxx Pro Arg Xxx Xxx Gln Val Xxx Gly

30 1 5 10 15
Ala Glu Xxx Gly Phe Pro Pro Lys Pro Phe Val Asp Trp Phe Cys
20 25 30
Gly Gly Phe Gln Tyr Gln Val Asp His His Leu Phe Pro Ser Leu
35 40 45
35 Pro Arg His Asn Leu Ala Lys Thr His Ala Leu Val Glu Ser Phe
50 55 60
Cys Lys Glu Trp Gly Val Gln Tyr His Glu Ala Asp Leu Val Asp
65 70 75
Gly Thr Met Glu Val Leu His His Leu Gly Ser Val Ala Gly Glu
40 65 70 75
Phe Val Val Asp Phe Val Arg Asp Gly Pro Ala Met
80 85
45

(2) INFORMATION FOR SEQ ID NO:17:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 520 nucleic acids
50 . (B) TYPE: amino acid

(C) STRANDEDNESS: not relevant This Sheet Has Been Rep

) vt e, i st IAAT] llll

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:

55

GGATGGAGTT COTCTGGATC GCTGTGCGCT ACGCGACGTE GTTTAAGCGT CATGGGTGCG 60
60 CTTGGGTACA CGCCGGGGCA GTCGTTGGGC ATGTACTTGT GCGCCTTTGG TCTCGGCTGC 120
ATTTACATTT TTCTGCAGTT CGCCGTAAGT CACACCCATT TGCCCGTGAG CAACCCGGAG 180
GATCAGCTGC ATTGGCTCGA GTACGCGCGGE ACCACACTGT GAACATCAGC ACCAAGTCGT 240

THIS SHEET HAS BEEN
REPLACED
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(ii1) MOLECULE TYPE: other nucleic acid (Edited Contig 2692004)
(xi) SEQU | PTION: SEQ | D NO 21: GCACGCCGAC

AGATCCTGGC AGIATCCA GAGATAAAGT CCTTGATGAA 60 ACCTGATCCC

AATTTGATAT GGATTATAAT TATGATGGIT CTCACCCAGI TGGGTGCATT - 120

TTACATAGTA AAAGACTTGG ACTGGAAATG GGTCATATTT GGGGECCTATG CGITTGGCAG 180
TTGCATTAAC CACTCAATGA CTCTGGCTAT TCATGAGATT GCCCACAATG CTGCCTTTGG 240 -
T ’ C
_CI_IAAC:I'I_ %@Acﬁ %@T@@cqﬂf@w@@ﬂp W’F‘FTWN-\ p) C(’EPNFWSQ% 38198
[ E, 'm'! mgl;niﬂlﬂ{qns : EE EI et CARCACC ARCC %
TGGCGTCGAT GTAGATATHE LT AL AT nasea{i Reac suste g
AAAGTTTATA §GGGT TALecde s Cebechidae 450
CCCCAAACCA ATTACGTATC TGGAAGITAT CAATACCGIG GCACAGGTCA CTTTTGACAT 540
TTTAATTTAT TACTTTTTGG GAATTAAATC CTTAGICTAC ATGITGECAG CATCTTTACT 600
TGGCCTGGGT TTGCACECARFRAEPEEREAET FPTRIALCT GAGCATTACA TGITCTTAAA 660
GGGTCATGAA d\CTTACTCATi{FH&;m@%;&IA CTTACCTTCA ATGIGGGTTA 720
TCATAATGAA CATCATGAT CeHCheNed: 163CTAEAAMaAGICTTCCAC TGGTGAGGAA 780
AATAGCAGCT GAATACTATG ACAACEERECGmItAGTiACAAT TCCTGGATAA AAGTACTGTA 840
TGATTTTGTG ATGGATGATA CAADARTBRWREDEASSCTCAARGASATGCAAGAGGEC ACCAAAAAGG 900
AGAGATGGTg] GGAGTAAA TATRATHERESYCCGARMAGGGA TTCTTCTCCA AAACTTTAGA 960
TGATAAAAT TTTTTG; ALdARAAM ] CCAG TGATGCTCAG AAGCTCCCCT 1020
GGCACAATTT CAGAGT AA& GET CGGIGAT A-I(:F(Q‘J%%AAGT GAATCTGECT TTTAAACAGT 1080
CAGCCTGACT CTGTACT GOk CAGTUERCHABHs cRATAGASRRCIO RGR@ACT TG TGTATTATCG 1140
TCATTGAGGAZJGT TTCACTC ATGICTGICA TTTTATAAGC ATATCATTTA AAAAGCTTCT 1200
AAAAAGCTAT<Y TCGCCAGG 1219
le Ala Val Arg Tyr Ala Thr Trp Phe Lys
(2) | NFORMATI ON FER SdFO*hd g2t ye ve
-106- Arg His Gly Cys Ala Trp Val His Ala Gly Ala Val Val Gly His
20 25 30
25 Val Leu Val Arg Leu Trp Ser Arg Leu His Leu His Phe Ser Ala
35 40 45
Val Arg Arg Lys Ser His Pro Phe Ala Arg Glu Gln Pro Gly Gly
50 55 60
Ser Ala Ala leu Ala Arg Val Arg Ala Asp His Thr Val Asn Ile
30 65 70 75
Ser Thr Lys Ser Trp Phe Val Thr Trp Trp Met Ser Asn Leu Asn
80 8% - 14]
Phe Gln Ile Glu His His Leu Phe Pro Thr Ala Pro Gln Phe Arg
95 100 108
35 Phe Lys Glu Ile Ser Pro Arg Val Glu Ala Leu Phe Lys Arg His
110 118 120
Gly Leu Pro Tyr Tyr Asp Met Pro Tyr Thr Ser Ala Val Ser Thr
125 130 135
Thr Phe Ala Asn Leu Tyr Ser Val Gly His Ser Val Gly Asp Ala
40 140 145 150
Lys Arg Asp
45 {(2) INFORMATION FOR SEQ ID NO:19:
{i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 429 nucleic acids -
(B) TYPE: nucleic acid . :
50 (C) STRANDEDNESS: not relevant This Sheet Has Been Re

placed
LT
(ii) MOLECULE TYPE: nucleic acid

55 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:19:

ACGCGTCCGC CCACGCGTCC GCCGCGAGCA ACTCATCAAG GAAGGCTACT TTGACCCCTC
GCTCCCGCAC ATGACGTACC GCGTGGTCGA GATTGTTGTT CTCTTCGTGC TTTCCTTTTG
60 GCTGATGGGT CAGTCTTCAC CCCTCGCGCT CGCTCTCGGC ATTGTCGTCA GCGGCATCTC
TCAGGGTCGC TGCGGCTGGG TAATGCATGA GATGGGCCAT GGGTCGTTCA CTGGTGTCAT
TTGGCTTGAC GACCGGTTGT GCGAGTTCTT TTACGGCGTT GGTTGTGGCA TGAGCGGTCA

-105-

60
120
180
240
300
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(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 655 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D
TOPOLOGY: WO ARi44765 (ii) MOLECULE TYPE: other nucleic acPET(URIPOUF2
Conti g 2153526) (xi ) SEQUENCE DESCRI PTION: SEQ ID NO 22: TTACCTTCTA

CGTCCGCTTC TTCCTCACTT ATGTGCCACT ATTGGGGCTG AAAGCTTCCT 60  GGGCCTTTTC
" TTCATAGTCA GGTTCCTGGA AAGCAACTGG TTTGTGTGGG TGACACAGAT 120 GAACCATATT -
CCCATGCACA  TTCA highdicbnan acohdhCodahhdrcls bdnatbed (nbédatos] SltacdAedCE A CA
TGCAATGTCC ACAAGEATKEGAE THCAREGACTEEEECECACRAcBARAQETEAscA Rutficcaadd CGABATT
GAGCACCATC TTTTTCCCAC GATGCCTCGA CACAATTACC ACAAAGTGGC 300 TCCCCTGGTG
CAGTCCTTgTAé GTGCCAAGCA TGGCATAGAG TACCAGTCCA AGCCCCTGCT 360  GTCAGCCTTC
GCCGACATCA’ TCCA CT GGCTAGATGC 420 CTATCTTCAC
CAATAACAAC AGCC%E@%W%’ ?ﬁﬁ% GGAAGACTCT 480 GGAGCCAAGG
CAGAGGGGAG CTTGAGCAAD AATUBREAGTANIRETSTIAATA CTCAGAGGGG 540 GITGGGITTG
GGGACATAAA GCCTCTGACT CAMAGRGET:C1ECIRIRS AEDTs TCTAGCCACA 600 GTTCTAAGAC
CCAAAGTGGH) GGGTGGACAC ACRATIRECCT:S RGEREGGAAG GAGCT 655 (2)

| NFORVATI ON FOR SEQ I D |§Q 233323???;&%3 EEBYERCE CHARACTERI STI CS:

(A) LENGTH: 304 base pair's B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl @1) moLecure TyiEd)pepeldeLOGY: | i near (ii) MOLECULE
TYPE: othé&¥ nucleic acid (Edited Contig 3506132) (xi) SEQUENCE

DESCRI PTI ON:  SEQ | D*{OSBQUENCE DESCRIPTION: SEQ ID NO:20:

Arg Val Arg Pro Arg Val Arg Arg Glu Gln Leu Ile Lys Glu Gly

20 1 5 10 15
. Tyxr Phe Asp Pro Ser Leu Pro His Met Thr Tyr Arg Val Val Glu
20 25 30
Ile Val Val Leu Phe Val Leu Ser Phe Trp Leu Met Gly Gln Ser
35 40 45
25 Ser Pro Leu Ala Leu Ala Leu Gly Ile Val Val Ser Gly Ile Ser
50 55 60
Gln Gly Arg Cys Gly Trp Val Met His Glu Met Gly His Gly Ser
65 70 75
Phe Thr Gly Val Ile Trp Leu Asp Asp Arg Leu Cys Glu Phe Phe
30 65 70 75
Tyr Gly Val Gly Cys Gly Met Ser Gly His Tyr Trp Lys Asn Gln
80 85 90
His Ser Lys His His Ala Ala Pro Asn Arg Leu Glu His Asp Val
95 100 105
35 Asp Leu Asn Thr Leu Pro Leu Val Ala Phe Asn Glu Arg Val Val
' 110 115 120
Arg Lys Val Arg Pro
125 -
40 (2) INFORMATION FOR SEQ ID NO:21: This Sheet Has Been R

. eplaced
i
{A) LENGTH: 1219% base pairs

(B) TYPE: nucleic acid
45 _ (C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid (Edited Contig 2692004)

50
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21:

55 GCACGCCGAC CGGCGCCGGG AGATCCTGGC ARAGTATCCA GAGATAAAGT CCTTGATGAA 60
ACCTGATCCC AATTTGATAT GGATTATAAT TATGATGGTT CTCACCCAGT TGGGTGCATT 120
TTACATAGTA AAAGACTTGG ACTGGAAATG GGTCATATTT GGGGCCTATG CGITTGGCAG 180

60 - TTGCATTAAC CACTCAATGA CTCTGGCTAT TCATGAGATT GCCCACAATG CTGCCTTTGG 240

CAACTGCAAA.GCAATGTGGA ATCGCTGGTT TGGAATGTTT GCTAATCTTC CTATTGGGAT 300

-106-
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GICTTTTACT TTGGCAATGG CTGGATTCCT ACCCTCATCA CGGCCTTTGI CCTTGCTACC 60
TCTCAGCCCGy¥gebsdsATG GCTGCAACAT GATTATGGECC ACCTGICTGI CTACAeERAsS9s/0742D)
CCCAAGI-GGA ACCACCTTGI CCACAAATTC GICATTGGECC ACTTAAAGGG TGCCTCTGCC 180
AACTGGTGGA ATCATCGCCA CTTCCAGCAC CACGCCAAGC CTAACATCTT CCACAAGGAT 240
CCCGATGIGA ACATGCTGCA CGTGTTTGTT CTGGGCGAAT GGCAGCCCAT CGAGTACGEC 300
AAGA 304 -
(2) | NFORVATI ON FESRTAJZER |ABTW& AGAGGTATQA GATEEAFGRR CAT CRMRECRERISTI Cs: 360
(A) LENGTH: 918 bggerdat réAGATMT@B)TA&:%RF@T Perehb@ir6c @eéfhereTa cocorTTeas 420
-107- STRANDEDNESS: si ngl e (D)
TOPOLOGY: I5i near ARAGTTTATE ITF5§GTW'1EC1'JEE;CF'?@ECTWN§IEC ITHEICALRTCaRATHCATERR t 1O

Conti g 3854933) G CCTA
oo aaTA ot oA GRS e SR TR R s SR N a3
TAGTGATCGA CCGTAAGERETRACGASRATIA @@mmAm@@@@ﬁmscmmum
CCCGGGTCATIOCAGCCACTAC GOCGGGCAGG ATGCCACGGA TCCCTTTGIG 180  GOCTTCCACA
TCAACAAGGG CCTTGTESAESSRACGTATATER ReTte et TR T ECRERRTACR IRTTCBMET CTRCAG
AGCAGCCCAG CTTTGREkdehrad Goaddad AafcedOPErcibar T AT AdeTTcA0RrcT6ddsa\CGILaC
GGGCCACAGT GGAGCGGATG GGGCTCATGA AGGCCAACCA TGICTTCTTC 360 CTGCTGTACC
TGCTGCACATI SCT T GCFCATREF GBA TRRESAOEANT TOCTCARCAT RS TCEARNY BRI CCAR) TRCTACREISGATEOT

CCTTTTTGCC CTTCC HARackP &thtAcHde AGdeo& FacthhhtAcidearan iracrera 840

TGATTTTGTG ATGGATGATA CAATAAGTCC CTACTCAAGA ATGAAGAGGC ACCAAAAAGG 900

20 AGAGATGGTG CTGGAGTAAA TATCATTAGT GCCAAAGGGA TTCTTCTCCA AARACTTTAGA 960
TGATARAATG GAATTTTTGC ATTATTAAAC TTGAGACCAG TGATGCTCAG AAGCTCCCCT 1020

25 GGCACAATTT CAGAGTAAGA GCTCGGTGAT ACCAAGAAGT GAATCTGGCT TTTAAACAGT 1080
CAGCCTGACT CTGTACTGCT CAGITTCACT CACAGGARAC TTGTGACTTG TGTATTATCG 1140

30- TCATTGAGGA TGTTTCACTC ATGTCTGTCA TTTTATAAGC ATATCATTTA AAAAGCTTCT 1200

AAAAAGCTAT TTCGCCAGG 1219

{2) INFORMATION FOR SEQ ID NO:22:
35 . ThlS Sheet Has Been Replaced

(i) SEQUENCE CHARACTERISTICS:
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
40 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid (Edited Contig 2153526)
45 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:

TTACCITCTA CGTCCGCTTC TTCCTCACTT ATGTGCCACT ATTGGGGCTG AAAGCITCCT 60
50 GGGCCTTTTC TTCATAGTCA GGTTCCTGGA AAGCAACTGG TTTGTGTGGG TGACACAGAT 120
GARCCATATT CCCATGCACA TTGATCATGA CCGGAACATG GACTGGGTTT CCACCCAGCT 180

CCAGGCCACA TGCAATGTCC ACAAGTCTGC CTTCAATGAC TGGTTCAGTG GACACCTCAA 240

>3 CTTCCAGATT GAGCACCATC TTTTiCCCAC GATGCCTCGA CACAATTACC ACAAAGTGGC 300
TCCCCTGGTG CAGTCCTTGT GTGCCAAGCA TGGCATAGAG TACCAGTCCA AGCCCCTGCT 360
60 GTCAGCCTTC GCCGACATCA TCCACTCACT AAAGGAGTCA GGGCAGCTCT GGCTAGATGC 420
CTATCTTCAC CAATAACAAC AGCCACCCTG CCCAGTCTGG ARGARGAGGA GGAAGACTCT 480
65 GGAGCCRAGG CAGAGGGGAG CTTGAGGGAC ARTGCCACTA TAGTTTAATA CTCAGAGGGG 540

-107-
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CAGGCTGGCT GGCTGCAGCA TGACTTTGGG CACCTGTCGG TCTTCACCAC CTCAAAGTGG 540
AACCATCTGC TACATCATTT TGTGATTGGC CACCTGAAGG GGGOCCCCGC CAGTTGGIGG
AACCACATGOWROBHETYSGCA CCATGOCAAG CCCAACTGCT TCCGCAAAGA CCCAGRERFE9S/ %7662
AACATGCATC CCTTCTTCTT TGCCTTGGGG AAGATCCTCT CTGTGGAGCT TGGGAAACAG 720
AAGAAAAAAT ATATGCOGTA CAACCACCAG CACARATACT TCTTCCTAAT TGGGCCCCCA 780
GCCTTGCTGC CTCTCTACTT CCAGTGGTAT ATTTTCTATT TTGTTATCCA GOGAAAGAAG 840

TGGGTGGACT TGOCCEaahtmA GoltAcAR GMEAREA TRMGFORERRT TG AT RS 00
ACCGCAAATG CTTCTAAA 918

(2) I NFORVATI ON RORTSERC| OrNGTEE: GGCTCEACAE iNFAASEERIC NCEAQSERIRAGIICRI STI CS855
(A) LENGTH.. 1686 base pal rs

(B) TYPE: nucleic acid
(O STRANDéDNESS ﬁ“‘ 10N FOR SEQ T0Dho:R9POLOGY: i near (i) MOLECULE
TYPE: ot her nucl el c acl E

Edited Contig 2511785) (xi) SEQUENCE
DESCRI PTI O\t SEQ | D NO 2ERueNcEQBACTTARSTBEST GCCTCT GCCAACTGGT GGAATCATCG
CCACTTCCAG CACCACGCCA  G8) TASETHFAMEAP2 €T PEACAAG GATCCOGATG TGAACATCCT

GCACGTGTTTIGTTCTGEG0G I Y g ABATCGAGTAC GGCAAGAAGA AGCTGAAATA
CCTGOCCTAC AATCACCAGC 180 SRR BT ACT TS ISFTOCTGATT GGBOCGCOGC TGCTCATCCC

CATGTATTTC CAGTACCARA 24

TCATCATGA
GGCCTGEEECC GICAGCTACE L) MMIBCULE TYPE: other nucleic acid (Edited Contig 3506132)108-

CATGATCGIC CATAAGAACT GGGTGGACCT

15 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:
GTCTTTTACT TTGGCAATGG CTGGATTCCT ACCCTCATCA CGGCCTTTGT CCTTGCTACC 60
20 TCTCAGGCCC AAGCTGGATG GCTGCAACAT GATTATGGCC ACCTGTCTGT CTACAGAAAA - 120
CCCAAGTGGA ACCACCTTGT CCACAAATTC GTCATTGGCC ACTTAAAGGG TGCCTCTGCC 180
AACTGGTGGA ATCATCGCCA CTTCCAGCAC CACGCCAAGC CTAACATCTT CCACAAGGAf 240
2 CCCGATGTGA ACATGCTGCA CGTGTTTGTT CTGGGCGAAT GGCAGCCCAT CGAGTACGGC 300
AAGA 304
30 |
(2} INFORMATION FOR.SEQ ID NO:24: —es
(i) SEQUENCE CHARACTERISTICS: This Sheet Has Been Replaced
(A) LENGTH: 918 base pairs
. AR
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
40 (ii) MOLECULE TYPE: other nucleic acid (Edited Contig 3854933)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:
CAGGGACCTA CCCCGCGCTA CTTCACCTGG GACGAGGTGG CCCAGCGCTC AGGGTGCGAG 60
45 GAGCGGTGGC TAGTGATCGA CCGTRAGGTG TACAACATCA GCGAGTTCAC CCGCCGGCAT 120
CCAGGGGGCT CCCGGGTCAT CAGCCACTAC GCCGGGCAGG ATGCCACGGA TCCCITIGTG 180
50 GCCTTCCACA TCAACAAGGG CCTTGTGAAG AAGTATATGA ACTCTCTCCT GATTGGAGAA 240
CTGTCTCCAG AGCAGCCCAG CTTTGAGCCC ACCAAGAATA AAGAGCTGAC AGATGAGTTC 300
CGGGAGCTGC GGGCCACAGT GGAGCGGATG GGGCTCATGA AGGCCAARCCA TGTCTTCTTC 360
55 CTGCTGTACC TGCTGCACAT CTTGETGCTG GATGGTGCAG CCTGGCTCAC CCTTTGGGTC 420
TTITGGGACGT CCTTTTTGCC CTTCCTCCTC TGTGCGGTGC TGCTCAGTGC AGTTCAGGCC 480 -
60 CAGGCTGéCT GGCTGCAGCA TGACTTTGGG CACCTGTCGG TCTTCAGCAC CTCARAGTGG 540
AACCATCTGC TACATCATTT TGTGATTGGC CACCTGAAGG GGGCCCCCGC CAGTTGGTGG 600
AACCACATGC ACTTCCAGCA CCATGCCAAG CCCAACTGCT TCCGCARAGA CCCAGACATC 660
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ACATCCGGTT CTTCATCACC TACATCCCTT TCTACGGCAT CCTGGGAGCC CTCCTTTTCC 360
TCAACTTCAW4$467d8°CTG GAGAGCCACT GGITTGIGIG GGICACACAG AT GAPIG3Y8/074220

TCGTCATGGA GATTGACCAG GAGGCCTACC GTGACTGGTT CAGTAGCCAG CTGACAGCCA 480
CCTGCAACGT GGAGCAGTCC TTCTTCAACG ACTGGTTCAG TGGACACCTT AACTTCCAGA 540
TTGAGCACCA CCTCTTCCCC ACCATGCCCC GGCACAACTT ACACAAGATC GCCCCGCTGG 600
TGAAGTCTCT ATGTGCCAAG CATGGCATTG AATACCAGGA GAAGCCGCTA CTGA 660 -
TGCTGGACAT CATCAREHSSA P ERACTIASY Tﬁ%&ﬁ“ﬁ%&ﬂ&@%ﬁw 30
ACAAATGAAG CCA CsAeafahmer\eethCorin Ifobdédcesa 7680
AGAGGAATGA TGGGCTTTTG TTCTGAGGGG TGICCGAGAG GCTGGTGTAT GCACTGCTCA 840
CGGACCCCATS GT T GERCFCIGF T T TIICTACTT CRagTRETATCTI TIOT ALY CTIRTATCATESFIACHNS g0
ATAGCACCCT GCCCT. 9
COCAGTOGE TOCT AR CEFERIRRE, BRrReR SR hotodr dtliarte 1
TGTCCTACCT CCACTSTCHEABCOOTAMAGA TGGGAGGAGA CCAGCGGTCC ATGGGICTGG 1980
CCTGTGAGTE0TCCCCTTGCA GCCTGGTCAC TAGGCATCAC CCCCGCTTTG GTTCTTCAGA 1140
TGCTCTTGGG GTTCAIQ@. %% GCCCCTGACC CTCCCGGCCT 1200
GGCTTCACTC TCCCT CATAGAGAGG CCTGCTTTGT 1260 .
TACAAAGCTC GGGTCTCCC; \Cer¢ueh€E_ EaniacTEraeidA: CCGAGGCCTC TCTTAAGATG 1320
TCCAGGGCCT5CAGGCCCGCG GROACABETA: GBEEAARERiTSGECCCTGG AAGAGTCCTC 1380
CACCCCATCA CTAGAGTGCT CTGRCEXPEGEEEIT@ABHG GOCCCATTCC ACCGOCTCCC 1440
CAACTTGAGC CTGTGACCTT AGEEEX® TCGTCTCTTG TGACTCAGCA 1500
GAGGCAGTGG CCACGTTCAG GG AGGCTCAGCC CACCCTCCAG 1560

CTTTTCCTCA0GCGTGT CCY G Aubilicb\ahed: T Ak 2 G oA GECAGEET £ bCESAEALASE1 76159 20
CTCTGTTATC AGCTGGGCAG TGCCAGCCAA TCCCTGGCCA TTTGBOCCCA GBGGACGTGG 1680

GCCCTG (xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 1686
(2) | NFORMATI ON FOR SEQ | D NO. 26: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTHs 1843;RaseraRRidkSreccrer cecancrb®® cdnbfbarcBUWeh@irecRChsbcaceeca 60
AGCCTARCAT CTTCCACAAG GATCCCGATG TGAACATGCT GCACGTGTTT GTTCTGGGCG 120
30 AATGGCAGCC CATCGAGTAC GGCAAGAAGA AGCTGAAATA CCTGCCCTAC AATCACCAGC 180
ACGRATACTT CTTCCTGATT GGGCCGCCGC TGCTCATCCC CATGTATTTC CAGTACCAGA 240
TCATCATGAC CATGATCGTC CATAAGAACT GGGTGGACCT GGCCTGGGCC GTCAGCTACT 300
35 ACATCCGGTT CTTCATCACC TACATCCCTT TCTACGGCAT CCTGGGAGCC CTCCTTTTCC 360
TCAACTTCAT CAGGTTCCTG GAGAGCCACT GGTTTGTGTG GGTCACACAG ATGAATCACA 420
40 TCGTCATGGA GATTGACCAG GAGGCCTACC GTGACTGGTT CAGTAGCCAG CTGACAGCCA 480
CCTGCRACGT GGAGCAGTCC TTCTTCAACG ACTGGTTCAG TGGACACCTT AACTTCCAGA 540
TTGAGCACCA CCTCTTCCCC ACCATGCCCC GGCACAACTT ACACAAGATC GCCCCGCTGG — 600
45 TGAAGTCTCT ATGTGCCAAG CATGGCATTG ARTACCAGGA GARGCCGCTA CTGAGGGCCC — 660
TGCTGGACAT CATCAGGTCC CTGARGAAGT CTGGGAAGCT GTGGCTGGAC GCCTACCTTC 720
5 ACAAATGAAG CCACAGCCCC CGGGACACCG TGGGGAAGGG GTGCAGGTGG GGTGATGGCC 780
AGAGGAATGA TGGGCTTTTG TTCTGAGGGG TGTCCGAGAG GCTGGTGTAT GCACTGCTCA 840
| CGGACCCCAT GTTGGATCTT TCTCCCTTTC TCCTCTCCTT TTTCTCTTCA CATCTCCCCC 900
55 ATAGCACCCT GCCCTCATGG GACCTGCCCT CCCTCAGCCG TCAGCCATCA GCCATGGCCC 960
TCCCAGTGCC TCCTAGCCCC TTCTTCCAAG GAGCAGAGAG GTGGCCACCG GGGGTGGCTC 1020
60 TGTCCTACCT CCACTCTCTG CCCCTABAGA TGGGAGGAGA CCAGCGGTCC ATGGGTCTGG 1080
CCTGTGAGTC TCCCCTTGCA GCCTGGTCAC TAGGCATCAC CCCCGCTTTG GTTCTTCAGA 1140
TGCTCTTGGG GTTCATAGGG GCAGGTCCTA GTCGGGCAGG GCCCCTGACC CTCCCGGCCT 1200
65 GGCTTCACTC TCCCTGACGG CTGCCATTGG TCCACCCTTT CATAGAGAGG CCTGCTTTGT 1260
-109-
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(C) STRANDEDNESS:

TYPE: ot her
| D NO 26:

CCTTGCTACC 60

CCGCCECTEC
AAGAACT GGG

CoocAT

ATCCCTTTCT ACGGCA

single

Seicceiace

(D TOPOLOGY:
nucl eic acid (Contig 2535)

e ERpF SR

i near

(i)

-109-

TCTCAGGCCC AAGCTGGATG GCTGCAACAT GATTATGGCC ACCTGTCTGT CTACAGAAAA
CCCAAGTGGA ACCACCTTGI CCACAAATTC GICATTGECC ACTTAAAGGG TGCCTCTGCC
AACTGGTGGA ATCATCGCCA CTTCCAGCAC CACGCCAAGC CTAACATCTT CCACAAGGAT

CCCGATGTCGA  ACATGUrchhcbrel edtdfebdr e tdoibésd dorkiePhdCeloddbedet® GEAf It e
AAGAAGAAGC TGAAATACCT GOCCTACAAT CACCAGCACG AATACTTCIT CCTGATTGEG

CAT CCOCAECEATACHELTRES FACCASKRCI CTBATTIATENTCILAT GAFAITATTC

SRR TeRE R R

AGCCACTGGT TTGI GI¢ABGITcRACAIRGTCr ASGHCARMNEESCEAMATEHACHHErATHGGACISACTA
GCCTACCGT G1 gGGT TCAG TAGCCAGCTG ACAGCCACCT GCAACGIGGA GCAGICCTTC

TTCAACGACT

ATGCCCCGGC ACAACTIACRceAACoskeidcts REF et ahGArcsahedAAftien AP MG ce
GGCATTGAAT ACCAGGAGAA GCCGCTACTG AGGGCCCTGC TGGACATCAT CAGGTCCCTG

AAGAAGTCTG
GACACCGT GG

20

25

30

35

40

45

50

55

60

65

(2) INFORMATION FOR SEQ ID NO:26:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1843 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS:

(D) TOPOLOGY: linear

single

TCABFES RENEEFTRATS PRCRERT TR AESCARCARRETCASE (CALRsACERe

1 CCHISTI TREST ERTACEICES TACEFTEAACHCCATERCIIACEXGACTGATCECRATEISG
CXdabfz CAGGTGEEGT GATGGECCAGA GGAATGATGG GCTTTTGITC

(ii) MOLECULE TYPE: other nucleic acid (Contig 2535)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:

GTCTTTTACT
TCTCAGGCCC
CCCAAGTGGA
AACTGGTGGA
CCCGATGTGA
AAGAAGAAGC
CCGCCGCTGC
AAGAACTGGG
ATCCCTTTCT
AGCCACTGGT
GCCTACCGTG
TTCAACGACT
ATGCCCCGGC
GGCATTGARAT

ARGRAGTCTG

GACACCGTGG.

TGAGGGGTGT

TTGGCAATGG

AAGCTGGATG

ACCACCTTGT

ATCATCGCCA

ACATGCTGCA

TGAARTACCT

TCATCCCCAT

TGGACCTGGC

ACGGCATCCT

TTGTGTGGGT

ACTGGTTCAG

GGTTCAGTGG

ACAACTTACA

ACCAGGAGAA

GGAAGCTGTG

GGAAGGGGTG

CCGAGAGGCT

CTGGATTCCT
GCTGCAACAT
CCACARATTC
CTTCCAGCAC
CGTGTTTGTT
GCCCTACAAT
GTATTTCCAG
CTGGGCCGTC
GGGAGCCCTC
CACACAGATG
TAGCCAGCTG
ACACCTTAAC
CAAGATCGCC
GCCGCTACTG
GCTGGACGCC
CAGGTGGGGT

GGTGTATGCA

This Sheet Has Been Replaced

|

ACCCTCATCA CGGCCTTTGT
GATTATGGC& ACCTGTCTGT
GTCATTGGCC ACTTAARGGG
CACGCCAAGC CTAACATCTT
CTGGGCGAAT GGCAGCCCAT
CACCAGCACG AATACTTCTT
TACCAGATCA TCATGACCAT
AGCTACTACA TCCGGTTCTT
CTTTTCCTCA ACTTCATCAG
AATCACATCG TCATGGAGAT
ACAGCCACCT GCAACGTGGA
TTCCAGATTG AGCACCACCT
CCGCTGGTGA AGTCTCTATG
AGGGCCCTGC TGGACATCAT
TACCTTCACA AATGAARGCCA
GATGGCCAGA GGAATGATGG

CTGCTCACGG ACCCCATGTT

CCTTGCTACC
CTACAGARAA
TGCCTCTGCC
CCACAAGGAT
CGAGTACGGC
CCTGATTGGG
GATCGTCCAT
CATCACCTAC
GTTCCTGGAG
TGACCAGGAG
GCAGTCCTTC
CTTCCCCACC
TGCCAAGCAT
CAGGTCCCTG
CAGCCCCCGE

GCTTTTGTTC

GGATCTTTCT

MOLECULE
(xi) SEQUENCE DESCRI PTI ON: SEQ
VAYOVATEACT TTGECAATGG CTGGATTCCT ACCCTCATCA CGGECCHOTATS98/07422

120
180
240

230
360

i

660
%58

Y630
840

B0
7%

60
120
180
240
300
360
420
480
540
600
660
720
780
840
200
960

1020




TGAGGGGTGT COGAGAGGCT GGTGTATGCA CTGCTCACGG ACCCCATGIT GGATCTTTCT 1020
TTT CTCTTCACAT CTCCCCCATA GCACCCTGCC CTCAT

(X:ETT1"T(12E§%V4;

TTCCAAGGAG CAGAGAGGTG GCCACCGGEGEG GIGECTCTGT CCTACCTCCA CTCTCTGCCC 1200
CTAAAGATGG GAGGAGACCA GCGGICCATG GGTCTGGECCT GTGAGICTCC CCTTGCAGCC 1260
TGGTCACTAG GCATCACCCC CGCTTTGGIT CTTCAGATGC TCTTGGGGIT CATAGGGGCA 1320
GGICCTAGIC GGGCCActsrteTCE PCERSCTETICE CTCHFaatGeiectdd3AR TACACCTEIACKRMECER: 1880
CCATTGGICC ACCCTTTCAT AGAGAGGCCT GCTTTGITAC AAAGCTCGGEG TCTCCCTCCT 1440
GCAGCTCGGT TAAGTARSSEE REERFETIR FARRGATET ST REBELCBENEC 5t
ACAGCCAGCC sCAAACG T hdhz it CodAdibdYe Al édatbd Btadcelatt (el rediCGhtdettster 1560
ACCCTGGGECT TTCACGGGCC CCATTCCACC GCCTCCCCAA CTTGAGCCTG TGACCTTGGEG 1620
ACCAAAGGGG GAGT CCPRAGATEC FAIGRGATIA CECTRCEIRSACT QTEIRCT (FTCHFT CELST FEIACGLIGAC 1880
GGGECCEECT (5 (3 (1
GGCCT (3 (@ 'kﬂfé¥; {%EZ;E&& Tlr G ;‘T %?J
TCCAAGATTQ T GGA C CCCTTCT GGEClI 0
CAGCCAATCC CTGCCCGATCETACEOOERABAGENE (HREESTOROCEEACTESGC TTCACTCTCC CTGACGGCTG 18818
(2) | NFCRMATI CN Fg\;’rggr c A[c?cyr%' 2A7:AGA AGGCCT GC G TCTCCCTCCT 1440
“110- c éar’ acac TERBE8RRRETS
(i) SEQUENGE. CHARAKERCP HALSTACCCG AGGCCTCTCT TARGATGTCC AGGGCCCCAG GCCCGCGGGC 1500
ACAGCCAGCC CAAACCTTGG GCCCTGGAAG AGTCCTCCAC CCCATCACTA GAGTGCTCTG 1560
20 ACCCTGGGCT TTCACGGGCC CCATTCCACC GCCTCCCCAA CTTGAGCCTG TGACCTTGGG 1620
ACCAAAGGGG GAGTCCCTCG TCTCTTGTGA CTCAGCAGAG GCAGTGGCCA CGTTCAGGGA 1680
GGGGCCGGCT GGCCTGGAGG CTCAGCCCAC CCTCCAGCTT TTCCTCAGGG TGTCCTGAGG 1740
25 TCCAAGATTC TGGAGCAATC TGACCCTTCT CCAAAGGCTC TGTTATCAGC TGGGCAGTGC 1800
CAGCCAATCC CTGGCCATTT GGCCCCAGGG GACGTGGGCC CTG 1843
30 (2) INFORMATION FOR SEQ ID NO:27: -
This Sheet Has Been R,
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2257 base pairs ”
{B) TYPE: nucleic acid
35 {C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid (Edited Contig 253538a)
40 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:27:
CAGGGACCTA CCCCGCGCTA CTTCACCTGG GACGAGGTGG CCCAGCGCTC AGGGTGCGAG 60
45 GAGCGGTGGC TAGTGATCGA CCGTAAGGTG TACAACATCA GCGAGTTCAC CCGCCGGCAT 120
CCAGGGGGCT CCCGGGTCAT CAGCCACTAC GCCGGGCAGG ATGCCACGGA TCCCTTTGTG 180
GCCTTCCACA TCAACAAGGG CCTTGTGAAG AAGTATATGA ACTCTCTCCT GATTGGAGAA 240
50 CTGTCTCCAG AGCAGCCCAG CTTTGAGCCC ACCAAGAATA AAGAGCTGAC AGATGAGTITC 300
CGGGAGCTGC GGGCCACAGT GGAGCGGATG GGGCTCATGA AGGCCAACCA TGTCTTCTTC 360
ss CTGCTGTACC TGCTGCACAT CTTGCTGCTG GATGGTGCAG CCTGGCTCAC CCTTTGGGTC 420
TTTGGGACGT CCTTTTTGCC CTTCCTCCTC TGTGCGGTGC TGCTCAGTGC AGTTCAGCAG 480
GCCCAAGCTG GATGGCTGCA ACATGATTAT GGCCACCTGT CTGTCTACAG AAAACCCAAG 540
60 TGGARCCACC TTGTCCACAA ATTCGTCATT GGCCACTTAA AGGGTGCCTC TGCCAACTGG 600
TGGAATCATC GCCACTTCCA GCACCACGCC AAGCCTAACA TCTTCCACAA GGATCCCGAT 660
65 GTGARCATGC TGCACGTGTT TGTTCTGGGC GAATGGCAGC CCATCGAGTA CGGCAAGAAG 720
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(A) LENGTH: 2257 base pairs (B) TYPE
(C) STRANDEDNESS: single (D TOPOLOGY:
TYPE: ot hewOws#62ésc acid (Edited Contig 253538a)
DESCRI PTI ON:  SEQ | D NO 27:

nucl ei ¢ aci d
| i near (i1) MOLECULE
(xi) SPCDRINSH07422
CAGGGACCTA CCCCGCGCTA CTTCACCTGG GACGAGGTGG
CCCAGCGCTC AGGGTIGCGAG 60 GAGCGGTGEC TAGIGATCGA CCGTAAGGTG TACAACATCA
GCGAGITCAC CCGCCGGCAT 120 CCAGGGGEGECT CCCGGGTCAT CAGCCACTAC GCCGGGCAGG

ATGCCACGGA TCCCT AT,
ACTOTOTOOT CATTRREA T Asraca Cifrtichag RGNS dcrhdor ki Bitcas G‘Z‘iﬁ
AAGACCTGAC AGAT GATHCICATCC 3G T T ICNAGTASCAEER2TLAESTC

AGGCCAACCA JTGICTTCTITC 360 CTGCTGIACC TGCTGCACAT CCTG GATGGT
T o CAC. DT T arEaAce JcCHi otk Ao, ﬁ%ﬁécgﬁ%a@%&e%c
TGCTCAGIGC AGIT TCATE#ACescadfie redehédCAACETDT 658 TEXRCTHoR Ar AE TCEYT EéntaEEREACEdIST
CTGTCTACAG AAAACCCAAG 540 TGGAACCACC TTGICCACAA ATTCGICATT GGCCACTTAA
AGGGTGCCTCI (&A GCCAACTRIRCTCT oRRFT CAFALEN B AT S A AT A FATSE AR AT IGACHICBEASCANAE CHANCA
TCTTCCACAA! BeAT CQrAErscrbRerhGA ARG T GoARSTEE TR o r AT

CeddC
CCATCGAGTA CGGCAAGAAG 720 AAGCTGAAAT ACCTGCCCTA CAATCACCAG CACGAATACT
TCTTCCTGAT TGCCCGALIGET'TCA7GIFCAGBTOCTRATTCACERTBEATCE TAICCAGTACCAGATTCAT CATGA

TCTTCATCAC ET ACA TP oA AR A RO 1 C e AACT A
TCAGGTTCCT GGAGAWERFHCcAGCOSEAAGCEEET AdESAEEECOETEEICHE T (BAdASAAT CALGAATHEGT GATIEG
AGATTGACCA GGAGGCCTAC 1020 CGIGACTGGT TCAGTAGCCA GCTGACAGCC ACCTGCAACG

TGGAGCA% TCT TR A BT CC B REA GRS T & AR TS CRARS FIC CRES AT FEAGRAC
ACCTCTT

CCATdsEdennck! détcchAdehd RErohTood AGLERLR Tafetbiapbi it foriilded AGRET C

TATGTGCCAA GCATGGCATT 1200 GAATACCAGG AGAAGCGECT ACTGAGGEGECC CTGCTGGACA

TCATCAGGTC CCTGAATAPISCAGR? §FF TGS TRCTEIRATES T GREEBCTCIBAT TS TATCTIT CCREAAATENA

CA G
GOCACAGDOC) POGGCACAC e e e HE P R S AR BRI CEReckARACTHNY

TCCCTCAGCC GTCAGCCATC AGCCATGGCC

CTCCCAGTGC CTCCTAGCCC CTTCTTCCAA 1560

GGAGCAGAGA GGTGGCCACC GGGGGTGGCT CTGTCCTACC TCCACTCTCT GCCCCTAAAG 1620

30

35

ATGGGAGGAG

CTAGGCATCA

AGTCGGGCAG

. GTCCACCCTT

40

45

50

- 55

60

65

CGGTTAAGTA
AGCCCAAACC
GGCTTTCACG
GGGGGAGTCC
GGCTGGCCTG
ATTCTGGAGC

ATCCCTGGCC

ACCAGCGGTC
CCCCCGCTTT
GGCCCCTGAC
TCATAGAGAG
CCCGAGGCCT
TTGGGCCCTG
GGCCCCATTC
CTCGTCTCTT
GAGGCTCAGC

AATCTGACCC

CATGGGTCTG

GGTTCTTCAG

CCTCCCGGEC

GCCTGCTTTG
CTCITAAGAT
GAAGAGTCCT
CACCGCCTCC
GTGACTCAGC
CCACCCTCCA

TTCTCCAAAG

GCCTGTGAGT CTCCCCTTGC
ATGCTCTTGG GGTTCATAGG
TGGCTTCACT CTCCCTGACG
TTACAAAGCT CGGGTCTCCC
GTCCAGGGCC CCAGGCCCGC
CCACCCCATC ACTAGAGTGC

CCAACTTGAG CCTGTGACCT

AGCCTGGTCA

GGCAGGTCCT

GCTGCCATTG

TCCTGCAGCT

GGGCACAGCC

TCTGACCCTG

TGGGACCARA

AGRAGGCAGTG GCCACGTTCA GGGAGGGGCC

GCTTTTCCTC AGGGTGTCCT

GAGGTCCARG

GCTCTGTTAT CAGCTGGGCA GTGCCAGCCA

ATTTGGCCCC AGGGGACGTG GGCCCTG

(2) INFORMATION FOR SEQ ID NO:28:

(i) SEQUENCE CHARACfERISTICS:
(A) LENGTH: 411 amino acids
(B} TYPE: amino acid

(C) STRANDEDNESS: si

(D} TOPOLOGY: linear

ngle

1680
1740
1800
1860
1920
1980
2040
2100
2160
2220

2257

This Sheet Has Been Repl

(it llll

i

{ii) MOLECULE TYPE: amino acid (Translation of Contig 2692004}

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:
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GTGTCCGAGA GGCTGGTGTA TGCACTGCTC ACGGACCCCA TGTTGGATCT TTCTCCCTTT 1440
CTCCTCT%% TC ACATCTCCCC CATAGCACCC TGOCCTCATG GGACGHK s/05280
TCCCTCA TC AGCCATGGCC CTCCCAGTGC CTCCTAGCCC CTTCTTCCAA 1560
GGAGCAGAGA GGTGGECCACC GGGGGTGGECT CTGTCCTACC TCCACTCTCT GCCCCTAAAG 1620
ATGGGAGGAG ACCAGCGGTC CATGGGTCTG GCCTGTGAGT CTCCCCTTGC AGCCTGGTCA 1680

CTAGGCATCA CCCCCGCTTT GGTTCTTCAG ATGCTCTTGG GGTTCATAGG GGCAGGTCCT 1740
AGTCGGGCAG GGCCCCTGAC CCTCCCGGCC TGGCTTCACT CTCCCTGACG GCTGCCATTG 1800
GTCCACCCTT TCATAHEGAY &SP PIYETPTRnARSEEY EYE P 1860

A0S T R A @%m 1960
AGCCCAAACCSTT %@%ﬁ TCTGAC($9IG 1980
GCCTTTCACG GECCGueATNé: CACTECGhcG5 nCAACET I Nba OREGIACLY VRGAWRCAHAA 2040

GGGGGAGTCC CTCGTICTCTT GTGACTCASC AGAGGCAGIG GABACGTTCA GGGAGGEECC 2100

GGCTGGCCTG GAGGCTTAREY Gy VaadcHer fre ey ALY RRacEm G 2160
ATTCTGGAGGAATCT, [ccee We(ceo 2220
ATCCCT ATTTG%% } g‘%%—[ﬁa 70 12 75 2257
(2) 1 NFORVATI ON E@AE@H Pnhi2128asn cys LybiA1aSHLYUENCRsAHARASGTEERMSTI CS:

(A) LENGTH: 411 amino acids 80 B) TYR amno acid 90 (O

STRANDEDNﬁgS si Bk éet Phe Ala Asn ) PrORee (BY: 139 Reartyr Ser T34 $enOLECULE

TYPE: aming acid 0 269200% i CE
DESCRI PTI ON: SEQ)? %é 'Ilyrnlilig Mecéog gi 6!-? ?:;g Tyr Le&xél)y )§1Ea 12;;
: Va

Gly Val Asp 1 Asp Ile Pro Thr Asp Phe Glu Gly Trp Phe Phe

125 130 135

20 Cys Thr Ala Phe Arg Lys Phe Ile Trp Val Ile Leu Gln Pro Leu

140 145 150

Phe Tyr Ala Phe Arg Pro Leu Phe Ile Asn Pro Lys Pro Ile Thr

155 160 165

Tyr Leu Glu Val lle Asn Thr Val Ala Gln Val Thr Phe Asp Ile

25 170 175 : 180

Leu Ile Tyr Tyr Phe Leu Gly Ile Lys Ser Leu Val Tyr Met Leu

185 190 195

Ala Ala Ser Leu Leu Gly Leu Gly Leu His Pro Ile Ser Gly His

200 205 210

30 " Phe Ile Ala Glu His Tyr Met Phe Leu Lys Gly His Glu Thr Tyr

215 220 225

Ser Tyr Tyr Gly Pro Leu Asn Leu Leu Thr Phe Asn Val Gly Tyr

230 235 _ 240

His Asn Glu His His Asp Phe Pro Asn Ile Pro Gly Lys Ser Leu

35 245 250 255

Pro Leu Val Arg Lys Ile Ala Ala Glu Tyr Tyr Asp Asn Leu Pro

260 265 270

His Tyr Asn Ser Trp Ile Lys Val Leu Tyr Asp Phe Val Met Asp

275 280 285

40 Asp Thr Ile Ser Pro Tyr Ser Arg Met Lys Arg His Gln Lys Gly

290 295 300

Glu Met Val Leu Glu *** Ile Ser Leu Val Pro Lys Gly Phe Phe

: 305 310 31s

Ser Lys Thr Leu Asp Asp Lys Met Glu Phe Leu His Tyr *** Thr

45 320 _ 325 330

*** Asp Gln *** Cys Ser Glu Ala Pro Leu Ala Gln Phe Gln Ser

335 340 345

Lys Ser Ser Val Ile Pro Arg Ser Glu Sexr Gly Phe *** Thr Val

350 355 360

50 Ser Leu Thr Leu Tyr Cys Ser Val Ser Leu Thr Gly Asn Leu ***

365 370 375

Leu Val Tyr Tyr Arg His *** Gly Cys Phe Thr His Val Cys His

380 , 385 390

Phe Ile Ser Ile Ser Phe Lys Lys Leu Leu Lys Ser Tyr Phe Ala

55 400 405 410
Arg

(2) INFORMATION FOR SEQ ID NO:29:
60 (i) SEQUENCE CHARACTERISTICS:

(A} LENGTH: 218 amino acids
(B) TYPE: amino acid

THIS SHEET HAS BEEN
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Hs Ala Asp Arg Arg Arg Qu Ile Leu Ala Lys Tyr Pro Qu lle 1

5 10 15 Lys Ser Leu Met Lys P Pro
Asn Leu |WOIBHETESI e |le |le 20 ¥CT’658§/§’£‘92

30 Met  Met Val Leu Thr @n Leu Ay Ala Phe Tyr Ile Val Lys Asp _

35 40 : 45 Leu Asp Trp Lys Trp Val Ile Phe
Gy Ala Tyr Ala Phe Ay Ser 50 55

60 Cys Ile Asn His Ser Nel stRindeBiesd:asidg€eH s Gu Ile Ala H's

65 70 (D) TOPOLOGY: linear /5 Asn AI a Ala Phe Ay Asn Cys Lys
Ala Met Trp Asn Arg Trp Phe %?

90 Gy Met, Phe Ala Adh MORECUBEQTYRES amipo |3céd F‘F6a“ﬁ}?""§é‘r°7 |CenEgy 2153526)

95 1 Bhe LArg Tyr His Met Asp His
Hs Arg Tyr Leu G yéLA? aRep e DESCRIPTION: 2o FHiuduts. A 115

120 Gy Val Asp Val Asp Ile Pro Thr Asp Phe AQu Gy Trp Phe Phe

125 - Tyr Le;b?:ﬂeu Arg Fro Leu Leu Pro] §5s @?B CpisrAlal ghiphde A?rlg Lys Phe Ile
Trp Val 11@® Leuldn Pro 145

150 Phe Tyr AI a BieSAr ae‘hpﬁe ng P BPnLhe F‘ﬁ@ AP 819 g 1%

155 Ser Aé]n69rp Phe Val Trp Val Th:@®n BéE AQUn{d W1d/@krolde® Asn Thr Val
Ala @ n Val Thr Phe Asp Ile 135 45 175

180 Leu I1® Tyr !-ﬂi)érIRhesﬂ_ﬂuIs @sy Aﬂgehézysetsasp L'l&;g wadl Séliyrrh#\/@tlnL%G
185 50 :

-112- Gln Mﬂa 5*%% dep ‘Laéuﬂﬁaavwr L’\%q %EeyAi'éﬁs‘HT?Fﬁ’;@ lle Ser Ay
Hi s . r G]nggs Leu Asn Phe Gln Ile %Qé His His Leu Phe Pro 'ﬂ\l‘o Phe Ile
Ala Gu Hpg Tyr 7\709 he Leu Lys Ay Hs GQu Ths Tyr 90 215
220 Met pﬂQEréSmlis'liysm Tyer HE pyPrvellrda PonléeVal @inTier Phe Asn Val
Gy Tyr 085 }JOS 240 H s
Asn Au Hs His %bcﬁ]élﬂl@fsﬂﬁrj Fiveldt Sy L5 B Wed™ o 15
245 25 ser A% %he Ala Asp Ile Ile HidMRr WGW'SeAr(ﬁyLUﬁx Ile Ala Ala
G u Tyr Tyr Asp Asn Leu Pro 125 135 265
270 Hi s Tyr Asn & Tdy pet |2eplals T Lt‘em?ymnﬁ&p HreGVaIPrMaRrOAG?
275 ' 280 140 285 145 0
Pro Val Trp Lys Lys Arg Arg Lys Thr Leu Glu Pro Arg Gln Arg
30 155 160 165
Gly Ala *** Gly Thr Met Pro Leu *** Phe Asn Thr Gln Arg Gly
170 175 180
Leu Gly Leu Gly Thr *** Ser Leu *** Leu Lys Leu Leu Pro Phe
185 190 195
35 Ile Phe *** Pro Gln Phe *** Asp Pro Lys Trp Gly Val Asp Thr
200 205 210
Glu Val Pro Arg Arg Glu Gly Ala
215
40 e ——————
(2) INFORMATION FOR SEQ ID NO:30: heet Has BeenReplaced

(B) TYPE: amino acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(i) SEQUENCE CHARACTlERISTIC.:S H ‘ \Il‘l“ ‘ll‘“ “‘l ‘|‘ \ll\
45 (A} LENGTH: 71 amino acids

50 {ii) MOLECULE TYPE: amino acid (Translation of Contig 3506132)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:

55

Val Phe Tyr Phe Gly Asn Gly Trp Ile Pro Thr Leu Ile Thr Ala

1 5 10 15

Phe Val Leu Ala Thr Ser Gln Ala Gln Ala Gly Trp lLeu Gln His

20 - 25 30

60 = Asp Tyr Gly His Leu Ser Val Tyr Arg Lys Pro Lys Trp Asn His
35 40 45

Leu Val His Lys Phe Val Ile Gly His Leu Lys Gly Ala Ser Ala

-114-
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REPLACED




Asp Thr Ile Ser Pro Tyr Ser Arg Met Lys Arg Hs G n Lys Gy
290 295 300 Au Met Val Leu e Ser
Leu Val PV I#7 y phe Phe 305 P@%gég@b‘lz
315 Ser Lys Thr Leu Asp Asp Lys Met G u Phe Leu Hi s Tyr Xaa Thr
320 325 330 Xaa Asp A n Xaa Cys Ser Au Al a
Pro Leu Ala G n Phe G n Ser 335 340
345 Lys Ser Ser Val Ile Pro Aoy Ser GQu Ser 3y Phe Xaa Thr Vg
350 Asn Tr@35%p Asn His Arg His Phe3B0 $‘85f Hiepl3hhysLexp Eys Cys Ser Val
Ser Leu Thr Ay Asn Leu Xaa 85 75 370
375 Leu Vgl Ter‘I‘SIIG]-Aer“I—'F? Rea " FreofduphE ? Lyf $*¥al Cys Hi s
380 385 390 e lle Ser Ile Ser Phe Lys Lys
Leu Leu Lys Ser Tyr Phe Al a 400 —— 405
410 Arg (2) | NFORMATI ON FOR SEQIDNQZQ: (1) SEQU E,Hl
CHARACTERI STI CS:(2} INFORMATION €<7% SEENGM®:3248 am no aci ds is Sheet Has CB)Replaced
TYPE: am acid EN ST ESS single ”,,I
TOPOLOGY: |inear % no acid (Trans
2153526) (xi) SEQUé = &3 'D No 29: Tyr Leu Leu r
Leu Leu Pro Hi s Leu Cys (& $TmDEbﬂIEBSG$&.ngle
10 15 15 Abn TGPOLOSEr Phead eu Ay Leu Phe Phe Ile Val Arg Phe
Leu Qu . 20 . . 25 . £ conti 3354:393 Ser Asn
Trp Phe Val Trp Val‘*thMOEFWLReT PRs ALES 2F12 (BFpspption of Contig ) 35
40 (x4p slﬁbﬁadcheoaeéﬁdﬂéu&@o %gnﬁ%m Met Asp Trp Val Ser Thr
Gn Leu 20 60 A n Al a
Thr Cys Asn Val His Lys Ser Al a Phe Asn Asp Trp Phe 65
70 flﬂn G175PI8thrGP§/° Bre TyeuPhesBhPAEP @SR eV alHGénHu s Leu Phe
Pro Thr 90 Met Pro
Ar g Hi s Ag’l Tyr Aﬁ? yGSlyV 1? &t u ArE Trp, aTu Iée Asp Arg Lys Val 95
100 Tyr AshOfiel 8¢k Gy Pﬂb arnk Y& gHasg @L.y prbeci@ trylger Gr@ Ser Lys Pro
Leu Leu 110 35 45 120 Ser Ala
Phe Alla Asp || e VRlelpi 2erSBis ey ALy Sl@ GrnSsp @1 'IEEFnAsP Pro Phe Vag 125
]F-’fg os 30 Ala Ph%séslgg Isg) Llygl’blesf?eu%gl }25 Lys ﬁetGAsné% ?58 G'n Pro
-113- Leu Leu Ile Gly Glu Leu Ser Pro Glu Gln Pro Ser Phe Glu Pro
80 _ 85 90
Thr Lys Asn Lys Glu Leu Thr Asp Glu Phe Arg Glu Leu Arg Ala
35 95 100 105
Thr Val Glu Arg Met Gly Leu Met Lys Ala Asn His Val Phe Phe
110 115 120
Leu Leu Tyr Leu Leu His Ile Leu Leu Leu Asp Gly Ala Ala Trp
. 125 130 135
40 Leu Thr Leu Trp Val Phe Gly Thr Ser Phe Leu Pro Phe Leu Leu
140 145 150
Cys Ala Val Leu Leu Ser Ala Val Gln Ala Gln Ala Gly Trp Leu
155 160 165
Gln His Asp Phe Gly His Leu Ser Val Phe Ser Thr Sexr Lys Trp
45 170 175 180
Asn His Leu Leu His His Phe Val Ile Gly His Leu Lys Gly Ala
185 190 195
Pro Ala Ser Trp Trp Asn His Met His Phe Gln His His Ala Lys
_ 200 205 210
50 Pro Asn Cys Phe Arg Lys Asp Pro Asp Ile Asn Met His Pro Phe
215 : 220 225
Phe Phe Ala Leu Gly Lys Ile Leu Ser Val Glu Leu Gly Lys Gln
230 v 235 240
Lys Lys Lys Tyr Met Pro Tyr Asn His Gln His Xxx Tyr Phe Phe
55 245 250 255
Leu Ile Gly Pro Pro Ala Leu Leu Pro Leu Tyr Phe Gln Trp Tyr
260 265 270
Ile Phe Tyr Phe Val Ile Gln Arg Lys Lys Trp Val Asp Leu Ala
. 275 280 285
60 Trp Ile Ser Lys Gln Glu Tyr Asp Glu Ala Gly Leu Pro Leu Ser
290 295 300
Thr Ala Asn Ala Ser Lys
THIS SHEET HAS BEEN
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Pro Val Trp Lys Lys Arg Arg Lys Thr Leu Qu Pro Arg Gn Arg

155 160 165 Ay Ala Xaa Ay Thr Met Pro
Leu Xaa PhwoAsmefsr G n Arg Ay 170 PCT/US98/07432/5
180 Leu Ay Leu Ay Thr Xaa Ser Leu Xaa Leu Lys Leu Leu Pro Phe

185 190 195 Il e Phe Xaa Pro G n Phe Xaa
Asp Pro Lys Trp Gy Val Asp Thr 200 205
210 Au Val Pro Arg Arg Au Gs Al a 215 (2) 1 NFORMATI ON°
FOR SEQ | D NO 30: (i) SEQUENCE CHARACTERI STI CS:  This Sheet Has BdeAReplaced
LENGTH: 71 ami no aci ds (B) TYPE: am no acid

STRANDEDNESS: si ri§)| @NFORMATION FOR SEJ IPOHCE&GY: | i near l"ﬂiﬂm",i
TYPE: am no acid (TranslaLd 6132) (xi
DESCRI PTI ON' SEQ I D Rﬁ.siaaﬁ“%%%ffﬂﬁ gﬁl}{éﬁgcgsy Asn @y Trp Ile Pro Thr Leu

lle Thr Ala 1 (B) TYPE: amino acid 15
Phe Val Leu Ala Thr Ser @& n sARENDEGDWESA|: asi@igye Tr p Leu GI n Hs

20 10 (D) TOPOLOGY: linear 3( Asp Tyr Ay His Leu Ser Val Tyr
Arg Lys Pro Lys Trp

45 Leu Val His Lys ﬁf‘ﬂéqulr-e ke ﬁ’“%“?_e°“i'_y‘s“"?§51"“"7il°3 o, sonyig 211788

50 (®D) SEQUENCE DESCRIPTION: €80 A®Mwoksp: Trp Asn His Arg Hi s Phe
An Hs Hl$ Ala Lys Pro Asn 65 70

75 Leu Ay Gu Trp An Pro lle Qu Tyr 80
85 (2) |NF0RMATF’E}\|H§E)%Y§E@YI blgqéeel‘yla = Trp(u éEQBEﬂcﬁ‘gdingm STI CS:

(A) LENGTH: 306 %ﬂ Qﬁsafﬁl d§la Lys Pro Asn fl@ PJYB L@Q‘:&Q 13 gsp Val (C)
STRANDEDNESSS: si ngl e 20D T 2% i Nnear 30

Asn Met Leu His Val Phe Val Leu Gly Glu Trp Gln Pro Ile Glu

35 40 45

Tyr Gly Lys Lys Lys Leu Lys Tyr Leu Pro Tyr Asn His Gln His

50 55 60

25 Glu Tyr Phe Phe Leu Ile Gly Pro Pro Leu Leu Ile Pro Met Tyr
. &5 70 75

Phe Gln Tyr Gln Ile Ile Met Thr Met Ile Val His Lys Asn Trp

80 85 90

Val Asp Leu Ala Trp Ala Val Ser Tyr Tyr Ile Arg Phe Phe Ile

30 95 100 105
Thr Tyr Ile Pro Phe .Tyr Gly Ile Leu Gly Ala Leu Leu Phe Leu

110 115 120

Asn Phe Ile Arg Phe Leu Glu Ser His Trp Phe Val Trp Val Thr

125 130 135

35 Gln Met Asn His Ile Val Met Glu Ile Asp Gln Glu Ala Tyr Arg
' 140 145 150
Asp Trp Phe Ser Ser Gln Leu Thr Ala Thr Cys Asn Val Glu Gln

155 : 160 165

Ser Phe Phe Asn Asp Trp Phe Ser Gly His Leu Asn Phe Gln Ile

40 170 175 180
Glu His His Leu Phe Pro Thr Met Pro Arg His Asn Leu His Lys

185 190 155

Ile Ala Pro Leu Val Lys Ser Leu Cys Ala Lys His Gly Ile Glu

200 205 210

45 Tyr Gln Glu Lys Pro Leu Leu Arg Ala Leu Leu Asp Ile Ile Arg
215 220 225

Ser Leu Lys Lys Ser Gly Lys Leu Trp Leu Asp Ala Tyr Leu His

230 235 240

Lys *** Ser His Ser Pro Arg Asp Thr Val Gly Lys Gly Cys Arg

50 245 250 255
Trp Gly Asp Gly Gln Arg Asn Asp Gly Leu Leu Phe *** Gly Val

260 265 270

Ser Glu Arg Leu Val Tyr Ala Leu Leu Thr Asp Pro Met Leu Asp

. 275 280 285
55 Leu Ser Pro Phe Leu Leu Ser Phe Phe Ser Ser His Leu Pro His
230 295 300

Ser Thxr Leu Pro Ser Trp Asp leu Pro Ser Leu Ser Arg Gln Pro

305 , 310 315

Ser Ala Met Ala Leu Pro Val Pro Pro Ser Pro Phe Phe Gln Gly

60 320 325 330
Ala Glu Arg Trp Pro Pro Gly Val Ala Leu Ser Tyr Leu His Ser

335 340 345

-116-
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(ii1) MOLECULE TYPE: amino acid (Translation of Contig 3854933) (xi)

SEQUENCE DESCRIPTION: SEQ ID NO31: dn Ay Pro Thr Pro Arg T r
Trp Asp. G WRAHAAS an 1 5 L

15 Arg Ser Ay Cys Gu GQu Arg Trp Leu Val Ile Asp Arg Lys Val

20 25 30 Tyr Asn Ile Ser A u Phe Thr Arg
Arg Hs Pro Ay Gy Ser Arg 35 . 40

45 Val 1le Ser Hi IseuTlgmro Péw LGk ydeG GiyASYy Asma GIimrArAs$erPter Phxe D¢g|Ala '
50 60 AI¥SPhe His |le As}fllys Ay Leu

Val Lys Lys Tyr B tﬂglns%relrro Leu Ala Ala Trp Ser Jeu Gly Ile Thr Pro Al 70
75 Leu Leu 4le Gﬂéu@é& ey Gﬁerueé’r&uqéh a,n rRE qléeélfng Gy Ro08er

80 380 TheasLys Asn Lys GapoLeu Thr Asp
Gu Phe Arg Qu Llreyg magGH &ro Leu Thr Leu Pro AlaQ&p Leu His Ser Pro ***] (00

105 400 11405 ™ Vval du
Arg Met Qygleu NEE B5PR deAsi HI'S B0 thhélp 8 Arg Pro Ala Leu 1e4 110

115 cin d20sel @Yy 'fe'd o6 pifLH14 84, z% Lé@s&@bbnk%g'—@i& Asp Gy
Ala Ala Trp 435 440 135
Leu Thr Leu Trp Mau E%h:e & ysihralsmm EhephemrErnoPhBa Gew Thelnla ser

140 445 150 Ala Val Leu L&} Ser Al a
val @dn A éSG n At @ryL&w FS;J'K o Trp Lys Ser Pro 465 o BrgsHis His *** jeg 160
165 dn Hs Asp ﬁQeLQ ¥ntiisy Lcﬁ& P HysalGlgrﬁo%r J0 a1 bYser T

170 475 AsggoHi s Leu Leu Hi $ed-|l s Phe Val

lle Ay Hs Leu Lps G*yADé &ys Asp Leu Gly Thr Lysl@Yy Gly Val Pro Arg Leu 190

195 Pro AR Ser Trp rg Asn H9% Met His Phe A9 Hs His Ala L

200 Leu 2@*5 eu Ser lsl.gg Gly Ser Gég_d-usl:ga% gérhGeySGlpHélaAg@ Lys Asp
Pro Asp Il e Asn 220
225 Phe Phe Al a Leu GI y %l?hﬁg ;I\_leaquSserPr PIro E Pff yGlEy%lYC%aj%)

230 25 Leu 83p Ser Lys Ile Leu Glu G21405erLyéi) by sky PréyLysMVeia Pro Tyr
Asn Hs An Hs Xaa Tyr Phe Ph&5 540 245 545 250
255 Leu Ile Ay Pty PP SaF é\leeg}YL@H* (244 GEELPrvyPePHéo @y, Hipplepypla

260 265 270 >60

Pro Asp Val Gly Pro Xxx
30 565

(2) INFORMATION FOR SEQ ID NO:33:

35 (i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 619 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
: (D) TOPOLOGY: linear
40 _
(ii) MOLECULE TYPE: amino acid (Translation of Contig 2535)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:33:
45

Val Phe Tyr Phe Gly Asn Gly Trp Ile Pro Thr Leu Ile Thr Ala
1 5 10 15
Phe Val Leu Ala Thr Ser Gln Ala Gln Ala Gly Trp Leu Gln His
50 20 25 30
Asp Tyr Gly His Leu Ser Val Tyr Arg Lys Pro Lys Trp Asn His

Leu Val His Lys Phe Val Ile Gly His Leu Lys Gly Ala Ser Ala

50 55 60

55 Asn Trp Trp Asn His Arg His Phe Gln His His Ala Lys Pro Asn

65 70 75

Ile Phe His Lys Asp Pro Asp Val Asn Met Leu His Val Phe Val

80 85 90

Leu Gly Glu Trp Gln Pro Ile Glu Tyr Gly Lys Lys Lys Leu Lys

60 95 100 105

Tyr Leu Pro Tyr Asn His Gln His Glu Tyr Phe Phe Leu Ile Gly

_— 110 115 120

This Sheet Has Been
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Ile Phe Tyr Phe Val Ile Gn Arg Lys Lys Trp Val Asp Leu Al a

275 280 285 Trp Ile Ser Lys A n Ju ‘I;ér Asp
Au Al a GXOPHTER o Leu Ser 290 PCT/USIS454: :
300 Thr Ala Asn Ala Ser Lys 305 (2) 1 NFORVATI ON FOR SEQ

| D NO 32: (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 566
am no acids (B) TYPE: am no acid (© STRANDEDNESS:
single rro( Bo T&POEOGYe Bronee Tyr Phe dlni JyrMELECHA E1d¥RE: am no acid

(Translation of Contig 2511783 %xi ) SEQGENCE DESCRI PTIIGN: SEQ I D
NG 32: His Leu TysMay Jloaval daf WsarssArerpl PR Jin?ia Srmga ;}E% Phe 1
S ]%IFOTBKSBYR/I e Arg Phe Phe Ile’I'Q.‘hg;I ’jl.r%zg!tl% H:oS Pﬂ al‘yL' yPrO Asn Ile

Phe His Lyss Asp al 155 165 25

30 Asn Met Leu Hae Mal cRhelValeulmin She/ L&h MshrmmeG 1 Rep phé aeld alu _

35 40 170 45 Ty¥15@y Lys Lys LysOLeu Lys Tyr
Leu Pro T¥6 Asn $sirsHig RrpyPhe \§.’; Trp Val Thr Glnebite%olxsn His Ile Val M;.g 55

60 G u Tyr”Phe P u P I L.e t

65 AR el %1920‘3 A P Ak%shr@ﬁhﬁ it e Salle Met Thr
Met Ile Val H s tgeSAASHhAdRPs Asn Val Glu Gln Ser ¥ Phe Asn Asp Trp Phe 85

90 Val Asp_Leu Ala Trp Al a VaisSer Tyr Tyr |1220Arg Phe Phe |[225

95 5 Ser gppHis Leu Asn Phe Gin Iie@vm%sn'/#s Fee PPR P=PHERITYr Gy Hle
Leu GIyAIaLeukku Phe L : §1 115

120 Asn Phe Ile er%gP gr‘f_glgs j@ ]$eé1r Hf—ﬁ sLysI'rIﬁe 5}5 Efaﬁ L‘T‘? B’a%/aﬁysﬁﬁ

125 Leu Cys3@la Lys His Gly Ile Gld38rG1n A1 Lfsprbimullx Val Met Gu
lle Asp G G u Ala Tyr Arg 260 , 1263 270 145

150 Asp Trp Phe B ABefeqlisulAng Tw 1i¢ A=qifierGps gnlvaiSed Gvays

-115- Leu Trp Leu Asp Ala Tyr Leu His Lys *** Ser His Ser Pro Arg

290 295 300

25 Asp Thr Val Gly Lys Gly Cys Arg Trp Gly Asp Gly Gln Arg Asn

305 310 _ 315

Asp Gly Leu Leu Phe *** Gly Val Ser Glu Arg Leu Val Tyr Ala

320 325 - 330

Leu Leu Thr Asp Pro Met Leu Asp Leu Ser Pro Phe Leu Leu Ser

30 335 340 345

Phe Phe Ser Ser His Leu Pro His Ser Thr lLeu Pro Ser Trp Asp

- 350 355 360

Leu Pro Ser Leu Ser Arg Gln Pro Ser Ala Met Ala Leu Pro Val

. 365 370 375

35 Pro Pro Ser Pro Phe Phe Gln Gly Ala Glu Arg Trp Pro Pro Gly

380 385 390

Val Ala®Leu Ser Tyr Leu His Ser Leu Pro Leu Lys Met Gly Gly

400 405 410

Asp Gln Arg Ser Met Gly Leu Ala Cys Glu Ser Pro Leu Ala Ala

40 415 420 425

Trp Ser Leu Gly Ile Thr Pro Ala Leu -Val Leu Gln Met Leu Leu

430 435 440

Gly Phe Ile Gly Ala Gly Pro Ser Arg Ala Gly Pro Leu Thr leu

445 450 455

45 Pro Ala Trp Leu His Ser Pro *** Arg Leu Pro Leu Val His Pro

460 465 470

Phe Ile Glu Arg Pro Ala Leu Leu Gln Ser Ser Gly Leu Pro Pro

475 _ 480 485

Ala Ala Arg Leu Ser Thr Arg Gly Leu Ser *** Asp Val Gln Gly

50 490 495 500

Pro Arg Pro Ala Gly Thr Ala Ser Pro Asn leu Gly Pro Trp Lys

505 510 515

Sexr Pro Pro Pro His His *%¥* Ser Ala Leu Thr Leu Gly Phe His

520 525 530

55 Gly Pro His Ser Thr Ala Ser Pro Thr *** Ala Cys Asp Leu Gly

535 ) 540 545

Thr Lys Gly Gly Val Pro Arg Leu Leu *** Leu Ser Arg Gly Ser

550 555 560

Gly His Val Gln Gly Gly Ala Gly Trp Pro Gly Gly Ser Ala His

60 565 570 575

Pro Pro Ala Phe Pro Gln Gly Val Leu Arg Ser Lys Ile Leu Glu

580 585 590
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155
Ser
180
185
Leu
210
215
Leu
240
245

270
275
Phe
300
305
Pro
330
335
Adn
360
365
Phe
390
400
I'le
425
430
Arg
455
460
Pro
485
490
H s
515
520
Ser
545
550

dy

Hi 6 -,%g
Ad-u I_?glsﬁl s Leu Phe Pro Thr

160
n Phe An lle

190

Cys Ala Lys HHs Ay Ile GQu

Tyr

Trp
Lys

Leu
Ser

Ser
Ser

Ser
Al a

Arg
Cys

Ile

Arg Al a

du
Adn

Pro
Pro
Hi s
Thr
Val
Trp
Asp
Leu

Adn du

Leu
Xaa

5
Leu
du

Asp
Ser

Phe
Arg
Hi s
Leu

Sq0
Thr

Phe
Arg

Pro
Ay

Ser
Au

a¥

Met
Ser

Al a
Ay

Arg Pro
S&% Ser
Al a
Asn

30
Ser
Xaa

Ay
Leu

Thr
Al a

d3s
Pro

Ay
Ay

Ser
Ser

Pro
Lo

45

50

55

60

Lys Pro Leu Leu Ar
Gln Sﬁ@sp Pro Ser Pro

ApTy kLo nis ew Ala pro cly A83%a1 Gly Pro X 235
éjl'sPSerI Pro. 13 AJésp Thr elalroth Lgp: & y sro s’é.’f
250 255 Trp Ay Asp Ay G n Arg Asn Asp
Xaa Ay Val 260 265
u_val Tyr ey Thr Asp Pro Met Leu Asp
IT% Iﬂékﬁ‘mi{lw’%& EE&I'IID M’% 85 Leu Ser Pro Phe Leu Leu Ser Phe
Leu RLyp skbsence craracTerisTIics: 290 . 295
Pro Ser Tay LAsgrikels7Paminbescideu Ser Arg G n Pro
310 (B) TYPE: amino acid3]5 Ser Ala Met Ala Leu Pro Val Pro’
Phe d n gz STRANDEDNESS: single 390 325
Trp Pro TEPYFOGhT AP eu Ser Tyr Leu His Ser
g (%ﬂp MOLECULE TYPE: amino b L(Ql:'anP &&1‘0@%5—)&&%"2@538@ y Asp
y Leu a

1y

165 Ser

195

Phe

170

Met Pro Arg Hi s Asn
Ile Ala

200

Al a Leu Leu Asp

s Al o sE’élﬁ‘lEﬁlnyﬂs“ Sﬁ ady Lys-

Leu Hi s
Pro Leu Val

Phe Asn Asp Trp Phe

PCT/US98/07427 ©

Lys
Lys Ser
205

lle lle Arg

Pr o (k&u SBROCENSE cDEFCRIPSEON :| 8EQ GbyNd Bé: Thr
375 Leu Val

370

g“y Gﬁgﬁpn?h"{:hr 34 ﬁf% T/Kf aph]er o ;%F Iﬁ‘qg Géervffr 81 Gln

Arg Ségily Cys Glu Glu
Al a Leu Leu 20

Pro Al a

Leu G n Met Leu Leu Gy

385

Arg T;@lﬂexAﬁlm lrew pBboAdgeuyé/alal H's Pro Phe

30420

&y Aserier %F-’-PFH‘ Rbe TRF PrAr grq_éas Sep GFhrGJA(r geGqu
Gly Gl 4gsp gg %gr
dy oLy PalPigs Hiys NrSMQsaaszSeér

470 Al aoLeu Thr
Ser Pro GlyBEn Pro Ser Phe Glu Pro4g(Q

17 58e His Tyr Ala
e g
AP‘a Lse?nrar 6iy Gla Leu

B oty Sl TG
chy vAlacid Xrg Met Gly

Leu I@gsryr Leu Leu His

ZF“ S Byl

Le(\."__‘l grpq‘{%() éhn
A5.55Val Leu

Gln

Leu Ser
155
Tyr
170
Val
185
Trp
200
Phe
215
Gly
230
Leu
245
Pro
260
Met
275
Tyr
290
Leu
305

Leu His Asp Gly

Trp Asn His Leu His

Ala Ser Aala Asn Trp

Lys Pro Asn Ile His

Val Phe Val Leu Glu

Lys Leu Lys Tyr Pro

Leu Ile Gly Pro Leu

Ile Ile Met Thr Ile

Trp Ala Val Ser Tyr

Phe Tyr Gly Ile’ Gly
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Gy Pro

Leu dysPhe Hs Ay

ro, Arg. %qo

er rlgsGIy Ser Ay

1 Leu Met Ly5Q5a Asn His Val Phe Phe 510
Ay Ser Ala HisoPro Pro Ala PhesPro G n Gy Vako

Ile LBG0ey dgu Asg Seor Alaydls Tepleu
Bom EPER &Y TSR EOR

Ala Gly

Ala
His
Lys
Asn
Lys
Trp
Tyr
Leu
Val
Ile

Ala

Valfl.6 @1n

Leu
Phe
His
Asp
Gln
Asn
Ile
His
Arg

Leu

Ser
Val
Arg
Pro
Pro
His
Pro
Lys
Phe

Leu

Gln
160
Val
175
Ile
190
His
205
Asp
220
Ile
235
Gln
250
Met
265
Asn
280
Phe
295
Phe
310

Ala
Tyr
Gly
Phe
Val
Glu
His
Tyr
Trp
Ile

Leu

Gln
Arg
His
Gln
Asn
Tyr
Glu
Phe
Val
Thr

Asn

Leu
His

Met

Gln

Asp

Gu d@n
135540

Trp
165
Lys
180
Gly
195
Ala
210
His
225
Lys
240
Phe
255
Gln
270
Ala
285
Pro
300
Arg
315

Lys Pro
Lys
His
Leu
Gly Lys
Tyr Phe
Tyx
Leu

Tyr Ile

Phe Ile
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Pro Gy Asp Val Ay Pro Xaa 565 (2) | NFORVATI ON FOR SEQ I D

NO 33: (i) SEQUENCE CHARACTERI STI CS: (A) LENGIH. 619 ami no
aci ds WO 98/46768) TYPE: ami no acid (C) STRANDEDNEESHUSS/47432.

- 116- ' (D) TOPOLOGY: |i near

(ii1) MOLECULE TYPE:  amino acid (Translation of Contig 2535)

(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 33: Val Phe Tyr Phe Gy Asn
Ay Trp Ile Pro Phe tkewihl ®rTiws M@ Phe val Trp $al Thr Gln Met Asn HiH

10 15 320 Phe Val Leu ABZ Thr Ser A n AR¥ An Ala dy
Trp Leu Gn Hi's Ile Val Met Glu Ile Asp Gln Glu AIZOAEK Arg Asp Trp Phe Se. 5

30 Asp YV, H s L I, TV y Asn Hi s

35 5 Igr G?ﬁ Leu 'ﬁxr %z% §§£ c¥§ As % Val e |G¥§ fgﬁphl\eyaﬁx Hgga Lys Phe Val
Ile Ay H's Leu hys TQ:yPhA| $erSely Alf Leu Asn Phe Gln Ile Glu His His Leb(

55 365 Asn Trp Trp ASTOH s Arg Hs PR&SAn Hs H's
Al a Lys PI’% Phe Pro Thr Met Prg Arg His Asn LegxHis Lys lle Ala Pro Lew

75 Il e he Hi s, Ly a Phe Val

80 B P I.gg Ser EeuAég) E.a Lys qhgol;lfégs I@S ‘J{E{Ql"Gl élue%f( Trp Gn Pro
Ile Gu Tyr Gy bys IJeMSLduy&d-ﬁlh L¥S Leu Asp Ile Ile Arg Ser Leu Lys Ly®5

100 105 415 Tyr Leu Pro ¥99 Asn His G n BBES du Tyr
Phe Phe Ll Il e @py Gly Lys Leu Trp Leu Asp Ala Tyr ggﬁ\g His Lys *** Ser His 115

120 ProPrq, Ley L T Ile Mt
125 q’ff%o“y"g RS EE; val Tl Ky e Aggﬂ“?%‘g”ﬁ% E Val His
Lys Asn Trp Val Asp d:gUasd RspT6Dy Aed DM@l Phe *** Gly Val Ser Glu Arg Leu 140

145 20 150 460 Ser Tyr Tyr b2 Arg Phe Phe lP@ Thr Tyr

Ile Pro Phe Tyr @ay Tyr Ala Leu Leu Thr Asp Pro Met L§g Asp Leu Ser Pro Phe 160

5 480 5
165 I1e Leu Gy Ala LeusLey PURT Loy Asn, Rheal RE0ALY BlenkeyFad; 170

490 495 500

25 Ser Trp Asp Leu Pro Ser Leu Ser Arg Gln Pro Ser Ala Met Ala
505 510 515

Leu Pro Val Pro Pro Ser Pro Phe Phe Gln Gly Ala Glu Arg Trp

520 525 530

Pro Pro Gly Val Ala Leu Ser Tyr Leu His Ser Leu Pro Leu Lys

30 535 540 545
Met Gly Gly Asp Gln Arg Ser Met Gly Leu Ala Cys Glu Ser Pro

550 555 560

Leu Ala Ala Trp Ser Leu Gly Ile Thr Pro Ala Leu Val Leu Gln

565 570 575

35 Met Leu Leu Gly Phe Ile Gly Ala Gly Pro Ser Arg Ala Gly Pro
580 585 590

Leu Thr Leu Prc Ala Trp Leu His Ser Pro *** Arg Leu Pro Leu

595 600 605

Val His Pro Phe Ile Glu Arg Pro Ala Leu Leu Gln Ser Ser Gly

40 _ 610 615 620
Leu Pro Pro Ala Ala Arg Leu Ser Thr Arg Gly Leu Ser *** Asp

625 ' 630 635

Val Gln Gly Pro Arg Pro Ala Gly Thr Ala Ser Pro Asn Leu Gly

640 645 650

45 Pro Trp Lys Ser Pro Pro Pro His His *** Ser Ala Leu Thr Leu
655 660 665

Gly Phe His Gly Pro His Ser Thr Ala Ser Pro Thr *** Ala Cys

670 _ 675 680

Asp Leu Gly Thr Lys Gly Gly Val Pro Arg Leu Leu *** Leu Ser

50 685 690 695
Arg Gly Ser Gly His Val Gln Gly Gly Ala Gly Trp Pro Gly Gly

700 705 710

Ser Ala His Pro Pro Ala Bhe Pro Gln Gly Val Leu Arg Ser Lys

715 720 725

55 Ile Leu Glu Gln Ser Asp Pro Ser Pro Lys Ala Leu Leu Ser Ala
: 730 735 740
Gly Gln Cys Gln Pro Ile Pro Gly His Leu Ala Pro Gly Asp Val

745 750 755
Gly Pro Xxx
60
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Ser
185
Al a
205
Phe
225
230
Leu
250
Au
270
275
Tyr
295

315
320
Leu
340
Leu
360
365
Phe
385
Leu
410
415

Hi s
Tyr.

Asn

Hi s

Lys

Leu

Ser

Pro
Leu

dn

Lys
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Leu
I'le
450
Hi s
Ile
480

Ay

Pro

du

Trp Phe Val Trp Val Th n Met Asn His Ile Val Mt

VO RRASTSF éﬁg Ser Se ||mﬂlmﬂl!!m[l I i G u 1l CelrRsiipats ¢

€ys Asn Val du dn Ser Phe

Asp Trp Phe 215 220
Ser Ay H's Leu Asn Phe @n Ile u Hs H's Leu Phe Pro Thr
What 23¢laimed is: 240 Met Pro Arg His Asn

Lys Ile Ala Prlo LelAndzblatedan@leic acid comprising: 245
255 LeuQ/sAIaLys Hs Gy Ile u Tyr An
Pro Leu Leu anucleotide sequence depicted in 2SEQ ID NO. 1 265 '

Arg AIa Leu Leu Asp Ile Ile Arg Ser Leu Lys Lys Ser Ay Lys
g lypgmde encodd®by said nucleic kéid of cRimely Asp Al a
H s Lys Xaa Ser H s ro Arg 290

3@0 ; d
ad A g Asn GC Apunﬁecféﬁsmfed\{ﬁllyp@gudémﬁwn&ﬁaxﬁm alsmo y

Asp s@juencedepicted PhSERAD WOy2val Ser G u Arg Leu Val Tyr Al a
325 330 Leu Leu Thr Asp Pro Met Leu Asp
Pro Phe Leu Leli SerAn isolated nucleic acid encoding the phypeptide of SEQ ID

.2%45 Phe Phe Ser Ser His Leu Pro His Ser Thr
ser Trp AG 350 355
Pro Ser Leu S% Arg, G n Pr ? Met Ala Leu Pro Val

An isolated nuc excg comprising: p. oy Pro Ser Pro Phe

GpAadn é&%mﬁe%&ﬁg gecgngE »@450&6@50@@@ ppjypeptide W%“ﬁé‘f‘“%gﬁ?a Pro

Met G'y d molecule at carbon 5 from the c4®8 1 end of said fa acid 405
gﬂya‘?gmsoe?cue? cC%eronLeuoﬂ aec ’8’ Ser Pro ttLyeu Ala Al a

moleafle 425
Trp Ser Leu Gy Ile Thr Pro Ala Leu Val Leu A n Met Leu
480  The isoloated nucleicia$d according to Claim 5, whdinGayd Phe

Al a Gly Pro Ser. r Leu, Thr 445
nuclegijde °N%5$F§Vi‘£§°ﬂ eé‘k%fmfbf’ Lxaa Arg Leu Pro Leu Val

Phe
A Pro Ala Lels Leu%@ ifolatsd nycleiengid EE‘%?“?‘PS to{’lpim 6, wherein said
eukaf}/%éc cell is a fungal cell.

475

8. The isolated nucleic acid according to Claim 7, wherein said

fungal cell is of the genus Mortierella.

9. The isolated nucleic acid according to Claim 8, wherein said

20 Mortierella cell is of the species Mortierella alpina.

10.  The isolated nucleic acid according to Claim 5, wherein said
nucleotide sequence anneals to a nucleotide sequence depicted in SEQ ID
NO: 1.

11. The nucleic acid of claim 10, wherein said nucleotide sequence

25 encodes an amino acid sequence depicted in SEQ ID NO: 2.

12. The nucleic acid of claim 11, wherein said amino acid sequence
depicted in SEQ ID NO: 2 is selected from the group consisting of amino acid
residues 30-38, 41-44, 171-175, 203-212, and 387-394.
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Al a
490
Pro
515
520
Thr
545
550
Trp
575
580
Leu
605
610

Al a

Asn
Ser

Xaa
Thr

Pro
Pro

Leu
dn

NO. 34:
(D) “TopoLooy. rinear - (RRyRHpEEblleic ipdsmenet vt o ek 01 ©

Contig 253538a) identity X6 BEQHDURNNCE DESCRIPTION: SEQ ID NO:34:. d@n Ay Pro

Arg Leu Ser Thr Arg Gyi’é—u'SEr—m Qn Ay

ovaryars 1o s |G © 7° " Begheti =

Pro Pro Pro H s Fhr *Leu Ay Phe H's

525 530 Ay Pro Hi s Ser Thr Ala Ser Pro
Ala Cys Asp Leu Gy 535 540
Lys Ay Ay Val3.Pr Mﬂ@lﬂtﬁhoﬂ.pimﬁéd@oqupﬁm which débgtuﬁms a fatty acid

V I Al
dy Gy ggplegﬁg atgarbon 5 from the carboxyl egé%)f fat?y acid mo?eé{xlg y a dy
Pro Ala Phe Pro A n Gy Val Ley Arg Ser Lys Ile Leu Qu
5ght.  Anisolated nucleic ggj W’@é‘g'Asp Pro Ser Pro Lys Al a
Ser Ala Ay Gn Q{
Pro Ile Pro G&nug @ot@séeweacwwbm@lysubr@ntxaﬂy eptieal go xaeauence of at

S (1) bl BRGSO T 757 am no

Thr Pro Arg Tyr Phe Thr Trp Asp Qu Val Ala dn 1 5

10 151d\rg &%uc@idaﬁsoﬁuum@dm sthglrp Leu Val Ile Asp Arg
Lys Val 30 Tyr Asn
|1e Ser Gu Phe Thr Arﬂnﬁél@odﬂe%e&’ﬁ&xc&&gr&ﬁ u?ﬁ SEQ’ D NO: 1 linked to a 35

40 45 Val 1le Ser Hi s y G n Asp Ala Thr Asp Pro
Phe Val 10 heterologouggucleic acid. 60 Al a Phe
Hs Ile Asn Lys Ay Leu Val Lys Lys Tyr Met Asn Ser : 65

70 751Teu Amucldleaoﬁlyoﬁtm,lcl_mmﬁsln?ro Qu @n Pro Ser Phe
Gu Pro 80 85 90 Thr Lys
Asn Lys G u Leu Thr Asapn@lectideseduencédepitied iv\a §EQ ED NO: 1 operably linked to@5
100 105 Thr Val Qu Arg Met Ay Leu Met Lys Ala Asn Hi s Val
Phe Phe 110 Promoter. 115 120 Leu Leu Tyr Leu
Leu Hs Ile Leu Leu Le dy Ala Ala Trp . .12 ]

130 ¥8 LeuT#ﬁrMLl@e WWH@"@W 1T whesgin aaffﬁpreg{?tws Phe
Leu Leu 15 funtx 1349 b 1. 145 150 Cys Al a
Val Leu Leu Ser Al acv?ina nmlcro 1AafgeG n Ala dy Trp 155

190 1659 U1 Rl afifbohtrudBlo¥ ol 185WhSRIn 4Bl midkbbisf 9 LS

cell is a yeast cell.

20.  The nucleic acid construct of claim 17, wherein said nucleotide

sequence is derived from a fungus.

20 21. The nucleic acid according to Claim 19, wherein said fungus is

of the genus Mortierella.

22.  The nucleic acid according to Claim 20, wherein said fungus is

of the species Mortierella alpina.
23.  Anucleic acid construct comprising:

25 a nucleotide sequence which encodes a polypeptide comprising an amino acid
sequence which corresponds to or is complementary to an amino acid sequence
depicted in SEQ ID NO: 2, wherein said nucleotide sequence is operably linked

to a promoter which is functional in a host cell, wherein said nucleotide
N
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180
185
Arg
210
215
Pro
240
245
Pro
270
275
Phe
300
305
Trp
330
335
Val

360
365
Leu
390
400
Ile
425
430

455
460

Trp
Hi s
Lys

Ile
Lys

Met
Ile

Phe
Phe

Val
Il e

Au
Asp
Hi s
Val

Il e
Ser

Cys
Adn

170 - 175

Asn His Leu Val His Lys Phe Val Ile Ay Hs Leu Lys

Pro

Au
Leu

Tyr
Ile

I'le

L
’5

Thr
Val

Adn
Trp

Lys
3

Arg
Ay

Arg
Arg

15

20

25

Asn

Tyr
Lys

Phe
Met

Thr
Ay

Adn
Met

Ser
Phe

Il e
Ser

Ser
Lys

Trp
Asn

07 . L
el AR < T v

Il e Phe H's Lys Asp Pro* ASp Val "Ash Met Leu His

220 225 Val Phe Val Leu Ay GQu Trp .dn
$dquericgentodes a polypeptide which desdtifates a fatty acid molecule 235
Tyr Leu Pro Tyr Asn H s n Hs d u‘gr Phe Phe
carborggf;omthecarboxylen of gyE@énP‘P Wy Pro Pro Leu Leu Ile

@n Tyr dn - 265
Thr . ||Am4§lelw@dsysst¢§hcqmww Asp Leu Al a
280 285 Trp Ala Val Ser Tyr Tyr Ile Arg
Tyr Ilaenuéteotlde sequence which encodes @ functionally actlve AS- 295
Lle Leu G a Leu Phe
b S, sad abSafri habiih o e 3aighte btfet{Ybrempapdene v

M?&r 1é\§6hxbleﬁ1entary to all of ora ortloﬁ 8Pan amino acid sequence dépfeted
uAIa r Arg Asp Trp Phe_ Ser

|
1n a SEQ(ID N8 2, wherem said nupjeptidesequence ispperablynlinkeditp acys Asn

350 355
E’Q %}%@ﬁa@n@e aASOStBﬁe Anille Au H's Hs Leu

Al a P?g &recombmantyeas?c?lc?%ﬁ: Prqg Thr Met Pro érsg H s Asn

Leu Qésnu’éhe?ccgs et accoting § Gain 24 gr EIAmAA A'a Leu Leu Asp

Leu

. 415 : 420 .
Leu T¥§ LeLs}'hAé?F%%nWryei%&ehhﬁgC%}gg 30,5 laign, 25y wherein said

445 450

Asp ng Le%ﬁ@éﬂc@'ﬂ@oxﬁﬁﬁsx%y Val Ser Qu Arg Leu

at least one copy of a nucleotide sequence which encodes a polypeptide

. éeast@eiﬁxs éSaccharamyces cell. 440 Ser Pro Arg Asp Thr Val Gy Lys
y

which converts dihomo-y-linolenic acid to arachidonic acid, wherein said
microbial cell or an ancestor of said microbial cell was transformed with a
vector comprising said nucleotide sequence, and wherein said nucleotide

sequence is operably linked to a promoter functional in said host cell.

28.  The microbial cell according to Claim 27, wherein said cell isa

host cell selected from the group consisting of a fungal cell and an algal cell.

29.  The microbial cell according to Claim 28, wherein said fungal

cell is a yeast cell and said algae cell is marine algal cell.

30.  The microbial cell according to Claim 27, wherein said cell is
enriched for 20:3 fatty acids as compared to a host cell which is devoid of said

nucleotide sequence.

31.  The microbial cell according to Claim 27, wherein said cell is
enriched for 20:4 or -3 20:4 fatty acids as compared to a host cell which is
devoid of said DNA sequence.
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Val Tyr Ala Leu Leu Thr Asp Pro Met Leu Asp Leu Ser Pro Phe
475 Leu Leu Ser Phe Phe Ser Ser H's

5 20 T, UMMM o, 2 o o e ST

505 : 510 * 515 Leu Pro Val Pro Pro Ser Pro Phe
Phe dn Gy Ala Au Arg Trp 520 525
530 Pro Pro Ay Val Ag Leurpihictobialledl &t&a@g&o t@ﬂ:ﬁp d&fc&bnﬁ!ﬁﬁd cell is
535 540 dy As Arg Ser Met
Ay Leu Al a Cys @nriclgskfop2@:5 fatty acids as compareds®m host cell which is devou5 aid

560 Leu Ala Al a BIQAg%uelh%g. Gy Ile Thr Pro Ala Leu Val Leu G n

565 575 Met Leu Leu Gy Phe Ile Ay Ala
Gy Pro Ser Arg Ala G . 58 . . ..58

50 Leu Thr Lew Pro A Tr pripioighialasht asperdiago Saim 27, whegeip stjd cell has

295 5 an al8Rd amount of 20:3 (8, 11, lmttg&bidfds%oapareaheahl e u Arg Pro
Ala Leu Leu dn Ser Ser L 10 615

620 Leu Pro Pro Ainirapsfe q@obigkgellthr Arg Ay Leu Ser Xaa Asp

625 630 635 Val Gdn @y Pro Arg Pro Ala Gy

Thr Ala Ser Pro Asn L& G yA method for production of arachidonic acid in a microbial ¢gld-

640 64 650 Pro Trp Lys Ser Pro Pro Pro
s Hs xaa Ser AP feidmethod comprising: 655 660

665 Ay Phe Hs Ay Pro H.s Ser Pro Thr, X a. X
670 y y 67850 wmganncro&al cellacu %‘E {g@r%%é#ﬁp(%é@l @lk;, ay

Val Pro Argoleu Lwheréinaaldaticesbial cells or ancestors of safd@Hhicrobial cells were 690
695 Arg Ay Ser Ay Hs Val, Gn dy Gy Ala Ay Trp Pro Ay dvy

700 transfogmed with a vector’comprising e 98 moge guelpis apids hwragpd a Phe

Pro An Gy Val 120
725 116 Leu G u Qe REfpefstwbich epgodep o polypspidsivhish cayerty dfromo-y
730 linolefi3®acid to arachidonic acid, wﬁé&nﬁ’a}’d 6heroryiere@uslet acidd @re Pr o
Gy Hs L Ala P Val 74 750
7 5% G; f, P?g Xag (;p%ra%ly liél%é?i toaa promoter, under conditions w%merein said one or more

15 nucleic acids are expressed and arachidonic acid is produced in said microbial

cell culture.

35.  The method of Claim 34, wherein said polypeptide is an enzyme
which desaturates a fatty acid molecule at carbon 5 from the carboxyl end of

said fatty acid molecule.

20 _ 36. The method of Claim 34, wherein said nucleotide sequence is

derived from a Mortierella Species.

37. The method accordiﬁg to Claim 34, wherein said dihomo-y-

linolenic acid is exogenously supplied.

- 38.  The method according to Claim 34, wherein said microbial cells

25 are yeast cells.

39. Themethod aé:cording to Claim 38, wherein said yeast cells are

Saccharomyces species cells.

40.  The method according to Claim 34, wherein said conditions are

inducible.
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41. A recombinant yeast cell which converts greater than about 5%
of 2 20:3 fatty acid to a 20:4 fatty acid.

42. A nucleic acid probe comprising:

a nucleotide sequence as represented by SEQ ID NO:1.

43.  Ahostcell cbmprising:

a nucleic acid construct according to Claim 23 or Claim 24.
44.  Ahost cell comprising:

a vector which includes a nucleic acid which encodes a fatty acid
desaturase derived from Mortierella alpina, wherein said fatty acid desaturase
comprises an amino acid sequence represented by SEQ ID NO:2, wherein said

nucleic acid is operably linked to a promoter.

45.  The host cell according to Claim 44, wherein said host cell is a

eukaryotic cell.

46.  The host cell according to Claim 45, wherein said eukaryotic cell
is selected from the group consisting of a mammalian cell, a plant cell, a fungal

cell, an avian cell and an algal cell.

47.  The host cell according to Claim 45, wherein said host cell

contains dihomo-gamma-linolenic acid.

48.  The host cell according to Claim 45, wherein said host cell
contains EPA.

49.  The host cell according to Claim 44, wherein said promoter is
exogenously supplied.

50. A method for desaturating a dihomo-y-linolenic acid, said

method comprising:

culturing a recombinant microbial cell according to Claim 37, under
conditions suitable for expression of polypeptide encoded by said nucleic acid,

wherein said host cell further comprises a fatty acid substrate of said

polypeptide.
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REPLACEMENT SHEET dainms: 1. A purified or isolated polypeptide

whi ch i s cwoedd/i4s765 desaturating a fatt ' Hunﬂmﬁmﬁ“ CaPPTUSI8/7422n t he .
carboxyt end of said fatty acid, said pglllm [ an amno acid
sequence which has at |east 60 % honol ogy*td t he #46%anf no acid sequence of

SEQ I D NO 2. 2. A pol ypepti de according to claim1 having an am no
aci d sequence which h%ﬁ at Aﬁﬁﬁtacﬁpa/esb&mé@wﬁfe%étﬁksa%ﬁr } OCRifh 80,
sequence of SEQ ID NO 2 A pol ypeptide accordi ng dtii(i)]g claim1 having

an ani no acid SequenC%Bmqug\Gﬁéoﬁbnélﬁgatfazgpaéwmmﬂmelamsl446 ami no

aci d sequence of SEQ I pol’ypeptide according to claim1, 2

or 3 wherein said pol ygepti Ql}% é?iéﬁ“%ﬁ{e om
t he group consisting de?wesllgglues £P§ § Lé fg&“?% bb 12 t&’
387-394 of SEQ | [Acid®idsyntheSis compﬂsmgltb@ﬂppsafe according to claim4 wherein
sai d pol ypeptide conprises residues 30- 38, 41-44, 171-175, 203-212 and

387-394 of 5SEQ I D NO Zrowing a micrébe havini qwby\mmndodmimamnsﬁengmmhany one of
t he preceding clains, conprising SEQ An i.sol at gléd eic

aci d encodi ng a [FHFY4sEFiTanEscns eE}B‘FFﬂ%’EIPWuO‘éFn‘VI“%éeW@F%\?WYI“E ule g
An isol ated nucl ed:e%@sw f6mI0E Bk epll BF Bid fawdém meERhleSRBersii@ald® NO 1.

9. A nucl eic acid construct conprising a nucleic acid as defined in
claim 7 or 8 operteanggne is operably associated with an expression control sequence, under
conditions whereby said transgene is expressed, whereby long chain

10 polyunsaturated fatty acid biosynthesis in said cells is altered.

54. A method for obtaining altered long chain polyunsaturated fatty
acid biosynthesis comprising the steps of:

growing a microbe having cells which contain a transgene, derived from
a fungus or algae, which encodes a transgene e;(pression product which
15 desaturates a fatty acid molecule at carbon 5 from the carboxyl end of said fatty
acid molecule, wherein said trangene is operably associated with an expression
control sequence, under conditions whereby said one or more transgenes is
expressed, whereby long chain polyunsaturated fatty acid biosynthesis in said
cells is altered.

20 55.  The method according to claims 53 or 54, wherein said long
chain polyunsaturated fatty acid is selected from the group consisting of ARA,
DGLA and EPA.

56. A microbal oil or fraction thereof produced according to the
method of claims 53 or 54.

25 57. A method of treating or preventing malnutrition comprising
administering said microbal 6il of claim 56 to a patient in need of said treatment

or prevention in an amount sufficient to effect said treatment or prevention.

58. A pharmaceutical composition comprising said microbal oil or

fraction of claim 56 and a pharmaceutically acceptable carrier.
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| i nked to a pronoter. A host cell transforned with the construct of

10.
claim?9. : host I ' 0 claim10 which is apm |
host cetl . vi*éfg/l‘tﬁﬁisA thﬂHmIﬂmﬂumwﬂﬂg to claim 1l which i SP?r%sgglpﬁézel .
13. A host cell ‘according tb ctaism *1 or 12 which is enriched for 20:3,
20:4 or -3 20:4 fatty acids conpared to said cell untransforned with sai d'd
construct of claim?. 14. met hod, for the production of the fatty aci
ar achi doni ¢ aci d whi ch%ret h&be peytical composition of claim 5& whereig saide host

cell of claim 11, prbgmAéeutidall dinipdSieilh S RIIGE fétin Of IRrpra liquid, . |1 noleni ¢

aci d, under COﬂdi?l ons wherein'sald acid 1s converted to qar achi donic acid

by t he expressg®n ﬁﬁ%@'ﬂ' SRRRE & . .Jg..ls to 6;
recovering the fatty ad(;:(lgd gé}ééc [ O%ILC am%&ﬁ%’;ﬁlme ccﬁﬁﬁ,gﬁleﬁénﬁmd

-122- 15. pharhacestibal cofrpositioh ds in mcapaule@n gablétdbrmpol yunsat ur at ed
fatty acid, which nmethod conpri ses: growi ng the host cell of claim

11, 12 or 18 in the pr&BenC%’h@ﬁhﬁiﬂﬁﬁ?ﬁﬁclaH_:drﬂpcts&iﬂnC%Méiﬂ:Swgﬂﬁéx('jé&ﬂﬁiisﬁ:in ns
wherein the pol ypeptide of gny ope cl ai s to 6 is produced, resulting
in the biosynt hesﬁ‘tgeaéf ong m\gﬂant@ﬁﬁm?iﬁm Pup sensistingof ¢ vilamim, agmineral, a

Craim 15 sher oi n- cayoiyRtdte, d S, B afifiq Mo oty onfS. APBOMORRECRF] 10 oF

claim 15 wherein said fatty ecte I ng of
ARA, DGLA or EPA. antioxidant, and a phenolic compound.

62. A nutritional formula comprising said microbal il or fraction
10 thereof of claim 56.

63.  The nutritional formula of claim 62, wherein said nutritional
formula is selected from the group consisting of an infant formula, a dietary
supplement, and a dietary substitute.

64. _ The nutritional formula of claim 63, wherein said infant formula,
15 dietary supplement or dietary supplement is in the form of a liquid or a solid.

65.  Aninfant formula comprising said microbal oil or fraction
thereof of claim 56.

66.  The infant formula of claim 65 further comprising at least one
macronutrient selected from the group consisting of coconut oil, soy oil, canola
20 oil, mono- and diglycerides, glucose, edible lactose, electrodialysed whey,
electrodialysed skim milk, milk whey, soy protein, and other protein

hydrolysates.

67.  The infant formula of claim 66 further comprising at least one
vitamin selected from the group consisting of Vitamins A, C, D, E, and B
25 complex; and at least one mineral selected from the group consisting of
calcium, magnesium, zinc, manganese, sodium, potassium, phosphorus, copper,

chloride, iodine, selenium, and iron.

~ 68. A dietary supplement comprising said microbal oil or fraction
thereof of claim 56.
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17. A met hod according to any one_of clainms 14-te—16—which further

corrprlsesforrrulatlngthefatty aci d | ect ed

group: . WO9/4§765har maceut i cal comoﬁmﬂﬂﬂllmﬁﬂ m‘ |ﬁ§ sai d %Hﬁgﬁ%p%z
phar maceuti cal |y acceptabl e ' nutritional formula;
an infant formul a; a dietary suppl enent; a dietary
substitute; a cosnetic; and an ani nal feed. 18. A

met hod according to cb%i m THedhmryesuppfbmchtpﬁéhm&@nﬁMa?munsnanyleast

suppl ement or dietary suhstit form olid

o P et hod apRPASRRSRERt selpefrd o ety Srbisfog REcortiveaif Sy or it o
infant formula, cgiof Gl ndiioPehe ceﬁ&eﬁgﬁbasfeye&bteaidtéuz eleaﬁmiﬂygea at | east
one macronutrient selected fromt rouE consi sting of coconut oil, soy

oil, canola oil wheh@lecandxabfsegslyml @(MK@%P’@W‘M otherprefsin

el ect rodi akysed ctrodi al ysed ski mred mi | k, ml|k whey, soy protein,
and ot her Epr ot eﬂgﬁﬁyag‘k?ysat es.

-123- 20. t ho I [ ' ny onal
formul a, infant forrru [ &&f@}%‘%ﬂ%‘%@e‘ﬁ&gﬁ%@%&gﬁ%@? @ﬁ?ﬁfe%%nt ai ns
at | east one vit g Vitdigingeleedd fronitte oy c‘um:sﬁﬂglsfvitammso@( G;D,8yandBA, C,
D, E and B conplex; and at | east one m ner al ted from.the oup

consi sting of caFemplex: saskatdesst,pre mingral selgsied, %@@e‘ﬁe S’ES’HP&HPs‘ﬁB't%’gLi um
phosphorus, coppg I n s, enise of
a m crobi aI host gce“ﬁbn?gélpﬁ m%?leQﬁazn%ﬁés‘%ééq‘dcﬁgﬁ?%gs%?%dSg(t)ﬁ?\mof&?sf atty
aci d. 240 Thehhade,aodmc,oheleglmamdanom 21 for the production of a product
conprising said fatty acid, said product being selected fromthe group:

a pharmaceuti cal corrpdsl ti dmeahnmmylsapplgmsmufcmm 63roat claim! 7y, whereint saddil | y

accept abl e utritipnal fornmula; an i nf ant
for nul a; Q‘WF&PR’C’Z‘E%F émstmd to a human orananimal, o j ¢ yt e
' 72. A dietary substitute comprising said microbal oil or fraction
thereof of claim 56.
15 73. The dietary substitute of claim 72 further comprising at least one

macronutrient selected from the group consisting of coconut oil, soy oil, canola
oil, mono- and diglycerides, glucose, edible lactose, electrodialysed whey,
electrodialysed skim milk, milk whey, soy protein, and other protein
hydrolysates.

20 74.  The dietary substitute of claim 73 further comprising at least one
vitamin selected from the group consisting of Vitamins A, C, D, E, and B
complex; and at least one mineral selected from the group consisting of
calcium, magnesium, zinc, manganese, sodium, potassium, phosphorus, copper,

chloride, iodine, selenium, and iron.

25 75.  The dietary substitute of claim 72 or claim 74, wherein said
dietary substitute is administered to a human or animal. '

76. A method of treating a patient having a condition caused by
insuffient intake or production of polyunsaturated fatty acids comprising
administering to said patient said dietary substitute of claim 72 or said dietary

30 supplement of claim 68 in an amount sufficient to effect said treatment.
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77.  The method of claim 72, wherein said dietary substitute or said
dietary supplement is administered enterally or parenterally.

78. A cosmetic comprising said microbal oil or fraction thereof of

claim 56.

79.  The cosmetic of claim 78, wherein said cosmetic is applied

topically.

80.  The pharmaceutical composition of claim 58, wherein said

pharmaceutical composition is administered to a human or an animal.

81.  An animal feed comprising said microbal oil or fraction thereof

of claim 56.

82,  The method of claim 54 wherein said fungus is Mortierella

species.

83.  The method of claim 82 wherein said fungus is Mortierella
alpina.

84.  Anisolated nucleotide sequence selected from the group
consisting of SEQ ID NO:13 and SEQ ID NO:15. .

85.  Anisolated nucleotide sequence from the group consisting of
SEQ ID NO:7 and SEQ ID NO:19.

86.  Anisolated nucleotide sequence comprising a nucleotide“
sequence selected from the group consisting of: SEQ ID NO:13; SEQ ID NO:
15; SEQ ID NO:17; SEQ ID NO:19; SEQ ID NO:21; SEQ ID NO:22; SEQID
NO:23; SEQ ID NO:24; SEQ ID NO:25; SEQ ID NO:26 and SEQ ID NO:27.

87.  Anisolated peptide sequence comprising a peptide sequence
selected from the group consisting of: SEQ ID NO:14; SEQ ID NO:16; SEQID
NO:18; SEQ ID NO:20; SEQ ID NO:28; SEQ ID NO:29; SEQ ID NO:30; SEQ
ID NO:31; SEQ ID NO:32; SEQ ID NO:33 and SEQ ID NO:34.

88.  Purified polypeptides produced from the nucleotide sequences of
claims 84-86.
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