METHODS AND COVPOSI TI ONS FOR SYNTHESI S OF LONG CHAI' N

POLYUNSATU TY ACIDS | N PLANTS
RELATED APWE&‘}%:@ This application is a conti mgﬁﬁyﬁzpart

of USSN 08/834, 655, filed 5 April 11, 1997, and a continuation in part
of USSN 08/833,610, filed April 11, 1997, USSN 08/834,033 filed Apri
11, 1997 and USSN 08/ 956,985 fil ed Oct ober 24, 1997 which discl osures
are incorporated herein by reference.

| NTRODUCTI ON 10 Fi el (METHODSIANDrCOMPOSITIONS FOR SYNFHESIS @t i on
relates to nodul ating | evels of enzynmes and/or enzyne conponent s

capabl e of altering BONGITHAINEREQUYUNSATURATED FATTYUACIDS INtRICANTS
fatty acids (PUFAS) in a host plant. The invention is exenplified by the
production of PUFAS in plants. 15 Backgr ound Tvvo mai n

fa_m;jl i es of {)_o:c_yugsgturacnassalg RENCGE LREL EED APRL fatty
aci ds, exenplified by arachidonic,acid, and the o c
exenplified by efﬁ? %@Fﬁﬁ@“&&?ﬁ‘°“mﬂ§[°gﬁg]sﬁ1@$:{%§§ bgarponent s
of the plasma ﬁol | 6}1‘ %ﬁ%ﬁfactoﬂﬁn bhmg}%ﬁ,’ﬁmbwﬁgx&?@ fl1ed!Agkil N, such

forms as phosp PUFAs so serve as precursors to other
mol ecul es of i nporlﬁ%déSSMO&f&%%S filed Apeil htysl 98 dndSHN G8/956:R85Udedg t he

prostacyclins, tri rosta | andi n are necessary
for proper devel o#fg E‘Bgﬁ??gg‘fc&q‘%?lq% fes are n‘f%m %%’F‘ES’BTA%@ PRt brain,
and for tissue formation and repair.

Fou  INTROCTION;
Four major |ong chain PUFAs of inport ocosahexaenoi c

Field of the Invention

10 This invention relates to modulating levels of enzymes and/or enzyme
components capable of altering the production of long chain polyunsaturated
fatty acids (PUFAS) in a host plant. The invention is exemplified by the
production of PUFAS in plants.

Background

15 Two main families of polyunsaturated fatty acids (PUFAs) are the @3
fatty acids, exemplified by arachidonic acid, and {he w6 fatty acids, exemplified
by eicosapentaenoic acid. PUFAs are important comp.o'nents of the plasma
membrane of the cell, where they may be found in such forms as phospholipids.
PUFAs also serve as precursors to other molecules of importance in human

20  beings and animals, including the prostacyclins, leukotrienes and
prostaglandins. PUFAS are necessary for proper development, particularly in

the developing infant brain, and for tissue formation and repair.

Four major long chain PUFAs of importance include docosahexaenoic
acid (DHA) and eicosapentaenoic acid (EPA), which are primarily found in
25  different types of fish oil, gamma-linolenic acid (GLA), which is found in the
seeds of a number of plants, including evening primrose (Oenothera biennis),
borage (Borago officinalis) and black currants (Ribes nigrum), and stearidonic
acid (SDA), which is found in marine oils and plant seeds. Both GLA and
anothewn PUFA, arachidonic acid (ARA), are found in
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acid (DHA) and ei cosapentaenoic acid (EPA), which are primarily found in
different types of fish oil, ganma-linolenic acid (GA), whi c? l E{O’Lﬂmd I n

t he WPAY46764 a nunber of plants, including evening pr

(Cenot hera biennis), 5 borage (Borago officinalis) and black currants
(R bes nigrum, and stearidonic acid (SDA), which is found in marine
oils and plant seeds. Both GLA and anot her inportant |ong chai n PUFA,

arachi doni ¢ aci d J( ARA e .f i .~ il ament ous fungi .. can be
purified from aniﬁaﬂ“e’%‘?‘ﬁsgﬁl‘é&“ W%%aﬁﬁf%mgh%m’ﬂm?d?‘gﬁ%{?ég? T84 1o
For DHA, a nunbendfhalsatidces exist for commercial production

I ncluding a variety of marine organisns, oils obtained fromcold water
merine fish, angoppBiA, @l dunibeP6t oQRTs exiftfor Ctnmercial HRBGHANS TS

i ncl udi ng the genera Mortierella, Entonophthora, ytium and

Por phyri di um can ifdudisgal vérsty of maringerganistos, 8ils pbiained filoorcoldwatermating

sources of SDA i ud . | C . ' rcial
sour ces of G_ﬁ [ 3@*’1&@ eéggﬂ%%%n&%oﬁw’(@g%%%c%ﬁ 3{5&?@%@8%%r age.
However, there arMortierdlafEntdmopktioral PRRfum and Porphywidiiacatbensed faromrer ci al
production of PUFAs fraqom natural sources. Natural sour ces of PUFAs,

such as ani mal s &REmsTeskmodycting Cemmetsdalspumsesof SDA indudedhegrof@ous oi |
conposi tions. TheI'r@hLéefw%ta%H@%ﬂiuH TBrhfER Rl SAtEes 5 GLEMEfuRE Bvenfhg €N

require extensive purifircation to separate out one or nore desi rged PUFAs or
to produce an oi lprimrbsd)blask emrdantad horagen élowevemn therd sl scvetdh tlisaduantages ces

al so are subject to..uncontrollahle.fl tions in availability. Fish
Stocks may 10 ° Steclbed b RRREC{A pfoduiion ol IS (O aefied ¥leel Nabdel
overfishing. Fi shopickfof FYRAS, such as'aRithA9amPlakta HRFtodace Bighlys, whi ch may be
| npossi ble to economically separate 25 fromthe desired product, and can

render such prodstesogenequs@btcappesitians: oldw oils obtained fonpthese surcasthereforg | s
and particularly f;j Ll : » t Vi Ielag=Tals lyt.ants.
Weat her and di seifg‘%%“%é%ﬁ%%@?‘%@%%%ﬁ? arfatfiogfgéskérrtg r%m’llg%‘lﬁ?lb?i sh
and pl ant sour cego pfodupd aneil swhichlis&irichédin qnead noire PBUFAL Nadtirel soatces also

oi | - produci ng crops i.S subject t oppeti,tion fromthe_steady expansion of
30  human pgﬁul 1 Wcam&ﬁcﬁ%"%@%@mm *%EHBP@F%%‘B

production on thpdergo nafufdl¥aiatitth Gl te deplRtbd ty RRFisMNCHisK BilPkALUCe
PUFAs, such as borage, have not "been” adapted to conmmercial growh and

may not perfor m waipleagant tastes and odors, which may be impossible to economically separatgp_

SUBSTI TUTE SHEET . oculture is thus
not economcally fﬁodﬁggtqeﬂr?/depr\%%crt’e%g C%Lenaéfos%%\%?%% g%?cg%g ésZ{?:? gr
establ i shed cr opssupplembstsgAaimal dils) 4d pagsitubarly fish oils,fcan agnimldton of
organi sns such as Mirtierella is also ex engii ve. Natura
S

t p . _._anjmal
ti ssues conta@ln |BiraRBeniRipotaniza Wenthes aad disease cep ea%}lm'egén yields ™
M croor gani sms s g, 85mRNhRRY ;;l 'tklmrféa.d CMpikddEhvatiivte ?Jr‘faﬁﬂ'!u&fidrfi&ﬂahte&ﬁte
cultivate on a comercial scale. etary suppl enents
and phar maceut i cadil-pducihgtiopsis snbjettad competition from Bighstendy expansiomph t he
di sadvant ages of ,the PUFA source.. Suppl. nts such fi.sh qil
capsul es can contiﬁm?fmlpc?\}?/ﬁ‘aé?f%ﬁ zgx% °?ﬁ%€°‘§g$iﬁ°ﬁqﬂf‘°§_rc“=8§§?’rf8%ﬂ @8%%\98_88 e 10
thus require | ar gemdRSaofaeble Hndh Ciessa@isich 86 producd PUFAYSGEH Hbodigelhayd | evel s
of undesi red conponents, including contam nants. Care nust be taken
in 25  not been adapted to commercial growth and may not perform well in

monoculture. Growth of such crops is thus not economically competitive where
more profitable and better established crops can be grown. Large scale
fermentation of organisms such as Mortierella is also expensive. Natural
animal tissues contain low amounts of ARA and are difficult to process.

30  Microorganisms such as Porphyridium and Mortierella are difficult to cultivate

on a commercial scale.
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providing fatty acid supplenents, as overaddition may result in suppression
of endogenous bi osynthetic pathways and | ead to conpetjt) ]

ot her nece¥¥hf8ji6764 fatty acids in various |ipid fractiongb%%ﬁ®y€%%p

| eading to undesirable results. For 15 exanpl e, Eskinos having a diet
high in [err]3 fatty acids have an increased tendency to bleed (U S.
Pat. No. 4,874,603). Unpleasant tastes and odors of the suppl enent s

can make such regi neng,. ' LRy b 6 i : by the

pat i ent. DictRy 3Bk okl 1Eh shim Rl oBRE ing

bi osynt hesi s. Li PUFAscanedtain2he disddvintages of thePUBRA sourse. pSupplsnmants suchas| ei ¢

acid (18:1 A9) by a Al2-desat urase. A (18: 6,. 9, 12) i oduced

fromlinoleic ac?édh PQE?PSEES 2%@“@2}°%Fvﬁsﬁgﬂ‘e p(amcuf’adéggm}rcgg)@%mg%ggé 20: 4

[err]5, 8, 11, 1 ' : .. . . :
“J%‘ﬁ?"&?ggg Qoéﬁgedﬁ Rodagls %srﬁ?m ih tsﬁéﬂ)of high levelsof

catal yzed by a A5-de wever, anrnals cann esat Urat e beyond
the A9 positi 6n amdesiradcafponentsainoluding cnntaminantseiCare piugt eitgken in9) i nt o
linoleic 25 acid (.18: errd9. J12).. Likew . a-linolenic acid. , 18:3
A9, 12, 15) ca_nnc?f"‘;’&mg fa éac%ﬂlgg%gtgnaslgy °W§%P§3Y&ﬂﬁghéwﬁ{?§‘§f

i ncluding fungi %ﬁdb% At HiosyRthéfic pathwaysendl¢adto WBPEtititeswith 6theenabssary
positions A21 and Al'5. The maj or unsaturated fatty acids of

L ] r.poly- . . ¢ .
ani mal s t her ef or dathf acidsjin wémowém&;@eptm&m vira deading tg undesirablegpsylts. For

desaturation and | {1 nok.ej ' e .

[err]-linolenic fgm&ggls’%?@&%hayl% Jh%!ﬁg}i‘%(% %é' a%ldg‘%’avelgxq infeased

- 3- 10 tendency to bleed (U.S. Pat. No. 4,834/683)| UdbleaSinititaktes and odors of the

Pol y-unsaturated fatty acids are considered tqQ be useful foQr nutrjtional,
phar maceut i cal , iSHPRlementaran make sych eagimensywdesirablenardma ihikit compliance) ¢

pol y- unsatwrtﬁéggje;l@tty acids fromnatural sources and from chem cal
synt hesi s are not sufficient for comercial needs. Therefore it is of

interest to obtain gengetic ri.al . ovol ' i i S
from species that natu %\l\m?/erﬁigx&z[}@ts%@ l%{ml_tb g&égx.eﬁ?gﬁb 3} sglylﬁ lean%X{é%)chagidpr ess
the isol ated nat gLARES:3|A0N€2)dE pioduécddm dleicO4tid (18:1 A9) bypa NE2-deahagwels
system whi ch can be mani pul ated to all ow production of conmmer ci al

quant idt i es ofl SPUFSA (18:3 A6, 9, 12) is produced framdinolgic agid fbAni8:2 Mol Dya 4&i d by
A6- [ [ | PN 5,,552, 306 614,,393.
B oduct ! on of °8, sai‘t.?%?%béﬁ&@ﬁ'féiMeﬂ§§4er°dusfm%°w@$‘<?fr§?§%iﬂa?ﬁilﬁi i s

di scl osed i n USP, Guiagfifila ARHBANENOHNover, animaAlAGARG ARG teydhd O Y
di nofl agel l ates is J‘;eigcri ed ?n USENGS, 407e’v§r5%r-nm Cl oni ng oBf\eya

AG- desat ur ase fr cthe h® pesition anditherefard ezhnticdnstt pleid aoid(180hA9YGntHinol€é/ 21022.
Cloning of A9-desaturases is descrjbed  in the published patent

appl i cati ons PCT agid G824%12). Inkewisgaplinglonippcid€ALA, 48:3 A% d2aL5) cpmnod 44
263 A2, and 0 | ' 4 ' r -
dosat uf aces Fromrayndideddby Atmall, Gt eliclydied trinfihg Bfiatd pafth Hed
94/ 11516 and USPNnaymés3whicH desat@iite appasitions 220 anadnis dResmajoopolyar i ous

unsaturated fatty acids of animals therefore are either derived from diet and/or

from desaturati.(m and elongation of linoleic acid (18:2 A9, 12) or «-linolenic
acid (18:3 A9, 12, 15).

25 Poly-unsaturated fatty acids are considered to be usefui for nutritional,
pharmaceutical, industrial, and other purposes. An expansive supply of poly-
unsaturated fatty acids from natural sources and from chemical synthesis are not
sufficient for commercial needs. Therefore it is of interest to obtain genetic
material involved in PUFA biosynthesis from species that naturally produce

30  these fatty acids and to express the isolated material alone or in combination in
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20 organisns is described in PCT publication WO 93/11245. A A6

pal m t oyl - acyl carrier protein desaturase from Thunbergi and
its expresWPIV4TR4E. coli is described in USPN 5, 614,%%6.?59@2%%@59 on
of a soybean stearyl - ACP desat ur ase in transgeni ¢ soybean enbryos
using a 35S pronoter is disclosed in USPN 5,443,974. 25

SUWWARY OF THE | NVENTI ON Novel conpositions and nethods are

provi ded for preparation of poly-.. unsat yrated .l on hain f.atty acids
and desat ur ases i%heg?rgﬁggusaﬂgwﬁ’ly which gan hemanipy aEa & aﬂo%ﬁﬁg‘é‘%wpr?gol ve

grow ng a host pleniméeial quahtiiicsdPERAS.ransformed with an expression
cassette functional in a host plant cell, the expression cassette 30
conprising a transcripgional and trans|atiopal initiatjon, regulator

r egF on, j gi ned pthe presentamvention is er directed to formulas, dietgx%'_ y

SUBSTI TUTE SHEET sugplements or dicta_r}a supplenialtsig ule BRR gf'a }%\gd%r %i@?ﬂ%ﬁmﬁg

encodi ng a desaturase pol ypeptide capabl e ul ati ng
producti on of $PURhs longxchaindathyacidsiof thecinvesianyu These formulas andisyppements

provi des for an al teéatﬁd’&g‘n. Ln#the PUFAé’E,r ofile. of host plant cells as

a result of alterBaY SoAtmRisteryd 9 Aduman o 35 pimal. .\ o ved in PUFA

bi osynt hesi s. 5 o ti (iul ar, interest |5 the selective control of PUFA
production in plant ti Em“asandSHRﬂF’BFmﬁPgﬁlF“bV&PF%ﬂ%X T eI at ¢ oot

fruits and seeds.jeddignd MY&GBhAtABNsIREE from the YRfip'cBhsihB R tocontlt dillGoy 21 9€
scal e production of DHA, EPA, ARA, and GA and for nodification of

the fatty acid pr@hicerolaeil,quors- endighycenidessglueosereditle lagloseelectrodialyped t s .
10 I ' t. furth i,ncl ud i £ ed l eotid
sequence or 100 WAS? SRl T B it ik wRE oY BEpdnat debF Prfil i ©°

honol ogous t o t hehydrolysaté3uicl eoti de and pepti de sequences presented in SEQ
IDNO 1 - SEQ ID NGO 52. The present invention is further directed to

net hods of using the sp@URAREEs of the prebér® &fvehi®sh iy fiFfler IchIEE atlledsPoEQ | D
NO 40 as probes to identify related 15 sequences, as conmponents_of

expressi on syst engitaatn selectedfipm thegroup ponsisting af Vitamins Ay D4 E, ard Bpr oduci ng
transgenic oil. complex; and at | ast&;%emﬂfc?aﬁgﬁ% tl:({]ﬁ'gﬂttﬁé) ohécéﬁﬁs&inﬂ) directed to
formul as, dietary ’ suppf'emen s or |e‘fary supprenents 1n°the formof a
liquid or a shii dcaluimhamagmesium, zinc, thirggahesagsodivm, pofassitiny, pirosplsorad, copyper,

I nvention. These f?r[’(rjul a%ﬁ and su'Bgl eqents 20 may be admi nistered to a
human or an ani mefhloride, lodine, selenium,and i108, | as and suppl enents of the

i nvention may further conprise at | east one macronutrient sel ected

fromthe group consi st Thfpresentisrention isfurtherdjiected to a method of gheating apatientipno-
and di gl yceri des, sedi Gt RitEe | e ey

el ectrodi al ysed Si@ﬁfaﬁ@nﬁﬂlcﬁs&gg’ soy E)r ot eitor%?wgglc‘fyo}tﬁgplyﬁ%at el nX25
hydr ol ysat es. fatty acids comprising ddministesing ¢f the Ipatignt e déetdry isubstintte of therny

further incluge at |east. one . .
ﬂf 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.

The present invention is further directed to transgenic oils in
pharmaceutically acceptable carriers. The present invention is further directed
25  to nutritional supplements, cosmetic agents and infant formulae containing

transgenic oils.

The present invention is further directed to a method for obtaining
altered long chain polyunsaturated fatty acid biosynthesis comprising the steps
of: growing a microbe having cells which contain a transgene which encodes a

—_—
—

4
is Sheet Has Been Replaced

T

REPLACED




vitam n selected fromthe group consisting of Vitamins AL C, D, E and B
conpl ex; %%Mﬁgaast one mneral selected fromthe group ceagysssiorgeiof

cal cium ghesium zinc, manganese, sodium potassium phosphorus, copper,
30 chloride, iodine, selenium and iron.

- 5- SUBSTI TUTE SHEET

The present invention is further directed to a nethod of treating a patient

having a condit i QRngRHE BbrBMionprodiict ®hichidedatisfteds fatlyAdidahblesul®ht carbon

pol yunsat ur at ed fatty acCids conprising admnistering to the patient
a di etary substi tid er fromghe carboxyl ¢ndafisaid sty avidmoleswlenvhareinfhei ent to
effect treatnent of | . . . ' lon is
further directed lfagg%‘ggﬁ%ﬁg%s& o‘f)lﬁtae? nvatélea&teﬁxglgﬁs&pgon@ro?geg%ngg | (g){ls of the
materi al of the idaudifibhsWhereby the transgene is expressedwitepetly lompyeiadri on is further
directed to transgenic oils in . .. pharmc uticiaj lﬁ\ﬁ a&ceptable carriers.
The present i AverRolpysatarated fatheacidibiogmthegis in the cellgisalteteds | onal suppl enent s,
cosnmetic agents and infant formulae containing 10 transgenic qils.

The present inventi on The presentinyentipn iscugtheridirested iqwasd phasmagmtiealni ng

altered | ong chain YA t | ' ' ! t he
st eps gof X Igﬁ'og&%%}lég?%c o %ﬁk\% tr%l eggﬁ%gp%ﬁ%ﬁ%éﬁggiﬁaﬂo?gﬁggene
whi ch encodes a of a vitainiigasniaaal, @carbekgdraw, Psupdt) ah amiriocdeid) e Siee fattyt aeid, a

fatty acid nolecule at. carbon 15 . 55 é)r 2 fromthe carboxyl end of said
fatty acid nol ec A Bhosphelipid, an fioxidant, an Pﬁéﬁ’@h‘%c‘i’@?‘ﬂﬁ’ér ably associated with

an expression control sequence, under condi ti ons whereby the
transgene i s MkprRelevant Liferature; | ong chain pol yunsaturated fatty acid
bi osynthesis in the cells is altered. The present invention

is further directed t®mdutiohaf gammadinokhic20id bycoMpdesaturasads dasentheddnng at

| east tri | f i St | . of.a.vitamn,
mnoral . a car bohySPare 208 and PSPEEs KD, FhicRh PP d reicopifioBigeld ™ M 3
phosphol i pid, an gy 'mh%gsna alpind ifdifd1efRalin DSPREBMEBA]. Production of. BRI EF

DESCRI PTI ON OF THE W NGS ) Figure 1 shows possi bl e pat hways
for the synthesi sdaspsabexasnpig@piddbysdinoflageilates(is desgripegsl indJSPN 5,49%95% g

stearidonic agcid £18:4 A6, f i { & -a6) _— rr])
froma variety of é%’f‘g‘&rﬂ gr&@*ﬁ%@?ﬁ%ﬁhﬁ‘ %o?@g@?h%‘gﬁefﬁelﬁg’#ap ug H&atﬁé%aﬁs .
These PUFAs can seg/yf22s Qlérfifg!bSAY-dedafuresRIdes0bEE i @8 ph é%ﬁeﬂéntf or humans
and ot her animals, including prostacyclins, |eukotrienes, an
prost agl andi ns,  applicationsBC3T Wah9 I 1392 cER ASGM 162 Al, EP 0 561 569 A2, EP 0 644
e 263 A2, and EP 0 736 598 Al, and in USPN 5,057,419. Cloning of A12-

desaturases from various organisms is described in PCT publication WO

20  94/11516 and USPN 5,443,974, Cloning of Al15-desaturases from various
organisms is described in PCT publication WO 93/11245. A A6 palmitoyl-acyl
carrier protein desaturase from Thumbergia alata and its expression in E. coli is

described in USPN 5,614,400, Expression of a soybean stearyl-ACP desaturase

in transgenic soybean embryos using a 35S promoter is disclosed in USPN
25 5,443,974.

SUMMARY OF THE INVENTION
Novel compositions and methods are provided for preparation of poly-
unsaturated long chain fatty acids and desaturases in plants and plant cells. The
methods involve growing a host plant cell of interest transformed with an

30  expression cassette functional in a host plant cell, the expression cassette
-5-
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SUBSTI TUTE SHEET Figure 2 shows possi bl e pat hways for
producti on_of I n addition to ARA, including EP again
conpi |l ed fwgrﬂsgk{?gfi ety of organisns. Fi gure%ﬁ?%gs O%s t he

DNA sequence (SEQ ID NO 1) of the Mortierella al pina A6 desaturase
and the deduced am no acid sequence (SEQ 5 ID NG 2). Fi gure
4 shows an alignnment of the Moirtierella al pina A6 desaturase anm no

acid sequence w : H .. . el : QID
Nos: 7.8 o, 10, STTPHRGE auhlorfidial Ehd ik iiofl] i H ERUSRARE ol S
sequence of the Nbrdadingdtane $ikpa DNAAEQuéte encielirgp adesataragSpadypdptitle 3) and

t he deduced am no agid se nce (SEQ.I D NO. . Figure 6
shows t he deduced’a%qch&%%fs%%ij“ia@g ductigpof PEFRe, @ﬂ?})’s%?n of the desptyaspCr
fragment (see Ex%g}p@ . : s o3 okﬂﬂax@@é guence
of the Mortierella al %tiiar?gmAvad?LSSformdael?segatht?rﬁégg{e?gg%&PIE‘;%I{I%\.I% . HI gur(le shows

al i gnment s of 5t ha rpsult ofialtered gomoentzations of enzymes involyed isBUEA diasyithexs.| D NO. 6)
ith 6 desat . l, SEO.J D.NGS:, .15, 16,
T e gur e SRR MR SE PR oA froiisof e difics ' s

29 and contig 253hd®aplaht ghts SuchlasIEuves; redts, FHii Ahd seells.! Tike invention Finas$ ei n
sequence of Ma 524 and conti g 253538a, 2 RIL.EF DESCRI PTI ON OF

, 0 B
THE SEQUENCE L| Shssfes example in the large sqals produqtion of DRWEPA, ARAand Ghdence of

the Mortierella [ : : ai@g NO 2
shows the am no Zd(k:l? &?g%ﬁ%%éggng thter% rt gﬁgﬁe?ffd}ﬂl%? lfa]%t tissues i?gt ur ase.
25 38Q I1partdlO. 3 shows t he DNA sequence of the Mortierella alpina
[err] 12 desat ur ase. SEQ I D NO 4 shows the am no acid
sequence of the Morti dhelprasentlipvention furtheAiheludesaputifiedaucleotide sequence or
-7- . . SUBSTI ,TSJTE SHEET

polypeptide sequence that is substantially related or homologous to the

nucleotide and peptide sequences presented in SEQ ID NO:1 - SEQ ID NO:52.
The present invention is further directed to methods of using the sequences

15  presented in SEQ ID NO:1 to SEQ ID NO:40 as probes to identify related
sequences, as components of expression systems and as components of systems

useful for producing transgenic oil.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 shows possible pathways for the synthesis of arachidonic acid

20 (20:4 A5, 8, 11, 14) and stearidonic acid (18:4 A6, 9, 12, 15) from palmitic acid
(C16) from a variety of organisms, including algae, Mortierella and humans.
These PUFAS can serve as precursors to other molecules important for humans
and other animals, including prostacyclins, leukotrienes, and prostaglandins,

some of which are shown.

25 Figure 2 shows possible pathways for production of PUFAs in addition
to ARA, including EPA and DHA, again compiled from a variety of organisms.

Figure 3A-E shows the DNA sequence (SEQ ID NO:1) of the

Mortierella alpina A6 desaturase and the deduced amino acid sequence (SEQ
ID NO:2).
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PCT/ US98/ 07421 SEQ ID NO 5 shows the DNA sequence of the

Mortierella alpina [err]5 desat ur ase. D NO 6
shows theWﬂ&7%i d sequence Mortierella al pina A5 Pcré%ssé{o:ﬁqrzgse.

5 SEQID NO 7 - SEQ ID NO 13 show am no aci d sequences that rel ate
to Mortierella al pina A6 desat urase. SEQ I D NO 14 shows
an am no acid sequence of a PCR fragnent of Exanpl e 1.

R ek A e R

to Mortierella al pina _
SEQ I'D NGO 30 shoy{R6Reidl defBince RGHYREP A6 desaturases and related sequbhees QSSEIIEng 1 -

SEQ I D NG 37 show human nucl eoti de sequences. | D NO 38
- SEQ | D NO 44 sNO&:Th8pan1(yépt i2dandddpuences. SEQ I D NG 45
- SEQ ID NG 46 show the nucl eoti de and am no acid 15 sequence of a

Di ctyost el i um di scoi dRigure Sk-Pnstienaske DNA sequence of the Mortigfe{JaldlpinOAIZ - SEQ

| D NG 50 show t he nucl eoti de_and deduced ., am no aci ence of a
Schi zochyt ri uin cepeatugase (BEQ ID NO:3) and the deduced am%ﬂwcﬁgsﬁﬁgﬁ?REFERRED
EVMBODI MENTS 0:4) In order to ensure a conpl ete understandi ng of
the invention, tNe ) 20 follow ng definitions are provided:

[err]5-Desaturase: A5 ' ¥ ' ' . )d&tuble
bond bet ween carbons E%E?}egé %{%%?s?r#é?@g%%%oxy }@;&%ﬁe&@&i@@%yd

nol ecul e. the PCR fragmentdsec] Exapdal)ur ase: A6-desaturase is an enzyme
whi ch i ntroduces a double bond between carbons 6 and 7 fromthe

carboxyl end of a fat FjguacTA-IEHoMWEth€DNA sequéfce of the MottRiéllPalpRaaisur ase:
A9- desaturase is an enzynme whi ch introduces a doubl e bond bet ween

carbons 9 and010 désabreset(SEQADMNA). end of a fatty acid nol ecul e.
- 8- PCT/ US98/ 07421
Figure 8 shows alignments of the protein sequence of the A5 desaturase

(SEQ ID NO:6) with A6 desaturases and related sequences (SEQ ID NOS:15,
16, 17, 18).
Figure 9 shows alignments of the protein sequence of the Ma 29 and
15 contig 253538a.

Figure 10 shows alignments of the protein sequence of Ma 524 and
contig 253538a.

BRIEF DESCRIPTION OF THE SEQUENCE LISTINGS
SEQ ID NO:1 shows the DNA sequence of the Mortierella alpina A6

20  desaturase.

SEQ ID NO:2 shows the amino acid sequence of the Mortierella alpina
A6 desaturase.

SEQ ID NO:3 shows the DNA sequence of the Mortierella alpina A12
desaturase.

25 SEQ ID NO:4 shows the amino acid sequence of the Mortierella alpina
A12 desaturase.

This Sheet Has Been Replaced

DAL

-7-
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REPLACED
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Al2- Desaturase: [err]l1l2-desaturase is an enzyne which introduces a
doubl e bond between carbons 12 and 13 from the carboxyl q,&f(u ;‘gﬁy aci d
ass o

mol ecul e. WO 98746764 Fatty Acids: Fatty acids are

conmpounds containing a | ong 5 hydr ocar bon chain and a term nal
carboxyl ate group. Fatty acids include the fol | ow ng:

Fatty Acid 12: 0 | auric acid

;SI 8 pal m ti Csrfqgﬂyos shows the D%?quexéé oélhe Mortierella J?MAtsOl ellg 1
oleic acid desaturab&r r] 9- 18: 1 18:2 [err]5,9

taxol eic acid A5,9-18:2 18:2 A6, 9

6, 9- oct adecadi enoi ¢ aggE) 1D 8sﬂ@wgthe ammo acid sequence Mortiérgllgalgina A5
linoleic acid [err]9 12-18: 18: 3
[err]6,9,12  gandesatbfasel eni ¢ aci d A6 9 12-18: 3 (GLA)

18:3 A5,9,12 pinolenic acid [err]5,9,12-18:3 18: 3
al pha-1inol enik acid SEQKID]ND 72 SER IIBNB: 13Ah8y amino acid sequences that reldt8- 4
stearidonic acid Ir ? 12,15-18: 4 ( SDA) 20: 0
Arachi di ¢ acid t°M°”’”ela"P’”“A6 doggtupase. Ei cosceni ¢ Acid

22:0 behehic acid 01 erucic acid
22: 2 Docasadi B2 NQ:l 4 shows an amino acid sequencez!f aPQR fragment of

arachi doni ¢ acid [err]5, 8,11, 14-20:4 (ARA 20: 3
[err]6 [err]%xaénpéo%atrienoic A8,1 1,14-20:3 (DGLA)

?Ie:](r)]ng garlrrlrall4| 23' gg' gSF(‘%BB\)NO 15-SEQID NO: lSZS?XOW a['mno chd sequences &ta?l'f négﬂlmcc
aci d) 10 to Mortierelladdpira [&9%& 3.6 desahuﬁs%&r] 3-eicosatrienoic Al
1, 1 6,17-20:3 24 [err]3

{ZH}? O OO D eosanent EQID NE19- éﬁﬁ?lﬁ??%lé"wg"cé’%mﬁs°ﬁ“‘j‘§f§pA)
22:6 [err]3 DOC%@G%W@&CSBQZQPIgéizﬁskgw%%n%ﬁ’nﬁ&e&?de%eém s.

(cervonic acid) I'gnoceric
-9 PCT/ US98/ 074454 1D NO:38 - SEQ ID NO:44 show human peptide sequences.

SEQ ID NO:45 - SEQ ID NO:46 show the nucleotide and amino acid

15 sequence of a Dictyostelium discoideium desaturase.

SEQ ID NO:47 - SEQ ID NO:50 show the nucleotide and deduced

amino acid sequence of a Schizochytrium ¢cDNA clone.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
In order to ensure a complete understanding of the invention, the

20 following definitions are provided:

AS-Desaturase: A5 desaturase is an enzyme which introduces a double

bond between carbons 5 and 6 from the carboxyl end of a fatty acid molecule.

A6-Desaturase: A6-desaturase is an enzyme which introduces a double

bond between carbons 6 and 7 from the carboxyl end of a fatty acid molecule,

25 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.



Taking into account these definitions,
DNA sequences,

novel
pr ovi ded WO 98/46764

chain fatty acid content
transforned with an expression cassette

a pol ypeptide capable
PUFA in a plant cell

of

rhse:

eqgr

of plant cells.

t he present
DNA constructs,
whi ch permt nodification of the pol y-unsaturated | ong
Plant cells are

5

i ncreasi ng the anount of

prepared which provi déq?f)sfr)éﬁgm

invention is di

rected to

net hods and fGXR@8HIkPNS are

conprising a DNA

one or

SRR ARG W B8 | (e

encodi ng
nor e

genome of a host dutblebohbbétweer bﬂb@fsazrmdilblﬂoatﬁdckxbomyipnésﬁaﬁatWanisie or
a pol ypeptide(s) that has desaturase activity. By

anti sense DNA encodi n
10
nore fatty

any chain of gm

post - transl ati On;}gld?&caﬂil Cé.%l on,

xylate rouhep

y-unsat urat ed

ourgé CORfaig

t1on or

" desat ur ase"molEcylet ended a pol ypepti de which can desaturate one or

acids to produce a nono- or pol
aci d or precursor therEasty Aeids: Fatty acids ar¢,a elagsaf comp

H%&] h ?e?ﬁnrﬁi carb

exanp

fatty
§s neant

adids mclude the

phosphoryl ation. fpllewigbstrate(s) for the expressed enzyme may be produced

15 by the host cell

or

may be exogenously suppli ed.

To

achi eve expression infa nost celr, tne Tifﬂ_ﬁ@cmr med I3NK|S operabl Y
associated with trans “do* —oRa laar“cﬂacé' aRstat-epat—Rt-ator—aft-

term nation egul at o r!egl ons that fare functional in the host
cell. Constructs conpfléi ng th<=palmltlcacld gene| to be expr essed cah provide
for integration into H O didEacgost et 20— or can
autononously replicatg 1n the host cell .  For production of linolelc acid
(LA), the expression tHettes|§&€r¥ |y used | nclude a cassette |which
provi des fo'er‘ﬁE%iwrcase activity host cel |

whi ch produces or can

_ Ag)&r;ﬁlcularlyln_a
@ 4 usg%é'fﬂ_f‘i' | ude a casse

h of ALA,

the expressi on casset { B2 gher 4F /e act te which
provides for [err]|5 0183489 ] 3|daemhdecadivmicacit| /a6918:2 25 parti cularly in
a host cell which progus A—t-oca—tH—A HeHor—of
GLA or SDA, the expresgsion cass-glﬁl%eg&meneral |y K’s"é‘”‘?‘r’é ude a cassette
whi ch provi des3 AGH,12A¢ eahesalinglesis widact 66,?,32 l8g%(ﬁH~buI arlyjin a host
cell which produces o er——u-p—t-ﬁv respectivel y.
: 183 A%9.12 GTeic A5, 12185 F
Production of [err]6-1y Sdﬁ ?nat ed fatty acids, suchlas LA or
GLA, is favored in a )Il%'tht capctblpba'@ﬁlemwhm ngAAIZSHY:3 (ALA)30  j phi biting
the activity of a Al5 WWW;hed by
provi di ng an expressi @qn_cassettle for_an antisepse A{S or Terr]3 tfanscript,
or by 20:0 Arachidic acid -10-
PCT/ US98/ 07421 201 O JTEkascenidAcd ALD of [err] 3 desaturase|gene.
Simlarly, production LA-ortALA_I-S avered—nr—a—ptantq{havi ng A6
desaturase activity bﬁfj? ovi di AG¥R & r essi on cassette flor an
antisense [err]6 trangexipt, or eby:lcdmtr upt i ng a [err]6 desat ur ase {gene.
Production of ol eic a¢igzt Socissadnay et e prant—tavi g AL
desat ur ase 5 agtlvity byl providing an expression cassette flor an
anti sense Al2 transcr i|B84 by arachidonicagld (jj sy | #SBAH1420RIARYLsat ulase gene.
For production of ARAS5EEe EXDT|Cs6sdicdbatmiencic MATRFIOADOERFT al 1) used
provides for [err]5 dgsaturase adn{omwthmalmmsﬁ,¢cul arl y in a host
I Drnr~|||r [orrla +\:nr
ﬁﬁ'sgt‘é‘f‘;tcgdprOduces ON5530s s odua R SRS Ry Y P
(Timnodonic acid)

20:3 w3 w3-eicosatrienoic A11,16,17-20:3

20:4 w3 w3-eicosateiraenoic Ag,11,14,17-20:4

22:5 w3 Docosapentaenoic A7,10,13,16,19-22:5 (w3DPA)

22:6 w3 Docosahexaenoic A4,7,10,13,16,19-22:6 (DHA)

(cervonic acid)
24:0 Lignoceric acid




fatty acids, such as ARA, is favored in a plant capabl e of producing ALA by
10 inhibiting the activity of a AL 5 or [err]3 type desaturase; this is

acconpl i sh¥ Py A6764 provi di ng an expression cassette BCHUSIRVI | sense
[err]1 5 or [err]3 transcript, or by di srupting a Al5 or [err]3
desat urase gene. TRANSGENI C PLANT PRODUCTI ON OF FATTY
ACI DS Transgeni ¢ pl ant production of PUFAs offers several

advant ages over . | fi,cathbgn.fromnatural sources. such as fish or
plants. Producti O'.Ir‘]akgggsygeﬁ:g&unt Ehe@é d&ﬂuté%s&e P‘Fefﬁ%?}“é'% ‘ﬁaﬁ?#idqtgﬂpgel

provi des the abi IDNA dequenkés; DNA Coridtritts, ahdthods and compositions brelpravadedl ant fatty
acid profile by provjding new synthetic pathways in the host or

by suppressi ng unyigh pernthmeaifisition of the paly-unsairated;long chain &ty agid centent ed

PUFAs, or conjug ﬁﬂarft Pthnﬁ' f [ S ndesi r ed

20 PUFAs. Pr odi‘?:tlon{'%lig‘s att%agc%ggﬁﬁ %gﬁgggﬁig@rg%grﬁ%?gaepgo offers the

advant age 5  compirising aDINAensoding o polgpeptide capable@f ingseasing firerdmotuit 6ff

ti ssues and/or plant gﬁart reat | zoi ncreasegél evel s of
|

.t hat,
desired PUFAs in THfdE &9 E‘s‘ﬁgg‘gimmFelbaPﬁsgaggﬁn%gfaﬁm nstrpgts magbey ed,

maki ng recovery fgepartd\aiiRh ptovideSror [HRdpPatdn OF tHE ekpressidiPéassette into the  €Xanpl e,
t he desired PUFAsls can be extgir‘essed inggaeed; met hgﬂdglof. I sol at%?nge 25

seed oils are welgenemesbpihestsell. Hastgalls are omanipulateddo exjiresy asessewrce f or

i fi i . ' . L . b
Iror;:\ : p :J f gt 138 r]t hr o uagq%meenf f) Fﬁéqs‘g ?%ér? aﬁg a%%lfﬁ:%pmgeiﬁgkéag hﬁﬁegé@rq%eg%ﬁftﬁgﬁy h g r al one

or in conbi nal0 orf‘desdrirase”’lieintepdeds polypdptide which can desatu@dt® BEEPGfiore fattydr ovi de
seed oils having a:lcé%art i cular PUFA profile in concentrated form

The concentr at ed d0 Brqduce #mone-A1 poly-unsawrrtedfalty, aqid pr prepursor thegeafof 30

synthetic or semj hg{ K ) o g 7! f e human
S Ber eole ) Folfbeplite 1S ukRiedR ik Bf Ao oM BPUMREEC, Tod. or

in cases of mal nolengthlonpest-transiationebwedifination, for exampigtglycesjdation caand i nf ant s.
For production of ,PUE e di ng .u he host cell., the availability
of substrate, and® }{Oéj%léi@g&?)g %ﬁ&gﬁﬁg@{}é@( t§5: “@%%‘f?ﬂzyﬁs WHS’&W@?A

particularly 15  bybthe hogeall bf Magbe extgendiisly supplie@st i ncl udi ng those

pol ypepti des which catal yze the conversion of stearic acid to
ol eic acid, LA to GLA T@ichitvé ekptesdidy in@'hoSf RliCthe transformed BN A id dpetably OF Of
LA to ALA, which includes enzyrrlvsa}s which desaturate a?mt he isdb y[err] 6,

[err]9, Al2, Al5 aspodiated vih renscriptional agbimaisltiondl initiationand taminationy a

obti mim of the ™PUgOREldE uPs b GRaRn R RS, UhisetEonpriyhy el
limting enzyme ogenateberapnesséd can provide fok hﬂédgﬁfon 16 ehdEdnoing @f diehastweRse
a desired pol unsat ur at ed

used is essentjal for synt hesis O{j [ Od%/- . |
fatty acid, | o7 @B aptgperapusly rplicatetr the hesk eclh Jioy pegsuctinn of fingleic acid

expressed pol yp_ep(fﬂpg,em%ﬁéx%sﬁm c?ésiéﬁés %@eggy?ﬁ%ﬁﬁae@@éa]sg& ggériér{prsm s

bi ochem cal environnent of 1ts |ocati ost ce xanpl e, the
15  pol ypepti de forplhdesatirase@activityt particwlartyiinst hioat eellwhith proleres eneapnmes i n

t he host cell..An es_of the err] and specific activjty of
the pol ypeptide | A<GEREkEI R FoR Broductiqtypti ity the SfpecsBign epseies geperaly

e g i b o
particul ar si2Suatpasticuldrly iafaciost dell whieh proiludes oncanftakeatp ok, Bordsroductien of
condi tions GLA or SDA, the expression cassettes generally used include a cassette which
provides for A6 desaturase activity, particularly in a host cell which produces or
can take up LA or ALA, respectively. Production of w6-type unsaturated fatty
acids, such as LA or GLA, is favored in a plant capable of producing ALA by
30  inhibiting the activity of a A15 or ©3 type desaturase; this is accomplished by

providing an expression cassette for an antisense A15 or ©3 transcript, or by
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20 present in the intended host cell but otherw se can be any pol ypeptide
havi ng . desaturase activity which has the desired m hyStic
of bei ng THPAHIEISY nodi fying the rel ative producti on§%$a
desired PUFA. A schene for the synt hesi s of arachidonic acid
(20:4 A5, 8, 11, 14) frompalmtic acid (Cerr]) is shown in
Figure 1. A key enzyne in this pathway is a Ab5-desaturase which 25

converts DHy-linolenic i.d A. ei cosat L enoj c ' t ersion
of [err]-linol ena@“’ggf’ﬁa?jé,&f%ﬁ%? %ﬁ?ﬁI ?I @%Y’ Bﬁ%g%ogel’sa_ u‘?‘g‘gggi S

al so_shown. favored i a A hiiflg A6 dEddnfsel R1iReby providiny f¥pression udi ng EPA
and DHA is shown I n Figure 2. A key enZyne in the synthesis of

ar achi doni ¢ aci dcdsgéitedof an aijtisens® A6itianscript, or by disrigtingfa Abrdesatusase geneci d
(Cferr]) is a Ab-desaturase which, copverfs the lipnolei¢ acid 30
[err]-1inolenic Beadyet $18 A% "SFW{SEH#"WWFHHF%H apt baving 412 desatyrgse

stear,dont ¢ gt Jsetivie by provilibg In'eRpAERA SIS 1 #rirdb RV raliBfpgbPIUCt 1 07

-12- PCT/ USB3Af3Adiihg a A12 desaturase geied FePpodadtion of AR QNS b@feskioni Ng A5
desaturase activity. I'n particular I nstances, this can be coupl ed
with an expressi cassettesgeottally weéd-propides/fod 4§ desaturase activity, ppriisulady imahest a

pol ypepti de havin rr] 6 desaturase activity . and, .optiopall

transcription cagébggﬁ‘i‘kf‘b‘g‘\cﬁ ?fgcaf‘iaﬁ“’ cﬁﬁt‘%\r gﬁ"‘g’lmﬁ‘ﬁ?#‘géﬁ@_gx@?gﬁgﬁées to a
[err] 15 5 farly RIRCHICRES ARAiOfHhveled il B?mheapaae%tgf‘oaﬁahgmm of
cassettes used depénds In part on the PUFA profile of the host
cell. Were ibe lnisbitingthe activity 6f aldEhonmAitype desaturase; thicis iavdomplisked bymi t i ng,

over expressi on of A5 desaturase al one generally wi]l be ) suf ficient
to provide for e@p@ﬁ@gaarp\pggprﬁsmqegﬁ_ormantxsense Al5 or ®3 transcript, or by

into

SOURCES OF POLYP HAVI NG DESATURASE
ACTIVITY ﬁﬁmﬂﬁgam&o]rgngu?eg%tgxag? g%%el. ypepti des havi ng desat urase
activity and ol i gonucl eoti des encodi ng such pol ypeptides are

or gani snms whi ch produmsﬁ]nmcP%ﬁﬁsbk%@&ggwﬁﬁﬁf%é&ysty acid. As

an exanpl e, m croorga avi ng 0 produce ARA can

be used as a source ofTréifsgelds plant produdion@s PUFAs offers seweralradoantages swer whi ch

GLA or SDA cag be used, as. a source of [err]6: %esa ura and/ or
r

e . .
[err] 12- desatltr aPurifjeation fromp EPUERS YRR R P Prediction ofB - hose

bel ongi ng 0. t e 4Gag ot J466:hbiRAAlahes G189idH) BRGbity 1JSAMePisManllyt ophat hor a,
Penicillium Porphyridium Coidosporium Micor, Fusarium Aspergillus,

Rhodot orul a, and oBenrdng plantifatty acidiprofile byiproviding sewsynhstic pathwyays grthe 20

R L o e R e T A

exi gua, Morti erelpUFAs, orcon[iugatdmm'bfe@f,Mﬁédr&_:sﬁidl&vdlwﬁimﬁbmd, var.

angul i spora, and Mrtierella alpina. . | Wthin the_genus, Micor, of
particul ar i APer &FAs Pragucsion of fatty eids dn transeanig plants also offersthe adyanipghi cus.
oe LAg, desd ! : il i
variety of agﬁﬁ‘gié. As a%l exggr%f%?ﬁg S%&%@sx%‘éa#ﬁ@f‘%lehﬁsﬂl redhﬁaﬁs

desaturase, for ehatigpdatlyguomeased levels of desired URASN thidsb tissueeand/orarts can
et el o o SEEBAT Hablhe BB BRI SRk Herpictror *hon.
natural |y occurr idxgmplectnd AelifldSPURAs finBelbixBresiddsh S&ld; mehelRest isdntidpe
25  seed oils are well established. In addition to providing a source for purification
of desired PUFAs, seed oil components can be manipulated through expression
of desaturase genes, either alone or in combination with other genes such as
elongases, to provide seed oils having a particular PUFA profile in concentrated
form. The concentrated seed oils then can be added to animal milks and/or

30 synthetic or semi-synthetic milks to serve as infant formulas where human

-11-



30 enzymatical ly synthesized from DNAs of known desaturases for normal or

- 13- PCT/ US98/ 07421 reduced- stri ngency hy c"rﬂ '5 |
met hods. WPI¥MTE4 coti de probes al so can be used ?{) scség@r‘lﬁ;ources
and can be based on sequences of known desaturases, I ncl udi ng

sequences conserved anong known desaturases, or on peptide

sequences obtained fromthe desired purified protein. A igonucleotide

pr obes 5 ed . s ' CES r EEEISQ.
enconpass the deg‘g%ggésgl&p%%ﬁgO%h&gﬁg(gﬁgﬂlgene&?gh% e, o?ﬁggg e gll ased in
favor of the prebeahadatscmddnfantsf t he source organi sm

A igonucl eotides also can be used as priners for PCR from reverse

transcri bed nRNA fr onFer pesdustion bf BUEAS,Wepéhdiifpliipon the st SRt availbility
can be the full length cDNA or_ can be used to gen r&te a, probe to obtain
P

t he 10  desPhubstraseand theglepiredriud produck(s)nse ypeptides, PRRiGUSHSBt ei n can
be entirely 3G Rdr | di ng that
pol ypepti de pserf%‘?sﬁewég% ) ?Q{‘iﬂcl‘x@ih@'lﬂg%g&lpﬁﬁgm re Qg{e%lr%%ﬂ% or cDNA
has been i sol at echnvetsionaof stearic acid to oleic asiggLiArto &L AyofAIAbo SRAhafddeic | t i s

Suoh that mult1 pRaSEckAerrartet BrAEAvERh B Fulse srrvmes it drsotimle m e L%
still expected t@agl RRAIDOATPEHY pHitoris 2 CBfsifdratiins Ferhdoding h SgecifRsul ting

deduced sequence, particularly in regions having repeated
dommi ns, ext ensi pelypeptidadiaving desaturase activityrinclude the pbroptinusmaf thease

conpositions,,such as r.eqi i th hi QC base, .. : content . en

di scr epanci ellar P@%?eanélﬁ’gﬁ%@ﬁ%‘%%ﬁ?ggge ‘é&ﬁgtei‘ﬁa%%m%? c.omponen\/\h. _
speci al et hods. th2RE vlhetiBp tHetSatimBe h928 s EiSerttal RE bthasRBfAMebifd podyndi t i ons
20 by using: different tenperatures; different enzynes; proteins which

alter the unsatusgied fatty agid, and/erneclartersrequirediby thopolypapyder Thae der
structures; alte | : | at ed dGTP;
di fferent gel co%& F‘?gﬁgéép?@?pr&%ﬁlgygas p&?&ﬁ&eﬁ%g%gtlﬂ%%ﬁtﬂ%m de;

di fferent priner diochemicaleavivodmen béits hicatibnf ih¢iiechuist ctills tRonerample, the from
the problemrregion, or.different tenpl ates,such as sjngle stranded DNAs
25 Sequencilﬁg B&We %9\"%5’ W@F&"Bmﬁat"'w‘& other dnzymes mgt}\eﬁ}grs t he

most part, some gg)l ahhalfes bPthedOhdikpe AR SRRty (R hel filypRptiddRfubsidn

havi ng desaturase activity is froma natural Source. 'I'n sone situations,
however, it is déhsreforsiase cansideredfip determipingsheanitability of 2 given palypsptide fozr

exanple, to - X SSi QF enpl ey f-erred
codons. Host pr'ei"éord }%@%Wégro%@éo%&ﬁ gﬂkg’ﬁ%g éggt gﬁhﬁﬁlgﬂéﬁffdg %Eﬁhlg % odons of
hi ghest frequencyartisulahsitiation thefedore is one which eanfapctioncinder thbeodditignst anount

In a particular host species of interest. Thys, the ) )
-14- PC2Y Usorssentap the intended host cell but otherwise can be any polypeptide baving

desaturase activity which has the desired characteristic of being capable of
modifying the relative production of a desired PUFA. A scheme for the
synthesis of arachidonic acid (20:4 AS, 8, 11, 14) from palmitic acid (Cy¢) is
shown in Figure 1. A key enzyme in this pathway is a A5-desaturase which

25  converts DH-y-linolenic acid (DGLA, eicosatrienoic acid) to ARA. Conversion
of a-linolenic acid (ALA) to stearidonic acid by a A6-desaturase is also shown.
Production of PUFAs in addition to ARA, including EPA and DHA is shown in
Figure 2. A key enzyme in the synthesis of arachidonic acid (20:4 A5, 8, 11,
14) from stearic acid (Cis) is a A6-desaturase which converts the linoleic acid

30 into y-linolenic acid. Conversion of a-linolenic acid (ALA) to stearidonic acid
by a A6-desaturase also is shown. For production of ARA, the DNA sequence

-12-



codi ng sequence for a polypeptide having desaturase activity can be
synthesized in whole or in part. Al or portions of the DNA so8Tue
synt hesi zed¥P38&8¥dve any destabilizing sequences or regions of secondary
structure which would be present in the transcribed nRNA. Al or portions
of 5 the DNA al so can be synthesized to alter the base conposition
to one nore preferable in the desired host cell. Methods for

synt hesi zi ng sequences and . bri ngi eque . are wel |
ostabl i shed in t hdSed spae nelyneptids havine A5 dedartirase %}%31@8@%'2@%@%%

sel ection, site-dijiffices] thititadRRapied with aleRpressi®ii¢assetta Which provides for

enpl oyed to obtain nutations of naturally occurring desaturase genes to

10 produce a polpypdustionief #polypeptide-haying AG desaturase petivityand; amsioppllsh anor e

desirabl e hys.i cal d ki.neti.c paraneters for function i e
host cell, such a?ﬂg‘i’éﬁ% Fasse% providing e &9#‘}‘4‘81‘ Bfaxg:semsa ﬁgqn%p%eﬁgo 32 fs"
production of 3 d%&&ff)ﬁﬁﬂ%ﬁﬂdﬂ&@%ﬁ Rhé&ie SPdombirtiof of cassettes used deFends in
Desirabl e cDNAs have | eéss than 60% A+T conposition, preferabl ess

t han 50% A+T conpgaittondhe PURAprofile af thedwistaell WVhete the hbstaeh dSwiesatumasef 20
15 base pairs, it is preferable that’thoirA%@re no l.ocalize reH' ons of
the cDNA with activity is {imiting, OVeTEXRTession, SARyass alensgengially YAl RE ndow of
60 base pairs, it {,fcientt id %%hﬁmp&ggmdﬁaghe are no |l ocalized

regi ons of the cDﬁkﬁ'\lﬂmﬁ og?rg‘éltgr rt an 60% nore preferably no

| ocal i zed regions with greater than 55% A+T conposi tion. 20

Mortierella al pina Desaturases gOURCES OE%@TM lcular interest are

the Mortierell.a al pina [err]5- desat urase and
[err]12-desat L}r%ase. The [err]5- egg?s;ragggA as Agn'%‘ no acids; the

am no acid sequence i s Adsources of palypeptides. having dgsateraseractiviity'and he Mortierel |l a
al pi na A5-desaturase can be expressed,in.transgeni c n.croofganis to
eifect 25 griigpBycleafides @EpEng FucheRlyReBiiBaro CrERiNes “RRIERR ar c
substantially desired qu-ﬁﬁs%h!rﬁtih fitfy 2RI U ifexaiplel Midyborphiisms having &1 na

e

A5- desat urase DNA, or encode pol yPe tides which are
substantial | y i derdbilitiito preducschBAsan be usedas a source of AS-degaturaseigenesa al pi na

o et ARRERNSS AR St B s o ao gl ! 1
nol ecul ar wei ght A2 kisanii& Al ' o | i e 3.
T o peT UsodPgl] A2 dsarkeae RN SR HGRBRITAES e RYBrpIE el

al pi nia [ter r] ?f defdtalnxging toalme gtn:emeomawAiC?nidioblo_lus, Pyt_hiunfatii’é,gqg:\kathtp‘.aa_n'éI s or
animals to effec reat.er nt.hesj s , ro i nql ei ¢ , acid or
of stearidonic aci%”(@‘&ﬂ}"' %r /i g"ﬁgpm %‘r‘?’é%"é‘?’é“mﬂ_‘q@e’ gillus,
substantial |y i dengpgz@toriia, ﬁﬁ%ﬂ&ﬁ?ﬂﬁbr&h%ﬁ@ﬁﬁie%ﬁﬁéﬁor?hﬁwﬁmﬁﬁ‘ desat urase
5 DNA, or whi ch encode pol ypeptides which are substantially identical in
squence to tHd wa&%ﬂ%[;ﬁwe%pfpwhyiafmm_@mme1%&2!9@9{&% orfiesdllas ah be
used. . e rtier al pi : at ur as e am no
aci d sequence partzculargzht(g{ﬁﬁt ‘Fﬁ@r’ ’g‘ifF@“ g)agg(ﬂg "3%’2‘5’32’%565?‘3@%{’ ﬂ%%lu]

Mortierella al pi nahygtaphilasMorticrélfa ramanniana, var. angulispora, and Mortierella alpina.

Within the genus Mucor, of particular interest are Mucor circinelloides and

Mucor javanicus.

25 DNAs encoding desired desaturases can be identified in a variety of
ways. As an example, a source of the desired desaturase, for example genomic
or cDNA libraries from Mortierella, is screened with detectable enzymatically-
or chemically-synthesized probes, which can be made from DNA, RNA, or non-
naturally occurring nucleotides, or mixtures thereof. Probes may be

30 enzymatically synthesized from DNAs of known desaturases for normal or

-13-



can be expressed in transgenic plants to effect greater synthesis of LA
from 10 oleic acid. O her DNAs which are substantiall %ﬁ*&ﬁ@%@éﬁ' to

the Morti er'¥PO§46764 al pi na Al2-desaturase DNA, or whi

pol ypepti des which are substantially identical to the Mourtierella
al pi na Al 2-desat urase pol ypepti de, al so can be used.

By substantially identical in sequence is intended an am no acid 15

ororerence - Bl SrRERes RigiEion mats, OugmRlnBie SOt A be
Mortierella al pi nais¢dolstieen sources and candRbAkdd BSSRqRALELI RBOWN FSRURARS, OF
nucl ei ¢ aci d sequence_encodi ng the anino aci d sequence. For

pol ypepti des, t he includingsegpencenennseryesameng knewadsiesplirases, grpn peptide is at
| east 16 ami no aci I I 1 N0 ACd botid s]ﬂ
preferably 20° gp%%gﬁg&g#@cﬁgsﬁéﬁgéﬁgl C rﬁ%frgg(b 8 engt O%eTs
conpari son seqiendased on amino acid geynencas tan besdegéneraratot enbGimpass itheedegeieesacy

preferably at |east 60 nucleqtides,, and r ref erably at | east
75 nucl eot i des, aﬁﬁﬂmﬁspﬁm@ﬁwgm‘?e lwgo%évemﬁ%gtefm%dc ons of hsp| ogy
typically i s measypgde y S SlighhTeotiad A dinHe hbdBHs Srinfedd fof PERSm

t he Sequence Anal ysis software package of the Genetics Conputer G oup,

25  University ofrewttssdmnsiripe@mRNA ot aknov@entisuspected saures; itheRGR prodactenue,

Madi son, W in 53705, ' DNASE .. 1228 S Park.Sh.,
Vadi son. W sconsi e85 ol et avA oF R sed BikenmEainde bl s 05
Bascom Avenue,10Suidesiredall 1dagthidDNA. Afietafivaly) atleSibddQtdteinTasi lbe 2hfidelynr €

mat ches sim | ar sequences hy assi%ni_ng degrees of honol ogy to various
30  substit uti ongequeBreskandietal syntresis bica DRwerneoding HohBolyepide perdarmise.
substitutions typically include substitutions within the

foll ow ng groups: gl yciqme gmdiegprqgj;gen@x,mc or cDNA has been isolated, it can be

16 PCTUSSYQLER by known methods. 3 HddBemiletth it \arith hithbll G
aspartic acid, glutamc acid, asparagi ne, an gl'utamne, serine
and threonine; | ysubjectandmarsgsuch that mahiplodequancin afthesamedegion is routine and
tyrosine. Substitytiqns may, also be made .on the hasjs . of conserv
hydrophobicititsor %?ﬁf ?tg‘?fﬂlf‘%ﬂt(’@qaéméwarﬁﬁﬂ%i“?‘? s in theyggsulting dpduged; .
105- 5 132,50 2R2), paticulafly i@ mm% EffecRinlaid eltensheSieBuaaiyT | ar
pol ypepti de ¢ segondgtryystrﬁcture1 regu an Fass}/r%n, Adv. Enzynol .
47: 45-148,1978) . structure, or unusual base compositions, such as regions with ldglh6€C tBsg at ur ases

Enconpassed by the e i paventian acre rel ated desaturases, fro e

Same br ot her or gAANEHE. Whefreetanfigs s fefbbing R RS R PR e
10  discl osed AS5-specitl-mehissASpedit aftthode casinthidé aleging seqihting codditierishi n t he
sane or di fferent sPeci es of Mortierella, as well _as _honol ogues

of the discl o8d Ay-using: different tegperaturess §ifferens ppzymes; prajsins vechyaligr the
evolutionarily rel | | . Al aGhictotides A SO
i ncl uded are desatag?gggg&%?gﬂ,e&%% ﬂ%ﬁgﬁh‘%‘?‘ order 2 g%gegt antclyelét)fl ei/s

i dentical to the MbchasdT®ldranctiiybatehd GEPiifferent geb comphaitmnsirfat examplet t y

15 acid nol ecul e @t rbon,5,,.8 or 12 respectivel fram the carboxyl
end of a fatty  ddngSruzande it e O s e AR s s
identified by theiffonbic préblerhQedith) Gk different templates sueh! BS4iAgle s@drdéd DNASane as
t he di scl osed desaturases; that is, are still able to effectively

convert DGLA 28 AR&quensing»f@BRNAspmalkse bsemployed| eic acid to LA,
Rel at ed desaturases al so can be identified by screeni ng sequence dat abases
For the most part, some or all of the coding sequence for the polypeptide

having desaturase activity is from a natural source. In some situations,
however, it is desirable to modify all or a portion of the codons, for example, to
enhance expression, by employing host preferred codons. Host preferred

30  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
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20 for sequences honol ogous to the disclosed desaturase, by hybridization

of a probe based on the disclosed desaturase to a | i brar
const r uct edWPr98M461He sour ce organism or by RT- PCR QXH'&NA
fromthe source organi smand priners based on the d| scl osed

desat urase. Such desaturases includes those from humans,

Di ctyostel i um di scoi deum and Phaeodact ylumtricornum The
regions of a desaturgse pol tid rtant or desatucase ct|V|ty

can be deternined ‘E%Qﬁf@'ﬁ“‘?‘%g%‘ jng desgtyrase astydy GRR Phe resul ting
mut ant pol ypepti de nﬁﬁ@lizé&wwaaim%nomm%fuo%@af&bbw&alswaﬁvés may

i ncl ude el etions, insertions and point nutations, or

conbi nati ons t her esynthesized si rembve MydemblllmmﬁembrmwﬁMMS with

del eti on mut agenes te imsds of
the protein necess@?@%%ﬁ#ﬁﬁ@“ﬂg# §§F&t %@%WP@?%‘J&@@I %@ﬂl ft
-17- PCT/ $S98th@ DINA also can be synthesiz&Sﬁfdlteﬂm baxe cbmpasxtmtoadﬂean@é e made
to further determ ne regl ons necessary f function. O her

t echni ques such asP inghe,desirgd hesticell. oMeﬂ'Gti%lf"f Wﬁgy&segpg@esand _
can be used. Del Etb'ﬁ%ﬁ%’%eﬁﬁf,“{é?i%’geﬁ‘&ﬁ“@m%‘?ﬁ%ﬁ gh@mj B vily USing

exonucl eases to se ve t Ing regions. Kits are
5 available for mumgenesrshndqcletmonpéltee:hrededmutzgencsisl;ler athelimepnsegn b i s

conpl eted by Ii atin onuc es cont n| ng start, or stop
codons to the del et r?éta?n wm?fléﬁ'?‘ﬁﬂ aW“g g‘ ¢ FOPPi on,
respectively. fgte ﬂ%ﬁﬁéeVaeédI eptidd &@atuﬁséacuvny in vivo @&ﬁ%raaes&met or
stop codons are |nserted |nto the co mg}gre gi on a variety of

met hods i ncl udi ng Bhysicabandddratis parametass |ftmctmt ehostcd@mue}rawonggatuon
d
can i Farty * BRI g Rl FREHLER AR P AEEIE ESLEHLC"Y

use of existing restri c@ (ghs '6B‘VtR1e-T ﬁ\( use ofbl tagenl C
priners via site direct WB{“&)@#@%‘%"% ° ﬁ?ﬁ'ﬁ'&s‘é ‘?rhpf;&ia y

I nsertions are madgah BOBUAHT 8Brhpesitions Oa Riealized k&ile STdldinpOwindow of 20

mut agenesi s, site-directed nutagenesis or nutagenic PCR Point nutations

are 15 nhde bﬁp@e’gwmm&rqﬂe%ﬂmmgng qcalized regienspfthe cRMAMG or
mut ageni ¢ PCR %reg?rtélm75%A+T%}§g§ssgt?Au Wiﬁx%%ﬁ&&bﬁ{&@ﬂas@ Sifs, §§s used for

i dentifying region ¥ ase pol'ypeptide 1 ortant for
activity. A nutat eprefevaisié that theresarenploealized regions of the cDNAWithgreatlrithart y  of

ascayed. Such ot r b0t BORPEETH 38 e Rd gl s A A ATy ons may

be 20 del et egompdaitidh. r €gi ons tol erate insertions, and which point

nmut ati ons all ow t he mutant protein to function in substantially
the sane way as the native desaturase. All such nutant proteins
and nucl eoti depgequences encodi Ng Mypierella alpina Desdfuasdst Ni N t he scope of
the present invention. SSI ON OF DESATURASE
GENES 25 Off particular iDbgtest adhie Mgrtéerdbsdpmadéedep@ugap%@tﬁi- de has

been obtained, it [ | a edl a e ation in
a host cell, or i de%gagp@&??—ﬁesa r:h‘ ‘f"’?%“‘ a}ﬁ’égﬁgaﬂ‘? °[°é’ &’ﬁues
such as PCR or | ongmfeRcidiRGhéreatd dhgw}i@ﬁF%h?e’l The gene encodihg the Moterella
pl asm ds, phage, viruses, cosmds and the Desi rabl e vectors
i ncl ude those usef alpinaoAS- desabyasacan be expressed indrapsgehici micenoeganisos tb effect
expression of 25  greater synthesis of ARA from DGLA. Other DNAs which are substantially

identical in sequence to the Mortierella alpina A5-desaturase DNA, or which

encode polypeptides which are substantially identical in sequence to the

Mortierella alpina A5-desaturase polypeptide, also can be used. The

Mortiereila alpina A6-desaturase, has 457 amino acids and a predicted

30  molecular weight of 51.8 kD; the amino acid sequence is shown in Figure 3.
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30 the gene of interest in host cells. The technique of |ong PCR has nade
in vitro propagation of |arge constructs possible, so tt&

nmodi f i cat i Bi@:98(46764he gene of PCT/US98/07421

- 18- PCT/ US98/ 07421 i nterest, such at nutagenesis or
addi ti on of expression signals, and propagation of the resulting
constructs can occur entirely in vitro without the use of a

replicating vector, or a host.cell. ] _ For gé(pressi n of a
desat urase pol ypepht gde epepdiny ba Mortiergf{a alning AGdespturase canbe expressed
transl ational i nifL.atL i AD | gr=Toll m S ked to the
DNA encodi ng the gg%gif@?ggggﬁg%lg]ept [ 5??“??%@???‘%@?%% 'gn t%ésﬁ ati onal
initiation and t eadid onof stearidewjc acid (S8DA) frem ABA. OthenDNAsiwhich\areof

| usi .. J ncl udi t he, DNA ; d,
inoun or suspect cbeAY antieal in ScqueBR I b HoEKEEF AP o A1 r o
system expressio th'd@ : : lhf'sﬁh QAN
endogenous |OC€|S prw%%kg'gl?chceg i @b’re g%ﬁsﬁl?}f#g&p antﬁall}p{deﬁt ti ssue
and/ or pl ant part sqguemend theddorriarallacllping A6rlesatrase/polypeptiden alsy cabisr wsed.he
tissue or part is one which is easily harvested, such as seed, |eaves,

fruits, f 1 OWEhe MoFRRPERa alping A1RXRESHREONs Tt ko asidGeqeflcd O t hat
| ocation within the plant by using specific regul atory sequences,

such as those of &i@™h if Fi@ge 57 The gene ehBoding beorfientda @lpina AElPHeBlutass, 739,

USPN 5, 175, 095, USPN 5, 420, 034, USPN 5,188,958 .a PN

5,589, 379. Altern&t "F‘,'esfe’% né’%@@é’mt&e&ﬂgﬁ%’ﬁ?ﬁmﬁ#‘s ‘r’ﬁ"yg‘m enzyne
whi ch producegga pleRiesd. GRECHNARYvH drd setishafisttyeidentftial fohe MoF@Fbley OF

upon further nodifications, into a fluid fraction fromthe host plant. In

t he pr eglping Asdesaturase BYNA, on whichcssede polpspidasavhicloareant i sense
desat urase transcripts,. .. 20 can alter. the | evel f speqgific,PUFAs, or
derivatives ther eﬁ‘Pﬂ,%taf‘BﬂWd‘dFWcﬁ‘ tﬁﬁﬁe Mortierella ‘%B’gﬁlg'%ﬁ%epﬁﬁwﬁgq’ssues.
The [err] 5-desatu5@§gmpﬁg‘y§g§_ptide coding region is expressed
either by itself or wth other genes, in order to produce tissues and/or

pl ant parts containing igﬁ%ﬁn' : J 5 %»EA?“ I:4 which the
PUFA conposition nore ngse ytl?ggg%%flgagn?%g{le%? 1{}%&% reas’?aﬁ%‘lpk (Prieto
et 25 al5, RalemelrinodticanidWeyence ddibiling tharderafinareasingiprefesgneen can
be derived fr o, region of the gene fro i.ch the
initiation regi onatlléﬁgs‘éﬁ%gaé(ﬂgd;% orgéz?mmologyrt% egsﬂi"ﬁ' n@gBde. A large
number of { er m nalkAfrise AirflSacd SeBRfbr hlcliRdid sequence enchaivg dReiin ound t o

be satisfactory in a variety of sts fromthe sane and di fferent
genera and speci egcid Semmencs: rHon polypeptidey)itblength af Fgmparison sesuences generallys

F?;(r) op e?t SH tter of ‘i:soaq Yéas! 18 mino %;[:i se,rpretr er%glyba? fash a?r];ing Q&dg * Hogﬁurlggirerably

PCT/ US98/ 074220 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 sequence analysis software, for example,
the Sequence Analysis software package of the Genetics Computer Group,

25  University of Wisconsin Biotechnology Center, 1710 University Avenue,
Madison, Wisconsin 53705, MEGAlign (DNAStar, Inc., 1228 S. Park St.,
Madison, Wisconsin 53715), and MacVector (Oxford Molecular Group, 2105 S.
Bascom Avenue, Suite 200, Campbell, California 95008). Such software
matches similar sequences by assigning degrees of homology to various

30 substitutions, deletions, and other modifications. Conservative substitutions

typically include substitutions within the following groups: glycine and alanine;
-16-



The choice of a host cell is influenced in part by the desired PUFA
profile of the transgenic cell, and the native profile of the host JI. As
an WO 98/4676h| ¢, for production of linoleic acid fromwgsﬁ’g‘?d, t he
DNA sequence used encodes a pol ypeptide having Al2 desaturase
activity, and for production 5 of GLA fromlinoleic acid, the DNA
sequence used encodes a pol ypeptide havi ng A6 desat urase
activity. Use of a host. cell whi,ch expresses Al .. desat ur,ase
activity and I ac kSva@pe,ixgoﬁﬂgme@pggeche£§pg§xa€g§t éf"?%"ﬁ% LFPRPEME, ARd;) o
used Wi th an expr egatafiine; sérfiRlah@ thiédnike; Bysiné 438 ardifihe; QA pRYRYIMAHNS Bnd |
[err] 6 desaturase al one generally is sufficient to provide for
enhanced GLA produ¥rasig. Substitutipns mayalse bemads gathebasisiaf congeeved t he host

cell expresses A9 @Wg; VAN eshi ) L a Al2-
and a A6-desaturas€ C %M%rﬁgng@df#&%cﬁWa{ﬁggam&%dﬁwl #0). %l?‘f)l’?gs 02 ?on. I n
particul ar instanciR, \98d)sorexpheais@f tief abfility td Ssstme aimilaz polypeptidei ty i s

coupl ed with expression of Al2 saturgse activyity, it s i r e t hat
the host secondary HICHre uﬁ&@?ﬂ-ﬂ@%@%@@@& 4%4%33%,139 Al 5

desaturase activity. 15 Alternatively, a host cell for A6 desaturase
expressi on may have, or be nutated to have, high Al2 desaturase
activity. Expr essi@ther Degatikases co| | can be acconpli shed

in atransient or stablgncompassed by theRéSehOiventioR AR relatededeBatBiSds o @k OcCur
fromintroduced constructs which contain expression signals

functi onal in the $aoetorother organismahSuch related desaturasesanclude variants of the _
replicate and rely .i nteqrate i host cell, or where t.he host cell is

ot o€ N T Seberpapl %, 96 nd AN 1 GesaRERust B posi ntu Y R BESEBRBE | shec
by inducing the diff%erent ?peci@ﬂ[af Mbtt¥er8lla, 8 ng?% ﬁ%xﬁ&lbé‘ue@ro?ﬂkt(ﬂcl&é&h@b' y

| inked to the gene of 1nterest, ugh”such 1 nduci bl e systens
frequent |y exhi bi t desaturase fragaithdraperiesaind evolutionarily retated proteiohavi®y abl e

expressi on can be achi eved by introductipn qf a construct 25 that can
integrate into the&f’?ﬁ@fasﬁ_@ﬁm‘ gﬁ“’t‘ﬂéﬁ%ﬁ&'ﬁﬁﬁ?ﬂﬁiﬁ%w  flthaughnpt, ¢ e

host cell. Stable gweihRgfAlydBeicallth ehedWDRIPSID dlpiHhASldes@iirabE dein@atettaitp”

t hr ough the usé of a selectable marker |ocated on or transfected

with the expreb%i osrid molecule at carbem$;térardi2, respackivelydirdm thetatoriybend ofra faiy | s
i h k | . i |
Phtegration. i nt eghad moIRea Rsfdsesturases pap by HERRAETbE el SBlich o fbO 1

the host genone orsubs@antiadlyithe g thddigtiafedidesattrasesothat is, are still able to

constructs containing regions of honology with the host s%enoms sufficient
to effectively convert DGLA to Aﬂ, LA to GLA, AL4pt9_SDA or oleic acid to

PCT/ US98/ 07421 1o Related desufbils dio b IEnliRBd B Sedrfifiy Rknce AthaselNer ©
constructs are targeted to an endogenous’ I'ocus,”all or sone of

t he transcri pt2®naforaephehces hoinalagonsto thedistlasedrdgsaturase, by hybridigatioaf@aan be
provi ded by the endogepousg | qcus. ) When i ngreased
expression of the H@gasﬁeage%ﬁ%@ﬁéﬁ%mﬁ%é}@m genstructe ?‘th.iﬁls%‘?ﬁ’ei s
desired, several ”&tgbﬁgﬁx,Sﬁymms@dgeﬂm%ﬂtﬁ@%ﬁ&ﬁ&ﬁ&iﬁﬁ%ﬂdbﬁ&m

t he desaturase pol gpepti de can be introduced into the host organism

Expr essi on from t hbasadon the disclosed dessturasec Syctadesaturases ipeludescthesesfeemt hr ough

honol ogous r econbi J

, | e. i ti t t i nt
t he host genone toﬁ@g‘u nguf c"F“é’%’g?&éx‘S%g?B@%?“@%f@’#%b{’%g’qg@sfégim|Di glr nlgn 0
10 ither th t h ded . tein b | eting.that
nf or mat fon 118 the. hobhe ERBRAN BRaByAsE ZaPAGHEE PO Lo EaNS | he

can be determined through routine mutagenesis, expression of the resulting

mutant polypeptides and determination of their activities. Mutants may include
deletions, insertions and point mutations, or combinations thereof., A typical
functional analysis begins with deletion mutagenesis to determine the N- and C-

30  terminal limits of the protein necessary for function, and then internal deletions,
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nNRNA (see USPN 4,910, 141 and USPN 5, 500, 365.) When it is
desirable to express nore than one different gene, appropriate
regul atory wegismesssand expressi on nmet hods, introduced genes REIUSHE/07421

pr opagat ed 15 in the host cell through use of replicating vectors or
by integration into the host genone. \Were two or nore genes are
expressed from separate replicating vectors, it is desirable
that each vector has a different nmeans of replication. Each

i ntroduced const r viosertiouser poitit mutastyraze wedeto fiuther detstrning regions ngcassary doront

mantain oo oapE Pkrlrltel RaRa Bl ilfesktd g%?&tﬁéﬂ?s}n@%%%#em :

anong Constructs can be used. Deletiviiriutagenesi$isiacstinplishéd; forl extmple, b
sel ection neans and met hod of propagation of the intro uced

construct can be eSX9BNGleaAsex taispquentially rRmAwRthe” or 3’ coding regioms, (Kitg are

I ntroduced gen Qﬁae(%% I

synt hesi s of tﬁi @?’%ﬁf‘g?g uct s. &d&? o, th@\é@dxﬁ%oe%xo%rxg}é?rgﬁlg%&nprl si ng
the gene of inter elsgatmgyhgxmunleomted auntoimngtmrhmptcodonstothe deletebeddingy

standard techni ques Th se te ues_inc ans n, infegtion,

bol i stic inpact, ﬁde ne;eageﬁ}lg ¥ &Yej °ﬂ’§bmt??e°§ﬁ§/s ot her
met hod éﬂabaahg ‘stﬁfftroQ 664 @6ddnb GredRipte@intd ﬂ{e%éﬁxk Ggg&&bg} @eaﬁ%{: bf cel |
(see USPN 4, 743, 548, USPN 4, 795, 855, USPN 5,0

5,188, 958, USPN 5,m 6@04mclud;semte-dlrect®onutagns% mggwmpmﬁhs%@nsm)
For conveni enc X | t any
nmet hod to takeﬁ)u pa%ﬁﬁmég% Jset%ﬁg#et%glr H@% sxtes }nt%rxe:al dé?e?ioﬂé’éﬁ sﬁ_ﬂ:}&})’y
-21- be made through a variety of methods mcIudmg the use of exlstmg restriction

PCTI / US98/ 07421 red t "t ransforpeq” reconbi nant "
herein. The subj ecﬁ‘teﬁgh@ehﬁﬁ by Use 0 xgg@ggpc pramess vigie dg'ﬁétee apNAssResiS

expressi on const r Ughiagdlc PFEKR. bﬁééﬁ:oh%e%adeﬂuoui@ﬁx@ﬂwé@ﬁﬁﬁ% RfkerReMnipet her
the gene is integrated into the genone, fied, or is present” on an

eﬁt rachro ][m somnal emuhgmesmmfdgemd mumgenqsmpy mmgeanSPomt mutations are
7
cont ai ned on tHe | esE Bk PnmEul Rk b f B Hed Guilen g bR R .

truct b t d d the.d
Cranstormatton - ¢ e HE SRR A5 PR e BERRE of o5t
cells. Typically, é&atuia(s@ﬁ&ﬁ@éﬂ%d 1rﬂ1§3‘r€a§t fRF Sctﬁ%'e@ Rdtated coh§iftict is@Rprebded, t O

grow on sel ective nedi a. Sel ective nedia may i ncor porate an

antibiotic or | ackand theability ofdhasssiting altgred protein tg fanqtian g3 a deseturaseisinsf or med
host, such as a ”“&E{gfeﬁtg h $th resFLI“[ drPdnalysld candetarr}nﬂ& %ﬂ!ﬁ‘i@é‘oﬂ?ﬁgﬁae gene

therefor may confer ance, ‘or en I al
grow h factor 20 edolsted whﬂckeganﬂoﬁerg;embhoﬁﬂ aﬁéh@ﬁﬂﬂpﬁ&xﬂmﬂathmwhﬂmihé

expressed in the transforned Desl resi stance,to kananycin
and  the ani nBUBRyRS e faacreh 3 sibgRae Yé}q%émqg@é REE/€034, 322) .

Sel ection of a desaﬁﬁé@sf\ﬂrsﬁaﬁnﬁﬁﬁltprﬁl%{hs%§ Rud&dtide stdiR Hcetsr&ﬁc&ﬂﬂg ﬁéﬁed
mar ker protein can detected, either directly or indirectly. The

mar ker protein nayarbe‘n'éMpﬂlesgmOfthepl‘esamdn%ermpn-as a fusion to another
protein. The marker protein can be detected by 20 its enzymatic activity;

for exanple [err] gal act osi dase can convert the substrate X-
EXPRESSION OF DESATURASE GENES

25 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
can include plasmids, phage, viruses, cosmids and the like. Desirable vectors
include those useful for mutagenesis of the gene of interest or for expression of

30  the gene of interest in host cells. The technique of long PCR has made in vitro

propagation of large constructs possible, so that modifications to the gene of
-18-



gal to a colored product, and luciferase can convert luciferin to a
light-emtting product. The nmarker protein can be detected by its
| i ght - pr oduROR8/4€964 nmodi fyi ng characteristics; for exaﬁﬁF@ﬁWV&@ﬂbreen
fluorescent protein of Aequorea victoria fluoresces when illum nated
with blue light. Antibodies can 25 be used to detect the marker protein
or a nolecular tag on, for exanple, a protein of interest. Cells

expressing the marker protein or tag can be sel ected, |, for exanpl e,
visual l'y, or by t dBFSh such a§uKagesestyqraddition gheRRessionisiggals, and propagatii es.
The PUFAs produce | e conith ( 2 bt Ss 30 be
found in the host%gtﬁzénl{ag%lﬁé]{%e an%/c%ar“%gf‘g%ﬁﬁrﬁg'?”g@ regﬁtf att;mg%i ds or in
conj ugat ed forns geplivatisg wecydrgrghestee., phosphol i pi ds, sul folipids or

-22- PCT/ US98/ 07421 gl ycolipids, and may be extracted
fromthe host cell thr @®ogexpression ofia\desituraseaodypeptide, functioms trhnscriptienal n t he
art. Such neans may .include ext[a‘ctiptg&evm' th, organic

. .solvents,
soni cati on, super @nfiiapsiational nihation and-termaination fﬁ@mﬂ%mé&ﬁ’ﬂbﬁyél”&‘? 19dhe
di oxi de, and physi Se QR R EStde0 T LAkl SASranbstisal - O
5 particul ar i ntlgquése{ﬁggds} %ﬁlt.?a%a??%% p\?’\aﬁ’?‘hﬁthdgxarrlérggltr?15 ﬂn@%anof anél ]
chl or of orm Wher e initiation and teshaipationtregions dre derined dean b aigristy ofimoriswclusiveli f i ed
to protonate negatively.char.ge noi eties and thereby. incetease
bar L1 41 oning of _dceiEe GGG i IVA i b exelih ethes RASwl OF RSP HETT
extraction, the or@pablé of&ipr&sion it dbsired 8 a0t xphesSivmPevtors, chemical
under a streamof nitragen. Wen isolated In conjugated fornms, the products

, J
are 10 dfzyrranthesis. of fiom aadpeanons logpsinpdest iy Expression i plante fatty
acid or a less : g,im | . s €S54 en
subj ected to furt r}grsuen%nr‘li{% akﬁ&é}\é&%ﬁg@&hﬁmﬁﬁéx&ﬁ% céca eg?‘?g end
product. Desirabl ytisseoor pattds ene Whichis cafily ldrtvestedcsudh asseed, leaves, fruits, cl eaved
wi t h potassi um hydy oxi de. : . . PURILFI CATI OF
FATTY ACI DS %@PW"“’ Toots, etq. { Exprgspign can bs tapgetedito fat }%am@gaﬂ% I;Iigtfg:ndar d

met hods can be enmiyonshth specific regulatoryJédbeites \QER ad thBse TUSPN 5363,194), _
treatnent with urea, fractional crystallization, HPLC, fractional

di stil } at ion, Bili U&l?lgé_t%laménﬂsmg SAB67 39N é{iéé,f@%, ;JSPN 5,420,034, USPN
brotectionof K653 pRLUSEN SasralAREROAT. B R sro A BF an

groups, nay be dongzgine Whichsiroduces a prdductiwhichiighy bdinetrpbatdd) eithee diredtiyror
exanpl e al kyl ati on or j odi nat iiQ

,on.. Met hodg used i ncl
met hyl ation of t hetRoafhghes gy “tgé%% iR uﬁéf?q&ypnﬁgméhshoslégfﬁlﬁgﬁ%

protecting groups Yursk ' deBatiulabd k ,of
fractions containing Kgiése’%ﬁﬁgﬂg?@%gl S a%%gﬁ%ﬁ?éé}tgsgﬁ%ydet reg% rrtg%{s W% h
urea and/ or fr2ict i analterithe tavelsaif spacific PUFAs, 26derivatives thereof, found in plant

USES OF FATTY ACI DS . gge u%]ers of .t he .%qe]ltt aci ds, of

subj ect invention maﬁ‘g\%?l&ﬁ“sﬁ“ﬁb&e Hesp ase polypeptl © BRIBB 15 t he
present invention esSdd GHhEPBy it e Widthdr @bndsSial Aldrid produce tissues an@loft €d

mol ecul es or in nethods to det'ect organi sms expressing desaturases.
plant parts containing higher proportions of desired PUFAs or in which the

PUFA composition more closely resembles that of human breast milk (Prieto ef
25  al, PCT publication WO 95/24494), The termination region can be derived
from the 3' region of the gene from which the initiation region was obtained or
from a different gene. A large number of termination regions are known to and
have been found to be satisfactory in a variety of hosts from the same and
different genera and species. The termination region usually is selected more as

30  a matter of convenience rather than because of any particular property.
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When used as probes, the DNAs or oligonucleotides need to be detectable.

Thi s 30 is usually acconplished by attaching a | abel either

i nternal siwe 986764 PCTIUS9§57_4%-

PCT/ US98/ 07421 exanpl e via incorporation of a nodified
residue, or at the 5 or 3' term nus. Such | abels can be directly
detectabl e, can bind to a secondary nolecule that is det ect abl y

| abel ed, or can bind to_an unl abel | ed nDIec

detectably |abeled terti ?M‘%e@&}" °"‘ﬁ @HF@%@%F% ﬁ’@ P@X&E& as | ong
as is 5 pr a?ﬁdfﬁé‘bf the trasd3eAY Celf aﬁamesfaﬁeé profile/ofdRd Best adll. eAsdrgnal

W t hout unacceptable |evels backgr ound SI nal . Secondary

tertiary, or bri dgptﬁgnﬁy,sfpemdmnmﬁbn@% om oleic aci ﬂ!ﬁD Atseaisare s

di rect ed agai nst any ,ot he cuI e ncl

anti bodi es, or can %/ Q/‘% gr?f? tgigdﬁggg%?i@ %‘:8% éhﬁ]gc{rﬁégduc?%}
exanpl e 5 efgrat frém%ihbﬁibt&id, ﬂiemm)ﬂll seiin6ey Gded Rhcddes @ﬁél?ﬁéﬁﬁdh abel s
typically include radi oactive isotopes, nolecules which chemcally

or enzymatically phgnggédesatmase activity. dJseaf alliogtrrell Véndywmsﬂmbdﬁ produce

1ol coul 65 or ol ec AR GERY Y T ek o s epliatip AT> desale actvif bR

characteristics chaggeyipaie A QassENEWRIcR Provides 23S veteR BresSidd \Giss
can be found in USPN 5,011, 770. Alternatively, the binding of target

mol ecul es 15 desafurime a&hne@enerylhdmsuﬁicwt txwprmds fmuenlgmcedathmxgdumnn heat
of solution On,l&' ndi n et VA&dI sot her nal,

titration cal or¥ neth '}‘g tgpsgspic ol %Pet ﬁ%gﬂ‘?‘& ses AY desaturasg pefi¥ityy, o
surface and detect gﬁx Aif‘ aﬁ&%tAtGeJe's p&mldé fﬁ?%ﬁi?ﬁed(}
ng o res Y,

surface produced by arget or pro ctive as may

done Wi t brddnetlcﬂi Aaparicales instances wher&&pressxon of A6 d&dﬁﬁ&ea&tnhhes
subj ect invention produced by reconbi nant means

appl i f:at ions in a \miéewrthe%greﬁfona}féda demyp#eewﬁmﬂmdewbhmw 12‘9(5;
. . -
fevers not only of PhhAtufatlyRivd, B BERLANAO RUE 165 R15 Beiches Bedi 0D

progeny as wel l5 Fmeﬁiaﬁmyeahwﬂsaﬁfo}hs desaturase expresiod ﬂﬂ&ve“@r&ﬁﬁﬁiatbﬂase
pat hway is dysfunctional in an individual, treatnment wt GLA can

result not only i nto havechighd12 desahwassfactiyity. but al so of downstream
products such as ARA and prostagl andins (see Figure 1). Conplex regulatory
nmechani sms can nmake it ®xpressibi in 4 lostestitan de vecongplishdd ihAdransienttor satild

different conjugates. of PUFAs, in order to r vent rol or o C
such 1o o Eashiting Eansiso) BFTSIOR AR OHDE ROBU{ratERd copstracts ¥ hiche PUFAS

In an individual. contain gressmn signals filREEGIAl irfthe gﬁt'ﬁﬁtUuYﬁrﬁchQﬁﬁs%%ts dgede by

t he di scl osed nmethod can used as di etary suppl ement s
particularly i20i nfnahltephcntmmdasxel)f integpase incthe bost cell, or where the host cell is not
- 24- PCT/ U898/proo7h erating. Transient expression also can be accomplished by inducing the
activity of a regulatable promoter operably linked to the gene of interest,
although such inducible systems frequently exhibit a low basal level of
expression. Stable expression can be achieved by introduction of a construct
25  that can integrate into the host genome or that autonomously replicates in the
host cell. Stable expression of the gene of interest can be selected for through
the use of a selectable marker located on or transfected with the expression
construct, followed by selection for cells expressing the marker. When stable
expression results from integration, integration of constructs can occur
30 randomly within the host genome or can be targeted through the use of
constructs containing regions of homology with the host genome sufficient to
-20-



under goi ng intravenous feeding or for preventing or treating mal nutrition.
Particular fatty acids such as EPA are used to alter the conposition of

i nf ant WO 98/46760r nul as to better replicate the PUFA conp@SHYERYLRI hunan
breast m | k. The predom nant triglyceride in human m |k has been

reported to be 1, 3-di-oleoyl-2- 5 pal mtoyl, with 2-pal mtoyl

gl ycerides reported as better absorbed than 2-ol eoyl or 2-1lineoyl

gl ycerides (USPN 4,876, 107). Typicall élg human _preast m |k has a
fatty acid profil d2eghiseonabingtion-with thehost locuss Where consysts gretgrasied 4o pjua

from ab Kieh ot B Mmdoflfe YaiEriffidhal hicPRARRRNhal degifardil O
about 0.88 % as OéHdern%sA ’ a?rgom a %uteo. Zznﬁ/g?o'?‘o g%out lc?.“g?a %?%ga D@.A,
and from about 0. 2Egiuns can be provided lphthaendogerowslasusGLA. A preferred ratio of
GLA: DALA: ARA i n i nfant formulas is fromabout 1:1:4 to about

1:1: 1, respectively. AnWhet micrehsediexpression of the desaturasegiolypeptidesia thesoune of
PUFA can be determ.ned w t hout undue xperi qent at.i on by ope of .
Skill in the ark. MerAsdesied sputal msthads con e pmployed. Additional gepes shooging ¢ .,

be used as ani mal e@esafitRRlpBIYpEMtRIelcan Bk iffod@fediRito e hést otghfititn. O 15
mlk fatty acid conposition'to one nore desirable for human or ani mal

consunpti on. Expression from the native desaturase loqusalsarcaonbeL incrensedghrpp:

gINS
The present invent,on,al sa.includes trdti l.co I L .
conpositions, for lbodx?odggoeug r%cipm[bﬁg 8?’3“ %%@Pﬁ?ﬁwﬁ?gﬁﬁ%{’%gps?%&&o%’ or
20 preparation fe hbstiFeRorR@wSAR ihéreaded ekpraisich, by ferfoving aéstabilizigy ent er al
consunption, which when taken_into the bOdép( a) serve to nourish or build
up t 105 s usequencessiipp either the mRNshar the epepdedarateinby delesisg that or

support adequat e informa%ion ﬁ@x'ﬂttﬁ% {glds?gélon'?bt Q{U?acﬂ{i @hah §c@gﬂ&g 't@fhe
The nutritional conposition of e present I'nvention conprises at | east

25 one oil or acmBN# @delUSENI4910ckAd ratid LISPN\S 500,86%) pr esent i nventi on and
may either be in a solid or liquid form Additionally, the
conposi tion may i ncl udeWhen it is desiralslel kdoéxpres e tHah ioe Hifferatit igane, appropriate
mnerals in armuntsg‘(illesi red, for artjcul a . use. The amount , of
such i ngredi ents WieBRIapRy IPEIADS ?’Eﬁe%wnmqéér ingrgduced genes can bg grapsgated on
is intended f us | ¥ [ 30
havi ng speci aﬂsze ndé\éé%%t gﬂgﬁﬁd&‘l’g h{ﬁ ﬁ%éggm‘?dghégg%gﬁp%gh @ggér}?gt?rhﬁ%g%g?ti C
conditions (e.g., gamomisoWhereltwoordaore)genes are expressed from separate replicating

- 25- PCT/ US98/ 07421 . . | es_of crpnutrients
which may be addec" ks denipBlethatsach vector has & GfRert nel FPEPEABE 1115 e
to edible fats, caEbiNesdicedcaBEud] WhéthéSnterafidr@dt, should have a diffefedt h
edible fats include but are not |limted to coconut oil, soy oil, and nono-

and di gl yceri des. meanspifselegtionand should laskhamalogy to thelothes cppptrugisdo maintain
limted to 5 : |

Addi tional Iy, 2 arr%?%é B%é}ég"me"%Bme}é‘?’%%gﬁ‘ﬁ%‘%f%&ﬁg’gsy %‘g&‘t‘ﬁ’?%‘g‘%&. n the
nutritional conposhtdiciousahoickeof mgdatoryoregions, selection meavisadé mwtitodofe not
limted to soy proteins,, el ectrodial ysed whey, ) | ect rodi al ysed
skimmlk, nmilk whppagtonp ﬁﬁ&ﬁmﬁ%ﬁ@gw C?’hB%‘é?‘PﬁPHFEPﬁz. stermined s

that all introduced genes are expressed at the necessary levels to provide for

synthesis of the desired products.

25 Constructs comprising the gene of interest may be introduced into a host
cell by standard techniques. These techniques include transfection, infection,
bolistic impact, electroporation, microinjection, scraping, or any other method
which introduces the gene of interest into the host cell (see USPN 4,743,548,
USPN 4,795,855, USPN 5,068,193, USPN 5,188,958, USPN 5,463,174, USPN

30 5,565,346 and USPN 5,565,347). For convenience, a host cell which has been
manipulated by any method to take up a DNA sequence or construct will be

21-



Wth respect to vitamns and mnerals, the follow ng may be added to 10
the nutritional conpositions of the present invention: ca%%hHﬁbwgﬂgﬁphorus,
pot assi ungypo9eMdé7éan chloride, nmagnesi um nanganese, iron, copper, zinc,
selenium iodine, and Vitamns A, E, D, C, and the B conplex. O her such
vitam ns and m nerals may al so be added. The conponents
utilized in the nutritional conpositions of the present 15 invention
wil1 of sem - purirdsegeh @ pﬁﬂx&s?%rﬁﬂd’” ok SeBombitiart® Reret! 'THel siBjeet haBtwilf | ed

is meant a material whic as been prepared by purification of a natural
material or by syaveasdéast have one copy of the expressipn aonstruct apfl eaythave rwmex

conposi tions of the esent inventi.on,includ P re not limted
Lo Tt ant 1 or mul 0 gieaR g Wl Sl e Beon Tpremmpted oo s dehofly
conposi tions. Nutahiptified)dk isqRE8AGH drdaidratiroasddl ¢leaient Riviigemultiptcdopgie but

are not 'imted to those utilized for enteral and parenteral
suppl ement ati én YmbEESf ant s, speci al i st infant formnul ae,
suppl ements for the elderly, and suppl enments for those with

gastrointestinal diffiTbekensfermeddhostcelighnbe isleptifiestby selection for a marker
Nutritional ConpQsidi . L. i QR8l. composition
of the present i %@gt%{nlggﬁn \t}}elxp@(gdézﬁ?da?%stmct ﬁlt%%hg%b$%5#g%r’: nutrients,
vitam ns and m nebadtfict MapbPintodudda WithatHe desired coustriutic B8 Many transformationise.
The amounts of such jngredients will vary depending on whether the
formul ation is i recaigEss msPd%@thDM@r%%au,lesa@ampwellﬁdml (S
tenporarily nﬁ@iﬁﬁﬁ T ] A eci al i zed
needs due to 1((:)erttraain %foc roni fé%é &I%&Jd%%t};eﬁéhx@@ %@g‘gge‘%gl.anges cg‘.pg.,
met abol i ¢ di sor deSeiertivd media imay hrconpuiate ah antibibtjc or lack a factor necessary for
- 26- PCT/ US98/ 074 ersons skilled i he art that the
conponents utili %ﬁwﬁiﬁ%ﬁ‘eﬂﬂfﬁﬁf?’@?‘%m#’ guc asany m%9Ma8Pr‘t% present
invention are of ifgsducishhikegene thddefor maf dorifer MitiBiotiBYesistance, or encode an
sem -purified or purified is meant a material that has been prepared by
purification of sseatislzaewikdacter orengyme and pepmiterowth qmealective siediaguhen ar e
wel | 5 kn | : qég b f gggr Bﬁw l.ans for
Food | ngr edi elr?ts%%rehgédm&cgﬁls oo%@?%‘%é‘ésﬁgfa" er(e:gémmr?gég tcg{ré/ﬂ
Al | owances, 10[ erthd arhitho glysaside G4l 8 are of interest (AAISRY 5P34,332). VAdbdtiontofa,
D.C., 1989). In a preferred enbodi nent, a.nutrjtional
formul ation of t HEmsfoEaedost can also oce |‘ﬁ@"é‘r¥[“? W?sée‘gwgg‘f‘?f@?"éqm FRYE ti onal
product, nore prefefical] Hthefdirdiy bor Ridireltly. he markét bé\bliprdskdaonal
product. Accordi nel y ih’n a fylrt hgrrasprg{::}%lJ of etr%aer i ,?52‘%{“?2?# a phés
nutritional formaleneiopas & fusjondoianetbiert pratein. SThemnarkdripeoteinrcan be detecfedbivl t s or
chil dren ... Who _are experiencin tress., The formul g copprisegs, in
addition to t?l?e Plyeagyma ¢ achivi > fopre pq@gaé;ﬁ?sbqp;e ﬁ%fb?%'ﬁfﬁ ﬁ}eafg%atei% ami ns
and mnerals in P soldted pidatel, 4 tuciferase can colveMIEGfetin o dBightleriiding ¢ | onal
requi renments of adults.

product. The marker protein can be detected by its light-producing or

modifying characteristics; for example, the green fluorescent protein of
Aequorea victoria fluoresces when illuminated with blue light. Antibodies can

25  be used to detect the marker protein or a molecular tag on, for example, a
protein of interest. Cells expressing the marker protein or tag can be selected,
for example, visually, or by techniques such as FACS or panning using

antibodies,

The PUFAs produced using the subject methods and compositions may
30  be found in the host plant tissue and/or plant part as free fatty acids or in
conjugated forms such as acylglycerols, phospholipids, sulfolipids or

222-



15 The macronutritional conmponents include edible fats,

car bohydrat es and proteins. Exenplary edible fats are coconut

oi |, soy oWD98@ém4 mono- and di gl yceri des and t he REIAISEOTLRI of
this invention. Exenplary carbohydrates are gl ucose, edible

| act ose and hydrol yzed cornstarch. A typical protein source woul d
be soy protein, electrodialysed whey or el ectrodialysed skimmlk or mlk

20 whey, or the es of thes r ot ei ns, Itho h other rotein
sour ces gr e f}g& ‘% i&‘é}' 8%15?@5’%&%%9‘3198 st,reHl dhr b eANSi ent s
woul d be added | ”w%ﬂfknownmﬂxean SHEN MR hns GRAY TR ﬁl'ubfe é&f‘a@ﬂ&r?@ltﬂﬁ}%ahfc' onal

conpounds in anount equivalent to ose present uman ml k or
an energy basis, isqlmqts senicationy supedctitical ﬂbubawactlon using for example carbOI'Met hods

for formulating Ii dent ral _nutritional 25
nown_ 1 the art e S pngBkstsSiand Hich b e, prEhBbisR RN Gerts

The enteral fogm ameﬂar laer&t i%rdx{radi%ﬂ »ﬂﬂﬁ&mwoymémm&ﬁﬂmomm
ready-to-feed (RTE) basis or stored in_a concentrated |iquid or a powder.

The pomé@,ﬁﬂab'ﬁnﬂlbéqlpﬁOE%bV@‘cPaD)beQ@MV @ profanaternegatived chargedr mul a
d tituted
B e 28 g ¢ noictch B ey ARG Foar Ay e e BBl BGRET 1€

fornul as are well ldyat)vmﬁerrextrknmoamwafgimc solvents cmb@ﬁmedbih%pamﬁbh abl e
(e.g., Simlac[er err]..and I mentu

r Ensuref err J
- 27- ~PCT/ Usouhdsy aggeans b nbger. When gipiehin orprasinidoem %m@ws #bot t
Labor at ori es) 19 Ane&yhmﬂf:al@cdr@h%x ﬂ'fcleaved to release e Gree Tty zg:‘gcgtg 4 %& can be

added to any of these forrnulas In e anount ed bel ow.
The energy densi t gomplex benjugate ofiintsrest, and)aqsdbertmbjccmﬂmﬁnﬂlet mqmpuiaﬁmsrw

5 can typically_r .-\: t.0.6-Kcal,to 3 per nin solid
or Wam?g% : ga?‘hd) fyt Pcﬁ}'fég} ’g?fﬂbg m—:n.'"..g a%ﬁ?l ¥t rom
about 1.2 to norecleavedw;thpotagsimﬂhﬂrdﬁﬁaés per gm preferably 3 to 7 Kcals

per gm In general, the osnolality of a liquid product should be
| ess than 700 nOsm and nore preferably | ess than 660 mMOsm

10 The nutritional foPURICATION OFFEATTY AOS!de vitam ns and

m ner al s, addlth to the PUFAs of the invention, in order to
hel p the indi ¥ dual |ngfef§1ithefpun cation is RergssAYs staRdard methpds ean heemnleoyed. f or

these substances. ghg, ﬁéﬂb{lé HBulOed PR 6 HeStment t with urea, fr&dtﬁhﬁ%r?é?m{&mh LRy

al so be desirable to suppl ement the nutrition conpositio th
zi nc, copper and HP&.Q, fractinngl @ﬁxlhﬁdn,tmhmgebclnahabgmﬂhnﬁmh d}ted s beli eved

t hat thes ubst anc al so, .provi de .a boqgst. to th tressed
i mune syst em and® éntrifugation ot ‘fﬁﬂ‘é“%"ﬁ apns 0 Fl}"FFeﬁeO}HB i i’%"?‘i g

i ndi vidual . The ptRsevecgosts, #ich@s the acid or alkeny F%i‘@ﬂ%’ may bé %x'x@at%ﬁy ﬁebs
optional and is not required in order to gain benefi ci al

effects on i nd@in ﬂg&‘pﬂ@r BnAee Lun%WPfs@Ca@PMMmmllQmmamo@&hquwﬁdc an be

suppl emrented with In a
nore preferred e mn%%h&%%ﬁgﬁgfmﬁh@f? I;gethyl ﬁstgr dlsfrf‘%?‘flyf o]
t he anti oxi dant spsitwﬂnggzbupklma?lﬁﬂemweﬁan&mstc;ﬁ Bexitablg, mirifivatiqiodty dr at e

wherein at | east wei ght 9% of ate is an |nd| gesti bl e
ol i gosacchari de. Wg “Sﬁ@f@f’ﬁe dgﬁa‘%éﬁ%‘ﬁ?@? lished by, trEstmentowish

urea and/or fractional distiliation.

25 USES OF FATTY ACIDS
The uses of the fatty acids of subject invention are several. Probes based
on the DNASs of the present invention may find use in methods for isolating
related molecules or in methods to detect organisms expressing desaturases.
When used as probes, the DNAs or oligonucleotides need to be detectable. This
30 isusually accomplished by attaching a label either at an internal site, for
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conposition additionally contains protein, taurine and carnitine. 25
The PUFAs, or derivatives thereof, nade by the disclosed nethod can
be used aswiha814aT64 substitutes, or supplenents, particular IP)‘FT{‘FFPQM“”

formul as, for pati ents undergoi ng i ntravenous feeding or for
preventing or treating mal nutrition. Typically, human breast
mlk has a fatty acid profile conprising fromabout 0.15 %to

about 0.36 % as DHA,_ f,rom.about 0.03 % tgo.about, 0.13 % ., ,.30. as EPA,
oo about 6 30 oelh SiAgeratun et a ol Siiug of it 5,003 sefinus

about 0.67 % as DGhéh labelslcdn sediriey Hetbotable, ‘Guh Bind 86 bl kecbnidy troksuleithat is

- 28- PCT/ US98/ 07421 Addi tionally, the predom nant

triglyceride in hdefestaby labeledsonsan hinddp an unlgbellgd secondary molgeyle and a
1, 3-di - ol eoyl - 2- L Ly her st hee 2= naldi . i
absorbeq than 2. oREEsStY fabsitslchiay fRCIBhAd Yhis frotbgienl 52 o SRR RERnE T B!

fatty 5 aprattical twichieyve ARAtisfAdtdrily dGedtable dignal viikwupumdespableipvelshe
i nvention can be eaci tSo alter the co ﬁ?gsition of infant formnul as

5 .us
to better replicaPEbackgroppisignal. Secondaryetsriany of PJRIRG SYStEMSPARMElRIE U | k. | n

particular, an oi bf&R{HARY Hirttled fYaindEahy dthe? molecule, includHgAABER G oftfgr ¢ or food
suppl enent, particularly a breast  mlk substitute or suppl enent

wi || preferably centihodies, aneen involusrany sfoloemles whish/birdhte eachnother, for example Mor e

007 €072 Vo 30 patRurssEBE G S A0%E5” HstesBlc el Pl ibbl" 2Pout
| n addition tq0theadisdetedisopes) holdchies which@Bemically by en2indticallg pfodicean

be adapted for a partjcular given end use, Wien fornul ated as a breast m |k
suppl enent or subgt?rtlw&,enaﬂn%iwmelbwséeqet cteqtaRlireactiop RICIPFIS, AUt nore of

ARA, DAA and G-Arﬂglédulegeﬂlﬂﬁ%\i&xﬁ%lé&}% of ?f}olé&gfé& m@&n@fo%és%%&é@r fr,}é}tabout

15 6:1:0.2, respectively. For exanp reast ani S can
vary in ratios emitting chayictexiticDciang@onrbimding) gEXamplesiof 14beBing tetiids : 0. 2,

whi ch i ncl udes L nt | at,i.os whi.ch, ay.e.preferably, ahout
1101, 1:2:1, 1:1980 befound in 8%%?’&3?7@11 é\;!tsalat%ﬁ&th%ﬁmﬁﬁgg%&ﬂ?"%ﬁfs
adj usting thejsat Qmﬂﬂéjdi?é%ﬂ%gfiec@& b afedQirmig e Hange in heat of solatié @&bih&iﬁg

substrate such as G.A and A to ARA can be used to precisely 0

control the PUFA ofip1obs to farget ipaspthesmabtiteion salotimetynr &y spasingrthg probg ofDGLA

to ARA can be use rqgﬁg . ' . wher eas
a conversion rat eqaorF&é%'c?ut %ﬁ@oﬂ?gﬂ)&%g%@%&%f%%m@%ﬂ%ﬁ% to
DGLA rati o of abougtrffceprodiiced bf bindingwif edrget for probe, respettivelyl, asimey bydorem or i n
a host ani rrtgl Blég‘gul ating the timng, extent and specificity of

desat ur ase 23Vith tag ? 8 descri bed can be used to nodul ate the
PUFA | evel s and rati os, ndi ng on the expressi on sys used,

e.g., cell culPure or AT\ ofthe S“bljze)g‘pig"en_mé?md&%ﬁ bygresquqigammaﬁl&éneﬁ | k,
the oils also can 3B@idaﬁ9ﬁﬁh%%ﬁ£‘%ﬁé?f Qf@leé}.e%ug@cxgpﬁaﬁo%of humans &%ﬁxﬁ??
of ol |

concentrations and ratios. Anmounts S pr Ing these ratios o
PUFA can be det er mitheRIUFA$ inovariogs forms dar msyit intinoredsed lePelsAst onty oftbst cel | s

an oG L RROR s B et Flabafe BoRED s 2Tl g BRAGHPLY S ERBRor o
?‘233 '_ rabl e for humigherent A6-desatural¥ pARRVAYRS dFERRYORALIA Bn individual, treatment with
25  GLA can result not only in increased levels of GLA, but also of downstream
products such as ARA and prostaglandins (see Figure 1). Complex regulatory
mechanisms can make it desirable to combine various PUFAs, or to add
different conjugates of PUFAs, in order to prevent, control or overcome such

mechanisms to achieve the desired levels of specific PUFAs in an individual.

30 PUFAs, or derivatives thereof, made by the disclosed method can be
used as dietary supplements, particularly in infant formulas, for patients
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PCT/ US98/ 07421 For dietary suppl enentation, the
purified PUFAs, or derivatives thereof, may be | ncor,%g&zoggﬂ into
cooki ng oiwe,98f6M64 or margarines fornulated so that in PCT: rimal use
the recipient would receive the desired anmount. The PUFAs may

al so be incorporated into infant fornmulas, nutritional supplenments or other
f ood 5 products, and may find use as anti-inflammtory or

chol esterol | ower| . . . o

Phar maceuti cal w%oggﬁﬁgﬁl@avemus feeding or for pre\ﬁgxgngro lég%ant{ngir?ﬁl/%‘h F%’h al so
enconpasses a phaPanivelar fattglacide spcdsdstBERAare used to alter the @Pimpssitien of iafant nor e

of the acids and/qr resulting oils produced in _, ccordance wth
the methods descr ?qu%é? etier replicatedheRUF Acompysitien efhyman breaggmi " The

A > o | .
phar maceut i cal coppas x!aagf‘ﬁweﬁgm(}?%cﬁ@l&ﬁ%sﬁﬁ ?F@ghf% ible%eaﬂ-@f’-oﬁﬂﬁlé’-r

oils as wel a st andar
phar maceut i cal by paloutoyhbyith 2-palmitoyl glycexides saportedias bettet absorbed thianl2coleopdh as,

f le, phosphate buf i . wat hanol... pol yol s,
vogetabi e of 15 o nateR eheftes PSEN. 876,107, Tymichb, Fuipa brsdfihine B8
wat er/ oi | emul si offattyldefi grofilRQfhipridhe Team BSout 0. 181% i ibout D36 % s DHAS Hoid

form 15 For exanple, the conposition may be in the formof a

tabl et, capsul e, b3 fodo about 0.13 % as EBA; fomyaboutRi30 % torabewtt0.88 % asor

topi cal oi ntnent qmcr. ° P ' e

adm ni stration incClude, @orouégazrzrpéé? al(’)oruéf)167r‘y§3$§|%l‘§ﬁ§na%¥n &OBI 0';2)?31%etr?t eral .

The route of 4dm abmitrladi%as GLA., Agrefeted fatio of QIADGIPOARNA R ififagt r ed
effect. For exanple, if .t emcq%ggosi tion is being utilized to treat rough,

dry, or 20  yFAsdRfmA t1:Ldto pbputrleld L gfsnseiveby Ampnnts gfoily ¢ r eat
skin or hair affeﬂ'cﬁ/i’diﬁltlﬂ:seratiosofPUFﬂ'cﬁ&i_ﬁgﬂe ﬁ@&‘g;th?wﬁ%xdﬁé may perhaps

be applied topically. ) osage e conposition to be
admi ni stered to t lexpeuimeantationpyyonp of skill in the art. P ikAsyonhabt bsllseontainingr di nar y

of the patient, agEobAiBaa b bRae SRt phEheno pi apitdc e,

etc. 15 milk fatty Wil BomP6ediaei tol shefmidradediRBledforPefiard orGiti®Ry be, for
exanple, a solution, a . di spersion, a suspension, an emul sion or a
sterile powder whiceHUMPtipRen reconstituted.

- 30- PCT/ US98/ 07421 Addi ti onal Ig/, t he conposition
of the present invention may be NHTRITMINAL COMPOSITION;

The present invention also includes nutritional compositions. Such
compositions, for purposes of the present invention, include any food or
20  preparation for human consumption including for enteral or parenteral
consumption, which when taken into the body (a) serve to noutish or build up
tissues or supply energy and/or (b) maintain, restore or support adequate
nutritional status or metabolic function.

The nutritional composition of the present invention comprises at least
25  one oil or acid produced in accordance with the present invention and may
either be in a solid or liquid form. Additionally, the composition may include
edible macronutrients, vitamins and minerals in amounts desired for a particular
use. The amount of such ingredients will vary depending on whether the
composition is intended for use with normal, healthy infants, children or adults
30  having specialized needs such as those which accompany certain metabolic

conditions (e.g., metabolic disorders).
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for cosnetic purposes. It may be added to pre-existing cosnetic
conposi tigns such that a mxture is forned or may Qg a
sol e conpd’g‘i)f’?’fﬂ.“ Phar maceuti cal conposi ti ﬁ}sgagngyﬁﬁe

utilized to adm ni ster the PUFA 5 conponent to an individual.
Sui t abl e pharmaceuti cal conpositions may conpri se physiologically
acceptabl e steril e aqueous or non-aqueous sol utions, di spersi ons,

suspensi ons or emulsions and sterile powders for reconstitution into
sterile solutions or Bxapplesofmscrbmtriemgwhichamy teeadded togheéorapasition| e
aqueous and A on- aqueQus carri.er di lue sgl vents @r_vehicles

i ncl ude wat er, eflfilsbutareno ’8‘“““&% W?%Pafsppgbéﬁpygiﬁéa Jiroteins. ﬁxa}mﬁes

pol yet hyl enegl ycgf sucledithd fats indtide but@rd it Binited ¢ EtBhR oil, soy oil, andinohti €S

t hereof, vegetable oils (such as olive oil) and injectable organic esters
such as ethyl ol end diglyeeadasr Expmples ofsuch sanbehydsates melvde butrase netlimifaddo py

t he i nt enan f k j.Cl i i e of

di sper si ons aﬁg @&}Jc%ee(é‘&bf% laét&% ahggy%ﬂ]bﬁrgaér) g%:étharﬁd sd?d ﬁ%l%&§3§§%§)gﬁe

desirabl e to inclpust€ins SBichmhay kRagilized infthe nutritioddh compositignl «f theip@ertions odi um
chloride and the |ike. Besides such inert di Iegént , . the

conposi ti on can am%@qh%p@d@thwta@wgpf%eh R ysehwhefent s, emul si fying
and S uS RERHLAighy SRR mifk il WY Cor thi BYRbHSEle i pldTANO agent .

Suspensions, in a to the active conmpoun y contai

suspendi ng agents, as I |h9l>a ; i I 20
pol yoxyet hyl ene sor bi t‘{’)@; fiegéﬁ%g%r‘gﬂrg% es%@?&@gg@?;&)}(&:@@égg}aﬁbﬁgﬁ%ﬁ?uI ose,
al um num net gby dnexmdstiotat eémpositivns afthe peegeant iavesition:aghohantghosphomsxt ur es of
t hese substances, and the |iKke. Sol i d dosage forns such

as tablets and c@oEssen. ofippchlgridgmagnesium, panganese, iron, COPREL Hlies wel |
known 0 the ar t oY, Eaq Vidifihs o B BeCl MPRE BN, Rther su2
tableted with cor?Sentlm?)na t’g%l et bases such as | actose, sucrose, and
cornstarch vitamins apd migherals imeny ajsothie addedier s such as acacia, cornstarch
or gelatin, disintegrating agents such as potato starch or alginic
acid and a |ubricant 4Shelkompomssnesaritizedimi the nutritional compositiensef itherpreseptar at e.

Capsul es can he prepared. i ncor parating.t hese. . exCh i into a
gel atin caps L}Be dPYF%B°WWf1EX§W@‘TﬂBﬁ8§PH@'ﬂF}§ Qhginy Y s un e%Br I?‘H%:fger(%ponent.
The amount of t hgs aRhA@thaleridl whidhthaR'HEéh srepared By purifictios BPalhstural

-31- PCT/ US98/ 07421 ) be 1 ncorporated into the

phar naceuti cal f dnateriador Bynsytilasisd fit within the gui del i nes

di scussed above. . As used in this application, the term
"treat" refers to eit fixampieswénutritignal gpmpositions of thecprasenhigventioniingdpdéence of ,

t he undesired occurrence,. FEor. ex . t I SHppr essi on
refers to either cbr‘)# 8&7@8? PW&C{ hoem%rgto(rapgfnag’e&%ﬁt%P%lemeéts’ and uga[t)lr%ie*ssi on or

reduci ng t he 28D Woanpokiticnks MNRHE 8oMmpPesitiohs ©f patiownlar peiréseiniclude but are not and
"individual" are being used interchangeably and $ot h refer,to.an fani mal -
The term "ani mal "limised f dapse yiilizgdJorenteral-andinarpntesal sppplementation foF 1A' o ded
mamral i ncluding,g QH%lis?ﬂffaﬂt'f&'rfnﬂzﬂz, b SR fob HHERerly RISk QY Slemeftd fpes.  As
10 used in the gpp Ication the te r%"about" refer§ to an anount varying
fromthe those with gastrointestinal difficulties and/or malabsorption.

Nutritional Compositions
25 A typical nutritional composition of the present invention will contain

edible macronutrients, vitamins and minerals in amounts desired for a particular
use. The amounts of such ingredients will vary depending on whether the
formulation is intended for use with normal, healthy individuals temporarily
exposed to strcss; or to subjects having specialized needs due to certain chronic

30 oracute disease states (e.g., metabolic disorders). It will be understood by
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stated range or nunber by a reasonabl e anount dependi ng upon the context of
use. Any nunerical nunber or range specified in the specification should be
consi der edcwoosm&seodi fi ed by the term about. PCT/USO$BMEY and
"serving" are used interchangeably and refer to the anount 15 of the
nutritional or pharmaceutical conposition ingested by the patient in a
single setting and designed to deliver effective anobunts of the

ant i oxi dants and the structured triglyceride. As will be readily
apparent to tNoSge Kh%él&ﬁ’ed' il td ¥t that he comp a{eaﬁuanéem'aenmapr serving of
the liquid nutritiona er S F supp anount of

anti oxi dants and fémiﬁﬁmqm dmwnahaumon'ﬁmaofammmurxfkd orpurified erigin. By 20

Thie 0 SO e PRl i mar AL batin oA RRe Bl ght - sex o

nedi cal pusifidition@F anatuhhma&ian 8By syrnEhesis € These techaies & welli del i ne,
a single serving or of aliquid nutritional produce shoul d be

consi dered as %nd@ﬁﬂ&ﬁ%th@@ﬁsee eg Code pf Fedegal Regnlations fopFemsbingredients e
preferably from a h 50 to 300
m . %ﬁ P{)gq'ﬁ%%ﬁﬁgﬁsﬂgﬁor@ﬁéndeg ggeg @L‘)S’;e nfL‘ 'I?sg Irllwrrgé g? e added
to food even AcademMPesss, swmi@mnmm,l,twsgr)j the diet is not required. For
exanpl e, the conposition may be added to food of any type

including but not [|i mih@erdferrdPénBsYdirA&s, a nutritional forﬂﬂ!ﬂtibh@ﬂtlﬁlﬁ'éseﬁts
cheeses, m |k, yogurt, chocol ate, candy, snacks, salad oils,

cooking oils, codRYeRgOR ian enfasalmytritionalipradnet, seare preserably an adult or Chlld

- 32- PCT{oUS94

Phar maceut i ca{ Apg‘F"‘Q”Z‘g‘t% i]rxuonal product. Accordingly ina IE“rther ARFR n%aocf eﬂtlfi ﬁng% uoﬂ sae (human
or veterinary), tdmtinmpfmsmﬁhanqu’rwm::d that is smtagl%rfer ﬁhdlmg adldisror shikdred

orally but can be adm nistered by an ute by may be
successful |y absotiee eépeﬁlenmb%l?%‘ﬁf e%?:ﬁ 1%9‘“(‘53 CBmPE'Eﬁ%{S'taéiﬂE’(?Bé‘i’ @eﬁﬁy

intranuscul arly OJftmh('am%ﬂ%ﬁémumé&&tvﬁh!nms%d\sﬁﬁérﬂﬁhﬁ ¥m6inté 8Righed w, for
exanple, as a skin ointnment or lotion. The PUFAs of the present 1 nvention
may be providethetdeily dutsitional requirements obadmdtsi on with a
pharmaceutical ly acceptabl e carrier or excipient. Were

avai |l abl e, geldatin capBhelmsrengritideel qmpoaents thehude edible fats, carbohydraggsand

dm ni strat . D et | L. a t h, | 10
provi de an orai rBHEEy EHBRA CEVAFOHe CHLALaPL Pl B8 RURIER 1 he

present dxgm@memmma?m GUTBE HhiS irfvefion, TExeiplarg airbehyidediesare Or  as
salts, esters, amdes or rodrugs of the fatty aci ds. Any
phar maceut i cal | y gecospiediblelagtape anddhydrolyzed comstapshe i iPicalipioiein ?%‘f‘iﬁ‘r esent

i nvention; especi
lithiumsalts. A ‘g{))d% Rg Eﬁ{)&é{segg e%ﬁ:@oc% ?}i}g eﬁ%ﬁ%ﬁr °‘°F“?1d‘8‘ ro de'd astr%lﬂﬁpgfﬁﬁe d,l%ﬂ{
salts, such a0 N-whdyhyt thg Ihydramsates off tbesadmtem?@]’thpmgﬁ cthertpromm\A(m@Gd 88 155

The preferred esters are.the eth As solid salt t PUEAs al so
can be RIS PG D BT PG ORISR, WO G agded i e
admi ni strati on, tﬂ&?m%?’&ﬁﬁm@ﬁly accepted nutritstifal é@ﬁpoﬁﬁés inheRRaf edtialdaero

i ncorporated into comrerci-al "fornul ati ons such as Intralipids.
The typi cal nor methosechaeseniindwman taitic o anehergy badis. i€., b mper sadericbasis- t o 20
9.46% of ARA, 1.45 to 3.11% of DALA, and 0.02 to 0.08% of GA. These

Methods for formulating liquid and enteral nutritional formulas are well

25 known in the art and are described in detail in the examples.

The enteral formula can be sterilized and subsequently utilized on a
ready-to-feed (RTF) basis or stored in a concentrated liquid or a powder. The
powder can be prepared by spray drying the enteral formula prepared as
indicated above, and the formula can be reconstituted by rehydrating the

30 concentrate. Adult and infant nutritional formulas are well known in the art and

commercially available (e.g., Similac®, Ensure®, Jevity® and Alimentum®
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PUFAs or their nmetabolic precursors can be adm nistered, either alone or in
m xtures with other PUFAs, to achieve a normal fatty acid g&.ﬂ%’%&dln a
patient. woo9s146764 \Where desired, the individual conponen? 0 ornul ati ons

may be individually provided in kit form for single or nultiple
use. A typical dosage of a particul ar 25 fatty acidis fromO0.1 ng to
20 g, or even 100 g daily, and is preferably from 10 ng to 1, 2,

5 or 10 g daily chxﬁ %.%(k)% ﬁx%ﬁnct?f)idﬂ?& ADBEH iﬁﬁér@@ﬁeﬁbﬁ%%ﬁr%ﬂ of the .

derivative formns ere arenteral nutritron conpositions conprising from
about 2 to about pésencingattiopenn basddedtd anyafitibse foinnlak &t the ameutits | gl yceri des

are enc sged, by the present invention; preferred is a
conposi tion havi rfgfgg"ﬁ?‘}a]%elo“xiso about 1 to about 25 wei ght percent of the
total PUFA conposition_as GA USPN 5, 196,,198). O.her vitam ns,

and particularly fat - soiespegywensitiof th ional composition, When indiguid fermp £ ang
L-carnitine c i %a&% { e L . :

- 33- PCT %BSS%‘&%%‘IY ﬁd}ﬁgmd‘gr es eﬁo\e/}sa{éﬁg&gglé hW’ggn xg s’? 1(%‘(izgrpher ol may
be added, typi calpowderedfommtth®nuttisitnal supplement canwengin from about 1.2 to more

Sui t abl e ph t] it i i ol qgj.cal |y, ..
ncceptabl b ot or i 1A Beals SR RRERRD T REAEPTRL et P grudlatiy
SUSpensi oNs or  of a IRuid FEHAGE sRGId BERsHthan m(ﬁmggf_ﬁ(iﬁaﬁwfr@ﬁrefe%wﬁﬁ&mml on

into sterile injectible solutions or di spersions. Exanpl es of
sui t abl e aqueous &8m@em- ageuous carriers, di luents, solvents or
vehicl es include water, ethanol, polyols (propylleneglyol,

pol yet hyl enegiol . gl ywmiriicmiotraaiwad ypials iohde vawi s miserab
VIR B BN B ) A

exanpl e, by the i pisiRARE dailf reqlifericntsfor Bese substances. InRAaditios tocthe PUFAisn t he

case of dispersions and by the use of ;surfactants. |t ma,¥ al so .. be
desirabl e to i nclhigted aboye.dhmay alge he desirable tesuppismentthe aptEtional gompesitiaTor i de

and theyjth ke, @?g&dﬁd fol€ Qcih ﬂ?é&ditﬁ’dn'ttH Gt ckidahfdC 1659 m?e% {ap can
al so include a vants, such as wetting agents, enulsiftying and
suspendi ng agknt sthese substances wilkalsmprogide fal tmostrto thy stressedimrhune sygtemaadt s.

Suspensions in additi t0.1he active conpounds contain,. . -

suspendi ng agent s* “%g’ﬂra'i“ Mﬁé?ﬁﬁ%’?ﬁ%@ﬁ*ﬁ%%ﬂ%ﬁ%0581*?84 s,

pol yoxyet hyl ene sgjppirf & foR&18ki® R dptibid) afi® §sHo® reqliirsd iR ks tgdin fR besdficidl ose,
al um num met ahydr oxi de, bentonite, agar-agar and tragacanth, or m xtures of

20 these subst antffestsondmmune|suppression, Likewise a pharmaceutigal eesppasition|opn be
preferred pharmc i Ly 1.0S di acetyltartaric
bl ARt e SR s el

acid esters of no yCceri I'h an aqueous

medi um or solyent. Diagcetyltartari id esters of. no-, .and_digl.vceri des
e L AL g T P N R
hydrophi | ic than g¢iagtibdidant syste and @8 PUFACEodkPoatnt] 4 sdnete of Barbolyalrvste HLB

val ues of 2-4. Those existin hydroophot)_i C . lipids cannot be
fornul ated into aﬂb@é@sat&?ﬁ%pggfplghbﬁsof sgid capbehydsae is andndigestible t hose

lipids can now beolgéggk&w&?qn%/gfm@ﬂ %Fé@f%ﬁﬁi&lﬁggﬂmﬁﬁ%ﬂ n with

diacetyltartaric actd esters of nono-dn ceri n accordance wth
this e nwopasitivn, additianaliyydontrinsqroteinatudneatdeamitide. nono- and
di gl ycerides (e.g., 30 DATEM C12:0) is nelted with other active

antim crobi al23i pi ds (EhaPUFAS: o2 dativhtives thereof, made by the disclosed method can
be used as dietary substitutes, or supplements, particularly infant formulas, for
patients undergoing intravenous feeding or for preventing or treating
malnutrition. Typically, human breast milk has a fatty acid profile comprising
from about 0.15 % to about 0.36 % as DHA, from about 0.03 % to about 0.13 %
30 as EPA, from about 0.30 % to about 0.88 % as ARA, from about 0.22 % to

about 0.67 % as DGLA,, and from about 0.27 % to about 1.04 % as GLA.
28-



12: 0 nonogl ycerides) and m xed to obtain a honbgeneous m xture.

- 34- PCT/ US98/ 07421 Honogeneity allows for i yﬁ‘?ﬁ?d
antim croWaps/46364 vity. The m xture can be conpl ePthV[E/]S% I'sper sed
in water. This is not possible without the addition of

di acetyltartaric acid esters of nono- and diglycerides and prem xing with
ot her nonogl ycerides prior to introduction into water. The
aqueous conpositi : mi trfﬁy L OhnibndRiik fidsSel il | ONs
wi t h physi ol ogi ca@?myﬁgc%lgb?ggﬁgo b &glﬂ%ﬁlent S, preser \?{El{l?e\?gggw ouf fers
or propel |l ants asbenig3~dbeleoyeR+palentoyh with 2rpalmitoylglycerides reportedoas biettéral ant .

The present inventio so.enconpasses the treat raus

di sorders with f ?fgﬁ‘g ?"@?ﬁ?g}g’éir'iwgfli@?ﬁﬂﬁﬁsﬁﬁg?)&ééﬁﬂﬁﬁ‘e%‘%%%

10 invention camRR sudiesk ARAL DELIA,'GISA an@et BP A prdtfuc@&8y SR lidehion QAR OB
of I nflamration, rheumatoid arthritis, and asthma and psoriasis

can be treated wiusad to alter the compgeitipnofinfatt fermalasite betrar repligatethe®UF&vi dence

Suggest i ng that PORRSVPn Ef e breaye mitC R pRiulal i BBBOERE psE e | ¢ e
treat nent or prevshaimamlopic esfoed pappdenent spatkicularly a brédst mitlkdabstingte otir i nary
tract stones. e PUFAs of the present inve%&on can be

. T
used in the treat WBH‘F“GP"} will preferably compgise °1}Pé?fi’5q¥§ﬁ€ A&ﬁ’ IDSG% Hbén shown
to have altered fﬁkfé’o%éit%hﬁly the oil wi lco&gr?ﬁé’ﬁ-bxtn' a%H&éO.?%ed")é %P};Q‘:Ircfn’i‘&ﬁ&ﬁt aci ds

has been shown to s el'r growh a caus eat and to
i ncrease thei¥0 sud2&p3eHiIDGL4A, and fodme about&x2moabont30%gEhis . 20 GQ.A has
been shown to cause reexpression on cancer cells of the E-cadherin

cel l ul ar adhesi on nol dnuddition tothe cohcankration, itlse ratiessfl AR AFIDGLAanddGliL A san ve
metastasis. Cinical, testing of intravenqus ini.stration of the yater
sol ubl e g ﬂameﬁ%?rsaawn%#ar@m@%m%@ f@nw%sws gkl
produced stati st 'ﬁlghiexm or substitute Al Edeﬁﬁ&iﬁ grelt ihdtwo Bz 'horg B Vi val .

PUFA suppl enent at i may al so ~useful Tor treating cachexia
associ ated wi th cARAePGLA and GLA will be providediine matis o atwfut 1118:36rte sbout

I nvention can, al sg,he, used _ to, treat diabete ", . (USPN 4,826, 8377;
or robi et ol 02 KepFertvely (1B7 bfinfleche P grilk of apighalf ban vary f alids )
Al tered fatty acisk ARAGDGLAIDGE Rehgif RO 11850 1006 1:02¢ WhithThdladdsat ed

in diabetic animals. These alterations have been suggested to _be invol ved

in 30 sone Gtermpdiatesalips,whih awseierably abeut hbdul2ilad: 14 oWhem abet es,
i ncl udi ng [ tive
syst em danage. prodficel SRRk (Y a hOR YER RN ng BERRE ARFPdI¥ert 3F c&f“zg@%‘b?
PCT/ US98/ 07421  a precursor substrate such as GLA and DGLA to ARA can be used to precisely
20  control the PUFA ratios. For example, a 5% to 10% conversion rate of DGLA
to ARA can be used to produce an ARA to DGLA ratio of about 1:19, whereas

a conversion rate of about 75% to 80% can be used to produce an ARA to

DGLA ratio of about 6:1. Therefore, whether in a cell culture system orin a
host animal, regulating the timing, extent and specificity of desaturase

25  expression as described can be used to modulate the PUFA levels and ratios.
Depending on the expression system used, e.g., cell culture or an animal
expressing oil(s) in its milk, the oils also can be isolated and recombined in the
desired concentrations and ratios. Amounts of oils providing these ratios of
PUFA can be determined following standard protocols. PUFAs, or host cells

30  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.
.29.



Prinmrose oil, which contains GLA, has been shown to prevent and reverse

di abeti c nerve danage. The PUFAs of the present invention
can be usedwWO@8Mé%ht eczenm, reduce bl ood pressuréd ve
mat h scores. Essential fatty acid deficiency has 5 been suggested as

being involved in eczema, and studi es have shown benefi ci al
effects on eczenn fromtreatment with GLA. GLA has al so been shown to

reduce increases in blogd pressure associ at,ed Wit ness nd. i ove
per f or mance on arit hmﬁ%ﬁwgpp&%@%@“ﬁﬁ%gpﬁéﬁ’ %‘JPQS%H&{JSQFW%% i t
pl atel et aggregat i mgy bé hiesHortedidid o%bki‘ﬂ?oilh,cfdﬁbr a€intLfobulaid b thab fid

i nhi bit 10 proliferation of vessel wall smpoth nuscle and fibrous

ti ssue (Brenner etnqmal usethe reclpientwevl.drss@évetheé%ireﬂmowoﬂheé’éll’@.m%- 101,
1976) . Adm ni strat P AN | ' Eaﬁ |[ n

wi th EPA, has bee nélgﬂlé%nc&g@i}agég Jgtg %t;an%t;ogg@%%uwﬁio uBﬁ laglg?tg g% es ‘?nal
bl eedi ng and other podatts, ahd ey find awses achntiyinflannatory of cimlestendlilewering agents,

i nfl ammat ory drugs (USPN 4, 666, 701). GLA and DG.A have al so been shown

15 to prevent or treat endonetriosis and prenmenstrual syndronme (USPN

4,758, 592) and to treat Phanniceutienl €oinpjositionki ti s and chronic
fatigue after viral infgctions,,. . USPN 5,116, 871). . -
Further uses of the PUF Hpsephingexftmélﬁoiegnﬁorpmezf&p%agga%eﬂnqa} BYPRRSHOR £

AL DS, nultiple schigging o hforé SEHRE bdlShnd/SorBdilt@iFoilsreRick@insi on and
20 inflammatory skin disorders. The PUFAs of the inventions also can be

used for aqegydaneeawitls the mpathnds desaribad hereins Mereispepifically, syehpat ri ¢

treatments. . " . ' LGat khons

11 “ahoul d be b ecPeEmpesuHisel ampasitonery pomprise ons SE B Y adiPurdfitoh?
nutritional conposasweélhas amyndasd, welllknoem, hoh-toaivphaimavsutidallp acseptables, as
wel | as 25 humgns, ..as ani mal s experigence ny. of th eeds and
condi tions as carrier, a‘HB\_‘P&‘ﬁP" %ﬁ%w’é& ?’F?é"r}’i‘f’lphﬁﬁphé@i%&g‘g‘g s{img, present
i nvention may be Uhlel 28fhnblpolyols, vegetabRilSR withifsagenP bt &GRSR SuchSisani Ml
feed substitutes. The follow ng”exanpl es are presented by

way of il ustrati owaterfoll emplsion. The compbsition may be in either a liquid or sohd form.
- 36- PCT/ US98L07421 .es . . .
Exanpl es 1S9CkG: cximple, o cqmposition e bt g formgtq bl sapsh ogestble

Nucl eot i de Sequenchqdid @ffpowder, injectible, or tt[)\{)ical ointment or creabr ti erel I a al pi na
Exanple 2 | sol ati on of A6 Desaturase Nucl eoti de Sequence from 5

Mrtierella al pina Possible routes of &fAIMREtiGh inchdle Tof Exdatiipld, fal Fbctdiind
Desat ur ases Honol ogues to the .
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
20  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,

25  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.

-30-



Mortierella al pina [err] Desaturase Exanpl e 4 | sol ation
of D-12 Desaturase Nucl eoti de Sequence from

Morti er el | WOISA6TH4 10 Example 5 Isolation of PE/UEWH#te b5
Reduct ase Nucl eoti de Sequence from Mortierella
al pi na Exampl e 6 Expression of M al pi na Desaturase

Cl ones in Baker's Yeast

Exanple 7 ~ Fatty Aci dAAX}&‘&)éﬁSr?mQB{gﬁ%\{t@é@ftﬁe@g%%égg%ﬁi‘os%{3}gﬁxﬂi%&ies

Brassica Plants _
Desaturase 1 n Br afsteésmetic purposes. It may be added to pre-existing @6knfetic compositions

Exanple 9 Expressjon of M alpina Al2 desaturase jn Brassica
napus 20 such they a mixtare)is formed or may be ysed.as grselesopwposition] al pi na A6
and Al2 desaturases in Brassica napus

Exanpl e 11 Si nul t anedtharmagsktient compesitions maybientilizes tojadministerthe PUFA

desaturases i Br ' e . le 12. Sinultaneous
expressi on of rsl\/l %orl'}g&[tggl? ,Vl%?l'a%%’ﬁbéergwcegé%g&mWS%oém% o
desat urases in Bramsrise physiolsgically acceptable sterile aqiRoag Bt @orﬂ-ﬁglf&hﬁomﬁ@c' fic

Distribution of [err]§-Desaturated Q1 s, . anple 14 Fatty
Aci d Conposi t i onsIIBRETSIonsnSYsRenstonppRemulsions and sterile powders for reconstitution into

- 37- PCT/ US9GLAId delitions o gispersions for ingestidn’ %%1615 Bf gﬂ%ié‘ﬁﬁgcgﬁégﬁg ssion

of A6 and Al2 Desaturases |
Achi eved by Cr osstiangaqueous carriers, diluents, sélventpbrvehitlesin¢indeswater) ethtindl) al pi na

gg 3 3te ﬁ E 22 es | ﬂ) S Oﬁ;oti}('a(ﬁg (propyleneglycol, polyethylggeagi%lof g}yz:erot'légg ,rthﬂqgé ,tsg{tafﬁg Gene

Isolation of a ASmij@seé heRSE vebethiRObildQuctrA WANE 8ilf 4R hjbhableDrdiniestkdi N
such as ethyl oleate. Proper fluidity can be maintained, for example, by the
maintenance of the required particle size in the case of dispersions and by the
use of surfactants. It may also be desirable to include isotonic agents, for

15  example sugars, sodium chloride and the like. Besides such inert diluents, the
composition can also include adjuvants, such as wetting agents, emulsifying and

suspending agents, sweetening, flavoring and perfuming agents.

Suspensions, in addition to the active compounds, may contain
suspending agents, as for example, ethoxylated isostearyl alcohols,
20  polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose,
aluminum metahydroxide, bentonite, agar-agar and tragacanth or mixtures of
these substances, and the like.

Solid dosage forms such as tablets and capsules can be prepared using
techniques well known in the art. For example, PUFAs of the invention can be
25  tableted with conventional tablet bases such as lactose, sucrose; and cornstarch
in combination with binders such as acacia, cornstarch or gelatin, disintegrating
agents such as potato starch or alginic acid and a lubricant such as stearic acid
or magnesium stearate. Capsules can be prepared by incorporating these
excipients into a gelatin capsule along with the antioxidants and the PUFA
30  component. The amount of the antioxidants and PUFA component that should

31-



Motierella al pina produces arachidonic acid (ARA, 20:4) fromthe
precursor 20:3 by a A5-desaturase. A nucl eotide sequence encoding the
[err]5-  WwWoO98/46764desat urase from Mortierella al pi na (see PCHHISES/AMM2Mas

obt ai ned t hrough PCR 10 anplification using M alpina 1[err] strand
cDNA and degenerate oligonucl eotide prinmers corresponding to
am no aci d sequences conserved between [err]6- desat urases from

Synechocystis and Spirulina, The procedure used was,k as . foll ows:
Total RNA was inggfcewa n&@eaﬁsmwwtwrfmwgﬁmﬁgdéﬁ Pithingthe 15
Mrtierella al pi g@idgﬁli,éggﬁgcgge@gp&@pol of Hoge et al. (1 982) Experinental
Mycol ogy 6:225-232. The RNA was used to prepare doubl e-stranded cDNA

usi ng BRL's | anbda- Zi : ¥t ¥ ;sat'%t r. .
i nstructions. %Q%%ﬁ%lﬁgﬁ%? ﬁzcghérg\é‘%t | ong?eggqtg%e egfl %ipﬁé'e‘é%o{/\er e
packaged separ at eéducing the intidence of, the undeksirdat sucureenced For ekiafnble| rtteat

average-si zed,.inserts. The "full:-lenqgth" |ibrary contains . 20
approgi mat el y°3 }%P%FVHPWFWH@%?? %h’:iﬁp V@P‘&gih‘i‘??gmmsp&%%f 1.77 kb.

The " S QEMRESI nod o B 10[er 1]
clones with an PR oag);\g}ée(}ﬁggg ﬂ:lénés}%o;uthygfi:%gﬁ gw’ %ﬁgﬁ)k?{é 8Bt it

S5[err]g of total amilindividuall\aze being vsed serchangeably arngl i referje ag animpl. RTase
and the primer TSyn.5: -, TCT GCTCTITTTETTITTITTT 3" (SEQ
"D NG 101 Dogend AT AT R IAIbE i in e i gy lanred

conserved bet weemadnimaltinéludiyg, habactiitited/to,[doEs, hAmERS aonkasCardegeenges. The
specific prinmers used we

re;
- 38- PCHP usysgdinhe application the term fghouts sefersgo amrmopns wagyingfrom the

G AU chne s A i 22
PCR anpl i fi cat i omseasnypumérinl pumberior eange specified irthe specification shwalddent ai ni ng:
[or7]M each deox§PRUSREREHLAR PR LTIAR 60 m Tris-of, b B. 5,
dosaturatl on St ep of SBOHGHLLGNYIRE! & Bivd SR GSHE 31 TEF 1 B SBOHnu o5,
then 10 15 he|o¢tlﬁtnuﬁ?tidﬁﬁgéﬁﬁﬁnﬂ%%tﬁapc&nﬂ&sﬁi%gnggﬁ?bggﬁgﬂﬁ&ume& e added.

PCR t hernocycl ing conditions were as egrees for 1
mn., 45 degr ees single setting ahd desigiedrto deljver ffettiye amowritoof the mitioxida@iRand s

continued for 35 . . I N hese pringrs qm,. the M al pi na
first-strand cmﬁ%ﬁggﬁ%%ﬁglyg%deb d\s wifbe ‘gadt“P’éaB"r'?’BﬁgﬁPB%ﬂ%n’%?d arison
of the deduced anmrtposiagledosesriering ¢fithd liguidhutritional powder should supply the

amount of antioxidants and PUFAs discussed above. The amount of the dose or

20  serving should be a volume that a typical adult can consume in one sitting. This
amount can vary widely depending upon the age, weight, sex or medical
condition of the patient. However as a general guideline, a single serving or
dose of a liquid nutritional produce should be considered as encompassing a
volume from 100 to 600 ml, more preferably from 125 to 500 mi and most

25  preferably from 125 to 300 ml.

The PUFAs of the present invention may also be added to food even
when supplementation of the diet is not required. For example, the composition
may be added to food of any type including but not limited to margarines,
modified butters, cheeses, milk, yogurt, chocolate, candy, snacks, salad oils,

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

-32-



15 al pina PCR fragnent reveal ed regi ons of honol ogy with A6-desaturases

(see Figure 4). However, there was only about 28% i dentity over

t he regi orwO98/46764 conpar ed. The deduced ami no aci d sequer‘?ﬁ‘é"’V%9 y‘@%ent ed
in SEQ I D NO 14. The PCR product was used as a probe to

| sol ate correspondi ng cDNA clones froma Malpina library. The

| ongest cDNA cl one, Ma29, was 20 desi gnat ed pCG\5521 and has been
conpl etely sequenced on both strap S. he .cDNA is contained as a
1481 bp insert in the vector pZLl—g-mé'-gﬁﬁl—A-ﬂl‘—%esear ch Laboratories)
and, beginning with the first ATG  contains an op [eading frame

encodi ng 446 anino acik®s phameceutical whs h%wrc‘@mmé the,gompositions ares e quence

deduced fromthe gmﬁ_n: 5 was
found to contain $e9| o%s 0 Eerzﬁ' q’tug&?'eoe Ig ‘gesatu aahg§&?sgyewgc§ure 8).
For exarthéyemay beaa:cessﬁﬂbrabeutbéduesg,npimmﬂerﬂ%(es submltaneohsiy,e been
observed i n other, ane-b sat ur ases ul t al.

(1994) The Pl ant eERpussulzEly oq_'g'ga)venousf%l rec'g&:?'e"aﬁli@'ﬁﬁ"{ @ﬁ%rfg"sent in the
Mortierella sequengRpRl afdTbIER offihentiR MtionO The PUFAs oftheé&éseﬁgﬁv Anday2, and
387-391 (see Figure A’5D) . However, the typical HXXHH' am no

acid notif for t rh,e adminigtetedalongionén pembination wish Apharmacetically acceptable

- 39- PCT/ U89 e . The
ami no-t er ni nus of° A‘%%’é%@@ﬁt Where avgﬁ%f %?aﬁf‘%‘i‘ﬁ% Q%d#%e %W@ml ogy
to cytochrome b5 diﬁlCﬁdmlmStrat'BinuSl)leﬁai‘}esupplementanoﬁ/ﬁi $eit ﬁfrﬁH dbave alddcanl one

appears to represent, a f usi on bet ween cytaochrone and a fatty

aci d desat ur d¥e. Epwé@%wbaq%ﬂfeadﬁsmsgaw |’@\¢é’as%%fa¥edﬁ€ldﬁ ghithg present 5

el ectron donor f Ty S t hat
t he N—tg%m nrgﬁ cyt ﬁmﬂﬁgﬁgﬁgﬁﬁt ¥ ﬂ %rébegaé'{shﬁsgég%aﬁ)‘%?el nis
involved in its orprodrugs dﬁlh@fathcxd?hAsymhmﬂEemwaHmBagmUs sathisn expr essi ng

t he desaturase in t er ol ogous ..syst ens UFA dug1. on.
Exanpl e 2 10°n°°m¥’§98?%?¥ PEFseIN “}_‘ié‘éla Wag%alh Fg e from

Mortierella al pi Ngbtassium or lithium salts. AlddEakéth a}esﬁquan@ of oﬂmﬁﬁktial
cDNA cl one, Mab2 encodi n [err]6 fatty acid desaturase from

Mortierella al%i rﬁ&lt&éﬁ‘ﬂbmﬁﬂﬁﬂyltﬁ}“qﬂmﬁ@m'i in PCTP‘@@%@HWQQ%@N& .ones
f the M al
c E)KIAT- coﬁt ai n?ng ! m% el 3 ‘tg{sé§<60| §§gmyg§§??rgl f\gévél Peafs %&%PUFAS also ca:tb

[err]] of phageI verin€inistendal 1ﬂ®7blwfbhn 1Bér 1h&ﬂehbuﬁdnﬁlms&ﬁtidn, ﬂielg’UB(sZirP)

grown in ECLB plu er nanmycin 2% mal t gse 10 SH
and i ncubated at vaté%qséé%;gq{;pay& neomemted ‘9‘°§0°H%m°5% ﬁﬂﬁé‘né%é“ 100
[err] tr&ﬁﬁd?a?ﬁeet&bﬁahmﬁglﬁuﬁlﬂasﬂh% ﬁﬂﬁé‘c %@.«,é@}rﬁ; 50

[err]g Pen plates. m nute recover was n
pl ates were |2€bub%14@dor5M|lg¢&toa'tlt%ofDGImmgﬂééstoO(%Vmﬁ@sAvﬂhesepi cked

into ECLB + 50 [ Pen nedi .0r._over es to be used
for ki ng ol yeer BYF 8 BEBeltHirbolif prelifoR o be adminisierse, cthir stk o °F 0
culture used for mbam*ewrﬁtaroﬂ{erwmtspm@hﬁseanehmﬁt@lacﬁmeﬁled?h@hmm on

ECLB + 50 [err]g n/ resulted in pore col onies a{1 greater p({ {)ortlon
of ere desired, the individual components of formu tlons may be individually

L

provided in kit form, for single or multiple use. A typical dosage of a particular
25 fatty acid is from 0.1 mg to 20 g, or even 100 g daily, and is preferably from 10
mgto 1, 2, S or 10 g daily as required, or molar equivalent amounts of
derivative forms thereof. Parenteral nutrition compositions comprising from
about 2 to about 30 weight percent fatty acids calculated as triglycerides are
encompassed by the present invention; prefetred is a composition having from
30 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 optionally be included. Where desired, a
-33-



colonies containing inserts than plating on 100 [err]g/ m Pen. 25
Random col oni es were picked and plasm d DNA purified using Q agen

m ni prep kwo®sM4BNMA sequence was obtained fromthe 5 end of PCHESBOMZLI nsert
and conpared to the databases using the BLAST al gorithm Ma524 was
identified as a putative [err]6 desaturase based on DNA sequence honol ogy
to previously identified A6 desaturases. A full-length cDNA cl one
was i sol ated . - 40-

PCT/ US98/ 07421  preservative sugh as¢ togepherol amayi beaadded; typigally phabayb At e of
this clone appear&eikg be slightly (2X) |l ess than Ma29. Ma524

di spl ays significan ﬁﬁom)l ogy to a portion of a Caenorhabditis

el egans cosm d, WO6D2. 4., cyt ochr ome, b5/ desaturase fusion .. ., protein
fromsunf lover, and t resiaRls Bhartareuice colmposyons may sompriee physisloginelly © s

those from Synechgeysthble sRAlk a3Rkdslor Adn-aqueous solutions, dispersidr3, /fdpknsioRsor VB524
shows significant honology to the borage [err]6- desat ur ase

sequence ( PCT $ub¢mulsionsandsterije powders for regopstifution inteagierile injeatible solutions

encode a A6-desat CrdidR! Exdim | gal

[err] 6-desatur aseg&.ra%?&m‘ bgehgﬁﬁg‘ah% aﬁg oé’gg{"ﬁa n,'gﬂa]ﬁ%f’ﬁso%gﬁﬁerf’he am no
acid sequences of dildeh@4salvahts drevehicles iitludebastergethAil grotydts (rdpilendgh@l,base
conposition of th borage cDNA has

i ite djff . th ‘
an overal | base C&}%ﬁ?@‘ﬁgm‘éﬁc‘g? é’@%"&; %Rd%,%g w‘?)hs‘ggh@ migfres {hereof, vegeta.ble.
exceeding 70 % v@s&é(@u&%%ﬁgég/a)ariﬁx_iﬂgweemeﬁr@wété’(gAtﬁ_apayg&gﬁp@% }on,

with no regions exceeding 60 %" This may have inplication or expressing
t he HDNAfuidity parcheonnigtatnedifor exampie, byl the whainténaheaafithalieffiicedent base

conposi tions. LL s .known that poor ession of recopbi nant genes
can occur when t h%ﬂ}ﬁ%lg t';’llze ir'the 88 %gésl’gs@@ ?ﬁf{}xg r“é‘?’l?psé‘ﬁff@‘ém&tﬁ' FAYAE f r om
that of the intr obkidsttalfle&einclude isotonic dpefs o kashpi®supary, sdiurh Shlofid€ fndo00r

expression include decreased stability or . translatability of the
mRNA. the like. Besides such inert diluents, the compositigp ¢at als@include 20

| dentification of 7 ’ rgojgg AMsisifyvi : to
the Mortierella a?ﬁ?‘??g%;%%‘%é‘gg‘?ﬁ% S llth, sifying and sus%&gﬁngiagenésdi d sequences
t hat encode plff at sweetdning; flevatogeand padfemingeagents. identified through a
BLASTX search of the est databases through NCBI using t he Ma524

am no acid sequence. SSwpemsiorsdn additiastozhouetive So@poirids iy contair 5 :
e of two Arabidopsis

honol ogy. I n particul at, the deduced am ng aci d sequen

t hal i ana sequence¥®SP§ PiSras W@f‘?ﬂzf&?ﬁ@aﬁﬁésmﬁ%’g@)m%md

honol ogy to two d} ' Rftafd - 2l | ence of
V8524, “The fol | ot ﬂgﬁé@%ﬁ}ﬁ“??f‘é‘?&g‘mﬁ‘?éhdes. Sﬁ‘é‘ﬁe‘q iR Balfif AR

(conpl enent ary t oalEminmgmethyioxide/AConinCeaTRCTB agacantBr GGEMEGBEDI TG, SEQ
D N0 22, andy 42500 N4 SQUR BIRRLAY tO

-41-

An especially preferred pharmaceutical composition contains
diacetyltartaric acid esters of mono- and diglycerides dissolved in an aqueous
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

25  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
diacetyltartaric acid esters of mono-and diglycerides. In accordance with this
embodiment, diacetyltartaric acid esters of mono- and diglycerides (e.g.,

30 DATEM-CI12:0) is melted with other active antimicrobial lipids (e.g., 18:2 and
12:0 monoglycerides) and mixed to obtain a homogeneous mixture.

-34-



PCTI US98/ 07421 T42806) 5' CAUCAUCAUCAUATGATGCTCAAGCTGAAACTG,
SEQ I D NG 23. Five [err]g of total RNA isolated from devel opi ng
siliques ofwéralsmapsi s t hal i ana was reverse trans@GHE¥sERhg BRL
Super scri pt RTase and the priner TSyn

5' - CCAAGCTTCTGCAGGAGCTCTTTTTTTTTITTITITT-3", (SEQ I D 5 NG 24). PCR was
carried out in a 50 ul volune containing: tenplate derived from25

ng total RNA, 2 pMeach Priner, 200 [err] M each deoxyribonuc| eotide
tri phosphate, 60 riemegeseity allqys for mcereased aptimicuphiahaptivity. Themixtaresnbs | 0.2

U Taq Pol ds : | b 1@}; : : addifionlggr ees for
30 sec., 50 %Wé%%i?gg%%fmﬁﬂépéc., Q%S?lg%ﬁggppg% sec? PCR was
continued for 35 ofisdepdtartariclrid éspérs ofimdndsand digiyteritiesoandl premixingswitnother 72
degrees for 7 mnutes. PCR resulte ' nment of l&er.rLZaSI‘O base

d .
pai rs which was s dB%%QﬂP@ﬁP#"SF PEIGR i peduction intey h’g?? e aels GOMERSHo
sequenced. Eachy englephe jddhiged mmgﬁle%ﬁﬁﬁmpﬂﬁi&%cﬁ!&%éw S

est fromwhich the PCR prinmers were derived. This’ s the Sequence naned

12- 5. Theditheotscprasenvatives, huffers orpropeltantsais may-t® requireditp S0t81R 3p5A% hat
of Ma524 and 15 35 from human (W28 140), nouse (W3753), and C.
el egans (R05219) i o : Figure 4. Based on honol ogy, these sequences

represent desaturase ol ypeptides. The full-length.genes can be
cl oned using probes baé&fﬂf?ﬁ%ﬁ@"é&"ga&s"°n°°mpa§§¢a§éentﬁ?§?‘g¥ﬁgg‘é‘8%’gs can then
be placed in expr egisirérs WithiiPaddy] Suppleme@fion With PUFAS of thsréseael | s and

their specific A6- or other desaturase activity can be determ ned 20
as descri bed bH} ovinvention can be used to treat restenosis after angioplasty. Symptoms ef, anpl e 4

| sol ation of A-12 e tide. -1 L.enel | Rivha
Based on the fatt y@%&‘é{lsf’%ggﬁgﬁ aaflnglémlﬁ&éﬁaeﬁgggg%%g&h%s&egﬁa[@w] 6
type desaturase. Tihe PUFAS|of tiibgsaderit inventiod. EeRieadesindicates that PUBApmaglbet i on of
i nol ei ¢ 25 acid (1 8:2) fro leic acid (,18; 1). Linoleic acid
(18:2) is a subst r&velv mcglc,qgnmetargoﬁsm, %E@E‘BE&?@P&W&@?&?‘%’%M was
desi gned to deternj ' ' | tion HESsted is and of

[err] 12-desaturasghgg'ft&%é%%l?e‘,%g#dﬁf?leggi,aﬁtt%’pir%vgﬁt??y thepgtgrmrsespgndi ng
nucl eot i de seqtfenckidney orawihery teask stoyesf rom t he M al pi na sequenci ng gr ade

i brary, Ma648, was sequenced and identified as a putative desaturase based
on 30 DNA sequencEhdPiBAs gf/tht presemtinventibry canchentsed irctlie treatmentrafses, as
descri bed for

. - A2-
PCT/ US98/ 07421  cancer. Maligpantcells have heen showm to havergltered firx é%}ﬁam no acid

sequence fromthe &mﬁd&ﬁio%; addition of fatty acids has been shown to slow their growth and

cause cell death, and to increase their susceptibility to chemotherapeutic agents.

Di )]

20  GLA has been shown to cause reexpression on cancer cells of the E-cadherin
cellular adhesion molecules, loss of which is associated with aggressive
metastasis. Clinical testing of intravenous administration of the water soluble
lithium salt of GLA to pancreatic cancer patients produced statistically
significant increases in their survival, PUFA supplementation may also be

25  useful for treating cachexia associated with cancer.

The PUF As of the present invention can also be used to treat diabetes
(USPN 4,826,877; Horrobin et al., Am. J. Clin. Nutr. Vol. 57 (Suppl.), 7328-
7378S). Altered fatty acid metabolism and composition has been demonstrated
in diabetic animals. These alterations have been suggested to be involved in
30  some of the long-term complications resulting from diabetes, including

retinopathy, neuropathy, nephropathy and reproductive system damage.
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t he Ma648 cDNA di spl ays significant honol ogy to soybean microsonal [err]6

([err]12) desaturase (accession #L43921) as well as castor bean ol eate 12-

hydr oxyl asev® a#/¢6364i on #U22378). In addition, honology is oPSEUSWPTIE a

5 variety of other [err]6 ([err]12) and [err]3 (Al5) fatty acid desaturase

sequences. Exampl e 5

| sol ati on of Cytochrone b5 Reductase Nucl eotide Sequence

fromMortierella glpina . ] ) A nuclejc acid sequence encodi ng a

cytochrome b5 redgggggﬁ%mchcon@ws%thagg@ms OWR 19 BTEVERK YefPhed as

follows. A cDNA | ighihehdnesSd tructed based on total RNA

I solated from Mortierella al pina as described in Exanple 1. DNA

sequence was obtai ned ' 'l-ﬁ%g] t 2-

27. A search of public gta anl?gﬂ}/emﬁ%ﬂ?he ?8’3%%“3&2‘%9%%"5%‘9@@ 3‘3%% of

t he 3' ebtbodiprégiire aidd {mprevenathrseorsy. Essersil fatty acigrdeficieroythakonol ogy

to known 1.5 ,cytochr 5. reduct ase sequences.,.. Speci fi cally, . qQver a

49 amino acid ?e_gibS ,sugges?eraeas € én‘f\‘?g‘f iR PEAIS, ﬁ@“?ﬁ‘ﬁ?’%@“’&@%"{‘ ity

g )73% honol ogy) wi Eﬁ'e&sSﬂk&ﬁﬂﬁ%maunentwiﬂpéLA?@gﬁﬁfsl%ﬁog%%El{cﬂvn(t%ee Fi gure
: . . . Example 6

Expressi on of M agdviceincraassstin blood pissme asspeiated hith 'stresycandito impropg

Yeast Transformati . . it hi at e trapsfornatsgn of
yeast was perfor n@g‘q%%ag%?%ﬁn%wc tests. HLA %x{%;fgﬁﬁggxa erel?)etegég?‘gn M@ds in
Enzynol ogy, Vol . pRdeletiaggregsitiohdausd 9sbylilation, lower choldsterdtflidvels and atibiver e
grown in YPD at 30[(-:I-,rr]C. Cel I%évwvgﬁe spun down, resus '

yended In
TE, spun down !8gaiprelifprationoieves sm@@dmsale@pﬁébmegw (Brepner¢f gbet at e,

25  spun down agaidy, ERSMEE B . | 851! @[ 3
resuspended & E’S@%&'t*%@?%?ﬂﬁ?ﬁ%ﬁ% err i &E?gttrl&%%f&nl?ﬁkngf es with
shaki ng. Carrier DGLAgalone orin combinatibohewith ERA, hdsdbegreshotvnweredued éorqurerteatl i nt o

tubes. Transform ng DNA was ded . nd t he .t ubes r.e .i ncubat ed
for 30 min. at 30 [ggﬂ"f’é?"s'%%g"(‘iﬁ'ﬁg 2pd, otherside %?R?% catised by non-sRERISA 885 1 00
MM i t hi um acet at gnflablen#tblf: dhg @SPATHI666, 701! GMACanDGL A Rave also been shown

-43- PCT/ US98/ 07421 . . mn. incubation at 30[err]C. A5
nmn. heat shodR afo Reeyentor teatendonetriosinand premensiupl syndrome (USPN ©92)

pel | eted, washed \j . L Lp: ' "

resuspended cel | s%\%%?begﬁgﬁﬁl ;%1 g{:@%@%ﬁy&l ‘ggg? %%ﬁérﬁégfaggﬁgaﬁ& viret mf'é@ﬁons
Desat ur ase Expr es{USENi 5 IB8#ixf or mred Yeast 5 cDNA cl ones from
Mortierella al pina were screened for desaturase activity in
baker's yeast. A canol FufthérmistdofiRsPUBAS SE£thisdRVekioS thehide BSinufeathgent bLT 1 |

strand cDNA from Br%ssi ca. nap cultivar 212/86 seeds using prinmers based
on AIDS, multiple schlerosis, acute respiratory syndrome, hypertension an

20  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
25  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 or as animal feed substitutes.

The following examples are presented by way of illustration, not of
limitation.

<36-



t he published sequence (Arondel et al. Science 258:1353-1355)) was used as

a positive control. The [err] 15-desaturase gene and the gene from
cDNA cl one WO9BM8764 \h29 was put in the expression vector pYRERUSIBNT42L
(I'nvitrogen), resulting in pl asm ds pCGR-2 and pCGCR-4,
respectively. These plasm ds were transfected into S. cerevisiae
yeast strain 334 and expressed after induction with gal actose and

in the presence of substrates that all O\Af‘,ﬁ det]ecti on of specific desaturase
activity. The control strain was S. cere train 334 containing the

unal t er ed 15  pYEEXkawpid br . ISoistiohlbTNS Déstrurdds Mclebiide Suqaehies Bompr oduced

and the indicated desaturase activity were: DGLA (conversion to
ARA woul d indi cate A5- Marggrellaglpingctivity), linoleic acid
(conversion to GLA woul d indicate A6- desaturase activity;

conversion to ALA woul Example2it e Isvlationcd 9t Desatuease ducleotide) Sequence from ol ei ¢
acid (an endogenous substrate ma ) erevi si ae, conversion to 20
linoleic acid &Dul d indicate A123§%(2’é'fe?ﬂé’z@"%cti vity, which S. cerevisiae

| acks), or ARA (conversion to, EPA woul d indicate

[err]17-desat urase act iE%ampje 3 Thddentification of AG-Resptusases Homploguesdathen Tabl e 1

below. The lipid fractions were as follows: Cultures
were grown for 48-52 hours at 1 ?@;”?ﬁﬁt”?g'%?é%"é?‘}‘@f%d by

centrifugation, washed gnce. . wth_steril 0, and repel]eted. Pe|lets

wer e 25  vortexed R%Wl%t ha{ﬁﬂ‘l‘t,m"ﬁlrg'ﬁlz FW%N%Egﬁﬁ’deﬁwc "
tritridecanoin (as an | Nbr#tePdla adpinkdar d) . The m xtures vere

i ncubated for at |east one hour at room tenperature or at 4[err]C
overni ght. Thggchl or of g er {5 ' red

t hrough a Whatman fil ter)mvfnit on\g@%?t?r% of “"anhy rousng%ugltatsﬁnN‘sléH"tglt%e to
remove particul ates and resi dual Sequence fidimeMortipaeiiacalpishvent s wer e

evapor at ed 30 at 40[err] C under a stream of nitrogen. The extracted
lipids were then derivdisdample 6 Expressioh of MahipineDésdturast OYdnes it Bilker'§ FAVE)
for gas chromat ography anal ysi s (‘%Ca%t by

- 44- PCT/ US98/ 07421 adding 2 m of 0.5 N potassium
hydr oxi de i n nethanol tQ a ¢l osed tube, The | sanples were heated to
95[err]C to 100[err]C f Fi ndial¥ AadiArdlysieof keavesisem Ma29 Transgenic

t enper at ur e. proximtely 2 m asfed on trifluoride in nmethanol was
added and theﬁﬁeati ng repeated. ?frt e catﬂg&éxt racted lipid mxture cool ed, 2

nalysis by o o) o FAPSHEROEME ik SEDERRERR e 2680 i i ng

t he product produced by rdpgs sum of (the product produced and the
substrate added) and then mul tiplying by 100. To cal cul ate the
ol eic acid percent conversion, as no substrate was added, the

total linoleic acid praskafie 9as mlipyd ) 21 C aci d
and linoleic acid produced), t hemﬂ%ﬁf?i?%ﬁ??ﬂﬂéibﬁrf%%%@saﬁuas&ﬂxB/a?.slu?d

20 Example 10  Simultaneous expression of M. alpina A6 and A12

desaturases in Brassica napus

Example 11  Simultaneous expression of M. alpina AS and A6

desaturases in Brassica napus

Example 12  Simultaneous expression of M. alpina A5, A6 and A12

25 desaturases in Brassica napus
Example 13 Stereospecific Distribution of A6-Desaturated Oils

Example 14  Fatty Acid Compositions of Transgenic Plants
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-45- PCT/ US98/ 07421 Tabl e

1 M al pi na Desat urase Expression in Baker's Yeast
CLONE WO 98/3670E OF ENZYNME % CONVERSI ON PCT/US98/07421
ACTIVITY OF SUBSTRATE pCGR- 2 A6
0 (182to 18: 3[err]6) (canol a[err] 15 [err]15

3 (18:2 to 18:3[err]3) desat ur ase)
20 20:3 to 20:4[err
5 8 220: 4 to 20: S%err% %xample 15 CombmedExpressxonofAGandA12D{/gia§m]a§LsmB
é 8 (18:1 to 18: Zgﬁﬂrrgfs)pi . [g??z]tsAchleveB%rﬂssmg 0 [err]6
'[AE;r] 6-1ike, M29) A5 (Exgmple 16 Expression of Bf Alpina desaturases in s%fgan
3.3 p%ain%le 17 Human D&htutle Gene Sequences 0

5 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 A5-desaturase. A nucleotide sequence encoding the AS-
desaturase from Mortierella alpina (see Figure 7) was obtained through PCR

10  amplification using M. alpina 1% strand cDNA and degenerate oligonucleotide
primers corresponding to amino acid sequences conserved between A6-
desaturases from Synechocystis and Spirulina. The procedure used was as

foilows:

Total RNA was isolated from a 3 day old PUFA-producing culture of
15  Mortierella alpina using the protocol of Hoge et 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
20  approximately 3 x 106 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.

5ug of total RNA was reverse transcribed using BRL Superscript RTase
and the primer TSyn 5’-CAAGCTTCTGCAGGAGCTCTTTTTTTTTITIITTI-
25 3’ (SEQIDNO:19.) Degenerate oligonucleotides were designed to regions

conserved between the two cyanobacterial A6-desaturase sequences. The

specific primers used were:
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(M al pina Al5 3.8 Al2-11 ke, Ma648

A5 2.2 [err] 17
0 WO 98/46764 Al2 63 PET/US98/07421
The Al5-desaturase control clone exhibited 16. 3% conversion of the 5

substrate. The pCGR-4 cl one expressing the Ma29 cDNA converted 15. 3% of
the 20:3 substrate to 20:4w6, indicating that the gene encodes a

[ err] 5-desat urase . ound (non-specific conversion of
substrate) was bemﬁé['g%gﬁﬁls%%‘%) t hese cases. The pCGR-5 cl one

expressing the Ma524 cDNA showed 6% conversion of the substrate
to GLA, indicating tHMCUNCYARPAGAYBAYACQFAYACOMAYAd Y at ur ase. The
pCGR- 7 cl one expressing the Ma648 cDNA converted 63. 4% conver si on

of the substrate DSDERAT-RA(SEQMYNORY the gene encodes a Al2-

desaturase. Substrate inhibition of activity was observed by using

di fferent 5’ -CAAHCAUCAIICAUOGHIRAAGARREGREGS’ Wien substrate was
added to 100 [err]M the percent conversion to product dropped as
conmpared to whgn swhertYaCeT RreA+G, ahid O=IaCd RCR amplifidation i (arded owtling) .

These data show t hat, desaturases with different
46- PCT/ US9 8/28914‘??“1“3 contamning: templatg derivaddram 40 pg ttalRNA, 2 aM ¢ach

expressed in a he t 4.9 €
Tabl e 2 represent ?ﬁi’%’?@%@f g%&oﬁg%ﬁbgggég&gg%aﬂbog?%%ent60g:;ﬁ %e?gygi%s‘?’i pid
extracted from t hasysM(NHBS0,,2 mMEMRTH,s iSamplsddvent flbjéckd tb aflinididled pl asm d.

No 5 gl ucose was present_in the gromh nedia, Affinity. gas
chr omat ogr aphy wadesaturation step f O3 degregs (3] tamperapyees Gelsins) for seminupssgthen o/ v

was enpl oyed 4§ V@kidiay 75 Begrees while 0, 1%)?@"1‘:&1%1}9&1‘%%%&5 flda! i’Fi{ The

expected product for the B 2;:395 A saturase, [err]-linolenic
aci d, was det ect ethammeeydling cenditionsavege ad follows:i 84 degreks formbmin., 45 degreeadded

10 % Yeast expr esdvioh Bika AR RAAMYE RO afs BBIRIELESF RGT e A CBnzy o

and det eqhiap tieese pRmeEsonGhe M Al firdfsifind (DR protiedd a8 50Wph
condi tions. Both ] exogenously added substrates were taken }\Jf by
yeast, although sk¢agtien produets a’@rnpamson of the dedacsdamine acid sequepesrof the M

Y hormn. A . _ ) d i
than 11 hol ef ¢ 1ci dHAEPER Saelrfeht o dPRgioRs BRI Wil B demprwmgsspfert naucea
15 yeast cul t ur @gury4).i HowerRr,th@€ wals valy aUeitRYLidetidiy dvir thetegich aci d was

pr esent during.ip uctJ on, and expression, of S. cerevisiae 334
(pCGR-5). The pre&ampared. The deduced amino acid sequence is presented in SEQ ID NO:14.

The PCR product was used as a probe to isolate corresponding cDNA

clones from a M. alpina library. The longest cDNA clone, Ma29, was

20  designated pCGN5521 and has been completely sequenced on both strands.
The cDNA is contained as a 1481 bp insert in the vector pZL1 (Bethesda
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

25  was found to contain regions of homology to A6-desaturases (see Figure 8). For
example, three conserved "histidine boxes" (that have been observed in other
membrane-bound desaturases (Okuley ez al., (1994) The Plant Cell 6:147-158))
were found to be present in the Mortierella sequence at amino acid positions
171-175, 207-212, and 387-391 (see Figure SA-5D). However, the typical

30 "HXXHH" amino acid motif for the third histidine box for the Mortierella
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of this PUFA denmpnstrates A6-desaturase activity frompCGR-5 (MA524).
Linoleic acid, identified in the extracted |ipids fromexpression of S.
cerevi si ae WO 9846764 334 (pCGR-7), classifies the cDNA MAGASPETHEPAAT4H pi na
as the Al2- 20 desat ur ase.

-47- PCT/ US98/ 07421 [err] PCT/ US98/ 07421 _
Exanple 7 Expression of A5 Desaturase in

Pl ant ' i Leaye . . Thi s _experinment was
deging?led to dete Fﬁ%%ﬁﬁ“ﬂﬁé&& nggﬂlfle Jhe ggino-termigus offhe gncoded

determ ned by Nor bhgéifi) shofed® sightfitarit RofBIBEF i cRIDGROYS beoti TS, the

DG.A (20:3) to ARA (20:4)

Mortierella cDNA clone appears to represent a fusion between a cytochrome b5
and a fatty acid desaturase. Since cytochrome b5 is believed to function as the

5 electron donor for membrane-bound desaturase enzymes, it is possible that the
N-terminal cytochrome bS domain of this desaturase protein is involved in its
function. This may be advantageous when expressing the desaturase in
heterologous systems for PUFA production,

Example 2

10 Isolation of A6 Desaturase Nucleotide Sequence from Mortierella alpina
A nucleic acid sequence from a partial cDNA clone, Ma524, encoding a

A6 fatty acid desaturase from Mortierella alpina was obtained by random
sequencing of clones from the M. alpina cDNA library described in Example 1.

cDNA-containing plasmids were excised as follows:

15 Five pl of phage were combined with 100 ut of E. coli DH10B(ZIP)
grown in ECLB plus 10 pg/ml kanamycin, 0.2% maltose, and 10 mM MgSO4
and incubated at 37 degrees for 15 minutes. 0.9 ml SOC was added and 100 pl
of the bacteria immediately plated on each of 10 ECLB + 50 pg Pen plates. No
45 minute recovery time was needed. The plates were incubated overnight at 37

20 degrees. Colonies were picked into ECLB + 50 pug Pen media for overnight
cultures to be used for making glycerol stocks and miniprep DNA. An aliquot
of the culture used for the miniprep is stored as a glycerol stock. Plating on
ECLB + 50 ug Pen/ml resulted in more colonies and a greater proportion of

colonies containing inserts than plating on 100 pg/mi Pen.

25 Random colonies were picked and plasmid DNA purified using Qiagen
miniprep kits. DNA sequence was obtained from the 5' end of the cDNA insert
and compared to the databases using the BLAST algorithm. Ma524 was
identified as a putative A6 desaturase based on DNA sequence homology to
previously identified A6 desaturases. A full-length cDNA clone was isolated
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The Ma29 desaturase cDNA was nodified by PCR to introduce

convenient restriction sites for cloning. The desaturase codi ng regi on has
been wo 9si48s@rted into a d35 cassette under the contr aCLUsslee2doubl e
35S pronoter for 10 expression in Brassica | eaves (pCG\5525) follow ng
standard protocols (see USPN 5, 424, 200 and USPN 5, 106, 739).
Transgeni ¢ Brassica plants contai ni ng pCGN\5525 wer e gener at ed

foll owi ng standard protocols (see USPN 5, 188, 958 and USPN

5,463, 174) . from the M. alpinallibrarire The alsndance of thiselone appeare tqobeslightiyer e

used: a control, 4- . 1 t.ra ni_Ccs 525- a
5525.29. LP004 is&g%&ﬁ?‘f‘ﬁ@%@nM‘%?é‘ésgp‘gés‘gm%%gﬁh°m°!}’§?’?%?§?‘."%§88€gs of
each were sel ect eCadndrhadfis eleghhy ®Bmid, FAOFPRY Sd cydedhedme 63/desaturase fusion Of
DALA. GLA and DG.A were purchased as sodiumsalts from NuChek Prep

and di ssol ved i n meteby frem sunfigyyer; andAbe tieodGdesaturasesdip teapublig databanksnd st or ed

at -/0 rees oC. aves e t.reated by applying a 50 [err]l
drop to the uépertﬂg&§?€syne§hore gteangﬁrguaiém.l y spreading with a gl oved

finger to cover the entire surfagce. . . Appl | cati gns wer e made
approxi mately 30 mi nu{}\t!,*?d B’rMaf%e‘hQWEIS‘SP‘ﬁPﬂghPE’Qlﬂgy to 8‘ei""'a‘g"’%éycl eto

m nimze any phot 9}5‘5? | f ‘| i aFk3Y S

of treatnent one (%ga ?%ér%ﬁée}écgﬁl’%:? g?ﬂn%h%’l?%(ggﬁgm%zi gg’%n Cl%{)&l n hal f

t hr ough ericbde aTAG-desauragerthatlistelatetbts thelsdrage antd algal\A6-desaturases.t Bnpt t o
renove 25 uni ncqQr porated fatty acid. Leaf sanples re |yophilized
over ni ght, and fa"(hf’?ld%e noted that, %16\083132 1Q 3 SHEETCEHP g

?Qrg?mit ogr ag@f’/ 32%7%%%%%#,%@5&1 cm?%%?tg%)f%'f\g ris;r eQifferent: the

PCT/ US98/ 07421  borage cDNA hay arsoveralbbase compdsitidndf601% ArTedithrsome tegdnst 0 2. 4
W% CLA The fal (xS 70 v e MAEA ki SARES dr IV A MGl RhilogOS' 107
with no regions exceeding 60 %. This may have implications for expressing the
cDNAs in microorganisms or animals which favor different base compt;sitions.
15 It is known that poor expression of recombinant genes can occur when the host
has a very different base composition from that of the introduced gene.
Speculated mechanisms for such poor expression include decreased stability or
translatability of the mRNA.

Example 3

20 Identification of A6-desaturases Homologous
to the Mortierella alpina A6-desaturase

Nucleic acid sequences that encode putative A6-desaturases were
identified through a BLASTX search of the est databases through NCBI using
the Ma524 amino acid sequence. Several sequences showed significant

25 homology. In particular, the deduced amino acid sequence of two Arabidopsis
thaliana sequences, (accession numbers F13728 and T42806) showed
homology to two different regions of the deduced amino acid sequence of
Ma524. The following PCR primers were designed: ATTS4723-FOR
(complementary to F13728) 5'-CUACUACUACUAGGAGTCCTCTA

30 CGGTGTTTTG, SEQ ID NO:22, and T42806-REV (complementary to
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— = a - TR .t TN

essentially the same. Leaves of control plants treated with DAA contai ned
1.2-1.9 WWOGE.A and background anmounts of ARA (.26-.27 w%. 5

Transgeni cweog/ag6cont ai ned only . 2-.7 w % DGLA, but | evel sPET/URRATHAr e
increased (.74-1.1 W% indicating that the DGLA was converted to ARA in

t hese | eaves. Expression in Seed The purpose of
this experinent was to determ ne whether a construct 10 with the seed
speci fic napin prom)ter woul d enabl e exp[_re55| on_in se

The Mi26 coNA wasTHENR § CAUCABRAYCADATIGATRETRAMCEGAMETA, SEQTD
upst ream and downgbrAam:gf #g[ag;&awA%@at%@g@«@gﬁnv%élg&&@my@gopsgs' ng

t he fol loWmng pri
5' - CUACUACUACUACT BaiGHa WASAE S themiSCRItECAIng BRL Superscn[:ﬂE[&sb End\the Dhijmer
_ &E&T CGCGAG
2l pAVP1

Madxho-rever se: ‘
(SEQ I D NO 26). PR Yy o X
(G BCOBRL) usiqg Nbez4) PCR was cairRA90MTR 53050188 lunfd &%%@ t 1%%&%&09\'5522
and the A5 desaturase sequence was verified by sequencing of both

strands. from 25 ng tolEbRNgde @ ¢pM pashiprimer, 200 1d4 saahrdeoxywomtﬂ@)ttdod i ng

regi on was cut ou CG& S g

into the Saf[err] @S%SPB?"C "%EP %f‘%% 15’3‘@%3’5% geé’g&iderﬁggh’ @%&3223
to create pCGN5528aq Fdlgmetasel| Cycld Ecitionk wefe as follows: 94niegiveSR? 30 9€d., 50N ng
the napin 5 regulatory region, the Ma29 codin d the

napin 3' regul at o4SErE AV Shas 72 degssesder 3dses. ?&3 Wﬁ&!“ﬂ“"giﬁﬂf@%iycgg |
D et O SRRy 3 aduiti g ORI a19% dbBEed 1P Y ikt FOR s uni ¢
an er expres

wer e |nserted I n PS tandem constr tctecan si on
of in a fragment of ~750 base pairs which was subseﬁnently subclEhIéW hgast 7421

t he desaturases per netic lo was i ntroduced j nto,Byfassica
napus cv.LP004 V|§ ﬂgf 84 ?ﬁh}%@%@a%ﬁagﬁ%FBFm tﬁc‘&mb’Jap‘"s

The fatty acid CO@Q@%MW&Bh&feF@EBﬁHre&We B&ed. THis &&w&e@u&?eeme@lms
anal yzed by GC. Table 4 shows the results obtained with i'ndependent 5

transformed | i nesThededypgsbanaino peidsetneneeeifsi2of ivsampred 1o thakef Maf?4 andansgeni ¢
15  ests from human (W28140), mouse (W53753), and C. elegans (R05219) in

Figure 4. Based on homology, these sequences represent desaturase

polypeptides. The full-length genes can be cloned using probes based on the est
sequences. The genes can then be placed in expression vectors and expressed in
host cells and their specific A6- or other desaturase activity can be determined

20  as described below,

Example 4

Isolation of A-12 Desaturase Nucieotide Sequence from Mortierella alpina
Based on the fatty acids it accumulates, Mortierella alpina has an 06

type desaturase. The w6 desaturase is responsible for the production of linoleic
25  acid (18:2) from oleic acid (18:1). Linoleic acid (18:2) is a substrate for a A6
desaturase. This experiment was designed to determine if Mortierella alpina
has a Al2-desaturase polypeptide, and if so, to identify the corresponding
nucleotide sequence. A random colony from the M. alpina sequencing grade
library, Ma648, was sequenced and identified as a putative desaturase based on
30 DNA sequence homology to previously identified desaturases, as described for
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seeds containing pCG\553 1 contain two fatty acids that are not present in
t he control seeds, tentatively identified as taxoleic acid

(5, 9-18: 2) wods@sTeel eni c acid (5,9, 12-18: 3), based REA/UHS{07421
elution relative to oleic and |inol eic acid. These woul d be the
expected products of [err]5 desaturation of oleic and linoleic 10
acids. No other differences in fatty acid conposition were observed in the

transgeni c seeds.
- 53- [err] PfaidddsseExample 2). The deduced amino acid sequence from the 5' end of

the Ma648 cDNA displays significant homology to soybean microsomal w6

(A12) desaturase (accession #L.43921) as well as castor bean oleate 12-

hydroxylase (accession #U22378). In addition, homology is observed to a
5 variety of other ©6 (A12) and ©3 (A15) fatty acid desaturase sequences.

Example 5

Isolation of Cytochrome bS Reductase Nucleotide Sequence
from Mortierella alpina

A nucleic acid sequence encoding a cytochrome bS5 reductase from

10 Mortierella alpina was obtained as follows. A cDNA library was constructed
based on total RNA isolated from Mortierella alpina as described in Example 1.
DNA sequence was obtained from the 5' and 3' ends of one of the clones, M12-
27. A search of public databanks with the deduced amino acid sequence of the
3' end of M12-27 (see Figure 5) revealed significant homology to known

15 cytochrome b5 reductase sequences. Specifically, over a 49 amino acid region,
the Mortierella clone shares 55% identity (73% homology) with a cytochrome
b5 reductase from pig (see Figure 4).

Example 6

Expression of M. alpina Desaturase Clones in Baker's Yeast
20 Yeast Transformation

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,
25  spun down again, and resuspended in TE/lithium acetate. The resuspended
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
-43-
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min. incubation at 30°C. A 5 min. heat shock at 42°C was performed, the cells
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

cDNA clones from Mortierella alpina were screened for desaturase
activity in baker's yeast. A canola Al15-desaturase (obtained by PCR using 1%
strand cDNA from Brassica napus cultivar 212/86 seeds using primers based on
the published sequence (Arondel et al. Science 258:1353-1355)) wasused as a
positive control. The Al5-desaturase gene and the gene from cDNA clone
Ma29 was put in the expression vector pYES2 (Invitrogen), resulting in
plasmids pCGR-2 and pCGR-4, respectively. These plasmids were transfected
into S. cerevisiae yeast strain 334 and expressed after induction with galactose
and in the presence of substrates that allowed detection of specific desaturase
activity. The control strain was S. cerevisige strain 334 containing the unaltered
pYES2 vector. The substrates used, the products produced and the indicated
desaturase activity were: DGLA (conversion to ARA would indicate AS-
desaturase activity), linoleic acid (conversion to GLA would indicate A6-
desaturase activity; conversion to ALA would indicate Al5-desaturase activity),
oleic acid (an endogenous substrate made by S. cerevisiae, conversion to
linoleic acid would indicate A12-desaturase activity, which S. cerevisiae lacks),
or ARA {conversion to EPA would indicate A17-desaturase activity). 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; chioroform was added along with tritridecanoin (as an
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 a Whatman filter with one gram of anhydrous sodium sulfate to
remove particulates and residual water. The organic solvents were evaporated
at 40°C under a stream of nitrogen. The extracted lipids were then derivatized

to fatty acid methyl esters (FAME) for gas chromatography analysis (GC) by
-44-



PCT/ US98/ 07421 Northern analysis is performed on plants

to identify those expressing Ma29. Devel oping enbryos are isol ated
appr oxi mat Bl098267@ays post ant hesis or when the naRSTHUBERBer is
i nduced, and floated in a solution containing GLA or DALA as

described in Exanple 7. Fatty acid analysis of the enbryos is then 5
performed by GC to determ ne the anount of conversion of DG.A to ARA,

fol | owi th t | t f A in .Ex le 7. Th ' f ARA
| ncor por ot eq | nt BanEc ESEY §Bpossiumhygemiten ERRER LA aelaped RBRs 2B ases | s
then evasmfegq‘lepé'h&&gg@%é@{oslmscKﬁfi‘%ﬁ@%@ﬂ@ ooled to room

Exanple 8 10 ressi on of saturase in
Brassi ca napus temperature. ApproXifmatelp® v of DK buaen trifhiofideih theth&oRwias

| U oni ng o i ng,Lhe fol | oy Ler s:
:\/gg;ggge 1C ( gEIQn ?qsal;éfe@ﬁ;e haating repeated.) ARer the extracted lipid mixture cooled, 2 ml

5> - CUACUACUACIIAT G abatie B il dF e Adre Wetre AddEd to extract the FAME fof nalysis by
Ma524PCR- 2 (SEQ I D NG 28)

5' - CAUCAUCAUCAUAGCCTBEparean cnseaiarwatalaiatedly dividing the productipseduced i mer s

al l owed the anplifij.cation th ntire codi regi.on added
Xbal and Xhol si tb stﬁf 8"’?%&&6 prgﬁa&gﬁﬁuﬁé@%&.ﬂ%lg%w gﬁl‘{%ggaqdoth?’he 3' end.
The PCR product wagltip BNE0D. ITY caldaPidhe ol dHoidihident 6oriversidigas no

Cl oneAnp system (G B L) to create pCG\5535 and the [err] 6 desaturase

:ggegcgc;/v?is ve; i ubtErty yasaddadithe atpl hnolsisanidnrediend was i‘éﬁded:t}' ﬁ(‘; sum of For
SooNs535 hs aF eI and INERAS pLLRS, b ORRHAR BQRLT O e

napi n expressi on cassette, pCG\3223, to create pCAGL536. The Notl
fragment of pCA\5536 containing the napin 5 regulatory region,

t he Ma524 codi ng region, and the napin 3" regulatory region was
inserted into the No[err] site of pCGN1 557

- 55- PCT/ US98/ 07421

45.



to create pCG\5538. pCGN\5538 was introduced into Brassica napus

cv. LP0O04 via Agrobacterium nedi ated transfornmation.

Mat uri ng TWOs38&d#4wer e col | ected from 6 i ndependent transf BGEAISIBNT421
events in the greenhouse. The fatty acid conposition of single seeds was 5
anal yzed by GC. Table 5 shows the results of control LP004 seeds and six.

5538 lines. Al of the 5538 |inEablelcept #8 produced seeds
cont ai ni ng GLA. Presence of GLA segregat ed in these seeds as is
expected for the T2 sel f edMi @épina Desaturase Fxprs erls Yagdi ti on to GLA,

the M al pina A6 desaturase is capable of produ0| ng 18:4
(stearidonic) and anot heCLONR ty acl UYPEOF ENZYME O De %IOONVERSION:. 2. 10

The above results show that desat urasesCRWITM t hr ee dOF SUBSIRATBubStrat e
specificities can be FE@Br2essed i n A& het er ol ogous s)ysl(t&mam:Bmﬂ}sed to produce

pol y-unsat urated | ongenhigAf3 fat t y Aqgl ds. Exenpli f| \(\335615 product I on of

ARA (20:4) fromthe precursor 3 (DE.A), the pro |on 0 A(18 3)
from 18: 2 substrate, %Hrsse convé|55| on of 18:1 Sl?epsl(néttem'@ﬁ)w 2, which is
the 15 precursor for GA Al7 2.8 (20:4 t020:503)
- 56- Al2 1.8 (18:1 to 18:206)
pCGR-4 A6 0
(M. alpina Al5 0
A6-like, Ma29) AS 153
Al7 03
Al2 33
pCGR-7 A6 0
(M. alpina AlS 33
A12-like, Ma648 AS 22
Al7 ' 0
Al12 634

The Al5-desaturase control clone exhibited 16.3% conversion of the
5  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 A5-desaturase,
The background (non-specific conversion of substrate) was between 0-3% in
these cases. The pCGR-5 clone expressing the Ma524 cDNA showed 6%
conversion of the substrate to GLA, indicating that the gene encodes a A6-

10 desaturase. The pCGR-7 clone expressing the Ma648 cDNA converted 63.4%
conversion of the substrate to LA, indicating that the gene encodes a A12-
desaturase. Substrate inhibition of activity was observed by using different
concentrations of the substrate. When substrate was added to 100 uM, the
percent conversion to product dropped as compared to when substrate was

15  added to 25 pM (see below). These data show that desaturases with different
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substrate specificities can be expressed in a heterologous system and used to
produce PUFAs.

Table 2 represents fatty acids of interest as a percent of the total lipid
extracted from the yeast host S. cerevisiae 334 with the indicated plasmid. No
glucose was present in the growth media. Affinity gas chromatography was
used to separate the respective lipids. GC/MS was employed to verify the
identity of the product(s). The expected product for the B. napus Al5-
desaturase, a-linolenic acid, was detected when its sﬁbsu'ate, linoleic acid, was
added exogenously to the induced yeast cuiture. This finding demonstrates that
yeast expression of a desaturase gene can produce functional enzyme and
detectable amouﬁts of product under the current growth conditions. Both
exogenously added substrates were taken up by yeast, although slightly less of
the longer chain PUFA, dihomo-y-linolenic acid (20:3), was incorporated into
yeast than linoleic acid (18:2) when either was added in free form to the induced
yeast cultures. y-linolenic acid was detected when linoleic acid was present
during induction and expression of S. cerevisige 334 (pCGR-5). The presence
of this PUFA demonstrates A6-desaturase activity from pCGR-5 (MA524).
Linoleic acid, identified in the extracted lipids from expression of S. cerevisiae
334 (pCGR-7), classifies the cDNA MA648 from M. alpina as the A12-

desaturase.
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Example 7

Expression of AS Desaturase in Plants
Expression in Leaves

This experiment was designed to determine whether leaves expressing
Ma29 (as determined by Northern) were able to convert exogenously applied
DGLA (20:3) to ARA (20:4).

The Ma29 desaturase cDNA was modified by PCR to introduce
convenient restriction sites for cloning. The desaturase coding region has been
inserted into a d35 cassette under the control of the double 35S promoter for
expression in Brassica leaves (pCGIN5525) following standard protocols (see
USPN 5,424,200 and USPN 5,106,739). Transgenic Brassica plants containing
pCGNS5525 were generated following standard protocols (see USPN 5,188,958
and USPN 5,463,174).

In the first experiment, three plants were used: a control, LPOO4-1, and
two transgenics,, 5525-23 and 5525-29. LP004 is a low-linolenic Brassica
variety. Leaves of each were selected for one of three treatments: water, GLA
or DGLA. GLA and DGLA were purchased as sodium salts from NuChek Prep
and dissolved in water at 1 mg/ml. Aliquots were capped under N; and stored at
-70 degrees C. Leaves were treated by applying a 50 pl drop to the upper
surface and gently spreading with a gloved finger to cover the entire surface.
Applications were made approximately 30 minutes before the end of the light
cycle to minimize any photo-oxidation of the applied fatty acids. After 6 days
of treatment one leaf from each treatment was harvested and cut in half through
the mid rib, One half was washed with water to attempt to remove
unincorporated fatty acid. Leaf sampleé were lyophilized overnight, and fatty

acid composition determined by gas chromatography (GC). The results are
shown in Table 3.
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Exanple 9 Expression of M al pina Al2 desaturase in
Brassi ca najagy9s/46764 The Ma648 cDNA was nodi fi ed syriosor4al

i ntroduce cloning sites using the follow ng priners: 5
Ma648PCR-for (SEQ I D NG 29)

5' - CUACUACUACUAGGAT CCATGGCACCTCCCAACACT Ma648PCR-rev ( SEQ
| D NO 30) 5' - CAUCAUCAUCAUGGTACCTCGAGTTACTTCTTGAAAAAGAC

These primers allowed the anplification of the entire coding region and 10
added a BanH site to the 5° end and Kpnl and Xhol sites to the 3' end. The

PCR product was subcl onet—tatp—pAYPT—Ge-BepBRO—tsHethieS r‘r,,ﬁmsﬁ
system (G BCOBRL) to crieadte "’iﬁd ndths Al2 pesaﬂuﬁasg 5e uéeoge
PP = O o [ O e e
was verified by sequendgng [Bf ¢l HNsEr EREECEERBEREE
seed- speci fi ¢ expressidf,} tffe %@8 | 79| 4T {Bn{WiS [TUT {Buf® §7 |1© 15
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Xhol sites of the napin expression cassette, pCG\3223, to create pCG\5542.
The Asp718 fragnment of pCG\5541 containing the napin 5 regulatory region,
t he Ma648 oaylesn@ré4egi on, and the napin 3' regul atory regi onPCEESISNEENt ed

into the Asp718 site of pCG\5138 to create pCG\5542. PCAN5542 was
20 introduced into two varieties of Brassica napus via Agrobacterium
medi at ed Leavesiteatest widh Gba containeddiome | 5640 2 GLAaThetfgtty 8180021,

and a lowlinolenjc,. . ine.. . LP30108 were d .

Vature sel feq 1o s shaved gt he Bpidsompiiobel SoatiBCi mpsassinimys wes

transformati on evessérialy thezamenitivas sf cuntdtiplants trested 9ithIGLA cohained

greenhouse. 25 These seeds are expected tq bhe zsgrfﬁati ng for the Al2
o 1.

desat ur ase t r ansgbfd:9 W/ DGLA andhagkgraynd amounts Qf&ﬂﬁﬁ%_ WHP)- 20- seed pool s
was analyzed by Gepandg icrlga?é% Ir:]@rt%iréesdecgﬂg{ 2-731% ?h%@ S!JneJépprﬁA ‘ﬁ{%

transforned |ines contain evels o e product
of the Al2 desat uinamesedl(&del. kwith) indicatingthet the DG Aymwias carvetted/to ARA in

i ncreased in thes&legl ants. Events # 11 and 16 showed the greatest

accumul at i on e leaves. - 62-

PCT/ US98/ 07421 . . o0f 18:2 in the pooled seeds. To investigate the
segregation of 1gEEpYessionin Seed; e T2 seeds and to identify

i ndi vidual plants to be taken on to subsequent nerati ons,

e
hal f - seed anal ysis wasTRRopHEPOsSof this GRpeEmenl was fa detgrraipe whether a popstruct

the dark at 3¢yde gq%i - Iﬁaﬂ I : cot yl edon
was b5 gg(Ci g’{etgﬁieoé% gﬁ%fé@? an{)iﬂe% ﬁgﬁlﬁj %@%Fq%wggégﬁdhg \>/lvas

planted in soil. Resul f in
Table 7. Individual T2’iﬁsee1\e4 29 BN a\y%lxﬁgd%ﬁ%@P&ﬁ%&&%’&ﬁ}é’a@%@ﬁg&ﬁgﬁg
desat urase accunulpstreamiand dowhsiféarh®fthe start fiel ssqecrlions;aespedatively, using the 97xx1

1 16 #59 is an ex&qlgl ¢ of .a null segregant. Even in the highest 18:2
accurmul ators, | evEOWE AMES\or e | ncreased only slightly. These and ot her

10 individual ]y selected T2 plants were grown in the greenhouse and in
the field to adxho-forwardee T3 seed. Mature selfed T2
seeds were collected from 20 i ndependent SP30021 transfornmation
events and a hdn-t rans5'&%@Wﬁ@U@WG@W@G@@%&GQ&ACCAAGG

These seeds are e@ﬁ? Qe segregating for the Al2 desaturase
transgene. 15 Hgﬂ*d'??)y acid conposition of 20-seed pools was
anal yzed by GC. Tﬂ@ggﬁta are. presented in Table 8. All
transforned |ines HIHERS ncreased | evel s of 18:2, t he product
of the Al12 desaturase. j WL i Lne, I
of 18:3 were not signi ?@hﬁ%ﬁg&é&@é@g&f?ﬁﬁ%ﬁgg%#g@éﬁ he
gr eat est %SE%%‘HB'NO:@G)'.O” of 18:2 in the pooled seeds. To investigate
t he segregation of 2 18:2 levels in the T2 seeds and to identify
{ ndi vi dual plapts {0 bend plsRrodhot flas subcloned intHRAPI(GIBCOBRE)) Bhing B
al f-seed anal ysis was done. éeds? Wgsrsé1 38?%1 lrrllaotsg t ogerlmgght in
the dark at 30 de§lieredmpsysn(GIBCOBRL)to kbteete pldiNg522 Bhd tleud edesaturase
cotyl edon was excised for CC.an sis and the rest of the seedling was
pl ant ed s?%eg‘i?iwa.svﬁggﬁﬂgs %cb‘?'ﬁe"tg%"ﬂ}?@g&anal yses are shown in
Tabl e 9. Sanples 25 ggxxl_ 57 #88 and #18 are exanpl es of nul |
segregants for 5542- SPEB0Eed-3pesifys expression, the Miaa9 cagingregionwas i prtafi vel v .
These and ot her i geGrsgYR fl: : i wn in the
gr eenhouse and inBt he 5??e d#%ﬁ%%ﬁ%gt@ﬁé%&é&mtotheSalIsneWﬂﬁrﬁf)ﬁ

25  expression cassette, pPCGN3223, to create pCGN5528. The HindIll fragment of

pCGN5528 containing the napin 5' regulatory region, the Ma29 coding region,
and the napin 3' regulatory region was inserted into the HindIll site of
pCGN1557 to create pCGN5531. Two copies of the napin transcriptional unit

were inserted in tandem. This tandem construct can permit higher expression of
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the desaturases pér genetic loci. pCGNS5531 was introduced into Brassica
napus cv.LP004 via Agrobacterium mediated transformation.

The fatty acid composition of twenty-seed pools of mature T2 seeds was
analyzed by GC. Table 4 shows the results obtained with independent
transformed lines as compared to non-transformed LP004 seed. The transgenic
seeds containing pCGN5531 contain two fatty acids that are not present in the
control seeds, tentatively identified as taxoleic acid (5,9-18:2) and pinolenic
acid (5,9,12-18:3), based on their elution relative to oleic and linoleic acid.
These would be the expected products of A5 desaturation of oleic and linoleic
acids. No other differences in fatty acid composition were observed in the

transgenic seeds.
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Northern analysis is performed on plants to identify those expressing
Ma29. De\}eloping embryos are isolated approximately 25 days post anthesis or
when the napin promoter is induced, and floated in a solution containing GLA
or DGLA as described in Example 7. Fatty acid analysis of the embryos is then
performed by GC to determine the amount of conversion of DGLA to ARA,
following the protocol adapted for leaves in Example 7. The amount of ARA
incorporated into triglycerides by endogenous Brassica acyltransferases is then
evaluated by GC analysis as in Example 7.

Example 8

Expression of M. alpina A6 Desaturase in Brassica napus
The Ma524 cDNA was modified by PCR to introduce cloning sites

using the following primers:

Ma524PCR-1 (SEQ ID NO:27)

5'-CUACUACUACUATCTAGACTCGAGACCATGGCTGCTGCT
CCAGTGTG

Ma524PCR-2 (SEQ ID NO:28)
5'-CAUCAUCAUCAUAGGCCTCGAGTTACTGCGCCTTACCCAT

These primers allowed the amplification of the entire coding region and
added Xbal and Xhol sites to the 5'-end and Xhol and Stul sites to the 3' end.
The PCR product was subcloned into pAMP1 (GIBCOBRL) using the
CloneAmp system (GIBCOBRL) to create pCGN5535 and the A6 desaturase

sequence was verified by sequencing of both strands.

For seed-specific expression, the Ma524 coding region was cut out of
pCGNS5535 as an Xhol fragment and inserted into the Sall site of the napin
expression cassette, pCGN3223, to create pCGN5536. The No¢l fragment of
pCGN35536 containing the napin 5’ regulatory region, the Ma524 coding region,
and the napin 3' regulatory region was inserted into the NofI site of pPCGN1557
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to create pPCGNS5538. pCGN5538 was introduced into Brassica napus
cv.LP004 via Agrobacterium mediated transformation.

Maturing T2 seeds were collected from 6 independent transformation
events in the greenhouse. The fatty acid composition of single seeds was
analyzed by GC. Table 5 shows the results of control LP004 seeds and six 5538
lines. All of the 5538 lines except #8 produced seeds containing GLA.

Presence of GLA segregated in these seeds as is expected for the T2 selfed seed
population. In addition to GLA, the M. alpina A6 desaturase is capable of
producing 18:4 (stearidonic) and another fatty acid believed to be the 6,9-18:2.

The above results show that desaturases with three different substrate
specificities can be expressed in a heterologous system and used to produce
poly-unsaturated long chain fatty acids. Exemplified were the production of
ARA (20:4) from the precursor 20:3 (DGLA), the production of GLA (18:3)
from 18:2 substrate, and the conversion of 18:1 substrate to 18:2, which is the
precursor for GLA.
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PCT/ US98/ 07421 Exanmpl e 10

Si mul t aneous expression of M alpina [err]6 and Al2

desat ur aseswbps@6@ssi ca napus 5 In order to &CFIUESYOHRE M
al pina A6 and [err] 12 desaturases fromthe sane T-DNA, the

foll owi ng construct for seed-specific expression was nade.

The Notl fragnment of pCG\5536 containing the containing the napin 5

regul atory region, the Ma524 coding region, and the napin 3" regulatory
regi on was inserted into the Notl si 990f pCG\N5542 to create
pCGN\N5544. The 10 expressi on modul exX riented in such a way that
the direction of transcription from Ma524 and Ma648 and the nptll

marker is the sane. Expression of M. amﬁﬁﬂdﬂ‘dﬁﬁaéﬁhmgﬂ 0 Brassica
napus cvLP30108 vi a Agrobacter m%dl ated .t sformati on. Mature
sel fed T2 seeds were coibeddatd§ cDNA was mogified, ¢lopipg sitess
transformation ev Wﬂgb sformed 15 control that were
grown in the greeﬁl%%se {%‘Pﬂ see g are expected to be
segregating gor t he A6M%(€48f’bﬁ§fog§ﬁg%%ﬁ? 26y ansgene. The fatty acid

see

conposition was ‘a aI yzed by GC. The results are

ted Tabl e 10. 30108- 3
ngagnaﬁ a: '? ergd gl| Céﬁé]&@p@&&C@Xh&%@&Bﬁ%?ﬂdﬁféc ‘té‘%g rol s. G?_A

duced i Il but, t f t -4, 20 -1 1); t f
\tAﬁZ ?L?egc\?\n tlh?)uf1 GLA (Ma&fs? Bgrfy(éﬁgmﬁéﬁﬁ} eased 18: 2 indicati v)e o

T ©PTESS 0D At s contSAUADRA lﬁ%ﬁ%ﬁxﬁé&?@mﬁz\%ﬁmﬁﬁ ’

wer e hi gher than those of plants cont aj ni ng1 pCGEN5538 (A6 al o
In addition, |evels of These promensallowed the amplification of the etire @é&ﬂé@%}@ﬁ“

pl ants cont gjni ng Ot Thus,
t he conbi na?{)on of g‘%??é’mglr%ﬁ ertrﬁf? ggdggg@?‘ggﬁes on sgﬁseto_f_l_le[%\mﬂ{l.ggﬁ(;es

to the accunul ati oPcmfprddnctaNﬁsﬁbeinnbd‘qurAMPMéGmmBRLbumﬂ@mheé)lcpteéwgi on of
A6 desat urase al one. tigate the atign A |l evel s |nthe T2
seeds and to i dent¥F¥m @Bm tﬂF&ﬁP§’€(§Q%§% g’r‘? Q)2 desaturan Sequense
generations, vé?iﬁeﬁB?%@ﬁeﬂ&ﬂéXPb&h‘é@a% ddone. Seeds were germn nated

overnight in the da at 3 degrees on water-soaked filter paper.

The outer cotyl edon mzpdpgﬁ%é{%grmr xé;; sion, Mﬁ@%b%ﬁ'régx@r?@aﬁaﬁoﬁ@éﬁ of

the seedling was plant sone
-72- RET/ USOPCGNS240 as a BamHI/Xhol frdrgment ambinyested batveees thevBglllandabl e 11.

As expected for t T2 .po atiqn, levels
segr egati ng in thgﬁ‘?ﬁﬁ“\g? f napIp ¥pregsion %W%%B%&rﬁ%pé&%@g% of
total fatty acids ygRsAQPABR4SHehibf ptNS S RonaRGiiSthe hilih ¥ egidhtoBMeET0A,

the Ma648 coding region, and the napin 3' regulatory region was inserted into
the Asp718 site of pCGN5138 to create pCGNS5542. PCGNS5542 was

20 introduced into two varieties of Brassica napus via Agrobacterium mediated

transformation. The commercial canola variety, SP30021, and a low-linolenic
line, LP30108 were used.

Mature selfed T2 seeds were collected from 19 independent LP30108
transformation events and a non-transformed control grown in the greenhouse.
25 These seeds are expected to be segregating for the A12 desaturase transgene.
The fatty acid composition of 20-seed pools was analyzed by GC. The results
are shown in Table 6. All transformed lines contained increased levels of 18:2,
the product of the A12 desaturase. Levels of 18:3 were not significantly

increased in these plants. Events # 11 and 16 showed the greatest accumulation
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were selected to be grown in the greenhouse and field for production of

5 seed. Transgeni ¢ plants including Brassica,
soybean, saWjd osgré4 corn flax and sunf | ower expr essipag/Us9IRG7421
constructs of this invention can be a good source of GLA.

Typi cal sources of GLA such as borage produce at nost 25% GLA. In 10
contrast the plants in Table 10 contain up to 30% GLA. Furthernore, the
i ndi vi dual seeds shown in Table 11 contain up to 60% GA

-73- PCT/ USe8182 dthe pooled seeds. To investigate the segregation of 18:2 levels in the

T2 seeds and to identify individual plants to be taken on to subsequent
generations, half-seed analysis was done. Seeds were germinated overnight in
the dark at 30 degrees on water-soaked filter paper. The outer cotyledon was
5 excised for GC analysis and the rest of the seedling was planted in soil. Results

of some of these analyses are shown in Table 7. Individual T2 seeds containing
the M. alpina A12 desaturase accumulated up to 60% 18:2 in the seeds. Sample
97xx1116 #59 is an example of a null segregant. Even in the highest 18:2
accumulators, levels of 18:3 were increased only slightly. These and other

10 individually selected T2 plants were grown in the greenhouse and in the field to
produce T3 seed.

Mature selfed T2 Seeds were collected from 20 independent SP30021
transformation events and a non-transformed control grown in the greenhouse.
These seeds are expected to be segregating for the A12 desaturase transgene.

15 The fatty acid composition of 20-seed pools was analyzed by GC. The data are
presented in Table 8. All transformed lines contained increased levels of 18:2,
the product of the A12 desaturase. As in the low-linolenic LP30108 line, levels
of 18:3 were not significantly increased. Events # 4 and 12 showed the greatest
accumulation of 18:2 in the pooled seeds. To investigate the segregation of

20 18:2 levels in the T2 seeds and to identify individual plants to be taken on to
subsequent generations, alf-seed analysis was done. Seeds were germinated
overnight in the dark at 30 degrees on water-soaked filter paper. The outer
cotyledon was excised for GC analysis and the rest of the seedling was planted
in soil. Results of some of these analyses are shown in Table 9. Samples

25 97xx1157 #88 and #18 are examples of null segregants for 5542-SP30021-4 and
5542-SP30021-12 respectively. These and other individually selected T2 plants

were grown in the greenhouse and in the field to produce T3 seed
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Exanpl e 1%w2g&m€m4 Si mul t aneous expressi on @icThssgbpina
[err]5 and desaturases in Brassica napus
5 In order to produce arachadonic acid (ARA) in transgenic
canol a oil both [err]5 and [err]6 desaturase activities need to be
introduced. In order to facilitate downst ream characteri zati on and
breeding, it may be advantageous. to have both activities encoded
by a single T-DNA. The following exanple illustrates the '

si mul t aneous expression of A5 and A6 desaturases. 10 ;_The

Asp718 fragment of pCGN5528 containing the napin 5 regulatory
region, the Ma29 codi ng region, and the napin 3 regulatory reglon was

i nserted into the Asp718 site of pCGN5138 to creatéd pCGN5545. The
Not| fragnent of pCGN5536 contai ning the napin.5' regulatory -
region, the Ma524 coding region, and the napin 3. "regulatory
regi on vvas|nserted|ntotheal‘lotlwsmte>0$ RCENSh4l b « cotuogreat
pCGN5546. The expression no@illes SvedecorT et & dnosEhsaonay shat o
the direction of transcriptiorf from Ma524 and Ma29 and the nptll narker i's
t he sane. ) ggP@GﬂéS&Gw\a‘g ‘kgntwoduge i ot @ Brassi ca
napus cv. LP30108 vi a & Agrd)bﬁct:ewuaﬂ medbated teaesfeorsaid an.  Mat ur e
selfed T2 seeds were col | ected
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20 from 30 i ndependent LP30108 transformation events that were grown

in the reenhouse. The fatty acid conposition of ;gxﬁﬁﬁ?7g ol s was
anal yzed Bva?ﬂfeﬁ% The results are shown in Table 12. "Al %e i nes
show expressi on of both desaturases as evidenced by the presence
of [err][err] 18:2 (as seen in pCG\5531 plants) and Alerr] 18:2
and GLA (as seen in pCG\5538 plants) 25
-79- PCT/ US98/ 07421 [err] PCT/ US98/ 07421 [err]
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PCT/ US98/ 07421

Exanpl e 12
Si mul t aneous expression of M alpina [err]5, A6 and Al2
desat ur aseswOns/B766si ca napus 5 In order to a(?ﬁrg'{ﬁé's’%?f mal
production of ARA in transgenic canola oil both the [err]6 and

Al2 desaturase activities may need to be present in addition to
the AS activity. In order to facilitate downstream characterization and

br eedi ng, it may be advantageous to have all of these activities
encoded by a single T- DNA. The follow ng exanple illustrates the
si mul t aneous expression of AS, A6 10 and Al2 desat urases.

The HindllIl fragnment of pCG\5528 containing the napin 5 regulatory
region, the Ma29 codi ng region, and the napin 3[err] regulatory regi on was

i nserted into the_HpdLl | SJ_tg,qf, CEANoQ44 1o greate pCGNS547.
The expression &u %sw\m Oﬂé%/a n“’s ciad that the

direction of transcription Tr b 524, Ma648 and the nptll

mar ker is the sane. oo o vPGG\ISSd,?ewas hntdsogueeed into Brassica
napus cv.LP30108 via S 1SAG Gbaﬁt% Yroesli St & FranG or mati on.
Mature selfed T2 seeds werd cgll ected from 30 |ndependent LP30108
transformation events that |gefd & ki £tHe@ 8 &8 5 HgFedhhouse. The
fatty acid conposition of 40 $eed poor's WS andlyZed by CC.™ 20 The
results are shown in Tabl e |&3 hTwr%y.-.seyeﬂ af &he INneseshow significant
accumul ation of GLA and in |@fd8r 8 £h8 12v8I & & €L obs& wed are higher
than those seen in the 5544 plkants that did not cont‘gl n the Al2 desat urase.
The A12 desat ur ad§ §Bp&rd 5eBal i%eNi W Qs 1®nes as
evi denced by the |ack of e o :aetecﬁa‘Bl &/ T 832 shelevated 18: 2
| evel s in nost plants. Smaljl i yntg of o N1G 2,.,are seen in the
5547 pl ants, although the | Jgggarg %r@rall : ﬁ‘:zh’an"' 2 t hose
observed in the 5546 plants|™ i 30 MAy ¥oe d¥e ‘pres&dé of the Al2
desaturase which efficientlp dgnyerosd he +8id (t,oNl&;,Zmbeé oge it can be
desaturated at the ASpositfda G & S B i 2 0 3 & < o o
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PCT/ US98/ 07421 [err] PCT/ US98/ 07421

Exanpl e 13 Stereospecific Distribution of

A6- Desat ureDog/4ei6h s This experinment was dRGTHREE7H

i nvestigate the stereospecific di stribution of the
[err]6-desaturated oils in seeds expressing pCG\5538 (Ma 524 5

cDNA). Three seed sanples were used: 1) Non-transforned B.
napus cv. LP004 seeds (control) 2) Segregating T2 seeds of
pCGN\N5538- LP004- 19 3) Segrﬁgat iln% T2 seeds of

pCGN5538- LP004- 29 Th ng protocol was used for the

anal ysi s: 10 1. Seed G| Extraction Fifty
seeds were placed in a 12 SimdRawevuy efpressich 6f Msipikaié fndAYR ass

rod. 1.25 nL hexane was added and]egmrmgﬁmm@n%t exed. The seeds were
extracted overni ght on a shaker e extract was then filtered through a
0.2 mcron filter attached to a 1cc syringe. The extract was then
dried down under 15 Inorder toiexprsgpcthe Mrialpinaadéhnd AR déshtupases fromdhé same

g' gestion and derIi ﬁﬁtA, %hattloﬂgm'%fg c;[msiuct foi'_?e&ﬂ]sae%qu e)%‘%g!bop%%ﬁnpnlxa%e

Di gestion
The stock lipase (fro s ar ma, .L4384 vvasdlutedto 20
approxi mately 600, OOO%FITH"@% ?ﬁ@i%ﬁ?g&gmawa £ f SBPR 3 of
the TARguldiery $EA6KK thd PSR éoanfg%gibaldﬂe%@dapﬁx s*eagméxg%giaﬁ pl aced
on ice. The anount of reagents na juSted according to the

anount of oil toW#sinserted into the Mofwsite QﬂpCGN5¥42 to create pCGN5544q ekl | owi ng

amounts arg, base 2 g, 12 x 32
nm scr ew cap vi al &gss ?odvr\%nﬁé\%\gﬁgﬁt %‘d‘e%’gh%@‘gphg“ Riu%%%x err] LO.1M
tris HCl pH 7, A4Grahsfiptibn Rom MAS&%aﬁd@Ie&i@ I-ﬂﬂthﬁi]ﬂlliﬁ&ikérﬁﬁ thelsafe05 W Vv %
bile salts. The material was vortexed and sonicated to di sperse

the oil. Twenty [err] PO®WN5544 was introduced into Brassica napus cv.LP30108 via

Agrobacterium mediated transformation, Mature selfed T2 seeds were collected

from 16 independent LP30108 transformation events and a non-transformed
15 control that were grown in the greenhouse. These seeds are expected to be
segregating for the A6+ A12 desaturase transgene, The fatty acid composition
of 20-seed pools was analyzed by GC. The results are presented in Table 10.
All but one of the lines (5544-LP30108-3) shows an altered oil composition as
compared to the controls. GLA was produced in all but three of the lines (-3, 4,
20 -11); two of the three without GLA ( -4, -11) showed increased 18:2 indicative
of expression of the A12 desaturase. As a group, the levels of GLA observed in
plants containing the double A6 + A12 construct (pCGN5544) were higher than
those of plants containing pCGN5538 (A6 alone). In addition, levels of the A%®
18:2 are much reduced in the plants containing the A12 + A6 as compared to A6
25 alone. Thus, the combination of A6 and A12 desaturases on one T-DNA leads
to the accumulation of more GLA and fewer side products than expression of
A6 desaturase alone. To investigate the segregation of GLA levels in the T2
seeds and to identify individual plants to be taken on to subsequent generations,
half-seed analysis was done. Seeds were germinated overnight in the dark at 30
30 degrees on water-soaked filter paper. The outer cotyledon was excised for GC

analysis and the rest of the seedling was planted in soil. Results of some of
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diluted |ipase was added and the m xture was vortexed continuously for 1.0

- 85- PCT/ US98/ 07421 mnute at roomtenperature. A white
preci pit at gy$94/4ees The reaction was st opped w t h PEI/VRISETAZHCI
and vortexing. Five hundred uL CHC13: CH3CH (2:1 ) was added and
the m xture was vortexed and held on ice while reaining di gesti ons

were carried out. Sanples were vortexed again and centrifuged 5

briefly to sharpen |ayers. The |ower | ayer containin i gest Qduct s, was
renoved with a pashesganglysesareshaws ipTabled!ly Asgxmt%‘%&&ﬁ?ﬁcmp%t‘e% eXAlsy)
The mat er | r&s W 1§ hiehof up t
vortexed, centri fuodgik‘x\gﬁ%lﬁfgmsgg&é%%‘%ﬁ%?%dmw%ﬁ@?%gﬁﬁao(é\ﬂé% cI ayer s.upT?]e
di gest products weg0% septal Gutyiacils avas bssived in individua Sequss Individual lepents

separation is performed as,sqoon as possible after, digestion to 1

mini mi ze acyl ni gr#ereselected to be grown in egree@ouse%qg@gg%prgji\bcé@piogp

The procedur; for éf uid oil digestion described above was foll owed
0

except that [errt= "~ 11:0 nmethyl ester is added to 2.0 ng solid fat.

3. HPLC Separati on . : : J t r lahgd
down in chloroformto a'%rg?sgg?lﬁggagfs;ncluamg B‘;ib.&gngéo[?g?r %%?ﬁ%ﬁlpaﬁgh ﬁ/as
then transferred isunflower éxpeasihg ihe canstficts ofthisinvehtior can be a good seurge ofind 30
[err]L was injected for HPLC anal ysis. The hi gh

per formance |i qui dOEAr onat ographi c system was equi pped with a
Varex ELSD || A evaporative |ight scattering detector, wit

h t
tenperature at 105[ er r | Eyniead sonressof LAy suchis a&?mﬂg“?ﬁﬁtrﬂ_“?#gg%@’érgnnz
Wsp 10 aut Ogd}gaét‘%ﬁe ?ﬁa{&ﬁ GETRRE é&i&wt(?@b%%mpﬁ{dﬂ{&ﬁ%rml es; a
4 ol Ter, a Rheody

Beckman cont ) ne” pneumatical ly act uated stream
splitter; and a individual seflsshowni inTeblerld contamatpoto. 60¥hEGLdhr omat ogr aphy

colum is a 220 x 4.6 nm 5 m cron normal phase silica cartridge
by Brownlee. 25 The three solvents used were: A=
hexane: tol uene 1:1 B= toluene: ethyl acetate 3:1

C= 5% formc acid in ethyl acetate

- 86-
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PCT/ US98/ 07421 The gradient profile was as foll ows:

Time (mn) Functi on Val ue Dur ati on 0
flow woO 98/46784 0 i n 098 10  PCT/USIS/pDARY

2 29C 25 6 mn
14.0 % C 2 1 mn 15.0
End program A chromat ographi c standard m xture is prepared
i n hexane:toluene 1:1 cont ai ning the foll ow ng: 0.2
ng/mL triglyceride 16:0 5 2.0 nmg/m. 16: 0 Free Fatty Acid 0.2
ng/mL dil 6:0 m xed isoners (1, 2-diacylglycerol and 1, 3-di acyl gl ycerol)

0.2 ng/ . 3-nono acyl gl ycerol 16:0 0.2 ng/ L 2-nono acyl gl ycerol
16: 0 For each sanple, the fraction containing the 2-mag
peak is collected 10 auto i Q.al‘l,y.eby,, net poql cgnt,;ql,l Rd 4 1 @ed; guents

relays. Atinme delay isgused tol3 3 & < Frihfo rgze SheSdEt BtZr ni&h the
collector's emitter. THd 2-ma& jeaks are coll ected and the
fractions are evaporated at roofn tenperature overnight.

The sn-2 conposition regults relly ¢ @18 mzgt @or0f &VE B B a8 &.8
Appear ance of 1-nonoacyggl ycerdll<artl/©r <3-novoscyd gy cerol °peaks "N ¥he 15
chromat ograph neans that acyl mjgrati on has occurred.

Derivati zation ° Bo el Pat® 28 EhéSwBolR BRI R &. ﬁ ® Bf the
extracted whole oil wasg R |SwE gHe® iNtB £ 12 R B FAuf FifpTaP vial.
One nL tol uene was then added. The sanple is then vortexed and a
50 [err]L aliquot was rgnoved f S 5 Naergygi gal@ oy Jrdst e Ired
down 2-nmag sanples, 50 werr] LR bue:neowsps @ddees doc S © S PHorhd @ whol e
oil and 2-mag fractions 105 uL WSO err]/CH3OH [err] 8.76 wt% i s

added. The cap was tightly;cappqid &hdgt Be SaGphe BsY & 1 8x& Ko L hdur at
95 degrees C. Ehgsalgg)lewas"aHGWe‘d o ®od Tand 5007uf 10 Wv %
NaCl in -87-
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wat er and 60 uL heptane was added. The organic |ayer was renoved and
inserted in a 12 x 32 nmcrinp cap vial. 5. G.C Anal ysi s
A Hew ett WOR4FW4nodel 6890 GC equipped with a split/splitPEEASIgNT421
capillary inlet, FID detector, 6890 series autosanpler and 3392A Al pha

Orega integrator is set up for the capillary colum as foll ows:
A Supel co Oregawax 250,30 mlength, 0.25 mmid, 0.25 umfilm
t hi ckness 10 i njection port: 260 C det ect or
C initial tenp: 170 C initial tinme: 1.5 mn
rate: 30 deg/mn 15 final tenp: 245 C
final tine: 6.5 mn i njection vol: 1.5 [err]L
head pressure: 25 psi split ratio: 30 20 carrier
gas: He " make- pp gas: N[ err] FI D gas:
H+ air S F@rcgn cgﬁpositions of fatty acid nethyl esters
are cal cul ated as nol ev percents. For carbon chain | engths |ess
than 12, the use of theoreticafj or 25 enpirical response factors in
the area percent calcukation ip d@sirable.
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Fatty Acid Conpositions of Transgenic

[err]
A5 and [err]6 transgenic plants were RCAVYSHSE7R0br

PCT/ US98/ 07421
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Exanpl e 14

Pl ant s

The foll ow ng protocol was used

1.

5

WO 98/46764
extraction:

their fatty acid content,
oi |

for

About 400 ng of seed were wei ghed
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under nitrogen. Between 120ng- 160ng oil was extracted for

each sanpl e. For GC-Ms analysis, fatty acid nethyl esters
wer e di sSWn\e8M6T64 an 25 appropriate vol ume of hexan@ G2 Ch §/zed
using a Hew ett-Packard 5890 Series Il Plus gas chronmatograph
(Hewl ett Packard, Palo Alto, CA) equipped with a 30 mx 0.32 nm
i.d. Oregawax 320 fused sillica capillary colum ( Supel co,

Bel | efonte, PA) and a Hewl ett-Packard 5972 Series mass sel ective
detector. Mass spect na vvglge'a @rgo@tgd:by*corrparl son to the mass spectra

in O oo vo «~ o -91- PCT/ US98/ 07421
NIST/EPA/NIHChemcaI Strgctapr,g Qatc@b,asg,tﬁlngal\/BChemStatlon
(#GLO36A) (Hew ett Pagkarg) pi Transgenic |line 5531-6 was
anal yzed in duplicat &Y (A, B) and corrpar &d to control |ine LPOO4-6.
The fatty acid profilg rq&uig sQale hBwd iff Table 15. 5
Transgenic |ine 5538-49 Jes <ardl yzed rn<duplicate (A B) and conpar ed
to control line LPO04-6. JThe fatty aC|d°prof|Ie results are shown in Table
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-92- PCT/ US98/ 07421 Tabl e
15 Fatty Acid Profile

CONTROL WONBR6I64 TRANSGEN C TRANSGEN C PCT/US98/07421
LP004- 6A LP0O04- 6B 5531- 6A 5531- 6B

LRL- 2043 LRL- 2044 LRL- 2042 LRL- 2045

001 10102.d 00110103.d 00110101.d 00110104.d

Cl2: 0 C13: 0 Cl4: 0 0. 053
0. 061 Cl4: 1 C15: 0 i soner C15: 0

Cl6: 0 4.107 4.034 4. 257 4.224

Cl6: 1 0.181 0.173 0. 200 0.199

C16: 2 0.061 0. 065 Exampjg 11 0. 060

Cl7: 0 Cl6: 3 0. 244 0. 246 0. 155
0.151 Cl6:4  Simultaneous expréssibn of M. alping K dhd A6 2.714
3.368 3.417 desatiradid in Brassica fap 66. 454
59. 529 59. 073
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15

20

25

In order to produce arachadonic acid (ARA) in transgenic canola oil
both A5 and A6 desaturase activities need to be introduced. In order to facilitate
downstream characterization and breeding, it may be advantageous to have both
activities encoded by a single T-DNA. The following example illustrates the
simultaneous expression of A5 and A6 desaturases.

The Asp718 fragment of pCGNS5528 containing the napin 5' regulatory
region, the Ma29 coding region, and the napin 3' regulatory region was inserted
into the Asp718 site of pCGN5138 to create pCGNS545. The Notl fragment of
pCGNS5536 containing the napin 5' regulatory region, the Ma524 coding region,
and the napin 3' regulatory region was inserted into the Notl site of pPCGN5545
to create pPCGN5546. The expression modules were oriented in such a way that
the direction of transcription from Ma524 and Ma29 and the nptll marker is the

same.

PCGNS5546 was introduced into Brassica napus cv.LP30108 via
Agrobacterium mediated transformation. Mature selfed T2 seeds were collected
from 30 independent LP30108 transformation events that were grown in the
greenhouse. The fatty acid composition of 20-seed pools was analyzed by GC.
The results are shown in Table 12. All the lines show expression of both
desaturases as evidenced by the presence of A>® 18:2 (as seen in pCGN5531
plants) and A%’ 18:2 and GLA (as seen in pCGN5538 plants)
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cl6: 1 0. 350 0.417 0.197 0.208

C16: 2 0.199 0.187 0.076 0.077

C17: 0 WO 99/4¢764 0.089 0.078 0. 077 FPCT/USH8/AT4LL
C16: 3 0. 149 0. 149 0.192 0.198

C16: 4 0.010 C18: 0 3. 815
3. 771 2.585 2.638 c18: 1 57.562

57. 051 68. 506 68. 352 C18:2 (6, 9) 4.246
4.022 C18: 2w6 10. 900 11. 589 19. 098
19. 122 C18: 2w3 0.020 0.008 0.008
0. 009 C18: 3w6 12.5 12. 595 0.013
0.015 C18: 3w3 1.08?31‘—““’—1--"-lz 1. 137 1. 501
1.542 C18: 4 0.017 0.013 0.011

0. 008 C18: 4Simultaneous) sion of M. aliin A6 and A12 C20: 0
1.138 1.104 0. 937 desatursse®ih3Brassica napus C20: 1
1.115 1.0 . 1. : . : .
0. 150 5 0. ?23 In order é aggigve optxmajl d)%%c;fnon of ARAin u'ansggze‘g(ggéﬁ% oil
(32822 3 0. Q@ the A6 and 19 diéhturase acfvilleslay need to 885 present il aiditibiGo

PCTI US98/ 07421  the AS activity. In order to facilitate downstream characterizatitairind bt€ding,
Fatty Acid Profile

LPO04- 6A LP004 J@Bay be advantageous to have all of these aﬁgx 8 19 d %ﬂg@% 198

Egtr-rzR?& LRL. ?%8 e fotidwi G%cxample illustrates the sxmultanegus exprésﬁibn S48, A6
C20: 5w3 10 and A1CZ@sdburases. 0. 506 0. 484 0. 535
0. 539 c22:1 0. 017 0. 020 0. 032
8- 83% CZ Jl'h‘é HdeII fragment of pCGN5528 coftafidity the napin G ﬁ@ﬂatory
: 0,
0.014 regngg,éhgb@ﬁ coding reglon, and the papin 3' regnﬁatory 158igD gvas mserted
0.018 0.02 5 547. Th
0 351 0 3t ]3mto the H%c%’% %xte of pPCGN5544 to create p&E1ds ee ion

modules were oriented in such a way that the direction of transcription from
15 Ma29, Ma524, Ma648 and the nptll marker is the same.

PCGNS5547 was introduced into Brassica napus cv.L.P30108 via

Agrobacterium mediated transformation. Mature selfed T2 seeds were collected
from 30 independent LP30108 transformation events that were grown in the
greenhouse. The fatty acid composition of 20-seed pools was analyzed by GC.

20 The results are shown in Table 13. Twenty-seven of the lines show significant
accumulation of GLA and in general the levels of GLA observed are higher
than those seen in the 5546 plants that did not contain the A12 desaturase. The
A12 desaturase appears to be active in most lines as evidenced by the lack of
detectable A6,9 18:2 and elevated 18:2 levels in most plants. Small amounts of

25 A5,9 18:2 are seen in the 5547 plants, although the levels are generally less than
those observed in the 5546 plants. This may be due to the presence of the A12
desaturase which efficiently converts the 18:1 to 18:2 before it can be
desaturated at the AS position.
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Example 13

Stereospecific Distribution of A6-Desaturated Oils
This experiment was designed to investigate the stereospecific
distribution of the A6-desaturated oils in seeds expressing pCGNS538 (Ma 524
c¢DNA). Three seed samples were used:

1) Non-transformed B. napus cv. LP004 seeds (control)
2) Segregating T2 seeds of pCGNS538-LP004-19
3) Segregating T2 seeds of pCGN5538-LP004-29
The following protocol was used for the analysis:
1. Seed Oil Extraction

Fifty seeds were placed in a 12 x 32 mm vial and crushed with a glass
rod. 1.25 mL hexane was added and the mixture was vortexed. The seeds were
extracted overnight on a shaker. The extract was then filtered through a 0.2
micron filter attached to a 1cc syringe., The extract was then dried down under
nitrogen. The resulting oil was used for digestion and derivatization of the

whole oil sample.
2. Digestion

A Liquid Oil Digestion

The stock lipase (from Rhizopus arrhizus, Sigma, 14384) was diluted to
approximately 600,000 units/mL with a goal of obtaining 50% digestion of the
TAG. The stock lipase is maintained at 4 degrees C and placed on ice. The

amount of reagents may be adjusted according to the amount of oil to be

digested.

The following amounts are based on a 2.0 mg extracted oil sample. Ina
12 x 32 mm screw cap vial the following were added: 2.0 mg oil, 200 pL 0.1 M
tris HC1 pH 7, 40 pL 2.2 w/v% CaCl, 2H,0, and 100 pL 0.05 w/v % bile salts.
The material was vortexed and sonicated to disperse the oil. Twenty pL of

diluted lipase was added and the mixture was vortexed continuously for 1.0
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Exanpl e 16 Expression of M al pina desaturases in
soybean ~ WO 98/46764 The M al pi na desaturases can be usBETU§RP74%k
production of G.A and ot her PUFAs in soybean by use of the

foll owi ng expression constructs. Two 5 means by whi ch exogenous DNA
can be inserted into the soybean genone are Agr obacteri um

infection or partjcle Parid A | i :
disclosed in U S pa eegtt{@gmg%éﬁéé%gfé %Fg'lﬁ{tés&gglé tg%se e'ct'lzh rggc;,txr?avéas
gl yphosat e stoppedowith 00, MIHEY and4ortedng. FO&)hundepd ahaCHELICHIOH

transformati on of soybean, | . wel |l establish tp o of .ordi nar
skill in the art. (2:?¥was adcieﬁ and the mixture was vortexed and he%j onﬁ:ew ?le reaining Y

digestions were carried out. Samples were vortexed again and cenirifuged

5 briefly to sharpen layers. The lower layer containing digest products was
removed with a pasteur pipette and placed in a 12 x 32 mm crimp cap vial. The
material was then re-extracted with 300 pL. CHCl,, vortexed, centrifuged, and
combined with the lower layers. The digest products were kept on ice as much
as possible. HPLC separation is performed as soon as possible after digestion to

10 minimize acyl migration.
B.  Solid Fat Digestion

The procedure for liquid oil digestion described above was followed
except that 20 pl 11:0 methyl ester is added to 2.0 mg solid fat.

3. HPLC Separation

15 The digestion products were dried down in chloroform to approximately
200 pL. Each sample was then transferred into an insert in an 8 x 40 mm shell

vial and 30 pL was injected for HPLC analysis.

The high performance liquid chromatographic system was equipped
with a Varex ELSD IIA evaporative light scattering detector with tube
20 temperature at 105°C and nitrogen gas flow at 40 mL/min; a Waters 712 Wisp
autosampler, three Beckman 114M Solvent Delivery Modules; a Beckman
421A controller, a Rheodyne pneumatically actuated stream splitter; and a
Gilson micro fractionator. The chromatography column is a 220 x 4.6 mm, 5

micron normal phase silica cartridge by Brownlee.
25 The three solvents used were:
A= hexane:toluene 1:1
B=  toluene: ethyl acetate 3:1

C= 5% formic acid in ethyl acetate
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10 For seed specific expression, the coding regions of the
desat ur ase cDNAs are placed under control of the 5 regulatory
regi on of QA Aax al pha-type beta conglycinin & 80742t ei n
gene. The specific region that can be used is nucl eotides 78-921
of gi 169928 (Doyle, J.J., Schuler, MA , - Godette, WD., Zenger,
V., Beachy, RN., and Slightom J.L., 1986 J. Biol. 15 Chem 261 (20),
9228-9238). The 3' regulatory region that can be used is from t he
pea ribul ose 1,5 bFhasradipriprefile aapaxidllews/ oxygenase smal | subunit (rbcS)

- gene. The specific sequences to be used are nucleotides 1-645 of qi
169145 (ll:—’lmmq(nﬁn)e 198 Fulitidn7: 329- 3B¥lue Duration Si nce
soybean seeds contasfi—Aote— 8- —phrt-pPetr-hapstiore—endogengus—20 2
desat urase acti vi @h?'ﬁan Br assi| G MHMet f ec of the Mortilerel | a [err]1

desat urase on achjggwBg opti malj 1¢LA | evels cpn be tested ds folTows. A
construct contain sed to see jfl [err]lerr] 1B:2
i s produced 0% g ong with2G.A A const fuct containing the [err]12

andaocan
v T

NJ

desaturase can bef3 TO SEe |5 T thg—anmoomt—of—1§: am e
increased in soybgan, A _construct containingi both 25 the [err]6 ahd
[err] 12 desaturasebt.@&nCbe used2to produce optimal |

vel s |dfmid A.
s tlrnﬂnr\ noaaL bn

evel
L £ = V-"1 BP-u- | P2y
\¥ | Loy Ul A0 LU O IIMy

Al ternatively, plgpts—contartpg—each—of—thetrs+regte
crossed i f Fli'k’L'Qecessary { 500 PIREAM ¢ he genZs.
Simlar constructs may Rehitatographfsriasd mb@urt & preparSiEmHe NS BluehO N, OF

in conbination with [err]12 and/or [err]6 desaturases.
-101- PCT/ USoBmizmipg the following:
Exanpl e 17 Human Desat urase CGene Sequences

Human desat urase ddAmghabumglyessidedbéhtially involved in long chain

pol yunsatura%ed faiﬁﬁ achGHﬁseggétﬁgg%{@rV\ere i sol ated based on honology 5

bet ween t he human € equences tierella al pi na desaturase gene

sequences. The thr@e nppnbalilMe0l mikedisbMenRe 1 RaiaF glydesmand 0,30das0g196xopd
anong nenbr ane- bound desat urases were found. As wth sone ot her
menbr ane- bound des%# MEABES-PRRO AGYHYCEObAG hi st i di ne box notif was found

to be QXXHH. The ay ﬁﬁ@mﬁ&ﬂ%ﬁe‘?&l ,]tﬁtgje putative human desaturases 10
., lerr]o,

exhi bi ted honol ogy to al pi na [err]9, and Al2 desat urases.

The M al pina A5 desat 6 : - ] .

used to search the Li f(La%g%gc ata aﬁé ?ﬁhﬁég@@ﬁgﬁhﬂ%@%{b@gfg%{lﬁcgd Pal o
Alto, 10  Cal atamaticall 63 htthodlvontidlledarrddavasts raeysu etime sy d6 wsed e
into fragnents; 1)

. 1 no _acid no. 1-150,2 1 no aci d no. 151-300,
and 3) amino acid fygchrgpize thf%g}ecmr 2\ [hergplleaisr %I%‘Eé{e&ra?%?‘%@éﬁl&se“%as_
di vided into threedleagdBit the frhdtiGHIaROevaporated at rddhl Qnﬁb@rani]ré dvlinight. am no.
acid no. 151-300, and 3) am no acid no. 501- 457. These "pol ypepti de

fragments were sear chednaaalNismpddfiof HsaREREy b il fiEon of acyl migraibf. 351 1”
algorithm This alogarithmconpares a proteln query sequence agai nst
Appearance of 1-monoacylglycerol and/or 3-monoacylglycerol peaks in the

15 chromatograph means that acyl migration has occurred.
4, Derivatization

To derivatize the whole oil, 1.0 mg of the extracted whole oil was
weighed into a 12 x 32 mm crimp cap vial. One mL toluene was then added.
The sample is then vortexed and a 50 pL aliquot was removed for
20 derivatization. To the dried down 2-mag samples, 50 pL toluene was added. To
both the whole oil and 2-mag fractions 105 uL. H;SO4/CH;0H @ 8.76 wt% is
added. The cap was tightly capped and the sample is refluxed for 1 hour at 95
degrees C. The sample was allowed to cool and 500 uL. 10 w/v % NaCl in
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a nucl eoti de sequence dat abase dynamcally translated in all six reading

frames 20 (both strands). The pol ypepti nts 2
and 3 of MYQ#84634 [err]5 and A6 have honol ogi es M%&#@@w@ D
sequences as outlined in Table 18. The C onel D represents an

i ndi vi dual sequence fromthe Incyte LifeSeq database. After the

"tblastn" results have been reviewed, C one Information was searched with
the 25 def ayrtr @60 IR pRhe Wai 2dUSEN The Bigaric Myer MaSrdicHGhGCOr e <=100
for different d onef)D nunbers. The 5 one ‘I nformati on Results

di spl ayed t he i nfiosented irom12 x 32 mm crimpwep vidl.ng t he CusterI D, d onel D,
Library, HtID, Ht Description. Wen sel ected, the ClusterlD
nunber di spl ayed % he dGhGcnakfsty mati on of all the cl ones t hat
belong in that ClusterlD. The Assenbl e command assenbles all of the 30

Cl onel D whi ch conpri seA Hewldd Rigkst niadell6890fGC equipped wid asplit/sphitléss ngs wer e
-102- PCT/ US98/ 0742 ed, for

cCG (CGe i ter G oup,
Uni versity of W s@Bianminlet, FID d°t°810_6t6§§ﬁ ﬁﬁeégymmlé'rﬁn%%éaggpﬁﬁ?%g@%si n
53705) Assenbly: integrator is setuff\fdg%ée%aﬁﬁiary colu%fxazfolﬁws: M ni mum Gver | ap:

14 Stringency nimum ldentity: 14
Maxi mum Gap: 10 Gap Wi ght: 8 10 Length
Wi ght : 2 GCG Assenbly Results displayed the contigs
generated on the pasi s.0f S L nko I i 4l e O onel D
A contig is an aI'ngnrreﬁWpe{S? qmawaxf%%ﬂg&ghgﬁcé.ggyéggqubig%ggg of
honol ogy anong t hese shigkedsses. A new 15 sequence (consensus sequence)
was gener at ed based on the aligned DNA sequences within a contig.
The conti gjgont aijgjesord pstt:Cl onebgp\eas identified, and t he anbi guous
sites of the consensus sequence was edited based on the al i gnnment
of the ClonelDs (§#&toeEQ | D NO 3349 SEQ I D NO 35) to generate t he
best possi bl e sequence. The procedure was repeated for all six ConelD

initial temp: 170C

initial time: 1.5 min

rate: 30 deg/min

15 final temp: 245C

final time: 6.5 min

injection vol: 1.5ul

head pressure: 25 psi

split ratio: 30

20 carrier gas: He
make-up gas: N2
FID gas: H+air

Percent compositions of fatty acid methyl esters are calculated as mole
percents. For carbon chain lengths less than 12, the use of theoretical or

25 empirical response factors in the area percent calculation is desirable.
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20 listed in Table 18. This produced five unique contigs. The edited
consensus sequences of the 5 contigs were inported into the
Sequencher ¥QP¥4@b4e program (Gene Codes Cor por at i oPCTAIRIS/RH48br
M chi gan 48 105). These consensus sequences were assenbl ed. The
contig 2511785 overlaps with contig 3506132, and this new contig
was cal led 2535 (SEQ ID NGO 37). The contigs fromthe 25 Sequencher

program were copigd in t he. Sequence Anal ysis software package of
GCG. 6! Eggﬁnégwsig was translated in all six reading franes

into protein guences. . The i na A5 9) .and A6 (MA524)
sequences were %ﬁ%m ’éﬁ‘mﬁ?’h‘l’\%&%gﬁa g{%@ﬂ%%p&@%%&é%&?%si ng
t he Fast A search @asE8ailsed

-103- PCT/ US98/ 07421 and Li pman search for simlarity

between a query Sﬁﬁﬂx?%?aﬁ&‘%-ﬁc%gb’ﬁﬁﬁhg W(?]comﬁem%ﬁlg?fzthe same type
nol g these

(nucleic acid or protein)). Ho gy ano equences suggest

t he open readi ng m ach contig. The honol ogy anong the M
al pina A5 a%g A6 ?ggggﬁF?%gEZSBS and 3854933 were utilized to 5

create the final L 538a. Figure 9 is the FastA match of the
2%@5%’?@%%‘;%

final conti 9, and Figure 10 is the FastA match of

the final contig 2535383, .and .MA524. The q S r thes
various contigs are meres‘ﬁ‘r%?@ﬁ?@ﬂ”’ﬁ”ﬁ@ﬁ?*ﬁemé% @E@%%{%@‘é The
various peptide sggoeRC8nly distributed b&wSBOWR shi? ana$n!1D3 Nokidbns, THHLQ | D NO
44, 10 Al t hough the open reading franme wa ener ated by
merging the two analysis cangoh disgriminatedetweenifatty &3ds isNeven-1 Masn3imesitions a
uni que sequence in the beginning of this contig which does not
match with the contig 3854933. Therefore, it is possi bl e t hat
these contigs were generated from i ndependent desaturase |ike

human genes. 15 The contig 253538a contains an open readi ng
frame encodi ng 432 amno acids. It starts with A n (CAG and ends
with the stop codon (TGA). The contig 253538a aligns with both M
al pina A5 and A6 sequences, suggesting that it could be either of
t he desaturases, as well as other known desat urases whi ch share
honol ogy wi th each other. The individual contigs 20 listed in Table 18,
as well as the internediate contig 2535 and the final contig

253538a can be utilized to isolate the conplete genes for human

desat ur ases. Uses of the Human Desat urases

These human sequences can be expressed in yeast and plants utilizing

t he procedures described in the precedi ng exanpl es. For expression in 25
manmal i an cells and transgenic ani mals, these genes may provi de superi or
codon bias. In addition, these sequences can be used to isolate rel ated
desat urase genes from ot her organi smns.
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-104- PCT/ US98/ 07421

Tabl e 18 8146764 Sections of the
WO 9 Desat ur ases

3808675 fatty aci ddesat urase

Keywor d

354535
3448789
1362863
2394760
3350263
Exanpl e 18 5
A6 desat ur ases

put ati ve A5 desaturase was
t he expressed sequence ta

aci ds 100-446 of Ma29 as

cytochrone b5 portion at
am no aci d sequence of an

- C25549) shows very signi®i

significant honol ogy to
NO 45. The amino acid seq
Exanpl e 19

honol ogues i n ot her

or gani sns

production, a cDNA |ibrar)
from Phaeodactylumtricort
constructed in pSPORTI (d

3

itfvatl enc

D

B34,

v o S s R o S o WY 3 W e )
»

=)

5103  0305] 4.07 T 1@

1.38

]

— 94

120

&
A
n

Q

14.55

nf—f'

i nstructions using a com
Random cDNA cl ones were sg¢

Table 14

c d
5.612 S
6.35
4.99
4.31

18:1] 18:2_A%,5] i%2] 18y3 A6

71.55
54.21

57.21
57.51
57.66
56.35
54.92

18:0
0.37
4.80
4,12
4.09
4.08
1.56
3.73
4.82

16:1
0.15
0.20
0.23
0.27
0.33
0.36
0.27
0.32
035

16:0
1.23
whole oif composition| 4.33
5.88
1.65
whole oil composition| 5.44
7.34
1.24

whole oil composition| 4.96

sn2 composition
sn2 composition

sn2 composition

mean snl, sn3 composition*| 6.82

mean snl, sn3 composition*

mean snl, sn3 composition*
*calculated from the mag and whole oil composition for each analyte

5538-29

Control
5538-19

Clone ID from Li feSeq Dat abase
151-300 [err] PCT/US98/07421
301-446 [err]5
151-300 [err]6
151-300 [err]6
151-300 [err]6
301-457 [err]6

i na A5 and
des a

N search of
g am no

n of the

on the

deduced
cession #
ut still

SEQ I D

15

[err] 6

I ng

UFA

RNA i sol at ed

A lli brary was

rer's
BRL) .



sequences that encode putative [err]5 or [err]6 desaturases were identified

t hr ough BLAST search of the databases and conpari so and
Ma524 sequeOLP8/46764 pc}/%f%%gn

PCT/ US98/ 07421 One clone was identified fromthe
Phaeodactylum |library wth honol ogy to Ma29 and Ma524; it is

call ed 144-011-B 12. The DNA sequence is presented as SEQ I D

NO 47. The amino acid sequence is presented as SEQ ID NO: 48. 5
Exanpl e 20 | denti fi catExageydé 1M al pi na AS and A6

honol ogues in ot her PUFA- pr oduci ng organi sns

To | ook for desaturases invQl )
was constructed fromtotal RR Tspecies. A 10

pl asni d-based CONA | i bSkid W8 Srafi o plikhorte i FRFTDH (HefBBE B Eontent.

foll ow ng manufacturer's instructions using a comercially available kit
(@ BCO BRL). Random c D& Eﬁsgéj‘ﬁ NG attdnei ¢ acid

sequences that encode pu @g@ve %é‘ra{rof or E&ggsogit urasgdg'were identified

t hr ough BLAST, sear P S I 9 and
Va524 sequeces. 15 1 8ol 40blfe SPLLRR ARG AR BT AR 16 e

Schi zochytrium library w thsample. honol ogy to Ma29 and Mab524; it is

call ed 81-23-C7. This clone contains a -1 kb insert. Partial
sequence was obtained from PR & Wekfcridhed &l HAVtad ahd'PestiBe The mortar and

uni versal forward and reverse sequencing priners. The DNA sequence from
the forward priner is presepeste wes rigsed twicewitydml @b (Wapt i de sequence is 20
presented as SEQ | D NG 50. . i [ S
presented as SEQ ID NO 5 1. E%@%?%?@?&%@ﬁ%e é%'\r{rl??'zgwfg;é}\’/déi‘réééd pri mer
is presenteid as SEQ | D NO: Sthe 20ml glass vial (oil extracted in 12ml total 2:1).

Exanpl e 21 Nutritional Conpositions 25
The PUFAs of the previgus ezadipleswefevoridfedidrid placed onran\oilitab sbaker for 2
nutritional supplenents, infant fornulations, nutritional substitutes and
ot her nutrition sohQHIs®A occasional vortexjng. | NFANT FORMULATI ONS

A IsomI[err] Soy Forrmula with Iron.
4. 5ml of 1M NaCl was added to each sample. Sample was

library

&

vortexed then spun in centrifuge at 2000rpm for 5 minutes.

15 Lower phase was drawn off using a pasteur pipette.

5. Upper phase was re-extracted with an additional Sml. Sample
was vortexed then spun in centrifuge at 2000 rpm for 5 minutes.
The lower phase was drawn off using a pasteur pipette and added

to previous lower phase.

20 6. CHCI;:CH;0H /MeOH was evaporated under nitrogen using
evaporative cooling. Vial containing extracted oil was sealed
under nitrogen. Between 120mg- 160mg oil was extracted for

each sample.

For GC-MS analysis, fatty acid methyl esters were dissolved in an
25 appropriate volume of hexane and analyzed using a Hewlett-Packard 5890
Series II Plus gas chromatograph (Hewlett Packard, Palo Alto, CA) equipped
with a 30 m x 0.32 mm i.d. Omegawax 320 fused sillica capillary column
(Supelco, Bellefonte, PA) and a Hewlett-Packard 5972 Series mass selective

detector. Mass spectra were intrepreted by comparison to the mass spectra in
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- 106- PCT/ US98/ 07421 Usage: As a beverage for
infants, children and adults with an allergy or sensit .V o]
cow s m| k. WRIBM&EEng for patients with disorders for whi chrﬁl’-lt,hg(ds;o);"25

| act ose shoul d be avoi ded: |actase deficiency, |actose intolerance and
gal act oserm a. 5 Feat ures: [err] Soy
protein isolate to avoid synptons of cow s-m | Kk-protein

al l ergy or sensit N{§THPA/NIH Chemical Structurt Blatabase usingdWE Cheht Swtibwr nul at i on

to avoi d | act ose-associ ated di arrhea [err] Low
osnmol aity (240 nOgGKF6AA(BeviettBackard)ce ri sk of osnotic 10
di arr hea. [err] Dual carbohydrates (corn syrup and

sucrose) designed to Transgenic line 5531-6cwascanalyzedhinisiuplicate:t/e Bitandcpmpatsdand
reduce the risk of exceedi e . o) I i of the
damaged gut . to °°n%°?ﬂnengpé({2‘é§'r’fhe fatty geid p@%ﬁ%@%o%%'&i"ﬁ @%ﬁésf%ul fate)

er 100 Calories to he 15 , .. reveni, iyon defi ci.engy.
Fer r Reconmended Ié@)@g‘g"%‘l‘ne\ﬁsﬁgﬁgﬁ’g&%ﬂ@yﬁ? rdgplgqage {A’(ﬂ) and Compared
[err] Veget abk@cghilof i g%g?mvs.dmhﬁriﬁﬁpmme MR dte SHovapieTdbll6.f at ty

aci ds. -white color, mlk-1like consistency
and pl easant aroma. 20 I ngredi ents: (Pareve, [err]) 85%

wat er, 4.9% corn syrup, 2.6% sugar (sucrose), 2.1%soy oil, 1.9%
soy protein isolate, 1.4%coconut oil, 0.15% calciumcitrate, 0.11

% cal ci um phosphate tribasic, potassiumcitrate, potassium

phosphat e nonobasi c, potassium chloride, nmeno- and di sgl yceri des, soy

| ecithin, carrageenan, ascorbic acid, L-nethionine, magnesium chloride, 25
pot assi um phosphat e di basic, sodium chloride, choline chloride, taurine,

ferrous sulfate, minositol, al pha-tocopheryl acetate, zinc

sul fate, L-carnitine, ni aci nam de, cal ci um pant ot henate, cupric
sulfate, vitamn A palmtate, t hi am ne chl ori de hydrochl ori de,
ri boflavin, pyridoxine hydrochloride, folic

-107-
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PCT/ US98/ 07421
phyl | oqui n
cyanocobal
Di arr hea.

aci d, manganese sulfate,

Q\&ﬁ?s}%%%i n, sodi um
a .

managenent of diarrhea 5

Feat ur es:

B.
Usage:

selenite

, vitam n D3
| som | [err] DF Soy For
As a short-termfeeding for the dietary

in infants and toddl ers.

[err]

dietary fiber fromsoy fiber

managenent .
dur ati on of

| oose, watery stools 1

[err]

Fi r st

pot assi um i odi de,

ﬁ%ﬂg S%_860|7 421

infant fornula to contain added

Table 18§pecifically for diarrhea

0 Fatly k@dﬁf‘r'owgd

shown to reduce the
uring mld to severe

diarrhea in infants. [err] Nutritionally conplete to
nmeet the nutriti wn—a-l—neeés—s-f—éﬁf@n-f-a-%—— Soy
. . . C ] ONTROL | TRANSGENI
protein isolate with added |-fethionijne nmeets _dr_excee sC n GENIC
infants requirengnt for all]|essential| am no acilds. [lerr]
Lact ose-free fornoratTom t O Y P54 ' 1 WEEY3P: .
[err] Low osnmolality (240 nOsm kg mater) to reduce the lri sk of
osnotic diarrhea. [err] Ddal carbohydrates (corn| syrup
and sucrose) desifgned to LRL-2043 LREQUMANCIE N20Ry JT [at LralP2zeads pLj on
and reduce the risk—et—excepdinagtd prity of
t he danaged gut. | 20 ommm[t?]“"“‘“l\%et s IMOILA o elas PHEY ¢ afvi n
and m neral |eveljs r&&fnended by the Oomwri ttee on
Nutrition of the 59T Apadeny—of—Pediatri+cs atret
required by the Iinfant Fornjula Act : [err] 1.8 ngl of
iron (as ferrous |sul @) ppr 100 Calri @930 hfel p 0.061  prievent
i ron deficiency. [[Z5Ci4:1 [err| Vegetjabre ol s tpp provide
reconmended | evelis ?;-o egrsgn.i al—fatty acids
I ngredi ents: (Parleve; telf’.l’] ) 86% watef, 4.8% corn syrup, 2. 5% sugar
(sucrose), 2.1%sloy #1598 2. D% soy profein 1solate, 1.4%coconut oil, D.77%
soy Ci6:0 7107 4034 73598 %)
C16:1 0.181 0.173 0.200 0.199
C16:2 0.061 0.065 0.081 0.060
C17:0
C16:3 0.244 0.246 0.155 0.151
C16:4
Ci8:0 2.608 2.714 3.368 3417
C18:1w9 65.489 66.454 59.529 59.073
C18:1w7 2297 2.185 2.388 2.393
C18:2 5,9 6.144 6.269
Ci8:2wé 19.828 18.667 18372 19.059
CI3:3 59,12 0.469 0.496
C18:3w6 0.060
Ci8:3w3 1.587 1.578 1.428 1418
C18:4w6
C18:4w3
C20:0 0.962 0.998 1.009 1.022
C20:1wl11 1.336 1.335 1.058 1.065
C20:1w9
C20:1w7 0.076 0.080
C20:2w6 0.073 0.073 0.052
C20:3w6
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PCT/ US98/ 07421 fiber, 0.12% calciumcitrate, 0.11 % cal cium
phosphate tribasic, 0.10% potassiumcitrate, potassiumchloride,
pot assi um pNSRPHETe* nonobasi ¢, nono- and di sgl yceri BETUSEY7421

| eci thin, carrageenan, magnesi um chl oride, ascorbic acid,

L- net hi oni ne, potassi um phosphate di basi c, sodium chloride, choline
chloride, 5 taurine, ferrous sulfate, minositol, alpha-tocopheryl
acetate, zinc sulfate, L- car ni g e, 1eni aci nam de, cal ci um

pant ot henate, cupric sulfate, vitamn A T.ﬂ@_ﬁ pal mtate, thiamne

chl ori de hydrochl oride, riboflavin, pEattyiAeidProfile hydr ochl ori de,
folic acid, manganese sul fate, potassiumi odide, phyll oqui none,

biotin, sodiumselenite, Vi ] i C.

| somi |l [err] SF Sufrose- Free | SEONERO, RO [ o RRANSGENIC | TRANSGENIC| | aqe:
As a beverage forTmfants, ¢ Tdrem ajd adurts (Mt an artergy or

sensitivity to copns= WW% ng
for patients with di e 0 18h | actBeErand| sufr o8 shpul d

be avoi ded. Featuref: 15 err| Soy
protein isol ate tp—avort—SyPigSRe FOYRERNT X 77 IRL 2045

allergy or sensitjvity oske-f

errl ac
fornmul ation to avpi d | act ose- 484884t JOHOAXd ey 001101014
(carbohydr at e soulTECIg4ws0! YCOSE[ €T T] | & UCOSE PpIymET S~

[err] Sucr ose WWW%ZO
[err] Low osnpl a (180 mOsm kglwater) tof reduce risk of osnoti

di arr hea. C20:4w3 [ err] 1.8 nmg offiron (as fkrrous sulfpte)

per 100 Cal ories *re—gfm pt-evept—or—defreterey-
[err] Reconmended | e\?el g of vitamins and miperals. 25
[err] Veget abl ¢ @2061-98) provP-& recontiiled | eveP4sdhof epsenPi®l fafty

[ee
00110104.d

aci ds. C22:iwil N1 M K-wWysge Tptor, i k=T ke TonsT 5} ency
and pl easant aronm Lngr adients: (Dau;\\/n [QLI“]) Z5%
wat er, 11.8% hydr ¢l i SBHor st ar ch, 411% soy oil}| 4.1% soy
protein isolate, P. 8@&xmdonuyt oil, 1.0% noaKkfiep cornstarch,
-109- PCT/ USY8{-6 7t
C23:0 0.029
C22:4w6
C22:5wé6
C22:5w3
C24:0 0.3713 0.391 0.280 0.283
C22:6w3 0314 0317 0.223 0212
C24:1w9
TOTAL 100.00 100.60 100.00 100.00
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0. 38% cal ci um phosphate tribasic, 0.17% potassiumcitrate, 0.13% potassium

chl oride, nono- and disglyceri des soy | ecithin, magnesium chloride,
abscorbic WO98M6764,0i o~ | net hi oni ne, cal ci um carbonate, soBFTWSIATE de,
choline chloride, carrageenan, taurine, ferrous sulfate,
minositol, alpha-tocopheryl acetate, zinc 5 sul fate, L-carnitine,
ni aci nam de, cal ci um pantothenate, cupric sulfate, vitamn A

pal mtate, thiamne chloride hydrochlori of lavin, pyridoxine

hydrochl ori de, folic acid, manganese sul Mot assi um i odi de,

phyl | oqui none, bi otin, sodi uRatglAdid Peefiléi t ami n D3 and
cyanocobal am n, D. IsomI[err] 20 Soy Forrmula Wth Iron
Ready To Feed, 10 20 Cal/fl oz.
Usage: Wen a soy fe¢eding is |desSIel®A 5538-19B LP004-64)1 je
(Pareve, [err]) 85%waters—4: qﬁﬁﬁgﬁ;@*w rose),
2.1%soy oil, 1.9% say proteiin isolate, i1, 4% coconltf o] B Oig 0
cal cium citrate, 0.11% cal ci ym phosphat g tri basic, | potassiumcitrate,
pot assi um 15 nosphat € [MOIREEI66, [POLREIIGTT [ 6T, 1eoanmd
di sgl yceri des, soy Hecithin.—cdrrageenan {abscorhilc acid,
L- met hi oni ne, magnes$i um chl orji de, pot assi pm phosphjat e di bagi c,
sodi um chl oride, cholines:ehl dri degoosaurifne, 0f0es roup “sultateg,
minositol, alpha-t{ - 65— ZHe S5 g—a-t-e—-lz?ﬁ&r-n-l-t—l—nﬁfbg—
ni aci nam de, cal ci um_pantothdnate, cuprijc sulfTate, jvitamn JA palmtate, 20
t hi anmi ne chl ori de hydr &%Porilde, ®41Bof | gvi n, 9983 ri dpxi 8O8hydr ocHIoBr i ge,
folic aci df- TTgIgENESE SW et T, | T30 DBE, - tfone,
bi otin, sodium Sgﬁl_g ite vitamin D3 and cyanacobaljanin.
E. Simlac[err] Inpf aft*Ror ul a sage: When an infant
formula is needed: [f me(ldem Si oR0%9s ngde 10a0¥5 0.030 Scjonto.ga0e
br east f eedi ng bef or e—gge: a——+—a—SsHpplerert—tb—breastteedi-hg—is
needed or as a routihe ?eedl ng if breast|f eedi ng i s{not adopted.
-110- PCT/ US98/ 0742%:0 0.059 0.068 Feaf ur 8817 0.019
[err] Prot ei n of AP T[at e smal Tty angzgsant Tty h;
C16:1 0.350 0.417 0.197 0.208
C16:2 0.199 0.187 0.076 0.077
C17:0 0.092 0.089 0.078 0.077
C16:3 0.149 0.149 0.192 0.198
C16:4 0.010
C18:0 3.815 3771 2585 2,638
Ci8:1 57.562 57.051 68.506 68.352
C18:2 (6,9) 4246 4.022
C18:2w6 10.900 11.589 19.098 19,122
C18:2w3 0,020 0.008 0.008 0.009
C18:3w6 12.565 12,595 0.013 0015
C18:3w3 1.084 1.137 1.501 1.542
Ci18:4 0.017 0.013 0.011 0.008
Ci8:4 0.028 0.024
C20:0 1.138 1.104 0.937 0,943
C20:1 1115 1.085 1.330 1327
C20:2w6 0.150 0.143 0.068 0.071
C20:3wé 0.026 0.025 0.014 0.012
C20:4w6
C20:3w3
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heat - denat ured, which reduces the risk of m | k-associated enteric bl ood

| oss. 5
honogeni z WP, 98/46764
easi |y absor bed.

[err]

Fat froma bl end of vegetabh&ngb
provi di ng essenti al
[err]

proportion simlar to that of human

Low r enal
[err

[err]

10

forns.

| act ose,
| ecithin,
m i nositol, al pha-t

soy oil,

i nol ei

m | K.

Cc acCl

e,

bly
is

Car bohydrate as | actose in

solute load to mnimze stress on devel opi ng organs.
] Powder , Cbncent&gh?q_ i quid and Ready To Feed

| ngr edi ent s:
coconut oil,
abscorbi c aci d,

ocopheryl

carrageenan,
acet at e,

( =D) Water,

Fatty dwitbProfibel di gl yceri des,
chl ori de,

chol i ne

zinc sulfate

ferrous sulfate, c

bl c1 um par

t 0155@1‘131_&6, cu_ﬁﬁﬁ-@%u!

15 t hi am ne ch
hydr ochl ori de, fol

<l la.
ofrae—nyd
C

I
acid

1T

105

bi otin,

sodi um sel ¢ni t e,

vit

am n D3 and

F. Simlac[err]
Usage: For prematu
di scharge. Sim |l ac
provi de prenature
m neral s
devel opnent .

NTCRtE®3 W

S

NeoCar e

anLRI=BI6MU]

utriti AanAl
A B LI } CT UITTUAT

TCONFROL |
fate lr_\h\

ni_aci namd. -
f BPOT64

nonfat ml Kk,

abP94-AB
J"GONIROL |

Ll oaui no
-

cyanocobg
A TRLE2R68E T

nooda.—af

)| am n.
ODRL-2169

OCar € PriemBRLEE6s N
e '| nf ant S' Spegi al 1%

s anutriti

onally co

LMAAYA® =] Al

| ete for

o [
[ | Moy

nul a_dev

th extra cdl ori es,

pr

otein, vi

tam ns a

L et &
M UTTUL T vall

Feat uresg

L,:[' up yruoy

—armd—sT

PpoOT
[err]

Reduces the need for

calories (22 Cal/fl
[err] H ghly al

OZ0zz e
(MCT oil) to help neet

@e8ri g

e sjpeci al

and®-3ft am
CStageiar d 1

i d
digesti@@mh

n s@®dft eme
"1 1Mojo2s nul |

[ ETeet

nt a%-t3n.

Mor&2s

S im C4d

hain tritn

[7T0032z2) |

lyvecora A

soy
tauri ne,

al m t at e,

ne,

tal 20

b| oped to
nd

eed

0030
5 0

premat ur e i nf

I

[err] Hi gher
to extend the nutri
-111- PCT/ US99

W

i

| gveCR:40b pjr ot €0.088 Vit

am d6and

i N&P13| s

per0.0iHo (

4
LEIA%A 2

b S
ants.
Cal ori es

= Kt
MUYl L

. s, -
LU L]

+ <l H L
actcu 1TI11I=T11u

b L
Lar.

r]

hre calci

phosphorus for inpr
[err]-D Corn syrup
concentrate, soy oi

3

oveR:

eic

(medi um G
cal ci um phosphate t

ycef

m n@¢4| i za
SOTE3d®, NPT ag3sa 1 K,

es),

ti orp-018

AL
T

[e
T agase, Wwney.agar ot

ol l
O

£

" 0.021

0.01y ngr

um and
edi ents:

oot il anat
AU UTTuUAL

el no.362
d

oo

t oi

coconut o

pot as

o
CULUVUITY

Si um ci tr

\> |

at e,

0.129

0.121

0.260

0.255

100.00

100.00

160.00

100.00
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5 cal ci um carbonate, ascorbic acid, magnesium chloride, potassium

chl ori de, sodi um chl ori de, taurine, ferrous sulfatep m i nosi tol,
chol i ne chl WA%46764scor byl pal nmitate, L-carnitine, CTAs9Bb7421
al pha-tocopheryl acetate, zinc sulfate, niacinam de, m xed

tocopherols, sodiumcitrate, calcium pantothenate, cupric sulfate,
t hi am ne chl oride hydrochloride, vitamn A palmtate, beta carotene,

ri boflavin, 10 pyri doxi ne hydrochloride, folic acid, nanganese
sul fate, phylloquinone, biotin, sogi @ selenite, vitamn D3 and
cyanocobal am n. G i tural Care Low-Iron Human

MIk Fortifier Ready To Use, 24 Cal/fl oz.
Usage: Designed to be ni xed w tQommbined Expiéssion of Aédi&1E al ternatively 15

wth human mlk to | owbirt fl)ééﬂlﬁﬁesidlb.aﬁﬁpﬁmAcbxeved by Crossing I ngredi ents:
[err]-D Water, nonfat mlKk, %;dr ol yzed cor nstar Clhzj | act ose,

fractionated coconut oPlaHQSr?Q é@ywmwrwwadﬁxd
trat |
citrare, o5 S0l iyl e E‘?n“cﬁ%ﬁea%ﬂa@%&*@?ﬂ?@ EomosfifRns 0Gobgas! U

cal ci um car bonat efronnm&-suélﬂcross are gﬁzedudrzgile/mrﬂmemsﬁorﬂwédsmue
carrageenan, choline chlorid ni aci nam de,

L-carnitine, al phészi&ﬂeg?ﬂ‘i‘ez%f? Zécféﬁét@'essﬂ)ﬁédééﬁ §?%002F;01t0315§@}%expressor
chloride, calci “”kgélﬁfo%lht‘?&%&sexxeﬁe%ﬁa[d‘é‘éﬁd e %ﬁt@offyﬂxdhﬁdxﬁl’ﬂ ?ﬁ%@s of eac

ribofl avin, mtate, I'am ne chloride dro roride,
pyridoxi ne - are showynl irothe itable. d@mstﬂsata descdheﬂlsnclﬂhatcthe fimhga‘autsmdma!écf at e,

hyl | oqui n vita er sodi um sel e and c nocobal am n.
o ooa bR of | 15e e 0t 418 af crpses B APPIAGRSHE bt PRk RMSL ot e
infant fornul ae d@%ﬁiphf%ﬁ% ﬁﬁ%‘éﬁ‘enﬁ“ﬂxet&”qtiﬂledecfegéea”&ndftﬁé Bl cieRRUn AP t hose
in the art. 1 US98/ 07421 . NUTRI TI ONAL

FORMULATI ONS 18:2 levels are mcpeas@l\mm of thg F1's as well. Note that thass aved’l ENSURE

is alowresidue Liquid,f esi gne ily as an .or al
nutritional supplé ﬁ?m%%ﬂ%go %HR &%g%%‘@ﬁ n@*j %"eﬁene’i'aﬂméfgaﬁ'flopri ate
5 anounts, aseléctivhalf cveits RsrRdiByBbus foMNSAdRdesatirhar the F2-Glan tevglsut en- f r ee,
and is suitable for use in nodified diets, including

| ow chol estlér ol dpblietned mayhssyen higher. is primarily an oral supplenent,
it can be fed by tube. Patient Conditions: [err] For
patients on nodified dCembiningtraits by espssing rmray bepreferable tosombining twifsent ri ti on

i sk [ S5hd THNARR SORE bifuallohd) BN iRbdth Yehét tre B:RRR off of the

same promoter (in this case napin), issues of promoter silencing may favor this

approach over putting nultiple cDNAs on one construct.

20 Alternatively, in some cases, combining multiple cDNAs on one T-DNA
may be the method of choice. The results are shown in Table 17.
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[err] For patients recovering fromillness or surgery * For
patients who need a | owresidue diet I ngredi ents: PC{. 08/07421
[err]-D Watwo 98/87§4r (Sucrose), Mltodextrin (Corn), Calcium ang é éz
Casei nates, High-Oeic Safflower OI, Soy Protein Isolate, Soy Ol

, Canol a
al, Potassium Citrate, Cal ci um Phosphate Tri basic, Sodium
Citrate, Magnesium Chl ori de, Magnesi um Phosphat e D basi c,
Artificial Flavor, Sodi um/Chl or| de, OV Lgcu hlbn,, Qhol,l Re
Chl oride, Ascorbic Acig, rr3gBenary B e %ulls:f fer I “Fgr EOL%

Sul fate, Al pha-Tocophefyl Rcetafe, Gal r'an &m~ N aci nam de

Cal ci um Pant ot henat e, ManghnesewSul fgt @ ufr |g: ‘§u§;f 8 R W t%nﬁnaAm

Pal mitate, Thiami ne ChRorife Hyd:‘r ochbok d@, SPW i do®i e Py & sehPord =,

Ri bof | avin, Folic Acidwe Sofli us bbl ybda ooqgrqgn'un‘[gctgogl & wBEoiE-l 1>

Pot assi um | odi de, Sodi @m Skl enaie. lée o d o o ¢ & SB ENSLCJREPerr]
BARS Usagk: &NQIRE BAIRS ar e 6o | et algar\geg rgjtx;l tion
for suppl emalﬁ‘-t al Jusg Eet weln & Browet ¥ @aﬁs w THeys prow e &
delicious, nutrient- e -113-
PCT/ US98/ 07421 o

ich alternative to other snacks. ENSURE BARS
contain <1 g | actose/ ba& knd Chocol at e Fudge Br owni e flavor is

gluten-free. (Honey G ahan U flQVeg v « @ Ncentsma:s

Patient Conditions: 5 2 For p&i%nds 3D Beasl exffraocal g{] % p
protein, vitam ns and rﬁa.e al s & NiErN Esped al ¥ dSeful” for people
who do not take in enou.gﬁ' al ories and nutrients [err] For
peopl e who have the abi to chew and swal | ow [err] Not to be
used by anyone with a Rgan t & Irésrgé;,olréagyeﬁygemfmagl Qqady oPdls § nuts.
| ngredi ents: s y Ga rrbsCrdeho-aol-bgh- YU e Ce n
Syrup, Soy Protein- % I sof at e, B ofh Sufaf Fohey, F%/ag ?&e&‘?ﬁn
(Corn), Crisp Rice (M Iged Ri ce,

oo 000 0 0 © O

9 1
8.77
0.01

2_A6

.
-

18

8.4

18:1

Table 17

3
18 34.88

0.1 2.03
0.03 1.98 3836

16:1 18:0
423 013 24 6178
395 0.04 1.86 38.65
(5538—LP004—25~2—25X5542-SP30021—10-16) 426 0.05 2.44 4025

4.09
39 0.04 231 3858

35 0.04 188 36.24
3.8 0.04 215 3834
343 0.04 189 37.12
358 0.03 255 39.54
353 0.03 233 39.26
34 0.02 241 4553

363 0.04

16:0
3.51

(5538-LP004-25-2-25 X 5542-SP30021-10-16) 4.13 0.04 2.33 34.48
(5538-LP004-25-2-25 X 5542-SP30021-10-16) 3.96 0.05 1.89 36.43
(5538-LP004-26-2-25 X 5542-SP30021-10-16) 4.04 0.04 25 37.75

(6538-LP004-25-2-25 X 5542-SP30021 -10-16)
(5538-LP004-25-2-25 X 5542-SP30021-10-16)
(5538-LP004-25-2-25 X §542-SP3002 1-10-16)
(5538-LP004-25-2-25 X 5542-SP30021-10-16)
(5538-LP004-25-2-25 X 5542-SP30021-10-16)
(5538-LP004-25-2-25 X 5542-SP30021-10-16)
(5538-LP004-25-2-25 X 5542-SP30021-1 0-16)
(5538-LP004-25-2-25 X §542-SP3002 1-10-16)
(5538-LP004-25-2-25 X 5542-SP30021-10-16)
(5538-LP004-25-2-25 X 5542-SP30021-10-16)

§538-1.P004-25-2-25
5542-SP30021-10-16

STRAIN ID

|
O
?



Sugar [Sucrose], Salt [Sodium Chloride] and Malt), Gat Bran, Partially 15
Hydr ogenat e‘ggg,‘?hg,{%nseed and Soy G ls, Soy Polysaccharide, dycerine, \Wey

Protei n Con Pol ydextrose, Fructose, Cal ci um Casei nXCE/USEHBHAL
Powder, Artificial Flafors, Canola GQI, H gh-Oeic Safflower QO 1l, Nonfat
Dry M| k, Whey Powder, Soy Lecithin and Corn O 1. Manufactured in
a facility that processes nuts. 20 Vitam ns and M neral s:

Cal ci um Phosphat e Tri basi cy,, Pgt @ssj,um Igposphat e D| basi c Magne5| um

Oxi de, Salt (Sodium Chipriffe)® PotasSi &meh AR 0B Rcld S FBrric
Ot hophosphat e, Al pha-Toco heryl AceTate,”Ni ad' nam de, Ziffc ™xi d&, Tal ci um
Pant ot henat e, Copper cot g, gva;lganese;gSgI tatg, Roaposl oBed an 25
Car ot ene, Pyridoxi ne %ro I'Qrpdsra Thi%ansne kbnsni t r%t?% gégl & ,&)I

Bi otin, Chr onum g Qot@sm oM adi de,P diglina- Sgll @na&,e

Sodi um Mbl ybdat e, 4 cPhg!I @i 80ke, 8 VPt &hig D3 & Q/a'nogo&ugm' n.
-114- PCT/ US98/ 07421 |2 v © @ & oHogey, @ alarg Gunch -
The protein source is gfzbl ol sﬁ)ywp%t:é 53 |soIate;; N .‘; ﬁng m 1%

pr ot ei ns. <1I;: y protein isolate
M| k proteins ™ 26% Fat : Honey
G aham Crunch - The faf sodurce is a blend of partiall y hydr ogenat ed

cottonseed and soybean,-c

|, vNisgheOlLis Sald | QWEr
oils, and soerC|th|n,, R

S W I~ e ?zﬁtgauy—hyd@@

DD.

and soybean oil 76% Y oo Hora i F +~ + N - v 8%
Hi gh-ol ei ¢ saffl ower ogl 8% Corn oil
4% Soy | &cithin 4% 15
Car bohydr at e: o %iﬂomeﬁebabﬁm%unchg- The capbehydr @t e,source
i's a conbination of o aohisgN'-J@t&s%cﬁr@@rupgm‘;o@&ugar;;
mal todextrin, honey, cfisgti%es PN Ne we e oo
&
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gl ycerine, soy polysaccharide, and oat bran. Hi gh-fructose
corn syrup 24% 20 Brown sugar

21% WO 98/46764 )| { odextrin 12% PCT/USI8/07421
Honey 11% Crisp rice

9% G ycerine 9% 25 Soy
pol ysacchari de 7% Cat bran

7% PCT/ US98/ 07421 © N~ ® b © 0 © SgRE{ e‘;,r],, HL Gd I?,ROTEI N

Usage: ENSURE HI GH P
food designed for people
vitam ns, and minerals3gn
nutritional 5 supﬁle
anmounts, as a neal )
and gluten-free, and i &
general surgery or hlpO;r
pressure ul cers.

require additional calsﬁ;
as patients recovering®

Y Nafeqhotinty e, HiBhpHiPifl & N N yiquid

O require additi onal calorles protein

hellr it D B RN DB uBed a8 & DRl 5

tSwWet IP 0f Betdeenaredl © &, i P eEppPop?l ate

§ rEpEaCengng ENSUBE i SHIPRETE g1 g lnct ose-

~ < < sflitall efor cusé By peopke Fecovering from
URe® andg © &5 of dyspati septwrfsike f or

WPab i Qng](}en@ {6 0MS 6 10 w §,r§ Forg’»pg i ents who
protein, vitam ns, and m nerals, such

general surgery or hip fractures, patients at

risk for press—ur ul cers, and patients on | owchol esterol diets
Feat ur es- [err] | m &atura-teg fate d5% geﬁ-r]eo o ains 6 g
of total fat and < 5 nf of|&hel SstRrdl sierﬁnagm .‘_.: ® o h[e.’r Ri ch,
creany taste et Bxcel | efit source of “pFottei h, Tcal cfum and
ot her essential vitam §s d m neral s * For
| ow chol esterol diets ¥20 [err] Lactose-free, easily digested
| ngredi ents: vanid |a Rung ege (Eegr];gDﬂV\e,tg , @Sgnag ©Sygrose),
Mal t odextrin (Corn), Ci PN Sad CgsetbngteASmHNglgGelc
, mmm
Safflower O, Soy Protgin solate goy d‘, oaOI Pot assi um
Citrate, Calcium Phospkatef Tribasic, SodiumCitrate,
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o
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25 Magnesi um Chl ori de, Magnesi um Phosphate Di basic, Artificial
Fl avor Chl oride, Soy Lecithin, Choline ChlgLj sw%(iorbi C
Aci d, Carrg' "}](11%64 Zi nc Sul fate, Ferrous Suffate, %}E—igﬂ% ocopheryl

Acet at e, Gel | an Gum Ni aci nam de, Cal ci um Pant ot henat e, Manganese
Sulfate, Cupric Sulfate, Vitamn A Pal mtate, Thiam ne Chloride
Hydr ochl ori de, Pyridoxi ne Hydrochl ori de,

-116- PCT/ US98/ 07421 Ri bofl avin, Folio Acid, Sodium

Mot ybdate, Chromium Chloride, Biotin, gyample1§0tassium odi de, Sodium

Sel enate, Phylloquinone, Vitamn D.3 and anple | Cyanocobal ar ni n.

Pr ot ei n: 5 The protein source_is_ a blend of tvvo hi gh- bi ol ogi c-val ue
proteins: casein and E ion of M. alpina desaturas d cal ci um

casel nat es 85%IheM al ma?esa turases 24 bRLSERb Arive Bﬁﬁh&xon of GLA and

15% Fat : source is a blend of three oils

hi gh-ol ei ¢ saffl mb&r PUEE‘Amom sqybaartbysusg of the following exprcss10x1-¢ogsn'm:tsal'Bms af f | ower
: o .
glol%) 5 meag%@wgicfn exogenous DNA c%aﬁ be lir?se&'ecl into the soybean gehyme are

The level of fat depoleiekini infectibl dié SREt ParfioRguf &andfemidtion
Associ ation (AHA) "gui delines. The rams of fat in ENSURE H GH

PROTEI N r epr esentdisglossdin ﬁePQt@ttél”é P8 Plants cap bﬁseiec@%wstﬂr&lypmatsel ng

from sa {Qﬁ %Hﬁ’i atty
acids. These val tﬁéeggﬁn%g Jr %fafeﬂg\ﬂg ORQ"/'%I-&Q [ neglbg é%g%blgo Yo of

total cal ories f rweilhdstablishedto Gﬁéaffordlha'y skxllmthearcal OI’I es from saturated
fatty acids, and [err] 1 0% of total calories from 20 pol yunsat ur at ed

fatty acidp Fof-sdell 8Potilfiddression, the coding regions 5NGb/@Esatdrédd PROTEI N
contains a conbination of maltodextrin and sucrose. The mld

sweet ness and f| &PdAsase placgd yrdspeqngl @ﬁ&e&@gu@ma@ﬂ@f@yane maxy oyal
ld b , d 25
Wi erry, an 995?:@ Qg%obe% %ﬂm ﬁbé&’ggﬁ%ﬁ gérle 2 n?écgfcgﬁgloh%zﬂ o

cherry, strawber or ange vor fatigue and
aid in fba tusehis nnclmaideaﬁ&-é&l of gi 169928 (Dpyle JJ., Schuler, M.A,,~
Godette, W.D., Zenger, V., Beachy, RN, and Slightom. J.L., 1986 J. Biol.
15 Chem. 261 (20), 9228-9238). The 3' regulatory region that can be used is from

the pea ribulose 1,5 bisphosphate carboxylase/oxygenase small subunit (rbcS)
- gene. The specific sequences to be used are nucleotides 1-645 of gi 169145
(Hunt, A.G. 1988 DNA 7: 329-336).

Since soybean seeds contain more 18:2, and perhaps more endogenous
20 A12 desaturase activity than Brassica, the effect of the Mortierella A12
desaturase on achieving optimal GLA levels can be tested as follows. A
construct containing the A6 cDNA can be used to see if A® 18:2 is produced
along with GLA. A construct containing the A12 desaturase can be used to see
if the amount of 18:2 can be increased in soybean. A construct containing both
25 the A6 and A12 desaturases can be used to produce optimal levels of GLA.
Alternatively, plants containing each of the single desaturases may be crossed if

necessary to combine the genes.

Similar constructs may be made to express the A5 desaturase alone, or in

combination with A12 and/or A6 desaturases.
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Vani ||l a and ot her nonchocol ate fl avors Sucr ose

60% -117- gﬁ%ﬁ"/ 7421
Mal t odext r W 98/46764 40% Chocol g&ﬁj o

Sucr ose 70% Mal t odextrin
30% 5 D. ENSURE [err] LIGHT Usage:
ENSURE LIGHT is a lowfat liquid food designed for use as an or al

nutritional supplenent with or between al 5. ENSURE LI GHT i s
| actose- and gluten-free, and is sui taMse in nmodified diets,
i ncluding | ow 10 chol esterol diets. Patient Conditions:

For normal -wei ght or overwei ghfuntin BedasuraboGeneSequences nutrition in a

suppl ement that contaips 50% |l ess fat and 20%fe .cal.orj. han. ENSURE
2 Por “heal t hy adul ts MRdeas soht gRensey peBtly, ol flote in o
Feat ur es: polyuh§itiirhtell @ity 42id Bibsynilidsis Meky i861ad basded on homology [ err]
Contains 3 g of total fat per "serving and < 5 ng chol est ey ol

[err] Rich,5crearbptwessthe human cDNA sgquenges m&or@jﬁll%dﬂmem g4M6m and
e =S D T DAl g et g b et o0
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
10 exhibited homology to M. alpina AS, A6, A9, and A12 desaturases.

The M. alpina A5 desaturase and A6 desaturase cDNA sequences were
used to search the LifeSeq database of Incyte Pharmaceuticals, Inc., Palo Alto,
California 94304. The AS desaturase sequence was divided into fragments; 1)
amino acid no. 1-150, 2) amino acid no. 151-300, and 3) amino acid no. 301-

15 446. The A6 desaturase sequence was divided into three fragments; 1) amino
acid no. 1-150, 2) amino acid no. 151-300, and 3) amino acid no. 301-457.
These polypeptide fragments were searched against the database using the
"tblastn” algorithm. This alogarithm compares a protein query sequence against
a nucleotide sequence database dynamically translated in all six reading frames
20 (both strands).

The polypeptide fragments 2 and 3 of M. alpina AS and A6 have
homologies with the CloneID sequences as outlined in Table 18. The ClonelD
represents an individual sequence from the Incyte LifeSeq database. After the
"tblastn" results have been reviewed, Clone Information was searched with the

25 default settings of Stringency of >=50, and Productscore <=100 for different
CloneID 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

30 CloneID which comprise the ClusterID, The following default settings were
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French Vanill a: [err]-D Water, Maltodextrin (Corn), Sugar (Sucrose),

Cal ci um seinate, Hgh-Oeic Safflower G I, Canol ap&fliseghfpsniesi um
Chl ori de, 88’(9%6% Citrate, Potassium Citrate, Pot assll’um SFngﬂat e

Di basi c, Magnesi um Phosphat e Di basic, Natural and Artificial

Fl avor, Cal ci um Phosphate Tri basic, Cellul ose Gel , Chol i ne

Chl oride, Soy Lecithin, Carrageenan, Salt (Sodium Chloride),

-118- PCT/ USQRIQEABEG (Genetics Compti CrBhs, Uiitelsiny QWb gl Cum Fer rous
Sul fate, Al pha- To%dhé yF A(ceetx%t%ces, ot Z‘ls;’nc Su ' ate, N aci nam de,

Manganese Sul f at e Bidte¢hnology Canten Nalisone Wiopsin §3705) Assemidyd f at e, Thi ami ne
Chl oride Hydrochloride, Vitamin A Palmtate, Pyridoxine

Hydrochl ori de, Ri boflavin, Chrom um Chloride, Folic Acid, Sodium 5

Mol ybdat e, Biotin, Potassiumlodide, Sodium Sel enate, Phyll oqui none,

Vitam n Dord ®izeCy anocobal am n. Pr ot ei n: The
protein source is cal cium caseinate. Cal ci um casei nat e
100% 10 5 Fat Minimum Overldgie {4t source is a blend of two oils:

hi gh-ol ei ¢ saffl ower and canol a. H gh-ol eic saffl ower oil
70% Stri la oil gg 30%

The level of fat in RE LI GHT nmeets American Heart Association 15

‘(AHA) gui delines. ,F .of (fat in ENSURE LI GHT represent 13.5% of
the total calori eg,lmv?\nn%ﬁqqe.%%'of l‘ihe fat being fromsaturated fatty acids

and 2. 6% éJxr omugloée}/unsat T@at ed fatty acids. These values are wthin

t he AHA gui del i ne axim P of <"30% of total calories fromfat, < 1 0% of

the calories fromsatyr.ated fattg acids, and < 1 0% of total

cal ories from pol saf8rbted fa ty acids. 20 Car bohydr at e

ENSURE LI GHI contains g conbination of naltodextrin and sucrose.

The chocol al® fI at6PEBINEEMS coln syrup as well. The m|d sweetness and

flavor variety (French vanilla, chocol ate suprenme, strawberry swirl), plus

VARI - FLAVORS[ err] Fl avor Pacs in pecan, cherry, strawberry, |enon, and 25

orange, help to prevent flavor fatigue and aid in patient conpliance.

Vani I la and ot her noncl¥EGAssemily Resmits displayed the contigs generatgd opdke basis of

51% sequence information within the CloneID. A contig is an alignment of DNA
sequences based on areas of homology among these sequences. A new

15 sequence (consensus sequence) was generated based on the aligned DNA
sequences within a contig. The contig containing the ClonelD was identified,
and the ambiguous sites of the consensus sequence was edited based on the
alignment of the ClonelDs (see SEQ ID NO:31 - SEQ ID NO:35) to generate
the best possible sequence. The procedure was repeated for all six ClonelD

20 listed in Table 18. This produced five unique contigs. The edited consensus
sequences of the 5 contigs were imported into the Sequencher software program
(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 NQO:37). The contigs from the

25 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) sequences were

compared with each of the translated contigs using the FastA search (a Pearson
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Mal t odextrin 49%

-110- TSI ASep! 07421 Chocol at e PCTQ?;@@/?&?

47. 0% Corn Syrup

Mal t odextrin 26.5% 5 Vitam ns and

M neral s An 8-fl-0z serving of ENSURE LI GHT provi des at
| east 25% of the RDIs for 24 key vitam ns and m neral s.

Caf f ei ne and Lipman seaA%0¢ s?zhﬁaﬁtk%\éﬂ&eeﬁ‘aﬁh@x‘y%éq&née BRH &glfohs ope/ 8 fl
oz. 10 E. ENSURE Usage:

ENSURE PLUS is a Sefegncesfdhe @meltﬁw(mslmuexdl qrq»mtdn))oéipmai¢gy among theseuse

aro e o O et bl B oReniind SARIeT Bt RS Pl o

suppl enent to be sty thOM. alpindhs &@Ashﬁddﬂﬁgmm%ase549sl3rwa@aﬁmﬁlt@te
anounts, as a neal replacenent. RE PLUS is | actose- and

gluten-freed Al t Hoerinthedinakeontig ealiedi353538a0 Figure 9 is the FastAymateh pﬁthalﬁnal
suppl ement, it call, n§g2 %8?%& 9, and Figure.10 1?&%5%%&9&90%&% contgr mal

[err] For patlents O Téquire extra caPories an rrents
20 concent rz3i588e and NAG24i The DNAzehudncesfdr thelvatidus contigsare  *  For

patients who need to I It ai g Feat ures
[err] Rich, cr ean@fc%ea%g SgQ DNG:3 gﬁ&ﬁ%@@%‘é@%ﬁ PERIE SEAUERCSS; ¢ ani ns
and m neral s are shown in SEQ ID NO:38 - SEQ ID NO: 44.

10 Although the open reading frame was generated by merging the two
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
possible that these contigs were generated from independent desaturase like

human genes.

15 The contig 253538a contains an open reading frame encoding 432
amino acids. It starts with Gin (CAG) and ends with the stop codon (FGA).
The contig 253538a aligns with both M. alpina AS and A6 sequences,
suggesting that it could be either of the desaturases, as well as other known
desaturases which share homology with each other. The individual contigs

20 listed in Table 18, as well as the intermediate contig 2535 and the final contig

253538a can be utilized to isolate the complete genes for human desaturases.
Uses of the Human Desaturases

These human sequences can be expressed in yeast and plants utilizing
the procedures described in the preceding examples. For expression in
25 mammalian cells and transgenic animals, these genes may provide superior
codon bias. In addition, these sequences can be used to isolate related

desaturase genes from other organisms,
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25 I ngredi ents Vanilla: [err]-D Water, Corn Syrup,

Mal t odextrin , Corn O, Sodium and Cal ci um GReAdISHRR1
Sugar (Sucr%?;é%g" y Protein |Isolate, Magnesium Chlori de,

-120- PCT/ US98/ 07421 Pot assium Citrate, Cal cium Phosphate
Tri basic, Soy Lecithin, Natural and Artificial Flavor, Sodium

Citrate, Potassi

um Chl ori de, Choline Chloride, Ascor bi c Acid,

Carrageenan, Zinc Sulfate, Ferrous Sul fate, Al pha-Tocopheryl

Acet ate, Ni aci nam de, Cal ci um Pant ot henate, Manganese Sulfate, Cupric 5
Sul fate, Thiam ne Chloride Hydrochl oride, Pyridoxine Hydrochloride,
Riboflavin, Vitamin A Palmtate, Folic Agighe 18 Otin, Chrom um Chloride,
Sodi um Mol ybdat e, Pot assi um | odi de, Sodi um Sel eni te, Phyl | oguino

Cyanocobal am n g
source is a blen
soy.

nd \Sedtiass of (o3, | Clone ID fronPLiseSeq Patabpge Keyword The protein

Soy protein isol

fat source is c

d _of Desatrasesgh- bil ol ogi c-valuye proteink: casein and
185300 and!cal ci um38088%i nat es fatty agid dgsaturase
at e 301‘446 As 13 6& at 1 EAG The

100% C

conbi nati on of
flavor variety (

r hohyAl-300:86 ;g‘;;;"or\m RE_PLIS nnn%gi-n&-a—
s ) 6 .
Lsucraose Thel m-l d-sWpetnesd and
v ani |3p}-f‘}57rAr§nr‘nl ate__str 3\3\;93431* \ coffbg. 20 A6 buflf er

pecan, and eggnog), plus VAR -FLAVORS[err] Flavor Pacs in pecan,

cherry, strawber

aidin patient conpliance.

pecan, and coffe
39% 25 5
Sucr ose

10

ry. lenon, and orange, E:el p to prevent flavor fatigue and
XA |la, strawberry, butter
e flavors Corn Syrup

Yaer iE@%bh of Homologué:% g/(()) M, alpina A5 and A6 desatifases
A nucleic acid sequence that encodes a putative A5 desaturase was
identified through a TBLASTN search of the expressed sequence tag databases
through NCBI using amino acids 100-446 of Ma29 as a query. The truncated
portion of the Ma29 sequence was used to avoid picking up homologies based

on the cytochrome b5 portion at the N-terminus of the desaturase. The deduced

amino acid sequence of an est from Dictyostelium discoideum (accession #

- C25549) shows very significant homology to Ma29 and lesser, but still

15

20

significant homology to Ma524. The DNA sequence is presented as SEQ ID
NO:45. The amino acid sequence is presented as SEQ ID NO:46.

Example 19

Identification of M. alpina A5 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 tricornutum. A
plasmid-based cDNA library was constructed in pSPORT1 (GIBCO-BRL)
following manufacturer's instructions using a commercially available kit
(GIBCO-BRL). Random c¢DNA 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.
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Chocol at e and eggnog fl avors Corn Syrup

36% -121- P, IH%%W 421
Mal t odextri W098146764 34% S% ose 79%

30% Vitam ns and M neral s An 8-fl-o0z serving of
ENSURE PLUS provides at |east 15%of the RDIs 5 for 25 key Vitam ns
and m neral s. Caf f ei ne Chocol ate flavor contains
3.1 ng Caffeine/8 fl oz. Coffee flavor contains a trace anount of
caf f ei ne. 10 One clore was identiSigErop bePéneqdacyylum library with

Usage: ENSURE PLUS HN.i s .a A Lly-:C | C | .

hi gh-nitrogen |iq O@qw&o@gg%aﬁggﬂ %ﬁ %éso‘%ﬁg& \?ma‘?ﬁm{?g%e?h‘g?@% TUEG 18
protein nsreddsitedras SEQ IDENOWIL. TR alrvhescid suehde inpresditedBSEQID or al
suppl enent ati on or for total nutritional support by tube. ENSURE
PLUS HN i s | act oseNO#8d gl uten- 15 free. Pati ent Conditions:
[err] For patients with increased calorie and protein needs, such as
fol |l owi ng surgery or injury ierr] For patients with
limted vol ufre tol erance and early sati eEyxample 20 Feat ur es

[err] For supplenental or total nutrition [err] For oral or tube

f eedi ng [err] 1denBfiCRYH of M. alpina AS &ifd Ab hohiblogies fiPSifEr

PUFA-producing organisms
To look for desaturases involved in PUFA production, a cDNA library

was constructed from total RNA isolated from Schizochytrium species. A
10 plasmid-based cDNA library was constructed in pSPORT1 (GIBCO-BRL)
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.

15 One clone was identified from the Schizochytrium library with
homology to Ma29 and Ma524; it is called 81-23-C7. This clone contains a ~1
kb insert. Partial sequence was obtained from each end of the clone using the
universal forward and reverse sequencing primers. The DNA sequence from
the forward primer is presented as SEQ ID NO:49. The peptide sequence is

20 presented as SEQ ID NO:50, The DNA sequence from the reverse primer is
presented as SEQ ID NO:51. The amino acid sequence from the reverse primer
is presented as SEQ ID NO:52.

Example 21

Nutritional Compositions
25 The PUFAS of the previous examples can be utilized in various

nutritional supplements, infant formulations, nutritional substitutes and other

nutrition solutions.
| R INFANT FORMULATIONS

A. Isomil® Soy Formula with Iron.
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25 [err] Calorically dense

-122- PCT/ US98/ 07421 I ngredi ents Vani : ]-D
Water, Malt 338474 (Corn), Sodi um and Cal ci um Casei nat es, QCJTJ"%”'@%
Ql, Sugar (Sucrose), Soy Protein Isolate, Mgnesium Chloride, Potassium
Citrate, Calcium Phosphate Tribasic, Soy Lecithin, Natural and Artificial 5
Fl avor, Sodium  Citrate, Choline Chloride, Ascorbic Acid, Taurine,

k\cg?;?let ! &ie;lci nam de, sgge stf %%%r%%ﬁmw@tﬁﬁgh%%anese

Sul fate, Cupric Sukhsitivity to cow's milk. TA If@eﬂmgefo@utﬁms@bﬁwwrdab fetrwitich

ri doxi ne drochlorid Ri bof | avj n, tamn A Palmtate, Folic
/IZ%:/I d, Bioti Ey t%ﬁ?\sg?mélbf: avoidess dactase deficiency, 13%?%/‘5@5&"@“"3%@%9 um
| odi de Sodi um Selggﬁb{oggfhyl | oqui none, Cyanocobal am n and Vitam n
D3. ENSURE[ err] POWNDER Usage:
ENSURE PQ/\DEg? (reconst |Ftem.vm'th water) is a | owresidue 15 liquid
f ood designed primarily as an oral nutri tional supplenment to be used with

bet | s. ENSURE P R | t f
gtrJi tgb\lNgeP oreﬁsz in mdifie |pé‘%t§m 159338 gﬂ?"ﬁb&] ¥/ ‘léjtﬁgfr’]% '@lieﬂrgtfg‘

Patient Conditions: allergy or séitivityFor patients on nodified diets 20
[err] For elderly patients at nutrition risk [err] For patients

recovering fromillnesg/sur E,%E%se-free formulatibff td %voﬁ?ia tgonbs%&lﬁtewaﬁnlﬁ@?d a

| owr esi due di et venirent, easy to m x
25 lerr] Lowin gatur q}o%josfn"xi tlsuty (240 mOsm/kg water) to reduce risk of osmotic

10 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.

. 1.8 mg of Iron (as ferrous sulfate) per 100 Calories to help
15 prevent iron deficiency.

° Recommended levels of vitamins and minerals.

. Vegetable oils to provide recommended levels of essential fatty

acids.

) Milk-white color, milk-like consistency and pleasant aroma.

20 Ingredients: (Pareve, @) 85% water, 4.9% comn 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
lecithin, carrageenan, ascorbic acid, L-methionine, magnesium chloride,

25 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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[err] Contains 9 g of total fat and < 5 ng of chol esterol per serving

Ej?re'[]s Hi g@dﬁm\@&am ns and m nerals [err]_lzg?r Ip&flﬁmyﬁ&gerol
PCT/ US98/ 07421 [err] Lactose-free, easily digested

Ingredients: [err]-D Corn Syrup, Maltodextrin (Corn), Sugar (Sucrose), Corn
al, Sodi um and Cal ci um Casei nates, Soy Protein Isolate, Artificial
Fl avor, B8 afsigdRsEshlft, pota¥RERGSAiHE phi (uirdBe; bR, YsBith! I at e,

Cal ci um Phosphate 5~ Tribasic, Potassium I‘gxﬁlii de.” Soy Leci t hin,

Ascor bi c Acid, CheléniteeviGiminD)sdnd cyanocobalanipnc Sul fate, Ferrous Sul f ate,

Al pha- Tocopheryl Acetate, Ni aci nam de, Cal ci um Pant ot henat e,
Manganese Sul fate, ThBam lonil®dF Sey Fymnnwla Foo Dixahea. "~ Cupric Sulfate,
Pyri doxi ne Hydrochl oride, Riboflavin, Vitamn A Palmtate, Folic

Acid, Biotin, Sodi um Usagebdatashofhteranfeadingiidrahe dietaryRntsapemenn of dikinfiea 10
Sodi um Sel enat e, , Phyl | oq i<2d0 e, Vitam n D3 and Cyanocobal am n.
i ‘ﬁ‘?'&t

Protein In intants ein source is a blend of two

hi gh- bi ol ogi c-val ue proteins: casein and soy.

Sodi um and cal ci um caEedt¥fssies 84% 15 Soy protein isolate
16% Fat The fat source is corn oil.

Corn oil ) First infant formula t@¥tain added dietarCibexdfinyml sept Sber20
ENSURE PONDER cont ai ns_ a, Lnation of corn syrup, mal t odextrin,
and sucrose. The nil ds%e\ﬁg%?ﬂ;g@%éﬂ“ em%ER, pl us

VARI - FLAVORS[ err] Fl avor Pags, in pecan, cherry, strawberry, |enon, and
orange, helps to prevént f8@0’8?‘”5\0%@’%%@%’%0‘&%‘0@%wét?ﬁbi‘tf’%%ﬂce.
Vanilla 23y durirfig¥nild 8 §4Bre diarrhea in infants. 35%

Mal t odextrin 35%

. 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.
o Lactose-free formulation to avoid lactose-associated diarrhea.

15 . Low osmolality (240 mOsm/kg water) to reduce the risk of

osmotic diarrhea.

. Dual carbohydré.tes (corn syrup and sucrose) designed to
enhance carbohydrate absorption and reduce the risk of exceeding the

absorptive capacity of the damaged gut.

20 ] 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.

° 1.8 mg of iron (as ferrous sulfate) per 100 Calories to help

prevent iron deficiency.

25 ° Vegetable oils to provide recommended levels of essential fatty

acids.

Ingredients: (Pareve, ©) 86% water, 4.8% com 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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Sucr ose 30%

-124- PCT/ US98/ 07421 H. ENSURE[ err] f‘#’%’§%“ ;
Usage: ENSURES/#I8HI NG i s a nutrient-dense suppl ement provi di 2

bal anced nutrition in a nonliquid formto be used with or between neals. It
S appropriate for consistency-nodified diets (e.g., soft, pureed,

or full liquid) or 5 for people with swall ow ng inpairnments. ENSURE

PUDDI NG i s glute r Pat 4 ndit i et [err] For
patients on consﬁbe%e(ﬁ?%ﬁ%lﬁmm '83*81"Z}i@%ﬁ%‘%&?%@ﬁ?‘%‘?ag&?~l8"° full 1iquid)
[err] For pati erpcﬁasauhhcx&mJ potastingh dhigride] porastum phosphate moﬁ&iﬁtsm @6no-10
[err] Rich and creapn taste [err Good rce f, essentlal
vitanins and ni riéd gﬁ?ﬁ n?@ﬂ?q‘ﬂ’é’bﬁéﬁ%"m magnesiynehl ?

Guten-fr
brotei n 10, 9%  Toruipaine, pyiai fRRkphaledibdsf b%ﬁ%*?g{ﬂé“%@%@‘ﬂe%‘&ﬁ@
| ngr edi ent §: taunne, ferkéms shlfate, ni-hxositel&lphmfoabphbt}}l lacetate zinc sulfiatpal -

(Sucrose), Partiall, dr ogenat e Mbdi fi.ed Food
Star che Nagnes! (FHIPS HASTAGHH, Giriepantsgionse, cupric st YARBA Sodi urm

Phosphat e Di basigalmfate] thiasiiné clﬁéx@dé%ydro‘éﬁ%ﬂ@'r?ooﬁﬁhﬂ; );idaﬁmgo Sul fate,
Ferrous Sul fate, Al pha Tocogher Acet at e, ol ine lorid
Ni aci nami de, Marhysnechlorids) folie ecidonanganesemulfatomotassine, lOdlm@hYEO‘lWH#S

hi Chlorid
ryar ochl or i de. - AP HOSENE RIS et AR AN Pl 'YZH ow #6, ol i ¢
id, Bi hyl |
protein 10" T OR! MRl SRRk R s AR VR aon. =

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.

) Lactose-free formulation to avoid lactose-associated diarrhea

(carbohydrate source is Polycose® Glucose Polymers).

. Sucrose free for the patient who cannot tolerate sucrose.

20 L Low osmoiality (180 mOsm/kg water) to reduce risk of osmotic
diarrhea.
. 1.8 mg of iron (as ferrous sulfate) per 100 Calories to help

prevent iron deficiency.

° Recommended levels of vitamins and minerals.

25 . 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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Nonfat m |l k 100%

-125- /07421 Fat Th ceis
hydr ogenat éggg%y ggn oil. Hydr ogenat ed soybggrr.{ﬁ%pieﬁﬁyﬁ

100% Car bohydrate 5 ENSURE PUDDI NG contai ns a

conbi nati on of sucrose and nodified food starch. The m | d sweetness
and flavor variety (vanilla, chocol ate, butterscotch, and tapioca)

hel p prevent fl agysey éél&iﬁﬁﬁpho?%ﬁte%ﬁﬁi&b.W? classmcittate, 0.13% po@bsiih Of
a

| act ose per servi n{g. nilla and ot’her nonchocol ate flavors 10

Sucr ose chloride, mono- and disglycerides, 5gy/decithin, magnesium chloridgcabsensbic

27% . L 4 f ood h . . . o

Chocol at e acid, M}Hétfuoég;g,r% C mﬁ%ﬁ%gnate, sodium chloride, choline cﬁoﬁde, 580 15
Lact o?]e carrageenan, taurine, ferrous sulfateGficinositol, alpha-tocopherylldoétate] £fic f ood
starc

16% . . . ] I ENSURE] err], W. TH FI BER
Usage: ENSURE w FHifetedpramiting, gingipamide calgivm paptothenate; wnmaﬁp{f@temmmm

conplete liquid f & heHink . G Ak f hdridok@@ | ncr eased
dietary fiber anfﬂ@?ﬁﬁehts. E&&E@W%éﬂ%ﬁ&%gﬁ@me ?‘or peopl e who
do not require a hydwchleside,foliciacid, manganeaesulfate, potassiven iodides pliggloguibene, and can
be used.as.a nutritional.su enent to.a.reqgular diet or, in
appropriate anmpurfi@in, sedium selenite, Vﬁ”ﬂg‘%*‘?‘gﬂ%{’é’&%}ﬁ“}‘RENSURE W TH FIBER i s
| act ose- and gl uten-free, gnd |j ' e for.usein nodified
diets, including | ow cfrol egf‘%ﬂ”é@ zﬁ;%éf'g.orm“?"%&bﬂ"’n eady To Feed,

10 20 Cal/fl oz.

Usage: When a soy feeding is desired.

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%
calcjum 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 D; 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.
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Patient Conditions For patients who can benefit fromincreased
dietary fiber and nutrients

-126- Wi29/4636/ 07421 Feat ur es [ er LTSRS anced
formula-low in saturated fat, higher in vitam ns and mnerals

[err] Contains 6 g of total fat and < 5 ng of chol esterol per serving

[err] Rich, creany taste 5 * (Good source of fiber [err]
Excel | ent source of eﬁ&meg,al vitam ns and m neral s [err] For
| ow chol esterol diets ’ [err] Lactose- and gluten-free

I ngredients 10 Vanilla: Jerr]-D Water, Ml todextrin (Corn), Sugar
(Sucrose), Sodi um and® k”°¢¢€§ﬂ!ﬂ’?ﬁﬂ“@%@@i‘ﬁ'a&"@s‘l“%¥f%89@ﬁgf h-Oeic
Saf fl ower G|, Canol apgitl ; I ' . : ' oy
Fi ber, Calcium Phosphgtaet denditd, ‘ﬁ'},’lc}&/ﬁegﬁ‘éégitﬁémﬁéﬁmﬂ %@?@%@8‘% WY,
Citrate, Cellul ose Gelgss.Soy Lecithin, Potassium Phosphate D basi c,
SodiumCitrate, Natural and Artificial Flavors, Choline Chloride, 15

Magnesi um Bhosphat e, Ascor Batfroit b blen@of vegdetsbie sHsTIouB) hemogemizel), or i de,
Carrageenan, Ferrous Sulfate, Al &‘a 'Il'o,cop_her yl. Acetate, Zinc Sulfate,

Ni aci nani de, Manganes Bro%tfipgessentisblingleigacid that iy rasily absothedy i ¢ Sul fat e,
Vitamn A Palmtate, Thiam ne Chloride Hydrochl oride, Pyridoxine

Hydr ochl ori de, Ri bofl &vi n, Crthohydrateiasi lactose orpraportibn simiildeto Bataifihamasodi um 20
Mol ybdat e, Pot assi um hﬁ&i‘de, Sodi um Sel enat e, Phyl | oqui none, Vitam n D3 and

Cyanocobal am n. Protein The protein source is a
bl end of two hi gh-bi ol ogi c;val ue, pr,ot ei ns- casein and soy. 25
Sodi um and cal ci um caSei nal-Q¥ renal ?°l“t°§®a2%t° minimize stress on develggping greans;
i sol ate 20% L.

10 . Powder, Concentrated Liquid and Ready To Feed forms.

Ingredients: (®-D) Water, nonfat milk, lactose, soy oil, coconut oil,
mono- and diglycerides, soy lecithin, abscorbic acid, carrageenan, choline
chloride, taurine, m-inositol, alpha-tocopheryl acetate, zinc sulfate, niacinamid,
ferrous sulfate, calcium pantothenate, cupric sulfate, vitamin A palmitate,

15 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
20 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
25 calories (22 Cal/fl oz) then standard term formulas (20 Cal/fl oz).

. Highly absorbed fat blend, with medium-chain triglycerides
(MCT oil) to help meet the special digestive needs of premature infants.

® Higher levels of protein, vitamins and minerals per 100 Calories

to extend the nutritional support initiated in-hospital.
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-127- PCT/ US98/ 07421 Fat The fat source is

a blend of three oils: high-oleic safflower, canola, and .
Hi gh- ol ei c QPP oi | 40% 5 CS%IIU?@%{&
40% Corn oi l - 20%

The |l evel of fat in ENSURE W TH FI BER neets Anmerican Heart

Associ ation (AHA) guidelines. The 6 grans of fat in ENSURE WTH FI BER
represent 22% of the t ot al | orjes | t .01 9 ’Bﬁ :
saturated 10 fatty aci O@a%?n&l @“ﬂ?@ﬁgh 5%5{1/%12}%? ¢;l"gtﬁeo%& rjg/ﬁéa% :
These val ues are w t hi J deI 300/ taI
calories fromfat, ﬂ’é%dﬁptst eDtcd]?F'bW”é% ids, nonpa?mfxlﬁolﬁ{: ‘T‘"&t ty
acids, and <1 O‘Vedhfce tﬂﬁ%'soyc@ih Qﬁ%ﬁ&eifcrsamom}mrmﬁwmmm oxl (mediﬁ&'f—t y
aci ds. lrdmi@;g{ rate ENSURE W TH FI BER contai ns a
conbi nation of na¢ yeeridesh@oconut oil, potassiumeitate, velsium phosphatatrivesis and
flavor varigty (v 0 aﬂﬂid tadRm? sl Us
VARI - FLAVCR%[ err] g%’avor a%g Als?l&&eccan nﬁﬁ%‘{sﬁﬁn chl?mda"'\’/\}())oer ry, Eﬁlomﬂ%l, | enon,
and orange, help §dalxmnekleﬁﬂe,ftmme,rfefraﬁs swateameinesndl icholimetchlemide,cascqrbylance.

Vani | | h hogol fl
62‘% a and ot her peﬂrmc Oﬁ%géxtx ene ahagtrocopheryl acetate, zinc :;ulfaN51 a&%dfﬁ%d“ :

Cat Fi ber d tocopherols, sodium citrate;@alcium pantothenate, cupriSefatd, ber
2% Choc B docopherols, sodi RBI toqextrin P . .
55% thiamine chloride hydrochloride, vitamin A palmitate, beta carotene, riboflavin,

10 pyridoxine hydrochloride, folic acid, manganese sulfate, phylloquinone, biotin,

sodium selenite, vitamin D3 and cyanocobalamin.

G. Similac Natural Care Low-Iron Human Milk Fortifier Ready
To Use, 24 Cal/fl oz.

Usage: Designed to be mixed with human milk or to be fed altematively
15 with human milk to low-birth-weight infants.

Ingredients: ©-D Water, nonfat milk, hydrolyzed cornstarch, lactose,
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-

20 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, phylioquinone, vitamin Ds,

25 sodium selenite and cyanocobalamin.

Various PUFASs 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..
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Sucr ose 36% Cat Fi ber
7% -128- PCT/ US98/ 07421
Soy Fi ber wo 98/46764 2% Fi ber PCT/US98/07421

The fiber blend used in ENSURE W TH FI BER consi sts of oat fiber and
soy pol ysaccharide. This blend results in approximately 4 grans of total

dietary 5 fi ber per 8f|-oz can The ratio of insoluble to soluble
fiber is 95:5. vari ous nutritional suppl enents

descri bed above aHd knmmgIONALFORM%érQOJﬁS skill in the art can be
substituted and/ or supplenented with the PUFAs of this invention.
J. Oxepa[ err] Nutri#i onaENBUBERt 10 Oxepa is

| ow- car bohydrate, calorically dense enteral nutritional product
desi gned for the di et alyagenBREMREis adowyresidusliquidfood designed primeagily ayanRDS,

il blend - olpnapta Aupristuenl b ussd Nt Beben kB BE SR Mot °C

y-linol enicsacid ﬁxﬁb&)ts,asamealrebraeéﬁx&ﬁrmﬂmﬂlklamd- a&id@h&bm&ee,mdma dant
| evel s. 15 Cal oric Distribution: Cﬁ gdensMy
is high at 1.5 Cabvitablefasusedn modified digs, including hwm@éesw%l diets. Althou

required to meet ?sl%%{%lgmgﬁlg%l slugg}emew it can be fed by e, di stribution of

Calories in Oxepa Tabl e
7. Caloric D|str| per 8 fl
0z. per ? &' tht:"“d‘to“s(“s"/ of Cal Cal ori es
355 22.2
93. 7 . lé’ia’f?aﬂems °nm°d'§5$ Sﬁf?ydr ate (g) 25
105.5 28. 1 Protein (g) 14. 8
62.5 10 ¢ FHag elderly patients at\mtrgxon(ngg 186
785 20 Fat : [err] Oxepa contains 22.2 g of fat per 8-fl
0z serving (93.7 g/ LFor patients with involuntary weight loss

¢ For patients recovering from illness or surgery

¢ For patients who need a low-residue diet

Ingredients:

15 ) @-D Water, Sugar (Sucrose), Maltodextrin (Comn), 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 Sulfate,

20 Ferrous Sulfate, Alpha-Tocopheryl Acetate, Gellan Gum, Niacinamide,
Calcium Pantothenate, Manganese Sulfate, Cupric Sulfate, Vitamin A
Palmitate, Thiamine Chloride Hydrochloride, Pyridoxine Hydrochloride,
Riboflavin, Folic Acid, Sodium Molybdate, Chromium Chloride, Biotin,

Potassium Jodide, Sodium Selenate.
25
B. ENSURE® BARS

Usage: ENSURE BARS are complete, balanced nutrition for

supplemental use between or with meals. They provide a delicious, nutrient-
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[err] The fat source is a oil blend of 31.8%canola oil, 25% nmedi um chain
triglycerides (MCTs), 20% borage oil, 20%fish oil, and 3.2 % soy |lecithin.

The wospisnaal fatty acid profile of Oxepa is shown i rPCHA8/0B21
-129- PCT/ US98/ 07421 [err] Oxepa provides a bal anced
anount of pol yunsaturated, nobnounsaturated, and saturated fatty
aci ds, as shown in Table 10. [err] Mediumchain trigylcerides

(MCTs) -- 25%of the fat blend - aid gasiri . e i ng, becapse
they are absor bedrighyalfaraativeiteethersacksy Mm RA&S cogtain <{TEI%W58@‘FF tion
by bile acids. Chocqlatg Fg%%ecl%ro(vzé%eﬂaw is%}lﬁetf-géé. YHRAEFGEAERRAS&Vor

Oxepalerr] nutritiona e subst’ituted and/ or
suppl enent ed wi t hcorhigin®Pglaten.)of this i nvention.

Tabl e 8. Typical Fatty Acid Profile %
Total Fatty Patiént' Comlitions: g/ L*

Aci ds Caproic (6:0) 0.2 0.04

0.18 5 Capeylfdi phfierdd who need extrd 6aléfes, protein, vitaming aid minerals

13. 07 Capric (10:0 11. 06 2.33

9. 87 Pal i t4 1 : :

4 98 Pal m t%ﬁ?}gél%ﬁ}z ?Qé:f% rt}'grﬂeopl? v@% do not take in cnou%}'x %agones and

1.62 St eautrien{s18: 0) 1.84 0. 39

1.64 Oeic (18:1n-9) 24. 44 5.16

21.75 Li B0l RirGpebpl8 whid-Haye the abilify td&hew and swallow 3. 44

14. 49 [err]-Linolenic (1 8:3n-3) 3.47 0.73

3.09 y- Lign ' 5y ergy or an¥ tfbe of allergy to
420 L cocanany beudedbyliybie with BBcaput allergy oranf o of alergy

4.55 10 3) nuts. n- 3- Docosapent aenoi ¢ 0.55 0.12
0.49 (22:5n-3) Docosahexaenoi ¢ (22: 6n- 2.27

0.48 IngedBents: 3) Q hers 7.55
1.52 6.72

Honey Graham Crunch -- High-Fructose Corn Syrup, Soy Protein-
Isolate, Brown Sugar, Honey, Maltodextrin (Coﬁl), Crisp Rice (Milled Rice,
Sugar [Sucrose], Salt [Sodium Chloride] and Malt), Oat Bran, Partially
15 Hydrogenated Cottonseed and Soy Oils, Soy Polysaccharide, Glycerine, Whey
Protein Concentrate, Polydextrose, Fructose, Calcium Caseinate, Cocoa
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.
20 Vitamins and Minerals:

Calcium Phosphate Tribasic, Potassium Phosphate Dibasic, Magnesium
Oxide, Sait (Sodium Chloride), Potassium Chloride, Ascorbic Acid, Ferric
Orthophosphate, Alpha-Tocopheryl Acetate, Niacinamide, Zinc Oxide, Calcium
Pantothenate, Copper Gluconate, Manganese Sulfate, Riboflavin, Beta-
25 Carotene, Pyridoxine Hydrochloride, Thiamine Mononitrate, Folic Acid, Biotin,
Chromium Chloride, Potassium lodide, Sodium Selenate, Sodium Molybdate,

Phylloquinone, Vitamin D3 and Cyanocobalamin.
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* Fatty acids equal approximately 95% of total fat.

Table 9. Fat Profile of Oxepa. % of total calories fromfat

55. 2 WO 9sMAT§insat urated fatty acids 31 . 4ARCEMSI8NTA21
Monounsat urated fatty acids 25.53 g/L Saturated fatty
aci ds 32.38 g/L n-6 to n-3 ratio

1.75:1 Chol est er ol 9.49 ngy/8 fl oz
40.1 ng/L 10 .. - 130-

PCT/ US98/ 07421  Protein: Car bohydr at e: [err] The carbohydrate

content is 25.0 er 8-fl-o0z servi 105.5 g/l). .err]l The

car bohydr at e sou%‘é&t‘yﬁ'@%&&’ B s % P tﬁ“é&“‘%%ﬁ&l‘ﬂ?@dc%frs%ﬂffﬁélﬁt‘@;aw

and 55% sucrose i ar), both of which are readily digested and 5
absor bed. (a_ﬁd%tlmr?te%g hi gh-fat and | ow carbohydrate content of

Oxepa i s designed to - kNl m ze carbon di oxi (Cderr]) production.
H gh CO2 | evel s can coso Iplr%tglpééglaé weaning in ’\ﬂjg/ﬁti | at or - dependent

patients. The | ow | evéilbproteimsbohydr at e al so 26%may be useful for

t hose patients who have devel oped stress-induced 1 0O hyper gl ycem a.
[err] Oxepa is | qmitpse-free. D etary carbohydrate, the

am no acids fromprotein, and the glycerol noi ety of fats can be
converted to gl ucose Viddey Gritisen ik - The faushigesis bibldd of partially Process, the
car bohydrate requirenments of glucose-dependent tissues (such as 15 t he
central nervous dydragenaiedicationsasd audisaybpan; pangla; hightoleicpafliower, apd eprat fr ee
of carb dy. at . | ead to ketosis, excessive catabolism of

ti ssue protein, g&r?]lé,a{n%s%ﬂ&ﬁﬂ‘nbss of fluid and el ectrolytes. These effects

can be preygented by dgjl.y.{ tion of 50 to.l0 of digestible
car bohydr a¥§, if cal o?%aityﬁlhlt}gaégﬂméia%ﬁﬁﬁeg‘? aﬁ‘ifé’ygean °‘ll 960 ar bohydr at e

| evel in Oxepa is al saCamefafdici ent to m nim ze gl ucogegogenesis, if 20
energy needs are being_net. , .. Protein: [err] Oxepa
contains 14.8 g of pr &@hﬁl%‘é?af@ﬂ‘ﬁ’?f-%lz serving (62.8%6g/L). [err]
The total calorie/nitrgggapyratio (150:1) neets the gpged of stressed
patients.

Soy lecithin 4%

15 Carbohydrate:

Honey Graham Crunch - The carbohydrate source is a combination of
high-fructose corn syrup, brown sugar, maltodextrin, honey, crisp rice,

glycerine, soy polysaccharide, and oat bran.

High-fructose corn syrup 24%
20 Brown sugar 21%
Maltodextrin 12%
Honey 11%
Crisp rice 9%
Glycerine 9%
25 Soy polysaccharide 7%
Oat bran _ 7%\
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[err] Oxepa provides enough protein to pronote anabolism and the

mai nt enance 25 of | ean body nmass wi thout precipitatin ' ory
probl ems. WQRS/4H64 ei n i ntakes are a concern in pagéﬁ‘ﬁgé/\%%%
respiratory insufficiency. Al though protein has little effect on
CO2 production, a high protein diet will increase ventilatory
drive. -131-

PCT/ US98/ 07421 * ' of Oxepa are 86.8% sodi um
caseinate and 13.2% C. ENa Cl u(rinhétéalge]iifndaigf.i * As denonstrated

in Table 11, the am nog, aci L rotein s i 0 . Oxepa
meets or surpasses thg—’%&%g@}%%&ﬁcﬁ %BEE&’ H@""BF%%_“Z“?“‘?@&F AR

theNati onal Acadgigmidfoodaésisiied for people who require aditipfalicalogiespedteinf ee.

Al'l publications and patent applications nmentioned in this specification

are indicative ofvimins, akmingralsspitheir digts: Hean be psediagan prel pwaitigpal to whi ch
this 10 5! NVeRbbRBnPHiR dibetvteh nftdfl e 8ah 358 BmBRNE s a3REN | Cal | ons

are herein NCOr pora y reterehce e sanme extent as if each
i ndi vi dual publ i eaflacement. ENSURE HIGH BROTERY lis lactoseo and\glatensfees, fndial | y and
I ndi vidual Iy indi cat?d to be incorporated, by refere

e
The i nvention nowuiehlsfpruss by pespleteeqysring from geppral sirgery o {Eﬁcg"??r?é‘dof 15

ordinary skill inytigeRshe skabr presurecflédrgles and nodifications can be made
t hereto w t hout dgg}r%i ng fromthe spirit or scope of the appended cl ai ns.

Patient Conditions

10 o For patients who require additional calories, protein, vitamins, and minerals,
such as patients recovering from general surgery or hip fractures, patients at risk

for pressure ulcers, and patients on low-cholesterol diets
Features-
e Low in saturated fat

15 s Contains 6 g of total fat and < 5 mg of cholesterol per serving
¢ Rich, creamy taste

o Excellent source of protein, calcium, and other essential vitamins and

minerals
¢ For low-cholesterol diets

20 o Lactose-free, easily digested
Ingredients:

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,

25 Magnesium Chloride, Magnesium Phosphate Dibasic, Artificial Flavor, Sodium
Chloride, Soy Lecithin, Choline Chloride, Ascorbic Acid, Carrageenan, Zinc
Sulfate, Ferrous Suffate, Alpha-Tocopheryl Acetate, Gellan Gum, Niacinamide,
Calcium Pantothenate, Manganese Sulfate, Cupric Sulfate, Vitamin A
Palmitate, Thiamine Chloride Hydrochloride, Pyridoxine Hydrochloride,
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-132- PCT/ US98/ 07421

SEQUENCE LISTING 5 (1) GENERAL | NFORVATI ON: ﬂ(ij)
APPL| CANT: WRNSHST9Y DEBORAH MBKERSI807E€RADI P
10 HUANG, YONG SHENG

THURMOND, JENNI FER CHAUDHARY, SUNI TA
LEONARD, AMANDA 15 (ii) TITLE OF | NVENTI ON: METHODS AND

COVPCS| TI ONS FOR, SYNTHE Cy e LONG, CHAI N_, .
POLY- UNSATURATE Vni’éﬂﬁkﬁs"“f‘ﬂl $9dijg Motybdate, Cgﬁ"“‘“’%‘%ﬁﬁ%ﬁ%ﬁ' oF
SEQUENCES: 52 2@otassium Iodide, S¥diufaSRRpaR CPEFNGEnoR)REGRIin D.3 and

(A) ADDRESSEE: LIMBACH & L] MBACH L.L.P. (B) STREET: 2001
FERRY BUI LDI NG Cyanocobalamnin, (C) CTY: SAN FRANCI SCO
(D) STATE: CA 25 (E)  COUNTRY: USA (F) ZIP:
94111 Proteiny) COVPUTER READABLE FORM (A
VEDI UM TYPE: Fl oppy di sk 30 (B) COMPUTER: | BM PC conpati bl e
(C) OPERATBNG SYSTliEotedhCsddB®/ ik/BbIsBS of two high-biologic-value proteins: casein and
soy.
Sodium and calcium caseinates 85%
Soy protein isolate 15%
Fat:
10 The fat source is a blend of three oils: high-oleic safflower, canola, and soy.
High-oleic safflower oil 40%
Canola oil 30%
Soy oil 30%

The level of fat in ENSURE HIGH PROTEIN meets American Heart
15 Association (AHA) guidelines. The 6 grams of fat in ENSURE HIGH
PROTEIN represent 24% of the total calories, with 2.6% of the fat being from
saturated fatty acids and 7.9% from polyunsaturated fatty acids. These values
are within the AHA guidelines of < 30% of total calories from fat, < 1 0% of the
calories from saturated fatty acids, and < 1 0% of total calories from
20 polyunsaturated fatty acids.

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,

25 cherry, strawberry, lemon, and orange, help to prevent flavor fatigue and aid in

patient compliance.
Vanilla and other nonchocolate flavors

Sucrose 60%
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(D) SOFTWARE: M crosoft Word (vi) CURRENT APPLI CATI ON DATA: 35
(A) APPLI CATI ON NUVBER: (B) FI LI NG DATE:

(O) CLASSI FIVORHAEIES (vii) PRI OR APPLI CATI ON DATA CHSo8/07421

(A) APPLI CATI ON NUMBER US 08/ 834, 033 (B) FILING DATE:
11- APR- 1997 (vii) PRI OR APPL| CATI ON DATA: (A
APPLI CATI ON NUMBER: US 08/ 833, 610 45 (B) FILING DATE:

11- APR- 1997 j i) ATTORNEY/ AGENT | NFORMRbON:

(A) NAME: M CHAEL R v&(%"de’gm" (B) REE?Q‘@TI ON NUMBER: 38, 351
50 c{hﬁ FERENCE/ DOCKET NUMBER: CGAB- 320 (i X)
TELECOVMUNI CATI ON Tl ON: (A) TELEPHONE: (415)

433- 4150 (B) TELEFAX: (415) 433-87}§, 55

(C) TELEX: N A Sucrpsf) | NFORMATI ON FOR SEQ ID N? 1: 60 (i)
SEQUENCE CHARACTERI STI CS: , (A) LENGIH 1617 base pairs
-133- PCT/ US98 Mgitedextrin @Y° TYPE: nucleic acid
(C) STRANDEDNESS: single (D) TOPOLOGY: linear 5

(ii) MOLECUSE TYPE: DNA (genonic) 10 (xi) SEQUENCE

DESCRI PTION:  SEQ | D NO. 1: CGACACTCCT TCCTTCTTCT CACCCGTCCT
AGTCCCCTTC AACCCCCCTC DiTGAENSAIRE ® EIGHT

Usage: ENSURE LIGHT is a low-fat liquid food designed for use as an
oral nutritional supplement with or between meals. ENSURE LIGHT is
lactose- and gluten-free, and is suitable for use in modified diets, including low-

10 cholesterol diets. '

Patient Conditions:

¢ For normal-weight or overweight patients who need extra nutrition in a
supplement that contains 50% less fat and 20% fewer calories than ENSURE

o For healthy adults who don't eat right and need extra nutrition
15 Features:

¢ Low in fat and saturated fat

e Contains 3 g of total fat per serving and < 5 mg cholesterol

o Rich, creamy taste

» Excelient source of calcium and other essential vitamins and minerals
20 e For low-cholesterol diets

e Lactose-free, easily digested

Ingredients:

French Vanilla: ©-D Water, Maltodextrin (Corn), Sugar (Sucrose), Calcium
Caseinate, High-Oleic Safflower Oil, Canola Qil, Magnesium Chloride, Sodium
25 Citrate, Potassium Citrate, Potassium Phosphate Dibasic, Magnesium Phosphate
Dibasic, Natural and Artificial Flavor, Calcium Phosphate Tribasic, Cellulose
Gel,.Choline Chloride, Soy Lecithin, Carrageenan, Salt (Sodium Chloride),
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ACAACAAACC
TGCCGAGCECT

ATGECTGCTG CTCCCAGTGIT GAGGACGTTT ACTCGGEGECCG AGGTTTTGAA
CTGAATGAGG GCAAGAAGGA TGCCGAGGECA CCCTTCTTGA TGATCATCGA

120

CAACAAGGT GWRASRHASTEI CC GCGAGTTCGT CCCTGATCAT CCCGGTGGAA GTGT(E&%’”F@PS’W%O

CACGCACGIT
GGAGACTCTT
TGATGACTTT
CGATTCTTCC
GICGACGGTIC
TGCCCTTTTG
CCAGGICTTC
CCAGGEECTTC
CGTCCACGEC
GITGGAGATG
GGTCCTGAAC GA
CCTCCAGTCC
TGTGCCCATC
CACCATGITC
GECGGTGIGC
GATCTCGAAG
TGATGICCAC
GCACCACTTG
GACCCTGIGC
AGAGGTCTTT

GTAAAAAAAA BAACAAEEAC GITTTTTTTC GCCAGTGCCT GTGCCTGIGC CTGCTTCCCT

TGTCAAGTCG
- 134-

GGCAAGGACG GCACTGACGT CTTTGACACT TTTCACCCCG AGGCTGCTTG 300
GCCAACTTTT ACGITGGTGA TATTGACGAG AGCGACCGCG ATATCAAGAA 360
GCGGECCGAGG TCCGCAAGCT GCGTACCTTG TTCCAGICTC TTGGTTACTA 420

ATTGTchSoRin SFSela e asess Sefelsr e oropbe B Aite, 540

t 540
GGTCTGH E%M%ﬁa}ﬁm IS RGN Patibiiendt? Puprft00
CAGGACCGIT TCTGGGGTGA

CGGC GOCCTTCTTGG GAGGTGTCTG. 660
TCGTCCRWisre, Thiapine Chlari jdaCignuiaAcPalmitatecPyrdoxine 720
GAGGAT. GC 780
mcc,ﬁﬁ%cﬁ?ez&% TR G EAE Sl T [0

JFTE TNGTA Qe sBAIT (GBIE So Fiilih SaRnatE PHYIHGOIHOAE, Vita8 i

ATTCT T G TGCTGCCTAA CGGTCAGGCC CACAAGCCCT CGGGCGCGCG 960
TCGTTAERT INGCTTGOGATG CACTGGACCT GGTACCTCGC 1020
CTGTTCATCA AGGATCCCGT CAACATGCTG GTGTACTTTT TGGTGTCGCA 1080
GGAAACRTRINT GGCGATCGT GTTCTCGCTC AACCACAACG GTATGCCTGT 1140
GAGGAGGCGG TCGATATGGA TTTCTTCACG AAGCAGATCA TCACGGGTCG 1200
CCGGGTTHAfroRO20cGT GrlETFRAOG8EBE. GGATTGAACT ATCAGATCGA 1260
TTCCCTTCGA TGCCTCGCCA CAACTTTTCA AAGATCCAGC CTGCTGTCGA 1320
AAAAAGTACA CAIGIHEOGATIAatECACACCACC GGTATGATIOB%AGGGAACTGC 1380
AGCCGTCTGA ACGAGGTCTC CAAGGCTGCC TCCAAGATGG GTAAGGCGCA 1440
1500
AGCGTTTCTG GAAAGGATCG TTCAGTGCAG TATCATCATT CTCCTTTTAC 1560

The fat source is a blend of two oils: high-oleic safflower and canola.

High-oleic safflower oil 70%

Canola oil 30%

The level of fat in ENSURE LIGHT meets American Heart Association
(AHA) guidelines. The 3 grams of fat in ENSURE LIGHT represent 13.5% of
the total calories, with 1.4% of the fat being from saturated fatty acids and 2.6%
from polyunsaturated fatty acids. These values are within the AHA guidelines
of < 30% of total calories from fat, < 1 0% of the calories from saturated fatty
acids, and < 1 0% of total calories from polyunsaturated fatty acids.

15

20 Carbohydrate

ENSURE LIGHT contains a combination of maltodextrin and sucrose.
The chocolate flavor contains com 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

25 orange, help to prevent flavor fatigue and aid in patient compliance.

Vanilla and other nonchocolate flavors
Sucrose 51%

Maltodextrin 49%
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PCT/ US98/ 07421 CCCCCGCTCA TATCTCATTC ATTTCTCTTA TTAAACAACT

TGTTCCCCCC TTCACCG 1617 (2) | NFORMATI ON FOR SE%@P
(| ) SEQUENGFD GREECTER STI CS: (A) LENGTH: P&EHS aci ds
(B) TYPE: am no acid (C) STRANDEDNESS:
not rel evant (D TOPOLOGY: |inear (i)
MOLECULE TYPE:. peptide 15 (xi) SEQUENCE DESCRI PTION: SEQ I D
NO 2: 20 hocol t AIa Ala Ala Pro Ser Val Arg Thr Phe Thr Arg Al a
Gu Val Leu Chocolate 5 10
15 AsnAIaGIuAIaLeuAsnGIuGIyLy yS Asp Ala Gu Al a
Pro Phe 25 Sucrose 20 5% 30
Leu Met Ile Ile Asp Asn Lys Val Tyr Asp Val Arg Gu ng Val Pro
35 4(0Com Syrup 45 30 Asp H's Pro Ay
Gy Ser Val Ile Leu Thr Hs Val Gy Lys Asp Gy 50
55 60Maltodextrin Thr Asp Val Phé6A¥p Thr Phe His Pro
Gu Ala Ala Trp Gu Thr Leu 65 70
75 5 Vitaginid Minerals Ala Asn Phe Tyr Val Gy Asp lle Asp
Gu Ser Asp Arg Asp Ile Lys 8
90 95An 8-fl-oz servmg of ENSUREDIGHT] pfevadedltledit 25% af théal  Ar g
Lys Leu Arg Thr Leu g’@ ?k d i 100
105 RDIs fpgy 2 ey"‘tammsan miggrals oy @y Tyr Tyr Asp Ser Ser Lys
Ala Tyr Tyr Ala Phe_Lys Val 115 120
125 45 Caffeinehe Asn Leu Cys Ile Tr p GI y Leu Ser Thr Val I|le Val
Al a Lys 130 140
Chocolate flavor contains 2.1 mg caffeme/8 fl oz.
10
E. ENSURE PLUS®
Usage: ENSURE PLUS is a high-calorie, low-residue liquid food for
use when extra calories and nutrients, but 2 normal concentration of protein, are
needed. It is designed primarily as an oral nutritional suppiement to be used
15 with or between meals or, in appropriate amounts, as a meal replacement.
ENSURE PLUS is lactose- and gluten-free. Although it is primarily an oral
nutritional supplement, it can be fed by tube.
Patient Conditions:
» For patients who require extra calories and nutrients, but a normal
20 concentration of protein, in a limited volume
e For patients who need to gain or maintain healthy weight
Features
o Rich, creamy taste
o Good source of essential vitamins and minerals
25 Ingredients

Vanilla: ©-D Water, Corn Syrup, Maltodextrin (Corn), Corn Oil, Sodium and

Calcium Caseinates, Sugar (Sucrose), Soy Protein Isolate, Magnesium Chloride,
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Trp
145
Ay
165
dn
180
Cys
200
Val

220

Gy A@n Thr Ser Thr Leu Ala Asn Val Leu Ser Ala Ala Leu Leu

150 155 160
Leu Ph®Or846t§4n G n Cys Ay Trp Leu Ala Hi s Asp Phe Lequ,'rgls98/07421

170 175 H's A n Val Phe
Asp Arg Phe Trp Gy Asp Leu Phe Ay Ala Phe 55

185 190 Leu dy Ay Val
G@n @y Phe Ser erT Jrp.Lys Asp .Lys . 195
| 8 Clge, CAloiund Prosphate Retaskn Soydecitin, Narwahd pr o Ach
Hs Gy Gu mﬁaaméaﬁ, Sodium Citrate, Potassiun?éﬂloridci,?,%hoiine Chloride, 215

PCT/ US98/ 07421

Hi s
235
Thr
250
Phe
265
Leu
285
Val
Adn
305
Leu
325
Ay
340
Val

Ala Leu Qu
Arg Mets Trp
Pro Ile Leu
Phe Val Leu

Au
Leu Ser Leu

Phe 11| Lys
Asn Leu Leu

Ile Ser Lys

15

20

25

Ascorbic Acid, Carrageeriag, Zinp Swifate}Fegrons Sulfate, Alpha-TecophepyiSer G u

t . . . 25 2 .
I%cetaﬁea Bhacmamxde Ca?cmm Plgﬂtgthgg?te A@ﬁ"%s%fa}% guglﬁ du Leu
Sﬁlfatér ’thﬂﬁﬁxe Chloride Hydrochlonde, Pyridoxine HydrpeKlbride,

Val Leu Asn Gn Th Trp Phe Tyr
ggboﬂqygl, Njitamin A Palmitate, Folxc Acxd Biotin, Chygqyium Chloride,

odx\%gﬁlog]ogate, Potassium Iddidk, kg&iuxﬁeéeé%tg Pyitohfiofid, N Ser Ile

280
Cy@mmhhlamiﬁmd_\]saxﬂmd)ﬁer Ay Ala Arg Val Pro Ile Ser Leu
290 295 300 15
Aratéiet His Trp Thr Trp Tyr Leu Ala Thr Met Phe
310 315 320

Asp PrThe YadteiAsourdeis dslend/ed twhtiigiPbildgidivalaé d)x&&ins?l Qasein
330 335 n Ala Val Cys
AP sPY.e Val Phe Ser Leu Asn Hi s

345 350 25 Asn Ay Met Pro
Qu GSedisimuangedalchyp chssinatesp Phe 84%
Soy protein isolate 16%
Fat
The fat source is corn oil.
Cormn oil 100%
Carbohydrate

ENSURE PLUS contains a combination of maltodextrin and sucrose.
The mild sweetness and flavor variety (vanilla, chocolate, strawberry. coffee,
buffer pecan, and eggnog), plus VARI-FLAVORS® Flavor Pacs in pecan,
cherry, strawberry. lemon, and orange, help to prevent flavor fatigue and aid in
patient compliance.

Vanilla, strawberry, butter pecan, and coffee flavors

Corn Syrup 39%
Maltodextrin 38%

Sucrose 23%
Chocolate and eggnog flavors

Corn Syrup 36%
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355 360 365 Phe Thr Lys d@n

Ile Ile Thr Ay Arg Asp Val H's Pro Ay Leu Phe

375 WO 98/46764 380 30 Ala Asn Trp Phe Thr PSTQ’S&‘%’(‘)‘E%U Asn
Tyr G@nlle u Hs H's Leu 385 390

395 400 Phe Pro Ser Met Pro Arg His Asn Phe
Ser Lys Ile @n Pro Ala Val 35 405

410 4 . G u Thr Leu Lys Lys Tyr Asn Val
Arg Tyr H's Thr Thr Glé‘%‘i"m“ iy

425 43 40 lle Au Gy Tg{WAIa G u Val Phe Ser
Arg Leu Asn G u Val SePUdo¥ 440
445 Ala Ala Ser Lys Met Ay Lys Ala @n 450
455 45 (YitamipspadiVlingralsor sEQ 1 D NO 3 (i)
SEQUENCE CHARACTERI STI CS: I(J LENGTH: 148§ base al rs 50
(B) TYPE: nucl eic aci dAn 8-fl-oz serving of ENSURE PLUS prowigiss phjeast 15% ofdh

(D TOPOLOGY: I| ngar MOLECULE TYPE: DNA (genonic) 55
(xi) SEQUEN APIFRY m@ﬁéﬁnﬁ’%%‘éps GTCOCCTGTC GCTGTCGGCA
CACCCCATCC TCCCI%CCTCTGCGIT TGTCCTTGGC 60

-136- 07421 CCACCGTCTC TCCTCCACCC TCCGAGACGA

ACCAACT G, AATCCTCAAG EPRRIGERMor f4EieA o Caffgigts Hloz Calreb Bl -

contains a trace amount of caffeine.

10 F. ENSURE PLUS® HN

Usage: ENSURE PLUS HN is a nutritionally complete high-calorie,
high-nitrogen liquid food designed for people with higher calorie and protein
needs or limited volume tolerance. It may be used for oral supplementation or
for total nutritional support by tube. ENSURE PLUS HN is lactose- and gluten-

15 free.

Patient Conditions:
o For patients with increased calorie and protein needs, such as following
surgery or injury
¢ For patients with limited volume tolerance and early satiety
20 Features
e For supplemental or total nutrition
o For oral or tube feeding
e 1.5CaVmL
» High nitrogen

25 o Calorically dense
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5 GCACCTCCCA ACACTATCEA TGCCGGTITTG ACCCAGCGIC ATATCAGCAC CTCGGECCCCA
240 AACTCGGECCA AGCCTGCCTT CGAGCGCAAC TACCAGCTCC CCGAGITCAC
CATCAAGGAGWO 38/@6764 ATCCGAGAGT GCATCCCTGC CCACTGCTTT

GICTCCGTGG TCTCTGCCAC 360 10 GITGCCATCG ATCTGACTTG GECGTCECTC
TTGITCCTGG CTGCGACCCA GATCGACAAG 420 TTTGAGAATC CCTTGATCCG
CTATTTGECC TGECCTGITT ACTGGATCAT GCAGGGTATT 480 15 GICTGCACCG
GIGICTGEGT GCT CAG, GAGTGTGGIC ATCAGTCCTT CTCGACCTCC 540

AAGACCCTCA ACAA eP&;TTGGATC TTGCACTCGA TGCTCTTGGT CCCCTACCAC 600

e 1l A e AR, 250 ™
GICTTTGIGC CCAAGA 720
T e DS IV S )
GGOCAAGACT  ACGGCEiEae, Criciomipaphara TdvGicSoy Aesitbbodmacrrivaifics 900

ATCTATGLCT TCATGEAEHT W%@%&ew FelpeE At 0

CTCTTTGICA ACTTT T£hd Sulftd, Behiohs Sulfits Al , Nfacladi{de]G 1080 35
CCCCATTACC GCGAGGGTGC CTGGAATTTC CA GGAG TTGCAC CGTTGACCGC 1140
TCGTTTGGCA AGTTCIHaagesnan;Gat 1200

CTOCTGaAG AGTACTATER™ %XW@W@@W@%@@ 1300

TTCOGTGAGT GCOCGA VG in GrRGMMAEAFKCAGA DG, (GO ChlorBeASTHMAAA 1380 45
AAAAGACAAT . GGACCA CA m égwcg TACGLATCAT . GTAGCCATAC 1440
CACTTCATAAI AAGAA d yx Se quinone, 1488

(2) 1 NFORMVATI ON F@%nﬁal&xm%élvx&ﬁlm Ds. (i) SEQUENCE
CHARACTERI STI CS: (A)" LENGTH: 399 ami no acids
(B) TYPE: am no acid (C) STRANDEDNESS: not rel evant 55
(D) TOPOLOGY: |i near (ii) MOLECULE TYPE: peptide

G. ENSURE® POWDER
Usage: ENSURE POWDER (reconstituted with water) is a low-residue

15 liquid food designed primarily as an oral nutritional supplement to be used with
or between meals. ENSURE POWDER is lactose- and gluten-free, and is

suitable for use in modified diets, including low-cholesterol diets.
Patient Conditions:
¢ For patients on modified diets
20 s For elderly patients at nutrition risk
e For patients recovering from illness/surgery
» For patients who need a low-residue diet
Features
¢ Convenient, easy to mix
25 e Low in saturated fat
¢ Contains 9 g of total fat and < 5 mg of cholesterol per serving
¢ High in vitamins and minerals
» For low-cholesterol diets
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-137-

Asp
10

Al a
30

Pro
Hi s
50

Al a
70

Pro
85

I'le
100
Ser
120
Val
140
Lys
160
Pro
175
Hi s
190

Al a
Phe

Al a
Cys

Ser
Leu
Val

Phe
Pro
Asp
Lys

35
Leu

(xi) SEQUENCE DESCRI PTION: SEQ | D NO 4:

PCT/ US98/ 07421 Met Ala Pro P r
A yWDS8/48%* A n Arg His Ile 1 PC&R]Sﬁ%&JP
15 5 Ser Thr Ser Ala Pro Asn Ser Ala Lys Pro
Gu Arg Asn Tyr 20 25
G@n Leu Pro Qu Phe Thr Ile Lys Au lle Arg Au Cys Ile

40 45 10

3 .
Phe G u A g%?s@?’ﬁ@ay&?gﬁﬂ&iy Leu Cys His Val Ala lle

Leu Leu ﬂ?@'g‘gﬁmﬁﬂ 3‘%8“*@?‘“@%31%%87‘%& SC%) Sugar (Sé&gseé,?or;[lail

C te rotein Isolate, Artificidl Flavble G u Asn
lle Arg yrd e&n%lcglcllurn?o %s}ebnavg,l 6?0?

Pot848ium Cm'ate, Magnesmm Chlcggle &Qyﬁum Citrate, Calqinm Phasphaten, g y
Qys  Thr GH){HVaI sium IChi‘on‘ﬂeAéo%' I__ll__ti.fghlg Kscorbic Acid, Ch%g/ne ch.lomﬁr, < dn
Ser Thr Sginc |Shﬁ‘aty'ﬁ'erieﬂ§ SMﬁteASlphéﬂlTbco‘ﬁaéryl Acetate, chmamde, 115
¥ B § Met Leu Leu
Tyr His S@alorpppl‘qmghenate, Manganese Sultate il%gunme onde ydrochlo é%‘
Chﬁﬁﬁigfatbﬁn§&{lnéﬁ§dﬂﬁ3§%e? RivoHadthaviththin@& Pilggﬁtd}/et Thr
FélicAdMd)] Bistir, StafiuriPMolyhdate] Ghroarigm ShioridenPatassiugr ledidey Pr o

10 S@igmpge}pngqeaPW@qg&ng&eg\?@% Dypnd G-Yadm@%za%gﬁ Met Ser Val
180 185

Trp

30

Protein

The protein source is a blend of two high-biologic-value proteins: casein

and soy.
Sodium and calcium caseinates 84%
15 Soy protein isolate 16%
Fat

The fat source is corn oil.

Com oil 100%
Carbohydrate
20 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

orange, helps to prevent flavor fatigue and aid in patient compliance.

Vanilla
25 Corn Syrup 35%
Maltodextrin 35%
Sucrose 30%
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Asp Gu QQu Ala Pro Ile Val Thr Leu Phe Trp Met Val Ile G n Phe
195 200 205 40 Le y Trp
Pro Ala TyWO884§76¢ Met Asn Ala Ser Ay G n Asp PCT%SEQ'%%
215 220 Tyr Ay Arg Trp Thr Ser His Phe His
Thr Tyr Ser Pro Ile Phe GQu 45 225 230
235 240 Pro Arg Asn Phe Phe Asp Ile lle lle
Ser Asp Leu Ay Val L Al 245
250 %5 gBISURE®PUDDmIg Leu Gy Ala Leu Ile Tyr Ala Ser
Met G n Leu Ser Leu Ley Thr. . . 26 -
265 > Hjese! ENSURE PUDDING s agyriony-denss sSgglpmept proyiding, ,
Leu Phe Val Asn BaRndddmuttion in a nonliquid form to be used witll br between meals. Itis 280
285 55 Val Leu Ile Thr Phe Leu G n H's Thr Asp Pro Lys Leu
Pro H's Tyr appropriate for consistepry-modified diets (e.g., soft,pyreed, or full liquid)or 300
é(r)g Gud ¥s Ala -EEPpeé‘ﬁlg vgﬁxesvﬁll'awﬁ{gginga}ﬁx@&% ERSURIPPUDDING is ?gagengﬂee.
- 138- PGTILUS98/ 07421 Arg Ser Phe Ay Lys Phe Leu
Asp H's Met Phe g‘r‘?"ﬁgé“'i“i@%l Hi s 325
330 35 Th i s.Val Ala_H s H .Phe S
dn Met Pro Phe -ryrl?,qqipgtig{}t%logconsistency-morditll_gdsdietg (e.g., sao§t4lg§ree ,Sor %ﬁﬁlqm eg 45
350 Gu du Ala Thr Tyr H's Leu Lys Lys Leu Leu Ay G u Tyr
Tyr Val o For patients withswallowing impairments ~ 360 365 10
Tyr Asp Pro Ser Pro Ile Val Vval Ala Val Trp Arg Ser Phe Arg Qu
370 Feafiikés 380 Cys Arg Phe Val
Gu Asp Adn dy Asp Val Vval Phe Phe Lys Lys 385
390 10 e Ri¥fiand creamy, good taste
¢ Good source of essential vitamins and minerals Convenient-needs no
refrigeration

Gluten-free

Nutrient Profile per 5 oz: Calories 250, Protein 10.9%, Total Fat 34.9%,
15 Carbohydrate 54.2%

Ingredients:

Vanilla: ©-D Nonfat Milk, Water, Sugar (Sucrose), Partially Hydrogenated
Soybean Oil, Modified Food Starch, Magnesium Sulfate. Sodium Stearoyl
Lactylate, Sodium Phosphate Dibasic, Artificial Flavor, Ascorbic Acid, Zinc

20 Sulfate, Ferrous Sulfate, Alpha-Tocopheryl Acetate, Choline Chloride,
Niacinamide, Manganese Sulfate, Calcium Pantothenate, FD&C Yellow #5,
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.

25 Protein

The protein source is nonfat milk.

Nonfat milk 100%
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15 (2) 1 NFORMATI ON FOR SEQ I D NO 5: (i) SEQUENCE

CHARACTER! STI CS: (A) LENGTH 1483 base pairs 20

(B) TYPE: nMeIPB#E64c d (C) STRANDEDNESS: EfA{iSsn741

(D TOPOLOGY: |inear (ii) MOLECULE TYPE: DNA (genomic) 25
(xi) SEQUENCE DESCRI PTION: SEQ ID NO 5: 30 GCTTCCTCCA GTTCATCCTC
CATTTCGCCA CCTGCATTCT TTACGACCGT TAAGCAAGAT 60 GGGAACGGAC
CAAGGAAAAA CCTT G GGAAGAGCTG GCGGCCCATA ACACCAAGGA 120 35
CGACCTACTC TT CC GCGGCAGGGT GTACGATGTC ACAAAGTTCT TGAGCCGCCA 180
TCCTGGTGGA GTGGACACTC ece TGLTACTC CGGTCTTTGA 240
GATGTATCAC GCGTTTGGGG @FC%’I‘&S W’&ﬁ%ﬁme TCGGTACACT 300 40
GGTCTCGAAT GAGCTGCCCA w %{?A G TTCCA CCATCAAGAC 360
GAGAGTCGAG GGCTACTTTA o TCCC AAGAATAN® CAGAGATCTG 420 45

GGGACGATAC GCTCTTATCT TTGGATCCTT GATCGCTTCC TACTACGCGC AGCTCTTTGI 480
GCCTTTCGIT GICGAA hydnate;-TTCA GGTGGTGTTT GCAATCATCA TGGGATTTGC 540
GTGCGCACAA GTCGGACTCA ACCCTCTTCA TGATGCGICT CACTTTTCAG TGACCCACAA 0 50

60
CCCCACTGTC ¥GGAAGATTC FREBURERHIDNG contaimy 7 camainativacisnapsecoi aadified 660
1

GGTGTGGATG TA CA TG GA 720 55
TCCCGACGTG Tcg%é‘%mﬁ" ¢ %"@AW%@ T 780
TGTCAACCAC ATCAACRAERCcHCH TG tptica) help plevemt@avédaACT The prsductdonins 9.340
GGTGCGCATT CAGGACATCA TTTTGTA CTTTGTCAAG ACCAATGACG CTATTCGTGT 900 60

CAATCCCATC TCGACASTEIES OhlaRiefeREATTVIBET CTGGGEC GGCAAGGCTT TCTTTGTCTG 960
-139-

Vanilla and other nonchocolate flavors

10 Sucrose 56%
Lactose 27%
Modified food starch 17%

Chocolate
Sucrose 58%
15 Lactose 26%
Modified food starch 16%

I ENSURE® WITH FIBER
Usage: ENSURE WITH FIBER is a fiber-containing, nutritionally

20 complete liquid food designed for people who can benefit from increased
dietary-ﬁber and nutrients. ENSURE WITH FIBER is suitable for people who
do not require a low-residue diet. It can be fed orally or by tube, and can be
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

25 suitable for use in modified diets, including low-cholesterol diets.

Patient Conditions

» For patients who can benefit from increased dietary fiber and nutrients
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PCT/ US98/ 07421 GTATCGCCTG ATTGTTCCCC TGCAGTATCT GCCCCTGGGC
AAGGTGCTGC TCTTGITCAC 1020 GGTCGCGGAC ATGGTGTCGT CTT.
GGCGCTGACCVOTBHATEECGA ACCACGTTGT 1080 5 TGAGGAAGTT

TGCCTGACGA GAACGGGATC ATCCAAAAGG ACTGGGCAGC 1140 TATGCAGGTC
GAGACTACGC AGGATTACGC ACACGATTCG CACCTCTGGA CCAGCATCAC 1200

TGGCAGCTTG AACTACCAGG CTGTGCACCA TCTGTTCCCC AACGTGTCGC AGCACCATTA 1260 10

TCCCGATATT CT CA TCAAGAACAC CTGCAGCGAG TACAAGGTTC CATACCTTGT 1320
CAAGGATACG TTTT CATTTGCTTC ACATTTGGAG CACTTGCGIG TTCTTGGACT 1380 15
CCGTCCCAAG GAAGAGTAGA AGAAAAAAAG, CGCCGAATGA AGTAT TTTTCTC 1440
CAAGAATGGC AAAACGABEY %MWWAWCQ@ gherin i vitammins and it 83
(2) INFORVATION FOR SEQ I D NO 6. 20 (i) SEQUENCE
CHARACTERI STI CS:» Contains 6 g of total fat aidry Sinap\aSTukolesteml pet setvidgi ds
(B) TYPE: am no acid (C) STRANDEDNESS: not relevant 25
(D) TOPOLOGY: |i#edRich, creamy taste (1i) MOLECULE TYPE: peptide 30
(xi) SEQUENCE DESCRI PTION: SEQ I D NG 6: Met Ay Thr Asp A n
Ay Lys Thg Phe J’h@o'ga@mgcyogi&rLeu Ala Ala 35 1 5
10 Hi s Asn Thr Lys Asp Asp Leu Leu Leu
Ala lle Arg Ay Ar { tal 25
30 40 %x},/@efx Q;o?]ucel_ofgs : IYétﬁm immexl S Pro Gy @y Val Asp
Thr Leu 45
Leu Leu Ay Al a ] )EON’OQN %%esfféﬁa% Pro Val Phe GI u Met Tyr His
50 60 45 Ala Phe Ay Al a
Ala Asp Ala Ile NEtLaE'?ée'I??gngf?Fr Val dy Thr
Ingredients
10 Vanilla: ©-D Water, Maltodextrin (Com), Sugar (Sucrose), Sodium and

Calcium Caseinates, Oat Fiber, High-Oleic Safflower Qil, Canola Oil, Soy
Protein Isolate, Corn Oil, Soy Fiber, Calcium Phosphate Tribasic, Magnesium
Chloride, Potassium Citrate, Cellulose Gel, Soy Lecithin, Potassium Phosphate
Dibasic, Sodium Citrate, Natural and Artificial Flavors, Choline Chloride,

15 Magnesium Phosphate, Ascorbic Acid, Cellulose Gum, Potassium Chloride,
Carrageenan, Ferrous Sulfate, Alpha-Tocopheryl Acetate, Zinc Sulfate,
Niacinamide, Manganese Sulfate, Calcium Pantothenate, Cupric Sulfate,
Vitamin A Palmitate, Thiamine Chloride Hydrochloride, Pyridoxine
Hydrochloride, Riboflavin, Folic Acid, Chromium Chloride, Biotin, Sodium

20 Molybdate, Potassium Iodide, Sodium Selenate, Phylloquinone, Vitamin D3 and
Cyanocobalamin.

Protein

The protein source is a blend of two high-biologic-value proteins- casein

and soy.
25 Sodium and calcium caseinates 80%

Soy protein isolate 20%
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65 70 75 80

Leu Val Ser Asn Qu Leu Pro Ile Phe Pro Qu Pro Thr Val Phe H s 50

85 WO 98/46764 90 95 Ly FEHPSPOUZE y s Thy
Arg Val Qu dy Tyr Phe Thr Asp Arg Asn Il e 100
105 110 55 Asp Pro Lys Asn Arg Pro Qu Ile Trp
Gy Arg Tyr Ala Leu Ile Phe 115 120
125 Gy Ser Leu Ile Ala Ser Tyr Tyr Ala A n Leu Phe Val Pro
Phe Val Fat 130 135 140 60

Val Gu Arg Thr Trp Leu dn Val Val Phe Ala |le lle Met_Gy Phe

145 J P 150 he fat source is a blend of thpge oils: %igh—cﬁelc saﬁlov)/exi gapola, and

- 140- PCEE{_AJS%/ 07421 Ala Cys Ala @n Val Gy Leu
Asn Pro Leu His Asp 'Ala Ser His Phe 165

170 178 194 ; «Ser Val Thr H geAsn Pro Thr Val Trp
Lys Ile Leu Ay Al a Th}?xgﬁ?}éexcsafﬂoweroﬂ ‘ﬁ)/{f;o

185 190 . Asp Phe Phe Asgholdy Ala Ser Tyr Leu
Val Trp Met3Tyr @n H &Rl roiss 200
205 10 Ley Gy Hs H's Pro Tyr Thr As e Ala Ay Ala Asp Pro
Asp Val &mé‘{lo 215 "ad% 220

Ser Thr Ser Gu Pro Asp Val Arg Arg | n dn L T 5

205 2 3khe level of ?at in ENS{JﬁEW f“&ﬁbl’fmeets &me%xsca@glga\%

Phe Val Asn H's | ALY BuilBineS"Phe\Phraftls 8 B fn ERSURE'WITH FIBER

245 ASsoff3flot 1 AHA fuilliinet e Peral “Leu Leu Al'a Phe
Lys Val Arg |l e Gepresa22¥%eofAlssiotal ealorias, With 200 &% of the fat being from saturated

260 265, 270 . V. Asn
Asp Ala Il 40, g \afty Acids g;dé.’(%&(@épolﬂqsa%eﬁagy acids. These vﬁ{xe}a\fé withlin 575
280

the 28PA guidelines of < 30% of total calories from fat, < 1 0% of the calories
from saturated fatty acids, and < 1 0% of total calories from polyunsaturated
fatty acids.

Carbohydrate
15 ENSURE WITH FIBER contains a combination of maltodextrin and

sucrose. The mild sweetness and flavor variety (vanilla, chocolate, and butter
pecan), plus VARI-FLAVORS® Flavor Pacs in pecan, cherry, strawberry,

lemon, and orange, help to prevent flavor fatigue and aid in patient compliance.

Vanilla and other nonchocolate flavors

20 Maltodextrin 66%
Sucrose 25%
Oat Fiber 7%
Soy Fiber 2%

Chocolate

25 Maltodextrin 55%
Sucrose 36%
Oat Fiber 7%
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25 Thr Val Met Phe Trp Ay Ay Lys Ala Phe Phe Val Trp Tyr Arg
Leu 290 295
lle Val PVOP&E764 n Tyr Leu Pro Leu Ay Lys Val Leu Lea Leﬁcﬁﬁjgggﬁnl
305 310 315 320
Thr VvVal Ala Asp Met Val Ser Ser Tyr Trp Leu Ala Leu Thr Phe Gn .
325 330 335 35 Ala Asn H's Va
Val Qu Qu Val @n Jr ro Leu Pro Asp A u Asn
340 ShPFiber 350 2% Ay llelle @n
Lys Asp Trp Ala_Ala Met G n Val Qu Thr Thr dn 355
360 Fiber 365 40 Asp Tyr AI a His Asp Ser His Leu
Trp Thr Ser Ile Thr Gy
380 ﬁyﬁr @14 yseinENSYURE W‘Eﬁﬁlbﬁglswf@hﬁwﬁﬂéer GI n
Hs Hs 45 tely 4 of tofal die
400 S0y P°l‘§*%§§’ i\sTth Ibgm (geljs ul,&? ﬁigagproxmla ely_' Sgr% ?1 Thr ?%er Au
Tyr Lys 5§ fiber per 8-fl-oz can. The ratio of iA§fuble to soluble ﬁber is 95:410
415 50 Val Pro Tyr Leu Val Lys Asp Thr Phe Trp G n Al a Phe Al a
Ser Hi's The various nutritionﬂ%ﬂpplements described abové dad known to
430 Leu Qu Hs Ley Arg Val Leu Ar ,tﬁr Gu Gu
435 others of gkill in the art can be sui stltggf@a.gigo upplemente&é%l | §1 ON FOR
SEQ I D NGO 7: (1) SEQUENCE CHARACTERI STI CS:
(A LENGTH 355 S ivention. & (B) TYPE: anmino acid
(C) STRANDEDNESS: noty rel ™ (D) TOPOLOGY: i near
2 141- oor/ Ueds! o7 DFBA™ Nutritional Product (ii) MOLECULE TYPE: peptide
10 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
from borage oil), and elevated antioxidant Jevels.
15 Caloric Distribution:
. Caloric density is high at 1.5 Cal/mL (355 Cal/8 fl 0Z), to minimize the
volume required to meet energy needs.
° The distribution of Calories in Oxepa is shown in Table 7.
Table 7. Caloric Distribution of Oxepa
per 8 fl oz. per liter % of Cal
Calories 355 1,500 -
Fat (g) 222 93.7 55.2
Carbohydrate (g) 25 105.5 28.1
Protein (g) 14.8 62.5 16.7
Water (g) 186 785 —
20 Fat:

e Oxepa contains 22.2 g of fat per 8-fl oz serving (93.7 g/L).

¢ 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.
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Arg

Tyr
25

Lys
45

Adn
Cys
65

Arg
85

Ser
100
H s
120
Met
140
Adn
160
Cys
175
Pro
190
Al a
Hi s
210
Val

230
Val

245
Al a

Lys
Tyr
Trp

dn
Ay

Phe

Trp

Phe
35
Thr

Leu
Ser
45
Met
Trp
Tyr
Phe

Val

(xi)

SEQUENCE DESCRI PTI ON: SEQ I D NO 7:

€

u Val

Leu Arg Thr Leu Phe @ n Ser Leu Ay Tyr Tyr Asp 10
WO 98/46764 1) R %@P"i’%‘”)&l a
Al a Phe Lys Val Ser Phe Asn Leu Cys lle 20
30 15 Trp Gy Leu Ser Thr Val Ile Val A a
@y dn Thr Ser Thr 40
OLGBxélaapr%Ees\é%al da:%ux(a‘ lofa p@%unsktﬁ&té'de &o%&ns&ﬁyatgge Trp
Trp Leu Ahasunﬁtoesmﬂt@dd,mhumﬂﬂﬂ‘sblalo Val Phe G n Asp
Trp Gy ASpMeﬁl-hrdDEli‘auﬁrbgyﬁl:ﬁdéD f(ﬁ[d—'lf‘sz-—@m 61 the P blehy S- &Ehe er Sar
Trp Lys /wpaw_lys begayseAbey art absarbedigyshenintestinal tract w1thout
110 30 Ala Pro Asn Val
€] u Asp ngbuls)&g%atlppgykgﬁacmsf, Hi s Pro Leu 115
Ser Asp Val Przlgxe A@.Bous fatty acid components oﬁ_‘éeggpa nutnttona'x_i proc'ibl‘lscf1 (1%15“ Gu
be subdrEd bt bupflem e Whth (0 PUIRY o6 ifeRBEL Val Leu Asn
Trp Phe Tyr Phe Pro Ile Leu Ser Phe Ala Arg Leu Ser Trp
40 165 170
Ay Ala Arg VAl ‘VWW% er LEYAE Q {l G n ¥eU Ser |Leu
195  Acids 200 205
Thr Trp [1Gaprolc€0)AT a Thr T Phe Lej®tae 1Te Lys A8p8 Pro
@a“ b 22 O- —Val—Asta—et Leu
Phe Leu \%Pry eg'o—)Gl n_Ala Véﬁg &ys 4 vii‘lsn 13.07 225
Capric{3%0) 11.06 240 233 9BTu Leu Ala |lle
Ser Leu Wm —ProValiifge 55 398
250 285 Ser. lys du du
Asp Met |[Aappieiics SHREDrnr | 145 an 114 %438 2
Stearic (18:0) 1.84 0.39 1.64
Oleic (18:1n-9) 24,44 5.16 21,75
Linoleic (18:2n-6) 16.28 344 14.49
a-Linolenic (18:3n-3) 347 0.73 3.09
y-Linolenic (18:3n-6) | 4.82 1.02 329
Eicosapentaenoic (20:5n- § 5.11 1.08 4.55
3)
n-3-Docosapentaenoic 0.55 0.12 0.49
{22:5n-3)
Docosahexaenoic (22:6n- § 2.27 0.48 2.02
3)
Others 7155 1.52 6.72
* Fatty acids equal approximately 95% of total fat,
Table 9. Fat Profile of Oxepa.
% of total calories from fat 552
Polyunsaturated fatty acids 3144 g/
Monounsaturated fatty acids 2553 /L
Saturated fatty acids 3238 gL
n-6 to n-3 ratio 1.75:1
Cholesterol 549 mg/8 floz
40,1 mg/L
10
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260 265 270 60 Thr Ay Arg Asp
Val Hs Pro Ay Leu Phe Ala Asn Trp Phe Thr Ay

280 WO 98/46764 285 PCT/US98/07421_ 1 4.
PCT/ US98/ 07421 Ay Leu Asn Tyr An Ile Qu H's Hs Leu Phe
Pro Ser Met Pro Arg 290 295

300 His Asn Phe Ser Lys Ile A n Pro Ala Val GQu Thr Leu Cys
Lys Lys 5 310 315

320 CW“XQFP%I Ar g Tyr H| s Thr Thr Gy I\/Et IIe Au dy Thr
Ala Gu

335 10 »v&]hemomshatmgntgéds 2»&& g@en8-fkoz sarm&&l&% gLh a Ser Lys
Met Ay 340 345 350
Lys Ala G n e The carbohydrate smﬁEé's at&45% maltodexttin (4 cdpapaTEryd@R)SEQ | D
NG 8: A
UENGTH 104 ani nodidtd3¥h susgose (& Simpla sugay), %eea whighre iy digested and (P

(C) STRANDERNESS: ;gipefie! evant (D) TOPOLOGY: |i near

(ii) MOLECUCE TYPE: peptide 25 (xi) SEQUENCE DESCRI PTI ON
isES lS(E-,)r Nfeﬁ GISS 4 The high-fat aﬁ@iow—&ibdh?&ra@cronm{ o{:)@ﬂep%‘lxé"dfskﬁey W A a

15 hindmizercafBon &tﬁ&xdd.(é]ﬂ)ﬁbmd%npr}hgﬁs@ozﬂablma chmpli¢dtes G n
lle Ala 35 30

2
weaning in ventilator-depgndent patients. The low leveaSOf carbohydrate also
may be useful for those patients who have developed stress-induced
10 hyperglycemia.

¢ Oxepa is lactose-free.

Dietary carbohydrate, the amino acids from protein, and the glycerol
moiety of fats can be converted to glucose within the body. Throughout this
process, the carbohydrate requirements of glucose-dependent tissues (such as

15 the central nervous system and red blood cells) are met. However, a diet free of
carbohydrates can lead to ketosis, excessive catabolism of tissue protein, and
loss of fluid and electrolytes. These effects can be prevented by daily ingestion
of 50 to 100 g of digestible carbohydrate, if caloric intake is adequate. The
carbohydrate level in Oxepa is also sufficient to minimize gluconeogenesis, if

20 energy needs are being met.
Protein:
e Oxepa contains 14.8 g of protein per 8-fl-oz serving (62.5 g/L).
» The total calorie/nitrogen ratio (150:1) meets the need of stressed patients.

e Oxepa provides enough protein to promote anabolism and the maintenance

25 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.
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Ala Ay Leu Leu Gy Leu Leu Trp Ile @n Ser Ala Tyr Ile Ay Xaa

35 40 45 40 Asp Ser GI)/ Igis Tyr
Val |le MetWOoS/A46E4 Lys Ser Asn Asn Xaa Phe PGEYUS98/07421

55 60 Ala G n Leu Leu Ser Ay Asn Cys Leu
Thr Gy Ilelle Ala Trp Trp 65 70

75 80 45 Lys Trp Thr H's Asn Ala H's H's Leu
o0 % P 3T L8 1 Bronth sources of Oxepg gre s psnfim GeseiRIE A 132y o 50
100 (2) cAdERYE DN FOR SEQ I D NO 9: (i) SEQUENCE
CHARACTERI STI CS: 55 (A) LENGTH: 252 ami no acids

(B) TYPE: am no agi : ST, BN'E&%‘ s

(D) TOPOLOGY; i nga?’“1 dé’&l onstrated in TaP }el I)I’MW% : pep? pg%elﬁ%&émm
-143- PCDkefadRéddls’ distirpasses the standard for high Guality ffo@ikbiEbyDESCRI PTI ON:
SEQ I D NOC 9: 5 ) %y Val Leu Tyr Ay Val Leu Ala Cys Thr Ser Val
Phe Al a HisJ33 n theNational Academy of Sciences. 5 10

15 Ile Ala_ Ala Ala Leu Leu Gy Leu Leu Trp Ile An Ser Ala
Tyr Ile e Oxepa is gluten-free.2( 25 30
10 Gy Hs Asp Ser Ay H's Tyr Val Ile Met Ser Asn Lys Ser Tyr
Asn 35 40 45

Arg Phe Ala G n Leu Leu Ser Ay Asn Cys Leu Thr Gy Ile Ser Ile
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

10 invention pertains. All publications and patent applications are herein
incorporated by reference to the same extent as if each individual publication or
patent application was specifically and individually indicated to be incorporated

by reference.

The invention now being fully described, it will be apparent to one of
15 ordinary skill in the art that many changes and modifications can be made
thereto without departing from the spirit or scope of the appended claims.
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15

Al a
65

Leu
85

Ser
100
Val
120
I'le
140
Leu
160
Val
175
Ser
190
Phe
Al a
210
Thr
230
Leu
250

(B) TYPE: am no acid (A} ADDRESSEE: LIM3

Trp
Asp
Ser
Al a
Asn
Asn
35
Ser
Phe
40
Al a
Asp
Il e

dn

Trp
Tyr
Leu
Arg
Leu

5

10
Val
A2

p

Phe

50 55 60

wlalgsw“‘lg,r,&?Thr H's Asn Ala Hi 57? s Leu Ala Cys Asn8g8&/y§98/07421
Asp Pro Asp Leu @ n His Ile Pro Val Phe Ala Val Ser
90 95 Thr Lys Phe Phe
Thr Ser Arg Phe Tyr Asp Arg Lys Leu
105 110 25 Thr Phe Ay Pro
Phe Leu Val Ser Tyr G n H's Phe Thr 115
125 Tyr Tyr Pro Val Asn Cys Phe Ay Arg
Phe Ile G n Thr 30 SEQUENCE L 135
Phe Leu Leu Leu Phe Ser Lys Arg Gu Val Pro Asp Arg Ala
145 150 155
(1) BENERRKY JNTYRMATION: | eu VaI Phe Trp Thr Trp Phe Pro Leu Leu
170
Q/’s) Leﬁ”ﬁf%}mﬂsﬁéggéﬁ 5&1\% Arg Phe Phe Phe Val Phe Thr
YONG-SHENG 185 _
Thr Val Thr Alswben) Ewnrtirs |1 e G n Phe Thr Leu Asn His
195 CHAUDHARY, SUNITA 200 205

Tyr Val Gy Pro Pro FERNARPAMBYAASH Trp Phe G u Lys 45

(ALp i;?ﬁo% e Qﬁgﬁ fady
i ITLE OF INVENTION: MET D _COMPOSITIONS F S
Ile Serf ’a/s é'é'gx.cﬁ@ cniYﬁ P uﬁlx} D FATTY ACIDS IN P
235 40 he Phe Ay Gy
A n Lauiiy soMEER OFi SEQUENCES: 52 245

(2) 1 NFORVATI ON FOR SE I D NO 10: (i) SEQUENCE

B) STREET: 2001 F ERY( NDEDNESS: not rel evant

CHARACTERPST| CS: ©  (iv) CORRESPONDENCE ADD LEN%H 125 ani no aci ds

. {
(D) TOPOLOGY: linear 60¢c) ciry: san rran€iscd
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25

30

35

40

45

50

55

60

LE TYPE: peptide

{D} STATE: CA
(E) COUNTRY: USA
{F) ZIP: 94111

{v) COMPUTER READABLE FORM:
(A} MEDIUM TYPE: Floppy disk
(B} COMPUTER: IBM PC compatible
(C) OPERATING SYSTEM: PC-DOS/MS-DOS
{D) SOFTWARE: Microsoft Word

{vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
(B) FILING DATE:
{C} CLASSIFICATION:

(vii)} PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 08/834,033
{B) FILING DATE: 11-APR-1997

{vii) PRIOR APPLICATION DATA:
(A) APPLICATION NUMBER: US 08/833,610
(B) FILING DATE: 11-APR-1997

(viii) ATTORNEY/AGENT INFORMATION:
{A) NAME: MICHAEL R. WARD
(B} REGISTRATION NUMBER: 38,351
(C) REFERENCE/DOCKET NUMBER: CGAB-320

{ix} TELECOMMUNICATION INFORMATION:
(R) TELEPHONE: (415) 433~4150
(B) TELEFAX: (415) 433-8716
{C) TELEX: N/A
{2) INFORMATION FOR SEQ ID NO:1:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1617 base pairs
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PCT/ US98/ 07421 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 10:

5 Gy Xaa Xaa Asn Phe Ala Gy Ile Leu Val Phe T Phe
Pr o WO o8/a6 754 £ y 10 Bl andlo?

Leu Leu Val Ser Cys Leu Pro Asn Trp Pro A u Arg Phe Xaa Phe Val 10

20 25 30 Phe Thr @y Phe
Thr Val Thr Ala Leu G n Hs Ile An Phe Thr Leu 35

40 45 (515rypE: nucleic £58 Hi's Phe Ala Ala Asp Val Tyr Val
Ay Pro Pro Thr Ay Ser(cAS§rrRaNDEDNESS: single 50 55

60 Trp PhemthroLgax Glinedl a AI a @y Thr Ile Asp Ile Ser Cys
Arg Ser 75

80 20 5 ‘Wr“%@f"nﬁsﬁ“?r pDN?’htgeP‘H‘écQ/s Ay Leu Gn Phe @n Leu Qu
Hs Hs 90

95 Leu Phe Pro Arg Leu Pro Arg Cys His Leu Arg Lys Val Ser
Pro Val 25 100 105

110 10 Gki) EFQYEWGEQDESCHIRTNEN:GSER AP@OtYs Xaa Asn Leu Ser Xaa

115

SEQ I D NO 11:

CGACAC'IJC%Q TCCTTC'('"iI‘ST m%ﬁgﬁ%@gﬁc@c &M@M ! O\%OF R

(A) LENGTH. 131 jgi¥cRhcaGirdscrecra

(C) STRANBEDNESS:

not

rel evant

(ii) MOLECULE TY@EGAqr@pthGMTGE@

SEQ I D NO 11:

45

Thr Phe Tyl’ val CAACAAGGTG TACGATGECC

15 20

25

30

35

40

45

50

55

60

CACGCACGTT

GGAGACTCTT

TGATGACTTT

CGATTCTTCC

GTCGACGGTC

TGCGCTTTTG

CCAGGTCTTC

CCAGGGCTTIC

CGTCCACGGC

GTTGGAGATG

GGTCCTGAAC

CCTCCAGTCC

TGTGCCCATC

CACCATGTTC

GGCGGTGTGC

GATCTCGAAG

TGATGICCAC

GCACCACTTG

GACCCTGTGC

AGAGGTCTTT

GTAAAAAAAA

TGTCAAGTCG

GGCAAGGACG
GCCAACTTTT
GCGGCCGAGG
AAGGCATACT
ATTGTGGCCA
GGTCTGTTICT
CAGGACCGTT
TCGTCCTCGT
GAGGATCCCG
TTCTCGGATG
CAGACCTGGT
ATTCTCTTTG
TCGTTGGTCG
CTGTTCATCA
GGARACTTGT
GAGGAGGCGG
CCGGGTCTAT
TTCCCTTCGA
AAAMAGTACA
AGCCGTCTGA
AAACAAGGAC

AGCGTTTCTG

CTCCCAGTGT GAGGACGTEBhcTodREEca@RtdI9rRAAd BH

a Thr

o Al
GCGAGTTCGT CCCTG

GCACTGACGT

ACGTTGGTGA

TCCGCAAGCT

ACGCCTTCAA

AGTGGGGCCA

GGCAGCAGTG

TCTGGGGTGA

GGTGGAAGGA

ACATTGACAC

TCCCAGATGA

TTTACTTCCC

TGCTGCCTAA

AGCAGCTGTC

AGGATCCCGT

TGGCGATCGT

TCGATATGGA

TTGCCAACTG

TGCCTCGCCA

ATGTCCGATA

ACGAGGTCTC

GTTTTTTTTC

GAAAGGATCG

3 u Va

TGATCAT
CTTTGACACT
TATTGACGAG
GCGTACCTTG
GGTCTCGTTC
GACCTCGACC
CGGATGGTTG
TCTTTTCGGC
CAAGCACAAC
CCACCCTCTG
GGAGCTGACC
CATTCTCTCG
CGGTCAGGCC
GCTTGCGATG
CAACATGCTG
GTTCTCGCTC
TTTCTTCACG
GTTCACGGGT
CAACTTTTCA
CCACACCACC
CAAGGCTGCC
GCCAGTGCCT

TTCAGTGCAG
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(D TOPOLOGY:
GCAAGAAGGA TGCCGAGGEX ic)‘:c'ssmmgsaiel PY3 tU\I'

(;C¥CééT¥G

TTTCACCCCG
AGCGACCGCG
TTCCAGTCTC
AACCTCTGCA
CTCGCCAACG
GCTCACGACT
GCCTTCTTGG
ACTCACCACG
TTGACCTGGA
CGCATGTGGT
TTTGCCCGTC
CACAAGCCCT
CACTGGACCT
GTIGTACTTTT
AACCACBACG
ARGCAGATCA
GGATTGAACT
ARGATCCAGC
GGTATGATCG
TCCAAGATGG
GTGCCTGTGC

TATCATCATT

Leu Al a

GTGTGATTCR
AGGCTGCTTG
ATATCBAGAA
TTGGTTACTA
TCTGGGGTTT
TGCTCTCGGC
TTTTGCATCA
GAGGTGTCTG
CCGCCCCCAA
GTGAGCATGC
CGCGTTTCAT
TCTCCTGGTG
CGGGCGCGCE
GGTACCTCGC
TGGTGTCGCA
GTATGCCTGT
TCACGGGTCG
ATCAGATCGA
CTGCTGTCGA
AGGGAACTGC
GTAAGGCGCA
CTGCTTCCCT

CTCCTTTTAC

near

TR

300
360
420
480
540
600
660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500

1560



Arg Phe Phe Leu Thr Tyr Val Pro Leu Leu Gy Leu Lys Ala Phe Leu

20 25 30 50 G/YJ Leu Phe Phe
Ile Val AVQ MBH6768cu G u Ser Asn Trp Phe Val Trp PCT/US98/07421 35
40 45 Val Thr A n Met Asn His Ile Pro Mt
Hs Ile Asp His Asp Arg Asn 55 50 55
60 Met Asp Trp Val Ser Thr GI n Leu Adn Ala Thr Cys Asn Val
Hi s Lys 65 75
|8I0e ?;0 ccccc%@fcﬂﬁrc?@fn@sﬁrféﬂ&rﬂ ETﬂB%AA%"’r‘r rdPricddcs ﬁ@&te@sn Phe,G n

u
95 - 145-
PCT/ US987 07421 Hs Hs Leu Phe Pro Thr Met Pro Arg Hi s Asn
Tyr H s Xaa Va(|2) AHNgORMATION FOR SEQ ID NO:2: 100 105
110 &F ebSithcY i dengrdgy Oys Ala Lys His Ay Ile Qu Tyr
A@n Ser 5 (a) LENGTH}1&®7 amino acids 120 125
Lys Proldeu (B) TYPE: dmiho ddid (2) I NFORVATI ON FOR SEQ I D NO 12:

(1) SEQUENCE CHARACT ERES‘BH'@!DEDNES$: not relevant (A) LENGTH: 87 am no acids
(B) TYPE: amino acid 1B) TOPOLOGY: linear (C) STRANDEDNESS: not rel evant

(D) TOPOLOGY: lin I\/D_ECULE TYPE: peptide 20
(xi) SERUENCE DES [ﬁ‘??‘*‘dﬂmﬁéﬂ B"é\b %‘12 Cys Ser Pro Lys Ser
Ser Pro Thr Arg Asn Met Thr Pro Ser Pro Phe

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

20
Met Ala Ala Ala Pro Ser Val Arg Thr Phe Thr Arg Ala Glu Val Leu
1 5 10 15
Asn Ala Glu Ala Leu Asn Glu Gly Lys Lys Asp Ala Glu Ala Pro Phe
25 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 55 60
Thr Asp Val Phe Asp Thr Phe His Pro Glu Ala Ala Trp Glu Thr Leu
65 70 75 80
35
Ala Asn Phe Tyr Val Gly Asp Ile Asp Glu Ser Asp Arg Asp Ile Lys
85 90 95
Asn Asp Asp Phe Ala Ala Glu Val Arg Lys Leu Arg Thr Leu Phe Gln
40 100 105 110
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
145 150 155 160
50
Gly Leu Phe Trp Gln Gln Cys Gly Trp Leu Ala His Asp Phe Leu His
165 170 175
His Gln Val Phe Gln Asp Arg Phe Trp Gly Asp Leu Phe Gly Ala Phe
55 180 185 190
Leu Gly Gly Val Cys Gln Gly Phe Ser Ser Ser Trp Trp Lys Asp Lys
1395 200 205
60 His Asn Thr His His Ala Ala Pro Asn Val His Gly Glu Asp Pro Asp
210 215 220
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1

Asp Trp Leu Trp d

20

40
Pro Tyr
60
Ala Gu
80 40
85

Leu Val

WO 98/4676.

2256
Leu

(2) | NFEORWEF| i FORPSE@sH BINGLA Jieu Ths Arg Met Trp S¢x )mSEQJENCE

CHARACTERP STI CS:

E[B)g $é§a am no aCIPg.t Val Leu Asn Gln Th Tr

i near

VaI

50

Asp Asp Tyr
PhﬁeV)?s'p Yy brfHS0 EEY

Gly Leu Asn Tyr

35

10

230

30 30

Lys Gu Trp Cys Ala A u Asn Asn Leu
50

Pro Arg Cys Asn Leu Asn Arg Cys Met Lys Tyr Val
45

r§§ ook &L

An Ala Lys Ala Al a

260

235

15

Anlle Au Hs Hs Leu

I'le

PRET/HSP/OPAM Vet

245 (A) LENGTH: 2P83 anino aci ds 235

(xi) SEQJENCE DESCRI PTION: SEQ I D NO 13
Arg Gy ®y Thr Ar @rbeMuAg% Ty Cvefled SUn \fak Ile Leu Phe Val lLeu Pro Asn Gly
10 15 60

Ala Ala Ser Phe Tyr_,

30

eilaAﬁ£% Lys Pro Ser Gly Ala Arg Vai4ifo fae
295 30
Pro Phe Tyr Ay Ala Thr Ay Thr

Phe Phe lleu Ser Tyr Ser

35

20

25

30

35

40

45

50

55

60

Gl4(0Leu Ser

305

Leu

Gln

Asn

Phe

Ala

385

Phe

Glu

Ile

Ala

Phe

Ala

Gly

Thr

370

Asn

Pro

Thr

Glu

Ala
4590

Ile

Val

Met

355

Lys

Trp

Ser

Len

Gly

435

Sex

Leu

Lys

Cys

340

Pro

Gln

Phe

Met

Cys

420

Thr

Lys

Ala Met
310

Asb Pro
325

Gly Asn
Val Ile
Ile Ile
Thr Gly

390
Pro Arg
405
Lys Lys

Ala Glu

Met Gly

55

240

35

%9@5@5@%@% L&OE ‘?»J,ee‘lxi‘g :

@R ﬁsnzd-aeﬂexl—léﬁx mep Met

Arg HIS Au Ala Ala

5

Of8%Met G n Trp TR Asp Leu Leu Trp

His 4irp Thr Trp

Val

Leu

Ser

Thr

375

Gly

His

Tyr

Val

Lys
455

{2) INFORMATION FOR SEQ ID NO:3:

Asn Met Leu
330

Leu Ala Ile
345

Lys Glu Glu
360

Gly Arg Asp
Leu Asn Tyr
Asn Phe Ser

410

Asn Val Arg
425

Phe Ser Arg
440

Ala Gln

{i} SEQUENCE CHARACTERISTICS:

{A) LENGTH: 1488 base pairs
{(B) TYPE: nucleic acid
(C) STRANDEDNESS:
{D) TOPOLOGY: linear

single

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:

Tyz

315

Val

val

Ala

vVal

Gln

395

Lys

Tyr

Leu

Leu

Tyr

Phe

Val

His

380

Ile

Ile

His

Asn

Leu Leu
Ala Thr Met

Phe

Ser

Asp

365

Pro

Glu

Gln

Thx

Glu
445

Leu
Leu
350
Met
Gly
His
Pro
Thr

430

Val

Val
335
Asn
Asp
Leu
His
Ala
415

Gly

Ser

Phe

320

Ser

His

Phe

Phe

Leu

400

Val

Met

Lys

GTCCCCTGTC GCTGTCGGCA CACCCCATCC TCCCTCGCTC CCTCTGCGTT TGTCCTTGGC

~136-

60

25

> Ser Lehlq) G898/ 07421



5 Leu Phe Val Ala Val Arg Val Leu Qu Ser Hs Trp Phe Val Trp Ile
50 55 60 Thr Met  Asn
Hs Ile PrvQs846i#4, |1e Ay His Qu Lys H's Arg ch.g)s98/07421

70 75 80 10 Asp Trp Ala Ser
Ser G@n Leu Ala Ala Thr Cys Asn Val G u Pro Ser

85 90 95 Leu Phe Il e Asp
-]I__rog Phe Ser @ %CK&C%T%%ET%TQCA%@S TgCQAGACGA fi(ﬁ:AACTGT A5A‘1‘CBGGAAC CEPCAA{TAC PH.%O Pro
Thr Met Thr Ar chﬂﬁréﬁnrﬁébwﬂkg afeAncYeha AhfecPéDc cocanceert rTrreaceare 18415
120 Leu Val Lys Ala Phe Cys Ala Lys His
Ay Leu Hs Ty recg:qqrcw ACACTATCGA TGCCGGTTTG ACGMGCGTC ATATCAGCAC crcccgg@a 240

140 L | NFORVATI ON FOR_SEQ | D NG 14: é SEQUENCE
CHARACTER! STI C§A TCGGCCA AGCCTGCCTT CGAGCGCAAC Twccl%;\gﬂﬁch% CATGAAGGAS’ 300

(B) TYPE: am nQra€dadacr GCATCCCTGS CCACTGCTTT %@ce@?&%&%@s ﬁ?éTGE@JceV%'EB
30 MOLECULE TYPE: pept i de

(xi) SEQUENCE DESTCRART mTGBE'@GI@CG@GEﬂC TTGTTCCTGG CTGCGACCBELGAHIQCHGS Txlao Tyr
5
G RrrERes RpbasarTie ABRTORS SOVECTIRTy ARG 1| o

(0) TOPOLEGY:

Thr
10
Lys
25
Val
45
Phe
Lys
65
Val
85
Tyr
100
Val

| i near

Asn Ile Ala d

Pro f§n
Pro Phe

Val

Thr %‘sn

Met Phe

TTT GI}/GAQIT\;)Ca

Pro

A5l
EEFT ATCCG

(i)

hd

Ile An

a %TM&AJ&@GP&@TGGGT GCTGGCT\(}%(ll GAGTGTGGTC AWCAGTC%QT

As

CTCGACCTCC 540
Adn Hs Mt Phe
6040

Lemﬁmcc&aymmmzh&r rcc;nsezvrc TTGCACTCGA BECTCTTGGT CCCCTACCAC

Leu Al a Phe Lys Val
TCCTGGAGAA TCTCGEACTC GARGCACCA

Ile Asn Ile Leu Tyr

AAGGCCACTG GCCATATGAC CAAGGACCAG 6(?6050

95 55

Leu o LeLFT@'%FAE% TRANCCAGTS FREGTICEEA PIRECCPRGST

Ser
30

35

40

45

50

35

60

Ser Tyr

ok MIECREE PR

CGCAACTTTT
ATCTATGCCT
CTCTTTGTCA
CcCCCATTACC
TCGTTTGGCA
CACTTGTTCT
CTGCTGGGAG
TTCCGTGAGT
AAARGACAAT

CACTTCATAA

TCGACATTAT

CCATGCAGTT

ACTTTTGGTT

GCGAGGGTGC

AGTTCTTGGA

CGCAAATGCC

AGTACTATGT

GCCGATTCGT

GGACCACACA

AAGAACATGA

TATCTCGGAC
GTCGCTCTTG
GGTCCTGATC
CTGGAATTIC
CCATATGTTC
GTTCTACCAT
GTACGACCCA
GGAGGATCAG
CAACCTTGTC

GCTCTAGAGG

{2) INFORMATION FOR SEQ ID NO:4:

Hoger
CTCGGTGTGT
ACCGTCACCA
ACCTTCTTGC
CAGCGTGGAG
CACGGCATTG
GCTGAGGAAG
TCCCCGATCG
GGAGACGTGG
TCTACAGACC

CGTGTCATTC

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 399 amino acids
(B} TYPE: amino acid
{C) STRANDEDNESS: not relevant
{D} TOPOLOGY: linear

{ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:

-137-

ACCTGATTAT
ACTCGCCCAT
TGGCTGCCCT
AGTACTATAT
AGCACACCGA
CICTTTGCAC
TCCACACCCA
CTACCTATCA
TCGTTGCGGT
TCTTTTTCAA
TACGTATCAT

GCGCCTCC

Val
GAACGCCTCT

As%ﬁﬁ%%éce Gl ARBcATGPr féc?'rrg‘@&c-r?ém&_én%z;k" c%c%%:"rcc'r 720
Tr p;ca;uyrc&w atopsciing dcectioac \dabeattiscTyecchearat ensrédceTTs

780

840

cr¥itacfi® ARB

CGGTGCCCTG

TGTCCCCTAC

TCCCAAGCTG

CGTTGACCGC

TGTGGCCCAT

TCTCAAGAAA

CTGGAGGTCG

GARGTARAAR

GTAGCCATAC

%60
1020
1080
1140
1200
1260
1320
1380
1440

1488

Pro Leu @ n

Met



60 115 120 125

-147- PCT/ US98/ 07421 Asn Tyr Val VvVal Qu du Val
A n Trp ProwDso§M4ptéd Asp Gu Asn Gy 130 PCT/USY8/07421 135
140 Ile lle An Lys Asp Trp Ala Ala Met @ n Val du Thr Thr
Gn Asp 5 145 150 155
160 Tyr Ala H's Asp Ser His Leu Trp Thr Ser Ile Thr Ay Ser
Leu Asn 165 170
175 10 TheChla ¥88 o¥8ashl e 3 g Ph& PrQ s
a P Gln His Ile
180 &% BT FAHSES PB R 45
(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 5 am no aC| ds
(B) TYPE: 5anmi no aci 8er Thr Ser Ala Pro Asn Sef(JlaSHRANDEENESS: Ghwihrg diseviant
(D) TOPOLOGY: |inear 20 (ii) MOLECULE TYPE: pept¥®de 25
(xI) SEQUENCE DESCRLTLON ms R ML 10 ria e o 8,430 708 s H s
5 30 R EORVSES
(|) SEQUBNCE CHARACTERI STI CS (A) LENGTH 446 ami no acids
( B)s TY#[Ehe @i rrrgai®irdGly Leu Arg Gly Leu Cys Hi&)VaEPRANDEDNESS:
not rel evant 50 (D) TOPALOGY: linear 60
Asp Leu Thr Trp Ala Ser Leu Leu Phe Leu Ala Ala Thr Gin Ile Asp
15 65 70 75 80
Lys Phe Glu Asn Pro Leu Ile Arg Tyr Leu Ala Trp Pro Val Tyr Trp
85 90 95
20 Ile Met Gln Gly Ile Val Cys Thr Gly Val Trp Val Leu Ala His Glu
100 105 110
Cys Gly His Gln Ser Phe Sexr Thr Ser Lys Tﬁr Leu Asn Asn Thr Val
115 120 125
25
Gly Trp Ile Leu His Ser Met Leu Leu Val Pro Tyr His Ser Trp Arg
130 135 i 140
Ile Ser His Ser Lys His His Lys Ala Thr Gly His Met Thr Lys Asp
30 145 150 155 160
Gln Val Phe Val Pro Lys Thr Arg Ser Gln Val Gly Leu Pro Pro Lys
165 170 175
35 Glu Asn Ala Ala Ala Ala Val Gln Glu Glu Asp Met Ser Val His Leu
180 185 190
Asp Glu Glu Ala Pro Ile Val Thr Leu Phe Trp Met Val Ile Gln Phe
195 200 205
40
Leu Phe Gly Trp Pro Ala Tyr Leu Ile Met Asn Ala Ser Gly Gln Asp
210 215 220
Tyr Gly Arg Trp Thr Ser His Phe His Thr Tyr Ser Pro Ile Phe Glu
45 225 230 235 240
Pro Arg Asn Phe Phe Asp Ile Ile Ile Ser Asp Leu Gly Val Leu Ala
245 250 255
50 Ala Leu Gly Ala Leu Ile Tyr Ala Ser Met Gln lLeu Ser Leu Leu Thr
260 265 270
Val Thr Lys Tyr Tyr Ile Val Pro Tyr Leu Phe Val Asn Fhe Trp Leu
275 280 285
55
val Leu Ile Thr Phe Leu Gln His Thr Asp Pro Lys Leu Pro His Tyr
290 295 300
Arg Glu Gly Ala Trp Asn Phe Gln Arg Gly Ala Leu Cys Thr Val Asp
60 305 310 315 320

-138-



(ii) MOLECULE TYPE: peptide 40
SEQ I D NO 16: 45

ASp G u Leuwysaabssd

AI a Tyr 50
Ser Asp Trp Val
40

Asp Val

35

Adn du Val

55

Lys Phe Phe Thr
75 5

Ser Lys Val

90

PCT/ US9/ 807421

H's Asp Lys Pro Ay Asp Leu Trp Ile Ser
20

S g

Tyr Arg Lys Leu

Met Ala Ala An Ile Lys Lys Tyr

Lys Asp Hs Pro Ay Ay Ser

340

1

(xi) SEQUENCE DESCRI PTI ON:

5

45 55

325

Ala His His Le Pk@e er

¥s

25

Ile Thr

Ser

PCT/US98/07420

Phe Pro Leu

Lys Ser
Thr Asplmd; $ePrRhe\Bly WsgPHehkeuHPsp His Met Phe His Gly Ile5(al His

Pro Ala S8 Thr Trp Lys ASA Leu Asp
A
G%\S Fl)deﬁ_ Pro Phe Ty loﬂ

Ser

lle Adn @y Lys

30

Leu Ala Gy

is Ala

d u Val

GO9% Glu Ala Thr Tyr His Leu Lys Lys Leu Leu Gly Glu Tyr Tyr Val- 148-

Asp Lys Lys Ay HIS

110 5

Ser Val

Tyr Ay Val

130

Phe Leu Tb

150

Met Val Val

165
20
25
30
35
40
45
50
55
60

3835

355

Val

sp ro sl"ﬁ P o Ile Val [Y>|aql AH %\&Qp @ag ﬁ_eéuPhIShAergA?

390

e (% GN?%A%% ;:[(EIP SL& ?D g0¥5 :Hi S ASp

160
Ser Asp (Serseboshck dtadRerissddhie Met 15

170 (a) LENGTH: 1483 base pabrs
{B} TYPE: nucleic acid

{(C) STRANDEDMESS:

(D) TOPOLOGY: linear

single

(ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:

GCTTCCTCCA

GGGAACGGAC

CGACCTACTC

TCCTGGTGGA

GATGTATCAC

GGTCTCGAAT

GAGAGTCGAG

GGGACGATAC

GCCTTTCGTT

GTGCGCACAA

CCCCACTGTC

GGTGTGGATG

TCCCGACGTG

TGTCAACCAC

GGTGCGCATT

CAATCCCATC

GTTCATCCTC

CAAGGAAARA

TTGGCCATCC

GTGGACACTC

GCGTTTGGGG

GAGCTGCCCA

GGCTACTTTA

GCTCTTATCT

GTCGAACGCA

GTCGGACTCA

TGGAAGATTIC

TACCAACATA

TCGACGTCTG

ATCAACCAGC

CAGGACATCA

TCGACATGGC

CATTTCGCCA

CCTTCACCTG

GCGGCAGGGT

TCCTGCTCGG

CTGCAGATGC

TCTTCCCGGA

CGGATCGGAA

TTGGATCCTT

CATGGCTTCA

ACCCTCTTCA

TGGGAGCCAC

TGCTCGGCCA

AGCCCGATGT

ACATGTTTGT

ACATTTTGTA

ACACTGTGAT

CCTGCATTCT
GGARGAGCTG
GTACGATGTC
AGCTGGCCGA
CATTATGAAG
GCCAACGGTG
CATTGATCCC
GATCGCTTCC
GGTGGTGTIT
TGATGCGTCT
GCACGACTTT
TCACCCCTAC
TCGTCGTATC
TCCTTTCCTG
CTTTGTCAAG

GTTCTGGGGC

-139-

395

TTACGACCGT

GCGGCCCATA

ACAAAGTTICT

GATGTTACTC

AAGTACTATG

TTCCACAAAR

AAGAATAGAC

TACTACGCGC

GCAATCATCA

CACTTITCAG

TTCAACGGAG

ACCRACATTG

AAGCCCAACC

TACGGACTGC

ACCAATGACG

GGCAAGGCTT

Leu Phe cgysardd ue@ay &l Adpe@ln/aly B Vhlauraph’ee%le IQsyLys
140 10

Phe &U Phe Ser Lys ¥Bt Ay Leu Tyr

105

125

Cys Leu Met Ay

145

Ala Ay His Tyr

TAARGCRAGAT

ACACCAAGGA

TGAGCCGCCA

CGGTCTTTGA

TCGGTACACT

CCATCAAGARC

CAGAGATCTG

AGCTCTTTGT

TGGGATTTGC

TGACCCACAA

CATCGTACCT

CTGGAGCAGA

AAAAGTGGTT

TGGCGTTCAA

CTATTCGTIGT

TCTTTGTICTG

60

120

180

240

300

360

420

480

540

600

660

720

780

840

200

960



Gy lle Phe Ala Ala Asn Cys Leu Ser Ay Ile Ser Ile Ay Trp Trp

180 185 190 20 Lys Trp Asn Hi s
Asn Al a Hi swidigg/abiee Ala Cys Asn Ser Leu du Tyr PCT/US98/0742% 95
200 205 Asp Pro Asp Leu @n Tyr Ile Pro Phe
Leu Val Val Ser Ser Lys Phe 210 215

220 25 Phe Ay Ser Leu Thr Ser His Phe Tyr Qu Lys Arg Leu Thr
Phe Asp 225 230

240 GTATGEFCTE AFTERICCHG GEGRREATOR SCGEFTCRET ARSATCRICH W%'GT'FF?F TH%Phe
Tyr Pro 30 2

255 GGTCIGF%GAE/eI%TGFC{/GéBC% gr%cg&ﬁg ceeTeace TK%:AGﬁg:GA A\r?gzacsércr;]r S%aorBoLeu
Ile Met 5 TGAGGAAGTT CAGTGGCCGT TESTRGACGA GAACGGGATC AchnﬂﬁEsG ACTGGGCAGC 1140
270 35 Leu Leu Thr Lys Arg Asn Val Ser Tyr Ar% Ala Gn Qu Leu
Leu Ay TATGCAGGTC GAGACTAQGU; AGGATTACGC ACACGATTCG ggqg:rc'rc CCAGCATCAC 120§g5
Cys Leu Val Phe zehs AlcactXle BEGhehiiia Lot RhodméTedcChbchiAa 1260
290 0 Fil: B Ko, 1200,
Arg I'le Met Phe T&’@GAM@ Acac@eEn kerhcRRIACAIGCAdTEAG TACAAGGTTC CATASENDGT 1320
310 320 Gy Mt dn dn

Val d n Phe Ser cmgzxmﬁ TATEGGEARG SATTTSLRFTC ROATTRFGAG GACTTGCGTG TTCTTGGACT 1380
325

Pro Lys @% Asn cggwc%%% FRGAGIAGR WGT%G;%Q%SGA acrarTeece cort¥ro¥@l 1y LS

340 CARGAABSER ARARGGAGAT CAAGTGGACASPIRTCTA?GA AGA Ay Thr Lews3Asp
Ile Ser Cys Pro Pro Trp Met Asp Trp Phe His Ay 355
360 (2) IN&B&ATION FOR SEQ ID NO:6@ y Leu G n Phe An lle Qu Hs H's
Leu Phe R® Lys Met Pro . 370 375
380 55 ‘ ’q??" CEWREE VS il e Sser Pro Tyr Val Ile Gu Leu
a
Cys Lys Lys : amino acid 390 395
400 Hi s Ae)n stempENessky hotAserebysit Al a Ser Phe Ser Lys Ala Asn
Au Mt 6B (D) TOPOLOGY: line4)5 410
415 - 149-
(ii) MOLECULE TYPE: peptide
30
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
Met Gly Thr Asp Gln Gly Lys Thr Phe Thr Trp Glu Glu Leu Ala Ala
35 1 5 10 15
His Asn Thr Lys Asp Asp Leu Leu Leu Ala Ile Arg Gly Arg Val Tyr
20 25 30
40 Asp Val Thr Lys Phe Leu Ser Arg His Pro Gly Gly Val Asp Thr Leu
35 40 45
Leu Leu Gly Ala Gly Arg Asp Val Thr Pro Val Phe Glu Met Tyr His
50 55 60
45
Ala Phe Gly Ala Ala Asp Ala Ile Met Lys Lys Tyr Tyr Val Gly Thr
65 70 15 80
Leu Val Ser Asn Glu Leu Pro Ile Phe Pro Glu Pro Thr Val Phe His
50 85 90 95
Lys Thr Ile Lys Thr Arg Val Glu Gly Tyr Phe Thr Asp Arg Asn Ile
100 105 110
55 Asp Pro Lys Asn Arg Pro Glu Ile Trp Gly Arg Tyr Ala Leu Ile Phe
115 120 125
Gly Ser Leu Ile Ala Ser Tyr Tyr Ala Gln Leu Phe Val Pro Phe Val
130 135 140
60

Val Glu Arg Thr Trp Leu Gln Val Val Phe Ala Ile Ile Met Gly Phe
145 150 155 160

-140-



PCT/ US98/ 07421
G@n Ala Arg Asp Ile Thr

Thr

Leu Arg Thr

Leu Arg Asn Thr Al a Leu

420 425
430 w098/46764Lys Pro Leu Pro Lys Asn Leu Val Trp G u Acausssomes Thr
435 440 445
(2) | NFORMATION FOR SEQ I D NO 17: (i) SEQUENCE

CHARACTERI STI CS: 10

(A) LENGTH. 359 am no aci ds

(B) TYPE: am no acid
(D) TOPOLOGY: |inear
(xi) SEQUENCE DESCRI

(C) STRANDEDNESS: not rel evant

n Val(d;ly) LM&%LJYPES AQ?/FEX[ILQ':%: His E%Q
170 Leu 1fBr Ala G u

PR M

Arg Ile Lys Phe Thr A n Lys Arg Gly Phe Arg 5
10 5 S§§ VaRSthr His Asn ProAPhy VAl Tne@w%ﬂae Geh GAngl*lVa"lhrA@-ﬁ Al a
Tyr Phe Ala Gu H's Ay Leu 180 25
30 ThrAsp P%eAghg %épGﬁsﬂlaPE& §§:l' LQ@TVa]T)ﬂ'p lDEU 'lly¥SGlIn{isLb?é{ Ile
Il e Val 205 45 30
Leu Trp Lpy Phe Ser Al a Trp AIa Phe Val Leu Phe AIa Pro Val Ile
50 185 Gly His His Pro Tyr Thx5@sn Ile Ala Gly Ala ABRecPrPrisp\¥dl Ar g
Leu Leu Ay Cys Met Val2lPeu Ala Ile Al A3eu Ala 35 220 65
70 75 § Alg Pﬂg .ﬁ%r Phe
. S Thy Ser Glu BPro Asgm Va o rqg Ile Lys Pro Asn n
Asn Val Gy H's Asp J3Ed AsTH S AShyd a ryed 8457 te Lve 240
85 90 95 40 Ser Asn Pro Hi s
Ile Asn Arg Val Leu pGkWwabiXsnTiis Tdar AsksplriPHés Mat Phe Val Pro Phe Leu Tyr Gly
100 . 105 245 110 250 Ay L#? Ser Ser
Phe Leu T Arg Tyr Ar n ;I" r LPS{ LS 115
'/ I Ile Asn Tle ua T
120 2 g“ 513260 4 va i e%g APRARSETI T8 TRu™E V' H s Asp
Val Qu lle Hs GIyAspGIy 130 135
140 Val Lys Thr Asn Asp Ala Ile Arg Val Asn Pro Ile Ser Thr Trp His
275 280 285
25
Thr Val Met Phe Trp Gly Gly Lys Ala Phe Phe Val Trp Tyr Arg Leu
290 295 300
Ile Val Pro Leu Gln Tyr Leu Pro Leu Gly Lys Val Leu Leu Leu Phe
30 305 310 315 320
Thr Val Ala Asp Met Val Ser Ser Tyr Trp Leu Ala Leu Thr Phe Gln
325 330 335
35 Ala Asn His Val Val Glu Glu Val Gln Trp Pro Leu Pro Asp Glu Asn
340 345 350
Gly Ile Ile Gln Lys Asp Trp Ala Ala Met Gln Val Glu Thr Thr Gln
355 360 365
40
Asp Tyr Ala His Asp Ser His Leu Trxp Thr Ser Ile Thr Gly Ser Len
370 375 380
Asn Tyr Gln Ala Val His His Leu Phe Pro Asn Val Ser Gln His His
45 385 390 395 400
Tyr Pro Asp Ile Leu Ala Ile Ile Lys Asn Thr Cys Ser Glu Tyr Lys
405 410 415
50 Val Pro Tyr Leu Val Lys Asp Thr Phe Trp Gln Ala Phe Ala Ser His
420 425 430
Leu Glu His Leu Arg Val Leu Gly Leu Arg Pro Lys Glu Glu
435 440 445
55
{2) INFORMATION FOR SEQ ID NO:7:
{i) SEQUENCE CHRRACTERISTICS:
(A) LENGTH: 355 amino acids
60 (B) TYPE: amino acid

(C) STRANDEDNESS: not relevant
(D} TOPOLOGY: linear

-141-



Ala Val Arg Met Ser Pro Qu A@n @Qu Hs Val Ay Ile Tyr Arg Phe 50

145 150 155 160
A n An PhewiyosMdered Trp Ay Leu Tyr Leu Phe Ile Pro Phe Tyr HGRUS9I8/07421
165 170 175 55 Phe Leu Tyr Asp
Val Tyr Leu Val Leu Asn Lys Ay Lys Tyr H's Asp
180 185 190 Hs Lys Ile Pro
Pro Phe G n Pro Leu Qu Leu Ala Ser Leu Leu Ay 60 195
200 ALY . ;Lke Lys Leu Leu Trp Leu Gy Tyr Val
Phe Gy Leu Pro Leu“/faqa PR TYFE: peptia 210 215
220 - 150-
PCT/ US98/ 03421 Gy Phe Ser Ile Pro Qu Val Leu lle Ay
Ala Ser Val Thr Tyr Met 225 230
235 (4] (SEQUENCE DESCRIPTIONFIEQTIN N34% || e Val Val Cys Thr Ile
Phe Met LeuAIaHlschlgie&L Leu Arg Thr Leu Phe Gl Leu 613 Tyr Tyr A
250 10 Do o o LY e AT A e hie &%l Bhe é’guyrm? T Asp
Gy GQu Ser GIyAIaIIeAsp 260
265 SEF(Sex(Qlys Ala Tyr Tyr Ala\$pe GY&I VEL [FeA| Rhe| dsm E%r-'scﬁ ild e Arg
Thr Thr Ala Asn Phe Ala Thr 20 275 280
285 15 ASLAeN Eguosfthwl 230 vli 9%5’395 Qf Gyeld ¥nd 84 A0 H s
A@n val 15 45 300
Thr H's H's Leu Phe Pro Asn Ile Cys Hi s IIe H's Tyr Pro G n Leu
305 IFpOAla Asn Val Leu Ser Al8PASa Leu Leu Gly Leu Phe BR()Glrp@ln
Qu Asn Ilg Ile Lys Asp’al Cys Gn Gd°Phe Gy Val G® Tyr Lys
325 2 %OGI Trp Leu Ala His As%%%e Leu His His Gln Vat\iak’h Xin R.Egp Thr
Phe Lys Ala Ala lle a Ser "ASnH Tyr 74r g 75
340 345 350 25
Arg Phe Trp Gly Asp Leu Phe Gly Ala Phe Leu Gly Gly Val Cys Gln
25 85 90 95
Gly Phe Ser Ser Ser Trp Trp Lys Asp Lys His Asn Thr His His Ala
100 105 110
30 Ala Pro Asn Val His Gly Glu Asp Pro Asp Ile Asp Thr His Pro Leu
115 120 125
Leu Thr Trp Ser Glu His Ala Leu Glu Met Phe Ser Asp Val Pro Asp
130 135 140
35
Glu Glu Leu Thr Arg Met Trp Ser Arg Phe Met Val Leu Asn Gln Thr
145 150 155 160
Trp Phe Tyr Phe Pro Ile Leu Ser Phe Ala Arg Leu Ser Trp Cys Leu
40 165 170 175
Gln Ser Ile Leu Phe Val Leu Pro Asn Gly Gln Ala His Lys Pro Ser
180 185 190
45 Gly Ala Arg Val Pro Ile Ser Leu Val Glu Gln Leu Sexr Leu Ala Met
195 200 205
His Trp Thr Trp Tyr Leu Ala Thr Met Phe Leu Phe Ile Lys Asp Pro
210 215 220
50
Val Asn Met Leu Val Tyr Phe Leu Val Ser Gln Ala Val Cys Gly Asn
225 230 235 240
Leu Leu Ala Ile Val Phe Ser Leu Asn His Asn Gly Met Pro Val Ile
55 245 250 255
Ser Lys Glu Glu Ala Val Asp Met Asp Phe Phe Thr Lys Gln Ile Ile
260 265 270
60 Thr Gly Arg Asp Val His Pro Gly Leu Phe Ala Asn Trp Phe Thr Gly
275 280 285
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Qu Ala Mt Gy Lys Ala Ser 355 (2)

| NFORMATI ON FOR SEQ I D NG 18 30 (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. We@B/M46i6tno aci ds (B) TYPE: anifGd/uef/pr421

(C) STRANDEDNESS: not rel evant 35 (D) TOPOLOGY: |i near

(i1) MOLECULE TYPE: peptide 40 (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NC 18: I\/bt Thr Ser Thr Thr Ser Lys Val Thr Phe Ay Lys

Ser Ile Ay Ph 45
1gr e y e %‘YLglg Hr}.l lee 81%5%9' g}b HAPgHJf/ aIreu Phe ﬁga MetLPro &4‘% Al a
G u Asn 25

30 50 | | 1sSedn BheD sé¥ g.yaAsp)e A3n eli’bauRr\m.MaIu Ter LdueQyd ¥gs Thy Al a
lle lle 5 305 35 310 3200 45
Leu Ala Trp Val Val Ser Al a Tr Thr. Phe Val Val ﬁ Glcy E{ R1a

val Tyr His T Met Gl
50 TyAsn Va Ar yr His r§8s y3§0 u Y'\l‘}és t_ﬁ ‘ﬁ-rp Net
Lys Leu Leu Ay Cys Ile Val Leu ésy Phe dvy Val
70 10 vaASphe Ser Arg Leu Asn Glu8fl Ser Lys Ala Ala s&enysAMea: Yay Gy
Phe Asn Ile Ser Hi s AspGyAsm Hs Gy Gly3F!>5r 60 350
85
-151- PCT/ US@S“/ b Ser Lys Tyr @n Trp Val Asn
Tyr Leu §gr Gy Leu Thr H'S Asp Al a 100
105 (2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:
(3) LENGTH: 104 amino acids
20 (B} TYPE: amino acid
{C) STRANDEDNESS: not relevant
{D} TOPOLOGY: linear

{ii) MOLECULE TYPE: peptide

25
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
30
Val Thr Leu Tyr Thr Leu Ala Phe Val Ala Ala Asn Ser Leu Gly Val
1 5 10 15
Leu Tyr Gly Val Leu Ala Cys Pro Ser Val Xaa Pro His Gln Ile Ala
35 20 25 30
Ala Gly Leu Leu Gly Leu Leu Trp Ile Gln Ser Ala Tyr Ile Gly Xaa
35 40 45
40 Asp Ser Gly His Tyr Val Ile Met Ser Asn Lys Ser Asn Asn Xaa Phe
50 55 60
Ala Gln Leu Leu Ser Gly Asn Cys Leu Thr Gly Ile Ile Ala Trp Trp
65 70 75 80
45
Lys Trp Thr His Asn Ala His His Leu Ala Cys Asn Ser Leu Asp Tyr
85 90 95
Gly Pro Asn Leu Gln His Ile Pro
50 100

(2} INFORMATION FOR SEQ ID NO:9:

{1) SEQUENCE CHARACTERISTICS:
55 {A) LENGTH: 252 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: not relevant
(D) TOPOLOGY: linear

60 {ii) MOLECULE TYPE: peptide
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Ile Ay Val Ser Ser Tyr Leu Trp Lys Phe Arg H's Asn Val Leu His 5

115 120 125 H's Thr Tyr Thr
Asn |l e Leuw@osidsliea Asp Val Gu Ile His Ay Asp PCT/US98/9TH21
135 140 10 Gu Leu Val Arg Met Ser Pro Ser Met
Gu Tyr Arg Trp Tyr H's Arg 145 150
155 160 Tyr G n Hs Trp Phe Ile Trp Phe Val
Tyr Pro Phe Ile Pro Tyr Tyr 165
170 175 15 Trp Ser Ile Ala Asp Val dn Thr Mt
Leu Phe Lys Arg G r@xEYEEdﬁbﬁcz DESCRIPTION: SEQ ID NO:2: 180
185 Asp Hi s Gulle Pro Ser Pro Thr Trp
Val Asp Il Al a Thrsueuall_gep 2¢0r Gly Val Leu Ala Cys Thr]$& Val Phe Ala His Gln 200
205 Ala Phe Lys APa Phe @y Val A% Val Phe Leu RPe Ile Pro
Ile Ala - 0 25
Val @y Tyr Ser Pr o 1% Alad%}a 3@%"%“\‘ IG'WCTJe 2&:{];15:% e e A Qﬂfyr“’ 76
225 10 230 240
Met Thr His Ay LeusMaBisAhsp Gys GValHiy/alyr the WetveteserAhsn B sialTyr Asn
245 250 3% 295 30 45 |le Au Pro Ala
?63 Phe Lesu Asp PI’O LS géA\iPa IG?n Le.u \Llseergg ﬁ%prs Leu 'ggz Gly Ile .FF Iﬁfa Il e
Ala @n \}al Lys Thr Thr Val Asp Phe AI a Pro Asn 35 275
280 ARSBSrp Trp Lys Trp Thr HASmskimlal die RilscLAshlalcps Ryn sval Gy
Ay Leu Asn Tyr d néXhr Val 70 290 75 8995
300 40 20 HILeSu s Tlire li'\s;'? Q‘go F;erg Ll;“uSG qlse El’_l!oSVal Phe Afa gSPr o Lys
lle Ala A% 131
320 ProIIeLeu,&lsaGluVaI Q/scauGluPheGlyVal Asn Tyr
Al a Val Thr Lys Phe Phe Ser Ser I2d5Thr Ser Arg Phe Tyr AspB30g Lys Leu
335 45 H s G ni®r Phe Phe G y1%8l a Leu Al a AI alﬂ\sn Tyr Ser
Trp Leu L%/ss
350 FY%s PR ELEFo Vb %gmrprg it i S5 3YE %5 #8 7 P8 n 50
355 360 8 é | NFORMATI ON FOR
SEQ I D NO 19: Tyr Tyr Pro Véal )ASSEQSJEH@E;l@lWrSIéLCShe S%e Gin Thr
(A) LENGI¥ 35 base pait® 135 (B) TYPE24hucl ei c aC| d
(C) STRANDEDNESS: si ngI e éu) TCPO_OGY lin
Leu Leu Leu Phe Ser Lys Arg Glu Val Pro Asp Arg Ala Leu Asn
145 150 155 160
35 Phe Ala Gly 1le Leu Val Phe Trp Thr Trp Phe Pro Leu Leu Val Ser
165 170 175
Cys Leu Pro Asn Trp Pro Glu Arg Phe Phe Phe Val Phe Thx Ser Phe
180 185 190
40
Thr Val Thr Ala Leu Gln His Ile Gln Phe Thr Leu Asn His Phe Ala
195 200 205
Ala Asp Val Tyr Val Gly Pro Pro Thr Gly Ser Asp Trp Phe Glu Lys
45 210 215 220
Gln Ala Ala Gly Thr Ile Asp Ile Ser Cys Arg Ser Tyr Met Asp Trp
225 230 235 240
50 Phe Phe Gly Gly Leu Gln Phe Gln Leu Glu His His
245 250
(2) INFORMATION FOR SEQ ID NO:10:
55 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 125 amino acids
{(B) TYPE: amino acid
(C}) STRANDEDNESS: not relevant
60 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide
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60 (1i1) MOLECULE TYPE: other nucleic acid

-152- PCT/ US98/ 07421 (xi) SEQUENCE DESCRI PTI ON:
SEQ | D NO %% 98/46964 CCAAGCTTCT GCAGGAGCTC TTTTTTTTTT TTTRET/AUSIS/07421

35 (2) | NFORMATI ON FOR SEQ | D NO 20: (i) SEQUENCE
CHARACTERI STICS: 10 (A) LENGTH 32 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single

(D) TOPOLOGY: linear 15 (i1i) MOLECULE TYPE: other nucleic acid
(A) DESCRIPTION: /desc = "Synthetic oligonucl eotide” (1x)
FEATURE: 20 (A) NAME/ KEY: m scfeature (B)
LOCATI O\ 21 (i) SEQUENCE DES(:!Q)PTQEHEﬁQ' MRV ON: / nunber = 1

/ note= "N&l nosi ne or Cytosine" (1 x) FEATURE:

(A) NAME/ KEY: mi sc dleafagr¥aa Asn Phe Ala Gly Ile Le¢ Bpl [FBEAKPCMNkr Pcp Phe Pro

(D) OTHER | NFO?IVATI‘O\I / number =52 / ndPe= "N=l nosi ne & Cytosine"

30 %Eﬁ}{g SCRI P EQ 1 D NO 20:
CUACUACUAG UACAYCA '&& E%ﬁzgyA -gro Asn %zgp Pro (ﬁluolgrg Phe Xaa Phe VaJ32 35

30
(2) | NFORMATI ON FOR SEQ I D NQO 21:
Phe Thr Gly Phe Thr Val Thr Ala Leu Gln His Ile Gln Phe Thr Leu

35 40 45
15 Asn His Phe Ala Ala Asp Val Tyr Val Gly Pro Pro Thr Gly Ser Asp
50 55 60
Trp Phe Glu Lys Gln Ala Ala Gly Thr Ile Asp Ile Ser Cys Arg Ser
65 70 75 80
20
Tyr Met Asp Trp Phe Phe Cys Gly Leu Gln Phe Gln Leu Glu His His
85 90 95
Leu Phe Pro Arg Leu Pro Arg Cys His Leu Arg Lys Val Ser Pro Val
25 100 105 110
Gly Gln Arg Gly Phe Gln Arg Lys Xaa Asn Leu Ser Xaa
115 120 125
30 (2) INFORMATION FOR SEQ ID NO:11:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 131 amino acids
{B) TYPE: amino acid
35 (C) STRANDEDNESS: not relevant
{D} TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

40
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:
45 Pro Ala Thr Glu Val Gly Gly Leu Ala Trp Met Ile Thr Phe Tyr Val
1 5 10 15
Arg Phe Phe Leu Thr Tyr Val Pro Leu Leu Gly Leu Lys Ala Phe Leu
20 25 30
50
Gly Leu Phe Phe Ile Val Arg Phe Leu Glu Ser Asn Trp Phe Val Trp
35 40 45
Val Thr Glan Met Asn His Ile Pro Met His Ile Asp His Asp Arg Asn
55 50 55 60
Met Asp Trp Val Ser Thr Gln Leu Gln Ala Thr Cys Asn Val His Lys
65 70 75 80
60 Ser Ala Phe Asn Asp Trp Phe Ser Gly His Leu Asn Phe Gln Ile Glu
85 90 95
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(1) SEQUENCE CHARACTERI STI CS:
40 (B) TYPE: nucleic acid

STRANDEDNESSD 984675k € _ (D TOPOLOGY:
(ii) MOLECULE TYPE: other nucleic acid 45
/desc = "Synthetic oligonucleotide"

(A) NAME/ KEY: m scfeature. 50

(D) OTHER | NFORVATI C]\l

(i x) FEATURE: 55

(B) LOCATION: 19

SEQ | D NO 21:
PCT/ US98/ 07421

27

CHARACTER! STI CS:
(D) TOPOLOGY:

15

15

20

25

30

35

/ not e= "N=l nosi ne orrybOVaneiin RO Leu Cys Ala Lys f¥d b1oELRNCE GRIZTI ON:
115 120 125- 153-
CAUCAUCAUC AUNGGRAANA RRTGRTG _
(2) | NFORVEI GRFFOR SEQ ID NO 22 5 (i) SEQUENCE
(A) LENGTH. 33 base pairs
(B) TYPE:1Mucl eie) ankshuation For seQ 1p no:12:(C) STRANDEDNESS: single _
|'i near 10 (ii) MOLECULE TYPE: other nucleic acid
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 87 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: not relevant
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12:
Cys Ser Pro Lys Ser Ser Pro Thr Arg Asn Met Thr Pro Ser Pro Phe
1 5 10 15
Ile Asp Trp Leu Trp Gly Gly Leu Asn Tyr Gln Ile Glu His His Leu
20 25 30
Phe Pro Thr Met Pro Arg Cys Asn Leu Asn Rrg Cys Met Lys Tyr Val
35 40 45
Lys Glu Trp Cys Ala Glu Asn Asn Leu Pro Tyr Leu Val Asp Asp Tyr
50 55 60
Phe Val Gly Tyr Asn Leu Asn Leu Gln Gln Leu Lys Asn Met Ala Glu
65 70 75 80
Leu Val Gln Ala Lys Ala Ala

40

45

50

55

60

100

85

(2) INFORMATION FOR SEQ ID NO:13:

(1)

(1)

(xi)

Arg
1

Cys

SEQUENCE CHARACTERISTICS:
(A} LENGTH: 143 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: not relevant
(D) TOPOLOGY: linear

MOLECULE TYPE: peptide

SEQUENCE DESCRIPTION: SEQ ID NO:13:

(A) LENGTH: 27 base pairs
C
| i near PCT/US98/07421
(A) DESCRI PTI ON:
(i x) FEATURE:
(B) LOCATION: 13
/ nunber = / not e= "N=Il nosi ne or

fis His Leu Phe P(fz\)'fw{ﬁé/ ?érfv‘\r ST AR VGRS Xaa Val Ala
(D) OTHER" TNFORMATI ON:

/ itfber = 2

His Glu Ala Ala Arg Gly Gly Thr Arg Leu Ala Tyr Met Leu Val

5 10

15

Met Gln Trp Thr Asp Leu Leu Trp Ala Ala Ser Phe Tyr Ser Arg

20 25
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(xi) SEQUENCE DESCRI PTION: SEQ I D NO 22: CUACUACUAC UAGGAGTCCT
CTACGGIGIT TTG 33 20 (2) I NFORMATI ON
FOR SEQ | DVNGSAG64 (i) SEQUENCE CHARACTERI STI @§T/US98/07421

(A) LENGTH: 33 base pairs (B) TYPE: nucleic acid 25
(C) STRANDEDNESS: single (D TOPOLOGY: |inear

(i1) MOLECULE TYPE: other nucleic acid 30 (xi) SEQUENCE
DESCRI PTION: SEQ I D NG 23: 35 CAUCAUCAUC AUATGATGCT CAAGCTGAAA CTG

& g | TE | ENCE
urcrensm (3] BMTINERE SRE0 YL RE o s e g et S5

(B) TYPE: am no acid (C) STRANDEDNESS: not rel evant
(D) TOPOSOGY: |ineleu Pdé Val Ala Val ArgiVpl MBuEEUl SerTHRETIHEPe (Vge Trp 1150
(xi) SEQUENCE DESCRI PFPON: SEQ | D NO*4: 8 Q@ n Xaa Xaa His Hs

El i) SEQUENCE oﬁm&ﬁ’r’ﬁ‘?@“ I“NE??%IL’%SFQ ﬁg%ﬁ“%%ﬁé?ﬁ“ 36 base pairs
(

B) TYPHO nucl eic acid 60 (C) STRANDEDNESS: single
D) TOPOLOGY: |ineasp Trp Ala Ser Ser Gln Leu Ala Ala Thr Cys Asn Val Glu Pro Sexr]54-
85 90 95

Leu Phe Ile Asp Trp Phe Ser Gly His Leu Asn Phe Gln Ile Glu His
15 100 105 110

His Leu Phe Pro Thr Met Thr Arg His Asn Tyr Arg Xaa Val Ala Pro
115 120 125

20 Leu Val Lys Ala Phe Cys Ala Lys His Gly Leu His Tyr Glu Val
130 135 140

(2) INFORMATION FOR SEQ ID NO:14:

25 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 186 amino acids
{(B) TYPE: amino acid
{C} STRANDEDNESS: not relevant
{D} TOPOLOGY: linear

30
(ii) MOLECULE TYPE: peptide
35
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:
Leu His His Thr Tyr Thr Asn Ile Ala Gly Ala Asp Pro Asp Val Ser
1 5 10 15
40
Thr Ser Glu Pro Asp Val Arg Arg Ile Lys Pro Asn Gln Lys Trp Phe
20 25 30
Val Asn His Ile Asn Gln His Met Phe Val Pro Phe Leu Tyr Gly Leu
45 35 40 45
Leu Ala Phe Lys Val Arg Ile Gln Asp Ile Asn Ile Leu Tyr Phe Val
50 . 55 60
50 Lys Thr Asn Asp Ala Ile Arg Val Asn Pro Ile Ser Thr Trp His Thr
65 70 75 80
Val Met Phe Trp Gly Gly Lys Ala Phe Phe Val Trp Tyr Arg Leu Ile
85 90 95
55
Val Pro Leu Gln Tyr Leu Pro Leu Gly Lys Val Leu Leu Leu Phe Thr
100 105 110
Val Rla Asp Met Val Ser Ser Tyr Trp Leu Ala Leu Thr Phe Gln Ala
60 115 120 125
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PCT/ US98/ 07421 (1i1) MOLECULE TYPE: other nucleic acid 5

(xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 25: CUACUACUAC UACTCGAGCA
AGAT GGGAACWEABUCS 39 10 ( 2PCTRESISEMEY ON
FOR SEQ | D NO 26: (1) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 39 base pairs (B) TYPE: nucleic acid 15
EC))STRANDEDNESS: singl e (D) TOPOLOGY: i near

i) MOLECULE TYPE: other nucleic acid X| NCE
DESCR PTI ON:  SEQ | B*Rcj¥2eV>! 75 &0 Gl"c&gﬁgﬁ&ﬁ& PﬁprA%
GGGACGGAG 39 (2) I NFORVATION FOR SEQ I D
NG 27: 11e(1)e SEQENGE CHARACRERIMBTIIS: va3061lu Thr Thr Gln Asp (A)
LENGTH: 43 base pairss 150 (B) TYPE: ¥jcleic acid 160
(C) STRANDEDNESS: single D) TOP Y: _|inear 5
(ii) MOLECULE TYPE: Tyagﬁ'ér HifubtRefEr 4E7 = T"’EF(S‘)" Sex IqTEO%"‘( ﬁ*‘) g@é %é&
DESCRI PTI ON: SEQ I D NG 27: CUACUACUAC URTCTAGACT CGAGACTATG
GCTGCTCCH@ CAGTGTG tyr Gln Xaa Val His 47s Leu Phe Pro(#)s | NFORVATI ON FOR SEQ I D
NO 28: 45 (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 40 base pairs (B) TYPE: nucleic acid

(2) INFORMATION FOR SEQ ID NO:15:

15 (i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 5 amino acids
{B) TYPE: amino acid
{C) STRANDEDNESS: not relevant
(D) TOPOLOGY: linear

20
{ii} MOLECULE TYPE: peptide
25
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:
His Xaa Xaa His His
1 5
30

(2) INFORMATION FOR SEQ ID NO:16:

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 446 amino acids
35 (B) TYPE: amino acid
(C) STRANDEDNESS: not relevant
(D) TOPOLOGY: linear

{ii)} MOLECULE TYPE: peptide

40
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:
45
Met Ala Ala Gln Ile Lys Lys Tyr Ile Thr Ser Asp Glu Leu lys Asn
1 5 10 15
His Asp Lys Pro Gly Asp Leu Trp lle Ser Ile Gln Gly Lys Ala Tyr
50 20 25 30
Asp Val Ser Asp Trp Val Lys Asp His Pro Gly Gly Ser Phe Pro Leu
35 40 45
55 Lys Ser Leu Ala Gly Gln Glu Val Thr Asp Ala Phe Val Ala Fhe His
50 55 60
Pro Ala Ser Thr Trp Lys Bsn Leu Asp Lys Phe Phe Thr Gly Tyr Tyr
65 70 75 80
60

Leu Lys Asp Tyr Ser Val Ser Glu Val Ser Lys Val Tyr Arg Lys Leu
85 90 95
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(C) STRANDEDNESS: single 50 (D TOPOLOGY: |inear

(i1) MOLECULE TYPE: other nucleic acid 55 (xi) SEQUENCE
DESCRI PTI OWo 587487642 NO. 28: CAUCAUCAUC AUAGGCCTCG ARCTNURSES
CCTTACCCAT 40 60
- 155- PCT/ US98/ 07421 (2) 1 NFORVATI ON FOR SEQ I D NO 29:
(| ) SEQUENCE CHARACTERI STI CS: (A) LENGTH. 37 base pairs
(B) TYPE: nucleic aC| d (O STRANDEDNESS:
smgle %JO‘?"‘S O Mtnea )Hl\/ql
TYPE: other nucl ei ¢'3ctf e Ser Lys Me (%%V)déngEN@EmﬁaéﬁQ Ej’ §EQ I D
NO 29: CUACUACUA C&GGATCCA TGGECA CC CAACACT
37 15 5 (2) dVFERVATE O EGRcPE@nE B1M@A130Met Leu Phe Ala Met Sek )JVaBEQUENCE
CHARACTERI STI CS: 20 115 (A) LENGTH 42 base pae¥s
(B) TYPE: nucleic acid C).. STRANDEDNESS: si nglrgeG
(D) TOPOLOGY: |ineafyr $ky Val Leu Phe Cyp Slurqly SalEtepyi: ¥43 &Y *Rucrei%Yaci d
(xi) SEQYENCE DESCRI P © SEQ I D NO 30
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
15 165 170 175
Gly Ile Phe Ala Ala Asn Cys Leu Ser Gly Ile Ser Ile Gly Trp Trp
180 185 190
20 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
25
Phe Gly Ser Leu Thr Ser His Phe Tyr Glu Lys Arg Leu Thr Phe Asp
225 230 235 240
Ser Leu Ser Arg Phe Phe Val Ser Tyr Gln His Trp Thr Phe Tyr Pro
30 245 250 255
Ile Met Cys Ala Ala Arg Leu Asn Met Tyr Val Gln Ser Leu Ile Met
260 265 270
35 Leu Leu Thr Lys Arg Asn Val Ser Tyr Arg Ala Gln Glu Leu Leun Gly
275 280 285
Cys Leu Val Phe Ser Ile Trp Tyr Pro leu Leu Val Ser Cys Leu Pro
230 295 300
40
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
45 325 330 335
Tyr Val Gly Lys Pro Lys Gly Asn Asn Trp Phe Glu Lys Gln Thr Asp
340 345 350
50 Gly Thr Leu Asp lle Ser Cys Pro Pro Trp Met Asp Trp Phe His Gly
355 _ 360 365
Gly Leu Gln Phe Gln Ile Glu His His Leu Phe Pro Lys Met Pro Arg
370 375 380
55
Cys Asn Leu Arg Lys Ile Ser Pro Tyr Val Ile Glu Leu Cys Lys Lys
385 390 395 400
His Asn Leu Pro Tyr Asn Tyr Ala Ser Phe Ser Lys Ala Asn Glu Met
60 405 410 415
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30 CAUCAUCAU CAUGGTACCT CGAGITACTT CTTGAAAAAG AC

42 (2) I NFORVATION FOR SEQ ID NG 31: 35 (i) SEQUENCE
CHARACTERI SWIO(8/46764 (A) LENGTH: 1219 base paiPGI/US98/07421

(B) TYPE: nucleic acid (C) STRANDEDNESS: single

(D TOPOLOGY: |inear 40 (i1) MOLECULE TYPE: other nucleic acid
(Edited Contig 2692004) (xi) SEQUENCE DESCRI PTION: SEQ ID

NO 31: 45 C AGATCCT GTATCCA GAGATAAAGT
cCriaen  so 8 RS AT e e trdirdin
CTCACCCAGT TGGGTGCATT 120 TTACATAGTA AAAGACTTGG ACTGGAAATG

GGTCATATTT GGGCCCTATYS BETIRGERAGys AiB(eu Val Trp GIRTAGATSAAL @GACTCAATGA
CTCTGGCTA? TCATGAGATT GCCHERCAATG CTGCCTTH3G 240 55 445  CAACTGCAAA

GCAATGITGGA AT %%;. TC CTATTGGGAT 300

TCCATATTCA AT'(I;%F k%%% go % CAT CATCGGTACC TTGGAGCTGA 360 60
TGGCGTCGAT GTAGATATHG SEhoENde drhRachgREdpeed.CGC TTCTTCTGTA CCCCTTTCAG 420
AAAGTTTARR TGGGTTATTC TIRCABBEMCT3OTIMiRhATAGEs TTTCGACCTC TGTTCATCAA 480

- 156- PCT/ US98/ (BT 4FE: amino acid  (COCCAAACCA ATTACGTATC TGGAAGTTAT
CAATACCGTG GCACAGGTCA %@?“'S%mt relevant TTTAATTTAT TACTTTTTGG
GAATTAAATC CTTAGTCTAC A F CAYCFTTACT 600 5 TGGCCTGRGT

TTGCACCCAS TTTCTGGAGA MoLEJAEARIPE: GREEALTACA TGITCTTAAA 660

20 {x1) SEQUENCE DESCRIPTION: SEQ ID NO:17:
Met Leu Thr Ala Glu Arg Ile Lys Phe Thr Gln Lys Arg Gly Phe Arg
1 S 10 15
25 Arg Val Leu Asn Gln Arg Val Asp Ala Tyr Phe Ala Glu His Gly Leu
20 25 30
Thr Gln Arg Asp Asn Pro Ser Met Tyr Leu Lys Thr Leu Ile Ile Val
35 40 45
30
Leu Trp Leu Phe Ser Ala Trp Ala Phe Val Leu Phe Ala Pro Val Ile
50 55 60
Phe Pro Val Arg Leu Leu Gly Cys Met Val Leu Ala Ile Ala Leu Ala
35 65 70 75 80
Ala Phe Ser Phe Asn Val Gly His Asp Ala Asn His Asn Ala Tyr Ser
85 90 95
40 Ser Asn Pro His Ile Asn Arg Val Leu Gly Met Thr Tyr Asp Phe Val
100 105 110
Gly Leu Ser Ser Phe Leu Trp Arg Tyr Arg His Asn Tyr Leu His His
115 120 125
45
. Thr Tyr Thr Asn Ile Leu Gly His Asp Val Glu Ile His Gly Asp Gly
130 135 140
50 Ala Val Arg Met Ser Pro Glu Gln Glu His Val Gly Ile Tyr Arg Phe
145 150 155 160
Gln Gln Phe Tyr Ile Trp Gly Leu Tyr Leu Phe Ile Pro Phe Tyr Trp
165 170 175
55 Phe Leu Tyr Asp Val Tyr Leu Val Leu Asn Lys Gly Lys Tyr His Asp
130 185 180
His Lys Ile Pro Pro Phe Gln Pro Leu Glu Leu Ala Ser Leu Leu Gly
60 195 200 205

Ile Lys Leu Leu Trp Leu Gly Tyr Val Phe Gly Leu Pro Leu Ala Leu
210 215 220
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GGGTCATGAA ACTTACTCAT ATTATGGEECC TCTGAATTTA CTTACCTTCA ATGIGGGITA 720
TCATAATGAA CATCATGATT TCCCCAACAT TCCTGGAAAA AGICTTCCAC TGGTGAGGAA 780
AATAGCAGCTWOMBREGHRATG ACAACCTCCC TCACTACAAT TCCTGGATAA AAGTRETRS/074840
TGATTTTGIG ATGGATGATA CAATAAGICC CTACTCAAGA ATGAAGAGGEC ACCAAAAAGG 900
AGAGATGGTG CTGGAGTAAA TATCATTAGI GCCAAAGGGA TTCTTCTCCA AAACTTTAGA 960
TGATAAAATG GAATTTTTGC ATTATTAAAC TTGAGACCAG TGATGCTCAG AAGCTCCCCT 1020
GGCACAATTT CAGAGTAAGA GCTCGGTGAT ACCAAGAAGT GAATCTGECT TTTAAACAGT 1080

10

15

20

TCATTGAGGA TOTTTCAIE G CTar A THR ATARCE ATATCAH T" AR YT 551200 25

AAAAAGCTAT TTCGCCAGG 1219
(2) | NFORVATI ON FORMSE@r |GDy NQe3@&l 8 Cys Thr Ile Phe Mgk )LeSBQJEMNGEVal Leu
CHARACTERI STI CS: 245 (A) LENGTH 2885 base pairs 253
(B) TYPE: nucleic O,.S e 35
(D) TOPOLOGY: i neg?‘J %ez The g’gg Fhe I<elui ')thﬁ\/é‘t é@@%@l ?ﬁgr Jf PP acid
(Edited @ontig 2153526) 40 (xi) SEQUENCE DESCRI PTI ON: SEQ | D
NO 32: RIACGLT ey AeGHIECEK TR TTCRTECART ThA T GGoASEE Al ICCCTG
AAAGCTTCCT 60 45 275 GGGCCT TTTC T‘IESATAGT CA GGITCERBSGA AAGCAACTGG
TTTGTGTGEG TGACACAGAT 120 CCATATT, TGCACA TTGATCATGA
CECRECTP AePpiE §be cys Gl &rcc
ACAAGT gﬁﬂg CT TCAATGAC TCAGTG GACA CAA 240 CT TCCAGATT

GAGCACCATC TTTTTCCRAE néA HoeGRGGe CAARIN ACC cACAANGLSH:s 1y308ko Gin Leu

TCCCCTGGTG CAGICCTBEI GIGCCAAGCA TBECATAGAG TACCAGIECA AGCCCCTGCT320 360 55

GTCAGCCTIC GOOGACATCA TCCACTCACT AAAGGAGTCA GGGCAGCTCT GGCTAGATGC 420
CTATCTTCAC CAATAACAAE PABCEACCCTEY S BABICTEG:S %%@@Y&&A Lys 480
GGAGCCAAGG CAGAGGGGAG CTTGAGGGAY “AATGCCACTA TAGTTTAATA CTCAGA 540

Val Tyr Pro Thr Phe Lys Ala Ala Ile Ala Ser Asn Tyr Arg Trp Leu

340 345 350
25
Glu Ala Met Gly Lys Ala Ser
355
30 {2) INFORMATION FOR SEQ ID NO:18:
{1} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 365 amino acids
(B) TYPE: amino acid
(C} STRANDEDNESS: not relevant
35 (D) TOPOLOGY: linear
{ii) MOLECULE TYPE: peptide
40
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:
Met Thr Ser Thr Thr Ser Lys Val Thr Phe Gly Lys Ser Ile Gly Phe
45 1 5 10 15
Arg Lys Glu Leu Asn Arg Arg Val Bsn Ala Tyr Leu Glu Ala Glu Asn
20 25 30
50 Ile Ser Pro Arg Asp Asn Pro Pro Met Tyr Leu Lys Thr Ala Ile Ile
35 40 45
Leu Ala Trp Val Val Ser Ala Trp Thr Phe Val Val Phe Gly Pro Asp
50 55 60
55
Val Leu Trp Met Lys Leu Leu Gly Cys Ile Val Leu Gly Phe Gly Val
65 70 75 80
Ser Ala Val Gly Phe Asn Ile Ser His Asp Gly Asn His Gly Gly Tyr
60 85 90 95
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GITGEGITTG GGGACATAAA GCCTCTGACT CVAACTCCTC CCTTTTATCT TCTAGCCACA 600

-1 57- PCT/ US98/ 07421 GTTCTAAGAC CCAAAGTGGG
GGGT GGACAGNOGHAETBECCT AGGAGGGAAG GAGCT 655 5  PCT/p§8/07421
| NFORMATI ON FOR SEQ | D NO: 33: (i) SEQUENCE CHARACTERI STI CS:
EE iR o hererbor e
I nhear
(1i) MOLECULE TYPE: other_nuc]| e| c aC| d Edi ted Co 35061
(xi ) SEQUENCE DESCF?FF"I*IYG\FY’ﬁ  Tye T;g‘; 22y (5@‘??&3&%
CTGGATTCCT ACCCTCATCA GT CCTTGCTACC TCTCAGGCCC

AAGCTCGATG GCTGCAAGAL A TVAT S8 CEe AT GICTed 1ed. A@A%Ams A20V&0 Leu His
CCCAAGTGE\ ACCACCTTGI CCAUAAATTC GICATTGIRE ACTTAAAGGG T@?CT CTGCC 180

AACTGGTGGA ATCATCGCCA CTTCCAGCAC CACGCCAAGC CTAACAT T 240 25

COOGATGTGA ACATGCTCEA PRSTRFTTREMSTCTERSLRAY feach édﬁgl A“’%oo

/(A?)GAI NFORYATI ON FOR1QECRu! #21NRE S 4 o0 >0
185(dul 1 et Ser Pro Ser Met Gl JyrSEQUENCEyr His Arg

CHARACTERI STI Cs: 145 1600) LENGTH 918i3%ase pairs 160

(B) TYPE: nucleic acid 35 C) STRANDEDNESS;

(D) TOPOLOGY: |ineafy= Sin His Trp Phe Ite TP LngWE?heofheeEr?laﬁ ert acid

(Edited (fgnti g 3854933)
Trp Ser Ile Ala Asp Val Gln Thr Met Leu Phe Lys Arg Gln Tyr His

180 185 190
Asp His Glu Ile Pro Ser Pro Thr Trp Val Asp Ile Ala Thr Leu Leu
20 195 200 205
Ala Phe Lys Bla Phe Gly Val Ala Val Phe Leu Ile Ile Pro Ile Ala
210 215 220
25 Val Gly Tyr Ser Pro Leu Glu Ala Val Ile Gly Ala Ser Ile Val Tyr
225 230 235 240
Met Thr His Gly Leu Val Ala Cys Val Val Phe Met Leu Ala His Val
245 250 255
30
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
35 275 280 285
Asn Thr Ile Ile Asn Trp Tyr Val Gly Gly Leu Asn Tyr Gln Thr Val
290 295 300
40 His His Leu Phe Pro His Ile Cys His Ile His Tyr Pro Lys Ile Ala
305 310 315 320
Pro Ile Leu Ala Glu Val Cys Glu Glu Phe Gly Val Asn Tyr Ala Val
325 330 335
45
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
50 355 360 365

(2) INFORMATION FOR SEQ ID NO:19:

(1) SEQUENCE CHARACTERISTICS:
55 (A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D} TOPOLOGY: linear.

60 {ii) MOLECULE TYPE: other nucleic acid
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40 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 34: CAGGGACCTA
COCCGOGCTA CTTCACCTGG GACGAGGTGG CCCAGOGCTC AGGGTGOGAG 60

GAGCGGTGGC WREHEISEGA COGTAAGGTG TACAACATCA GOGAGTTCAC COGCRGEUSPS/742h 45
CCAGGGGGCT CCOGGGTCAT CAGCCACTAC GCCGGEGCAGG ATGOCACGGA TCCCTTTGTG 180
GOCTTCCACA TCAACAAGGG CCTTGTGAAG AAGTATATGA ACTCTCTCCT GATTGGAGAA 240 50
CTGTCTCCAG AGCAGCCCAG CTTTGAGOCC ACCAAGAATA AAGAGCTGAC AGATGAGTTC 300
CGGGAGCTGC GGGCCACAGT GGAGCGGATG GGGCTCATGA AGGOCAACCA TGTCTTCTTC 360
CTGCTGTACC TGCTGCACAT CTTGCTGCTG GATGGTGCAG CCTGGCTCAC CCTTTGGGTC 420 55
TTTGGGACGT CCTTTTTQLS SHobeldeChaser a6 Ostsso HeTTGAGTGC AGTTCAGRCC 480
CAGGCTGGCT GGCTGCAGCA TGACTTTGGG CACCTGTCGG TCTTCAGCAC CTCAAAGTGG 540 60
AACCATCTGS TACAW‘FQTFCTGFWGIRZTWW CAGT'IC';AGGTCA% 22105
AACCACATGC ACTTCCAGCA CCATGOCAAG CCCAACTGCT TOCGCAAAGA CCCA

PCT/ US98/ 07421 ‘%) INFORMATION FOR SERTH-RI@OCCTTCTTCTT TGOCTTGEGG AAGATCCTCT
CTGTGGAGCT TGGGAAACAG segfRfce cuaracTerT SAGMAAAAAT ATATGCCGTA CAACCACCAG

CACARATAQD TCTTCCTAAT THPXENGERA32 ba8S padrs GCCTTGCTGC CTCTCTACTT
CCAGTGGTAT ATTTTCTATT TUSTTYPECGAcGECAMGAAG 840 TGGGTGGACT
TGGCCTGGAT CAGCAAACAG GHATAXBANORONEIRGCH®GI-T TCCATTGICC 900 10
ACCGCAAATG CTTCTAAA (D} TOPOLOGY: linear 018
(2) | NFORATI ON' FOR; SEQeBuNOr3S: ochr nucietc acia(i) SEQUENCE

CHARACTERI STI CsS: (a) DESCRIPTION:( AdeskENGS: thé&%%ﬁ@&ﬂxc@@dt&&e"

(B) TYPE: nucleic acid (C) STRANDEDNESS: single

(D TOPOLOGY: |inear
{ix) FEATURE:

20 (R) NAME/KEY: misc_feature
(B} LOCATION: 21
(D) OTHER INFORMATION: /number= 1
/note= "N=Inosine or Cytosine"

25 (ix) FEATURE:
(A) NAME/KEY: misc_feature
(B) LOCATION: 27
(D) OTHER INFORMATION: /number= 2
/note= "N=Inosine or Cytosine"

30

(xi) SEQUENCE DESCRIPTION: SEQ ID N0O:20:

35 CUACUACUAC UACAYCAYAC NTAYACNAAY AT 32

{2) INFORMATION FOR SEQ ID NO:21:

{1} SEQUENCE CHARACTERISTICS:
(A} LENGTH: 27 base pairs
40 (B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(1i) MOLECULE TYPE: other nucleic acid
45 (A} DESCRIPTION: /desc = "Synthetic oligonucleotide”

(ix) FEATURE:
(A) NAME/KEY: misc_feature
50 (B) LOCATION: 13
{D} OTHER INFORMATION: /number= 1
/note= "N=Inosine or Cytosine”

(ix) FEATURE:
55 (A) NAME/KEY: misc_feature
{(B) LOCATION: 19
(D) OTHER INFORMATION: /number= 2
/note= "N=Inosine or Cytosine"

60
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2%i:
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20

(ii) MOLECULE TYPE: ot her

nucleic acid (Edited Contig

2511785) (xi) SEQUENCE DESCRI PTION: SEQ ID NO 35: 25
GCCACTTAAA WOOBBEBICT GCCAACTGGT GGAATCATCG CCACTTCCAG CACCARGBAISA8/07425(
AGCCTAACAT CTTCCACAAG GATCCCGATG TGAACATGCT GCACGIGITT GITCTGGEGECG 120
AATGGCAGCC CATCGAGTAC GGCAAGAAGA AGCTGAAATA CCTGCCCTAC AATCACCAGC 180
ACGAATACTT CTTCCTGATT GGGECCGCCGEC TGCTCATCCC CATGTATTTC CAGTACCAGA 240
TCATCATGAC CATGATCGIC CATAAGAACT GGGTIGGACCT GGCCTGGEECC GICAGCTACT 32_8
ACATCCGGTT CTTCATEAREAMALRYERM FEFMEcGCAT CCTGGRAGCC CTCCTTTTCC 3
TCAACTTCAT CAGGT [Ch{eokaiaSi-eRC Ee&eh TNd2153TG GGTCACACAG ATGAATCACA 420
TCGTCATGGA GATTGACCAG GAGGCCTACC GIGACTGGIT CAGTAGCCAG CTGACAGCCA 480
CCTGCAACGT S GGAGCAGTCG ) TSEQTIRCAACBRIMIERETTCAG TGGACACCTT AACTTCCAGA 540
TTGAGCACCA CCTCTTCCCC ACRATENERIC ICLATARTFF ACACAAGATC GCCCCGCTGG 600
TGAAGICTCT ATGTGCCAAG N g ACCA GAAGCCGCTA CTGAGGGECCC 660
TGCTGGACAT CATCAGGTICC GITGGECTGGAC GCCTACCTTC 720
ACAAATGAAG) CCACAGCCCC CACCG TGEEGAAGEG GTGCAGGTGG GGTGATGEECC 780
AGAGGAATGA TGGGECTTTIG) THATEGABAHEE T CEEGAGACLGEEEET GTAT GCACTGCTCA 840
CGGACCCCAT GITGGATCTT TCTCCCTTTC TCCTCTCCTT TTTCTCTTCA CATCTCCCCC 900
ATAGCACCCT GCCCTCATGG GACCTGCCCT CCCTCAGCCG TCAGCCATCA GCCATGGECCC 960
TCCCAGT 5 TCCTAGCCCC TTCTTCCAAG GAGCAGAGAG GTGECCACCG GGBGGTGECTC 1020
TGTCCTACCT ~ CCACTCTCT3 ) Chgomi 6 cREREh A1 SROGEGGTCC ATGGGTCTGG 1080
CCTGTGAGIC TCCCCTTGCA GCCTGGTCAC TAGGCATCAC CCCCCGCTTTG GITCTTCAGA 1140
-159- PCURCURSYATL WAEGKGTCCT CTACGGTGTT TTG 33
20 (2) INFORMATION FOR SEQ ID NO:23:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
(B) TYPE: nucleic acid
25 (C) STRANDEDNESS: single
{D} TOPOLOGY: linear
{ii) MOLECULE TYPE: other nucleic acid
30
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:
35 CAUCAUCAUC AUATGATGCT CAAGCTGAAA CTG 33
(2} INFORMATION FOR SEQ ID NO:24:
{i)} SEQUENCE CHARACTERISTICS:
40 (A) LENGTH: 5 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: not relevant
(D) TOPOLOGY: linear
45 {ii) MOLECULE TYPE: peptide
50 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:
Gln Xaa Xaa His His
1 5
55 {2) INFORMATION FOR SEQ ID NO:25:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 39 base pairs
{B} TYPE: nucleic acid
60 (C) STRANDEDNESS: single

(D) TOPOLOGY: linear
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TGCTCTTGEG GITCATAGEG GCAGGTCCTA GICGGGECAGG GCCCCTGACC CTCCCGECCT
GCCTTCACTC TCCCTGACGG CTGCCATTGG TCCACCCTTT CATAGAGAGG CCTGCTTTGT

1200
1260

TACAAAGCT VGEEHEELCCT CCTGCAGCTC GGTTAAGTAC CCGAGGCCTC TCTPEA®SH743820

TCCAGGGCCC CAGGCCCGOG GGCACAGOCA GCCCAAACCT TGGGCCCTGG AAGAGTCCTC
CACCCCATCA CTAGAGTGCT CTGACCCTGG GCTTTCACGG GOCCCATTCC ACCGCCTCCC
CAACTTGAGC CTGTGACCTT GGGACCAAAG GGGGAGTCCC TCGTCTCTTG TGACTCAGCA
GAGGCAGTGG CCACGTTCAG GGAGGGGECCG GCTGGCCTGG AGGCTCAGCC CACCCTCCAG
CTTTTCCTCA GGGTGTEEP'AEETECAREA FPETERACEA 2RTCTGACCCT TCTCCAAAGG
CTCTGTTATC AGCTGGGCAG TGOCAGCCAA TCCCTGGCCA TTTGGCCCCA GGGGACGTGG

1380
1440
1500
1560
1620
1680

GCCCTG 1686

(2) | NFORMATION FOR SEQ ID NO. 36: 25 (i) SEQUENCE
CHARACTERI STI CS:  (xi) SEQUENCE DESCRIPTIONY) SEENBMNG:29%:843 base pairs

(B) TYPE: nucl gjc ' RANDEDNESS: si ngl e
(D) TOPOLOGY: e FSS@%OUACTCG"GCA AGATGGEAAL) GC{O&"@%

(Conti g 18535) (2) inFomrMATION HOXiSEQSIEMENEE DESCRI PTI ON: SEQ | D NO 36:

GTCTTTTACT TTGGCAATGG CTGGATTCCT ACCCTCATCA CGGCCTTTGT CCTTGCTACC
TCTCAGGCCC AAGCTGGANGSTRVRSEEARIRECTERTIITEEGCC ACCTGTCTGT CTACAGAAAA
CCCAAGTGGA ACCACCTTGT KT e SPEAPREFSCC ACTTAAAGGG TGOCTCTGOC
AACTGGTGGA ATCATCGCCA (AT RCUGGAAGC CTAACATCTT CCACAAGGAT
CCCGAT ACATGCTGCA phibavt GiHGhK T GGCAGCCCAT CGAGTACGGC
AAGAAGAAGC TGAAATACCT GCCCTACAAT CACCAGCACG AATACTTCTT CCTGATTGGG
CCGOCGCTGC TCATCCOCAT MERSTIE CTAG TAEEAGATGA FKGATGACCAT GATCGTCCAT
AAGAACTGRG TGGACCTGGC CTGGGCOGTC AGCTACTACA TCCGGTTCTT CATCACCTAC
ATCCCTTFET ACGGCATCCT GGGAGCCCTC CTTTTCCTCA ACTTCATCAG GTTCCTGGAG

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:26:
25 CAUCAUCAUC AUCTCGAGCT ACTCTTCCTT GGGACGGAG
{(2) INFORMATION FOR SEQ ID NO:27:
{1} SEQUENCE CHARACTERISTICS:

30 (A) LENGTH: 47 base pairs

(B} TYPE: nucleic acid

{C) STRANDEDNESS: single

(D) TOPOLOGY: linear

35 (ii) MOLECULE TYPE: other nucleic acid

40 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:27:
CUACUACUAC UATCTAGACT CGRGACCATG GCTGCTGCTC CAGTGTG

(2) INFORMATION FOR SEQ ID NO:28:

45
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 40 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
50 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid
55
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:
60 CAUCAUCAUC AUAGGCCTCG AGTTACTGCG CCTTACCCAT
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AGCCACTGGT TTGIGTGGEGT CACACAGATG AATCACATCG TCATGGAGAT TGACCAGGAG 600 55
GCCTACCGTIG ACTGGTITCAG TAGCCAGCTG ACAGCCACCT GCAACGTGGA GCAGTCCTTC 660
TTCAACGACT werH8746#6dT GG ACACCTTAAC TTCCAGATTG AGCACCACCT CTTOBpe8/0742120 60
ATGCCCCGEC ACAACTTACA CAAGATCGECC CCCCTGGIGA AGTCTCTATG TGCCAAGCAT 780
GGCATTGAAT ACCAGGAGAA GCCCGCTACTG AGGEGECCCTGC TGGACATCAT CAGGTCCCTG 840

- 160- PCT/ US98/ 07421 AAGAAGTCTG GGAAGCTGTG GCTGGACGCC
TACCTTCACA AATGAAGCCA CAGCCCCCGG 900 GACACCGTGG GGAAGGGGTG
CAGGTGGGGT GATM@RWT%@? EPPIIITC 960 5 TGAGGGGTGT

COGAGAGGCT GGTGTATngF CAGRRACEGRALGTT GGATCTTTCT 1020
CCCTTTCTCC TCTCCTTT CT EGAGA T3 7B S4eChGATA GCACCCTGOC CTCATGGGAC 1080 10

CTGCCCTCCE TCAGCCGTCA GBCATEAGEERIATEEEGCTCC CAGTGCCTCC TAGCCCCTTC 1140
TTCCAAGGAG CAGAGAGGTG G@CWF@?&B@M;’FGT CCTACCTCCA CTCTCTGCCC 1200
CTAAAGATGG GAGGAGACCA &EEFGGCCT GTGAGTCTCC CCTTGCAGCC 1260 15
TGGTCACTAG GCATCA T TGGGGTT CATAGGGGCA 1320
GGTCCTAGT6 GGGCAC% %&% %%%% %;r CTCTCC CTGACGGCTG 1380 20
CCATTGGICC ACCCTTTGAT AGAGREGRETRIBCIONE GGERAED ARGCTCGGG TCTCCCTCCT 1440
GCAGCTCGGT TAAGTACCCG AGGCCTCTCT TAAGATGTCC AGGGCCCCAG GCCCGCGGGC 1500
ACAGCCAGCC CAAACCTTGG. GOCCTGGAAG AGTCCTCCAC CCCATCACTA GAGTGCTCTG 1220 25
ACCCT TTCACBERSE? SRR EERCES LT EE AR ETTGAGCCTG TGACCTTGGEG

ACCAAA GAGTCCCTCG TCTCTTGTGA CTCAGCAGAG GCAGTGGCCA CGTTCAGGGA 1680 30
GGGGCCGGCT GOCCTCARORGTITACEEICAE) GOTHECAGCTT TTCCTCAGGG TGTCCTGAGG 1740

{i) SEQUENCE CHARACTERISTICS:
20 (A) LENGTH: 42 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

25 {ii) MOLECULE TYPE: other nucleic acid

(xi) SEQUENCE DESCRIPTION: SEQ ID NWO:30:

30 CAUCAUCAU CAUGGTACCT CGAGTTACTT CTTGAAAAAG AC 42

{2) INFORMATION FOR SEQ ID NO:31:

35 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1219 base pairs
(B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(P} TOPOLOGY: linear

40 (ii) MOLECULE TYPE: other nucleic acid (Edited Contig 2692004)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:31:
45
GCACGCCGAC CGGCGCCGGG AGATCCTGGC AAAGTATCCA GAGATAAAGT CCTTGATGARA 60
50 ACCTGATCCC AATTTGATAT GGATTATAAT TATGATGGTT CTCACCCAGT TGGGTGCATT 120
TTACATAGTA AAAGACTTGG ACTGGAAATG GGTCATATTT GGGGCCTATG CGTTTGGCAG 180
55 TTGCATTAAC CACTCAATGA CTCTGGCTAT TCATGAGATT GCCCACAATG CTGCCTTTGG 240
CAACTGCAAA GCAATGTGGA ATCGCTGGTT TGGRATGTTT GCTAATCTTC CTATTGGGAT 300
TCCATATTCA ATTTCCTTTA AGAGGTATCA CATGGATCAT CATCGGTACC TTGGAGCTGA 360
60 TGGCGTCGAT GTAGATATTC CTACCGATTT TGAGGGCTGG TTCTTCTGTA CCGCTTTCAG 420

AAAGTTTATA TGGGTTATTC TTCAGCCTCT CTTTTATGCC TTTCGACCTC TGTTCATCAA 480
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TCCAAGATTC TGGAGCAATC TGACCCTTCT CCAAAGGECTC TGITATCAGC TGGGCAGIGC 1800

CAGCCAATCC CTGGCCATTT GGCCCCAGGG GACGTGEECC CTG 1843 35
wW9s/46MBORVATI ON FOR SEQ | D NO 37: RET/USHBOTRNCE

CHARACTERISTICS 40 (A) LENGTH 2257 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single

(D) TOPOLOGY: linear 45 (i1) MOLECULE TYPE: other nucleic acid

(Edited Contig 253538a) (xi) SEQUENCE DESCRI PTI ON: SEQ I D

AGoTaconG 6o B R e e KRRl ERARASTE TR Tk

GCGAGITCAC CCCm@Em'fAT TACEITTTGG GAATTANATAGTEASTETInc(XICTHEGEAN EASATEHCACT AGo
GCCGGGCAGEH ATGCCACGGA TCCCTTTGTG 180 55 GCCTTCCACA TCAACAAGCG
CCTTGTGAAG AAGTIRFAITESCACTERCTRETTIIATIBCRGARTATIGRT GAGCATTACA TETISTEPACAGSO

R TR RPERTR 92D

CTCCTGTA¢Y TGCT@@MEAQEK&E&HE&@&EQ&I@@%&M@MEC@EE&M@ 7420
-161- PCT/ US98/ 07421 TTTGGGACGT CCTTTTTGCC CTTCCTCCTC
TGTGCGGTGC TCCTRABTBECAGCHIIBATISGRCARGGITCC TCACTACMTCIW@G@T GAERTTEIBT GEAD

ACATGATTAT GGCCACCTGI CTGICTACAG 540 CCA
TTGTCCACR ATTCHAERE A AR SR BGHRGACEC AGEARRRRLS 300
TGGAATCATC GCCALch &AL ad 65 S AR T AR IR E Nt A RGO Pt A RS Edealsh K60

TGATARAATG GAATTTTTGC ATTATTAAAC TTGAGACCAG TGATGCTCAG RAGCTCCCCT 1020

20 GGCACAATTT CAGAGTAAGA GCTCGGTGAT ACCAAGAAGT GAATCTGGCT TTTAAACAGT 1080
CAGCCTGACT CTGTACTGCT CAGTTTCACT CACAGGARAC TTGTGACTTG TGTATTATCG 1140

TCATTGAGGA TGITTCACTC ATGTCTGTCA TTTTATAAGC ATATCATTTA AAAAGCTTCT 1200

2 AAARAAGCTAT TTCGCCAGG 1219
30 (2) INFORMATION FOR SEQ ID NO:32:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 655 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
35 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid (Edited Contig 2153526)

40 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:32:

45 TTACCTTCTA CGTCCGCTTC TTCCTCACTT ATGTGCCACT ATTGGGGCTG AARGCTTCCT 60
GGGCCTTTTC TTCATAGTICA GGTTCCTGGA AAGCAACTGG TTTGTGTGGG TGACACAGAT 120
GAACCATATT CCCATGCACA TTGATCATGA CCGGAACATG GACTGGGTTT CCACCCAGCT 180

50 CCAGGCCACA TGCAATGTCC ACAAGTCTGC CTTCAATGAC TGGTTCAGTG GACACCTCAA 240
CTTCCAGATT GAGCACCATC TTTTTCCCAC GATGCCTCGA CACAATTACC ACAAAGTGGC 300

55 TCCCCTGGTG CAGTCCTTGT GTGCCARGCA TGGCATAGAG TACCAGTCCA AGCCCCTGCT 360
GTCAGCCTTC GCCGACATCA TCCACTCACT AAAGGAGTCA GGGCAGCTCT GGCTAGATGC 420
CTATCTTCAC CAATAACAAC AGCCACCCTG CCCAGTCTGG AAGAAGAGGA GGAAGACTCT 480

60 GGAGCCAAGG CAGAGGGGAG CTTGAGGGAC AATGCCACTA TAGTTTAATA CTCAGAGGGG 540

GTTGGGTTITG GGGACATAAA GCCTCTGACT CAAACTCCTC CCTTTTATCT TCTAGCCACA 600

-157-



GIGAACATGC TGCACGTGIT
AAGCTGAAAT ACCTGCCCTA
CTGCTCATCC wicA8/asméd T T
TGGGTGGACC TGECCTGEEC
TTCTACGGECA TCCTGGGAGC

TGTTCTGEEC GAATGGCAGC CCATCGAGTA CGGCAAGAAG
CAATCACCAG CACGAATACT TCTTCCTGAT TGGEECCCCCG

CGTCAGCTAC TACATCCGGT TCTTCATCAC CTACATCCCT
CCTCCTTTTC CTCAACTTCA TCAGGITCCT GGAGAGCCAC
TGGTTTGIGT GGGTCACACA GATGAATCAC ATCGICATGG AGATTGACCA GGAGGCCTAC
CGTGACTGGT TCAGTAGCCA GCTGACAGCC ACCTGCAACG TGGAGCAGTIC CTTCTTCAAC

COCCACAACT TACAERRRI AR R A T TSR AT CrCAT T

GAATACCAGG AGAAGCCGCT ACTGAGGGCC CTGCTGGACA TCATCAGGTC CCTGAAGAAG
TCTGGGAAGS TGTGEGT GEARBACEHT AQTEEQ GAGRAATGAA GCCACAGCCC CCGGGACACC
GTGGGGAAGG GGTGCAGGTG GGGTGATGGC CAGAGGAATG ATGGGCTTTT GTTCTGAGGG
" EETCA TGTTGGATCT TTCTCCCTTT

TAIGARCCE TGOCCTCATG GGACCTGOCC
o - CTCCTAGCCC CTTCTTCCAA
GGAGCAGAGA GGTGGOCACC (IBPGRSBOIAET: QERFGCTACC TOCACTCTCT GOCOCTAAAG
ATGGGAGGAG ACCAGCGGTC CATGGGTCTG GOCTGTGAGT CTCCOCCTTGC AGCCTGGICA
CTAGGCATCA CCCCCGCTHY VRTEGULETEYRE: /othemetiets acid cRdiAes ersacsresy)
AGT GACG GCTGCCATTG
STOAGOCTT TeATAGACAT, PSR A AR S° REH Crone TOLTOCAGLT
CGGTTAAGTA COCGASTETCE HTEIAAGEST ¢ EERPABEGEE HEAGCCROGE TETRCAGATET
AGCCCAAACC TTGGGCCCTG GAAGAGTCCT CCACCCCATC ACTAGAGTGC TCTGACCCTG
GGCTTTCA GGCCTE I RFESCEABCEISEA T CEXEAPRERT (FRETRICFEST AREECTCTRBIACRSANA

CCTGOOCTG AT RIS E R i e SR iR T R R

ATTCTGGAGC AAT ChA#GELsGA THZEREARLACECTRTCAT TAECEPARELT CEKECAT (BT GLEABCEAT

ATCCCTGECC ATTTGGECCCC AGGGEGACGTG GECCCTG 2
25 CCCGATGTGA ACATGCTGCA CGTGTTTGTT CTGGGCGAAT GGCAGCCCAT CGAGTACGGC

ARGA

30 (2) INFORMATION FOR SEQ ID NO:34:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 918 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

35

(ii) MOLECULE TYPE:

40 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:34:

CCAGTACCAG ATCATCATGA CCATGATCGT CCATRATINSL8/0743140

other nucleic acid (Edited Contig 3854933)

45

50

55

60

CAGGGACCTA

GAGCGGTGGC

CCAGGGGGCT

GCCTTCCACA

CCCCGCGCTA

TAGTGATCGA

CCCGGGTCAT

TCAACAAGGG

CTGTCTCCAG AGCAGCCCAG

CGGGAGCTGC
CTGCTGTACC
TTTGGGACGT
CAGGCTGGCT
AACCATCTGC

BRACCACATGC

GGGCCACAGT

TGCTGCACAT

CCTTTTTGCC

GGCTGCAGCA

TACATCATTT

ACTTCCAGCA

CTTCACCTGG

CCGTAAGGTIG

CAGCCACTAC

CCTTGTGAAG

CTTTGAGCCC

GGAGCGGATG

CTTGCTGCTG

CTTCCTCCTC

TGACTTTGGG

TGTGATTGGC

CCATGCCAAG

GACGAGGTGG CCCAGCGCTC AGGGTGCGAG_

TACARACATCA GCGAGTTCAC
GCCGGGCAGG ATGCCACGGA
AAGTATATGA ACTCTCTCCT
ACCAAGAATA AAGAGCTGAC
GGGCTCATGA AGGCCAACCA
GATGGTGCAG CCTGGCTCAC
TGTGCGGTGC TGCTCAGTGC
CACCTGTCGG TCTTCAGCAC
CACCTGAAGG GGGCCCCCGC

CCCBACTGCT TCCGCAAAGA
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CCGCCGGCAT
TCCCTTTGTG
GATTGGAGAA
AGATGAGTTC
TGTCTTCTITC
CCTTTGGGTC
RAGTTCAGGCC
CTCAAAGTGG
CAGTTGGTGG

CCCAGACATC

720 10

780

15
900
960

1020

1080

0
B0
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
280 55
21430
2160
2220 60

57
300

20
25

30
35

40

45

50

304

60.
120
180
240
300
360
420
480
540
600
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NO: 38:

LENGTH: 41Wo=ssrsemsd4aci ds
(C) STRANDEDNESS:

Gu lle Leu Ala Lys Tyr

10

Trp lle lle Il

30

35 5

Il e Phe

55

Gulle

75 25

80

Prolle Gy

100

Leu Gy a

120 £

125

Phe Ile Trp

145

Lys Pro e

165

170

Gy lle Lys

190 23
30
35
40
45
50
55
60

60
Al a Hj STGCGTGGACT TGGCCTGGAT(éQGCAAACA

Ser

PCT/ US98/ 07421
(i) SEQUENCE CHARACTERI STICS: 5

(B) TYPE: am no P€O/p98/07421
(D TOPOLOGY:
(ii1) MOLECULE TYPE: amino acid (Translation of Contig 2692004)
(xi) SEQUENCE DESCRI PTION: SEQ I D NG 38:

si ngl

e

Pro Qu

Ile

Ser

Asn Hi s Met Thr
G GAQ%%CGATG AAGCCGGGCT TCCATT%ﬂSC

10 Asn A@hecpﬁh@s Bhgpidsy Asn Cys Lys Ala Met Trp Asn Arg Trp khe
90

(2)

15

i near

| NFORVATI ON FOR SEQ I D

10

Hs Ala Asp Arg Arg Arg
5

eAACATGC%’?C cerrerert e cTikGd %Ngcwcr YerdaRad® Rede Eggﬁi” Lsg 11e
Met ph@im‘:(ﬂh h@MGE&HTAQﬁcé&%&&ﬂm&kﬂcf’%d&hﬂ 8caéatedels Aep 20

Leu Asp Trp Lys Trp Val
dy ,Ajggcmyqscwﬁqacp¢ﬂgwxgry GABTGGTAT ATTTTCTATT TTGTTATCCA GCGAAXGAAG

Leu Al a II e Hi s

Ser

840

Gy Met Phe Ala Asn Leu

95

(2) INFQB}‘S‘TION FOR SEQPHB Noy3:Arg Tyr Hi's Met Asp His His Arg Tyr

Ile Pro T r Ser lle
Asp 30
ay val AT

TER TIC

110

kﬂ;s Asp Phe Au Gy Trp Phe Phe

QB) TYPE: nuclexc ac1d 135

| | e Lewcd STRANDBDYESE:

single

115

Cys Thr Ala Phe Arg Lys

140

15(¢DB5rOPOLOGY PR&nERy r AI a Phe Arg Pro Leu Phe Ile Asn Pro

Th
Tyt Lol pRRae T ek oAl 2

(xi} 7$quence pEscripTION: SEbSEb No:35:

Leu Va
GCCACTTAAA
AGCCTAACAT
AATGGCAGCC
ACGAATACTT
TCATCATGAC
ACATCCGGTT
TCAACTTCAT
TCGTCATGGA
CCTGCAACGT
TTGAGCACCA
TGARGTCTCT
TGCTGGACAT
ACAAATGAAG
AGAGGAATGA
CGGACCCCAT
ATAGCACCCT
TCCCAGTGCC
TGTCCTACCT

CCTGTGAGTC

Tyr Met
GGGTGCCTCT
CTTCCACRAG
CATCGAGTAC
CTTCCTGATT
CATGATCGTC
CTTCATCACC
CAGGTTCCTG
GATTGACCAG
GGAGCAGTCC
CCTCTTCCCC
ATGTGCCAAG
CATCAGGTCC
CCACRGCCCC
TGGGCTTTTG
GTTGGATCTT
GCCCTCATGG
TCCTAGCCCC
CCACTCTCTG

TCCCCTTGCA

Leu 40

GCCAACTGGT
GATCCCGATG
GGCARGAAGA
GGGCCGCCGC
CATAAGRACT
TACATCCCTT
GAGAGCCACT
GAGGCCTACC
TTCTTCAACG
ACCATGCCCC
CATGGCATTG
CTGAAGAAGT
CGGGACACCG
TTCTGAGGGG
TCTCCCTTTC
GACCTGCCCT
TTCTTCCARG
CCCCTARAGA

GCCTGGTCAC

GGAATCATCG
TGAACATGCT
AGCTGARATA
TGCTCATCCC
GGGTGGACCT
TCTACGGCAT
GGTTTGTGTG
GTGACTGGTT
ACTGGTTCAG
GGCACAACTT
AATACCAGGA
CIGGGAAGCT
TGGGGAAGGG
TGTCCGAGAG
TCCTCTCCTT
CCCTCAGCCG
GAGCAGAGAG
TGGGAGGAGA

TAGGCATCAC

-159-

Leu Ile Tyr Tyr

CCACTTCCAG

GCACGTGTTT

CCTGCCCTAC

CATGTATTTC

GGCCTGGGCC

CCTGGGAGCC

GGTCACACAG

CAGTAGCCAG

TGGACACCTT

ACACAAGATC

GARGCCGCTA

GTGGCTGGAC

GTGCAGGTGG

GCTGGTGTAT

TTTCTCTTCA

TCAGCCATCA

GTGGCCACCG

CCAGCGGTCC

CCCCGCTITIG

185
CACCACGCCA
GTTCTGGGCG
ARTCACCAGC
CAGTACCAGA
GTCAGCTACT
CTCCITTICC
ATGAATCACA
CTGACAGCCA
AACTTCCAGA
GCCCCCCTGG
CTGAGGGCCC
GCCTACCTTC
GGTGATGGCC
GCACTGCTCA
CATCTCCCCC
GCCATGGCCC
GGGGTGGCTC
ATGGGTCTGG

GTTCTTCAGA

E NV i1 %Bﬁgg%ﬂéy) Il e

Phe Leu

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080

1140



Ala Al a

Ser

Leu Leu Gy Leu Ay Leu Hs Prolle Ser Ay His

200 205 210 Phe Ile Ala Qu H's Tyr
Met Phe Leuybywsiéléy His Gu Thr Tyr PCI/AB598/07421
220 225 45 Ser Tyr Tyr Ay Pro Leu Asn Leu Leu Thr Phe
Asn Val Ay Tyr 230 235
240 His Asn Qu His Hs Asp Phe Pro Asn Ile Pro Ay Lys Ser Leu
245 250 255 Pro Leu Val Arg Lys Ile
'2"62 Ala du Tyr'rspfémAgg rrdhrkdd %ABG’]%QFA RECOGEC: AGGTGCCC?']l'GAC(f_ c'rc%@gc? r Asp
Phe Val Met ASpPgecTTCACTC TCCCTGACGG CTGCCATTGG TEFAZCCTTT CATAGAGAGG CCTGCZI'BQ;T 1260
285 5 Asp Thr Ile Ser Pro Tyr Ser Arg Met Lys Arg His G n Lys Ay
290 TACAAAGRDE GGGTCTCCCT CCTGCAGCTC TGTFABGTAC CCGAGFCGTR/ICIRMPATGe 13@Py * * *
Ile Ser Leu Val _Pro L
310 rdchocgE cRiokcbdtt dedfonsoen froAPT AORESTOR AT M8 Leu
His Tyr %9* ThrcaccccaTca CTAGAGTGCT CTGACCCTGG GOPHEFCACGGE GCCCCATTCC ACCGGRRETC 1440
330 * ok Asp A n *** Cys Ser Qu Ala Pro Leu Ala G n Phe dn Ser
60 CAACTTGAGC C3@EBSACCTT GGGACCAAAG GGGGAGRBZMY TCGTCTCTTG TGACTCAGCA3AES00

* k% %
Iéég Ser Sl(:r val GAGG&GE%@ CAqu;TTCAG C%A%GGSG%CG é;gécsccme AGGc:rrc Gee Aaccc'rccm; 1560
- 163- Perhr k2384 Q;Zé'?s]rcc'rs AGGTCCAAGA TPETGch&M ﬂt‘rs&&:@w hcdaXfceSeis2yal
Ser Leu Thr Ay Asn Leu *** 370
375 LeuCaGTTRYC AFQTGGREAT PECCAGCCAR GCWTG?SCWWCH GSGRAPCTEGY s1440 s
380 385 390 5 Phe Ile Ser Ile %%r Phe
Lys Lys PQu LeuSi¥Ze Ser Tyr Phe Ala 400
405 410 Ar g (2) | NFORMATI ON FOR SEQ I D
NGO 39: 10 (2) 1nrorMATION PERMEDIGE %HARACTERI STI CS: (A

LENGTH: 218 am no aci ds
(O STRAKRBEDNESS:
(i1) MOLECULE TYPE: ani
(xi) SEQUENCE DESCRI PTI

30

35

40

45

50

55

60

(B) TYPE: ami no acid
STNgPREUEMCE CHARACTERISTICS: (D) TOPOLOGY: |inear

%‘ §§E@ gf?ﬁﬂizdﬁs Of Contig 2153526)

(D) TOPOLOGY: linear
{ii} MOLECULE TYPE: other nucleic acid (Contig 2535)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:36:

GTCTTTTACT
TCTCAGGCCC
CCCAAGTGGA
BACTGGTGGA
CCCGATGTGA
AAGARGAAGC
CCGCCGCTGC
AAGAACTGGG
ATCCCTTTICT
AGCCACTGGT
GCCTACCGTG
TTCAACGACT
ATGCCCCGGC

GGCATTGAAT

TTGGCAATGG

AAGCTGGATG

ACCACCTTGT

ATCATCGCCA

ACATGCTGCA

TGAAATACCT

TCATCCCCART

TGGACCTGGC

ACGGCATCCT

TTGTGTGGGT

ACTGGTTCAG

GGTTCAGTGG

ACAACTTACA

ACCAGGAGAA

CTGGATTCCT

GCTGCAACAT

CCACAAATIC

CTTCCAGCAC

CGTGTTTGTIT

GCCCTACAAT

GTATTTCCAG

CTGGGCCGTC

GGGAGCCCTC

CACACAGATG

TAGCCAGCTG

ACACCTTAAC

CAAGATCGCC

GCCGCTACTG

ACCCTCATCA
GATTATGGCC
GTCATTGGCC
CACGCCAAGC
CTGGGCGAAT
CACCAGCARCG
TACCAGATCA
AGCTACTACA
CTTTTCCTCA
AATCACATCG
ACAGCCACCT
TTCCAGATTG
CCGCTGGTGA

AGGGCCCTGC

-160-

CGGCCTTTGT

ACCTGTCTGT

ACTTARAGGG

CTAACATCTT

GGCAGCCCAT

AATACTTCTT

TCATGACCAT

TCCGGTITCTT

ACTTCATCAG

TCATGGAGAT

GCAACGTGGA

AGCACCACCT

AGTCTCTATG

TGGACATCAT

CCTTGCTACC

CTACAGAARA

TGCCTCTGCC

CCACAAGGAT

CGAGTACGGC

CCTGATTGGG

GATCGTCCAT

CATCACCTAC

GTTCCTGGAG

TGACCAGGAG

GCAGTCCTTC

CTTCCCCACC

TGCCAAGCAT

CAGGTCCCTG

60
120
180
240
300
360
420
480
540
600
660
720
780

840



20

1

Ser Phe
20

Val Thr
40

Ser Thr
60 30
65
Anille
85

Leu Val
105

110

Ile H s
130

Adn Pro
150

155

Pro Leu
175

Lys Leu
195

200

Gy Aa
NO 40:
LENGTH:

(O STRAI%EDNESS

-164-

Tyr Leu Leu Arg Pro Leu Leu Pro H's Leu Cys Ala Thr Ile Gy

5 10 15 Ala GQu
LeuwQi99/46%¢ Phe Phe Ile Val Arg Phe Leu Gu 25 PCT/US98/0742)
25 30 Ser Asn Trp Phe Val Trp
Gn Met Asn His Ile Pro Met 35
45 Hs lle Asp H's Asp Arg Asn Met Asp Trp Val
A@n Leu 55
An Vi P,
ﬂ&AJ%G QbRadtBre %TG’E&&C&%C&%’%A& fa Qﬁsd?”cpﬁé&%&eda Ailﬁ) Phe
G u Hi scktagscdiey deARGAEETE CAIGTGGGET GATGGCCAGA GGAATGATGG GchfﬂhTrc 960
5 90 Met Pro Arg His Asn Tyr His Lys Val Ala Pro

A n Ser TGRGGGGTGT CCGAGAGGCT GGTGTATGCA QJGCTCACGG ACCCCATGTT GGATERFTCT 1020

LeUcfUindleR dobedese Chobrblcie ook haChBEE ook VG oRFRAF U1 || |

3o Leuctgcectdcy ®REccedn EEATCAGCC ATGECCCTCC CAGTGCCTCC TAGCAGHRTIC 1140
135 40 Leu Trp Leu Asp Ala Tyr Leu Hs Gn *** dn
Pro CysTTCCAAGGAG CAGAGAGGTG GCCACCGGGG GEGECTCTGT CCTACCTCCA CTCTQREGCC 1200

| PTOcHBhaTER ekt Ahehelo i BB AL it

e th?réﬁ%@Aaaiﬁ éEAﬂbAﬁ&éb N THEETT CTTCAGATGC TCTTGGGGTT CATAEGSGCA 1320
Leu dy Leu Ay Thr *** Ser Leu *** Leu
Leu Pr()sgaqgrnerc GGGCAGGGCC CCTGACCCTC CCGGCCIrBas TTCACTCTCC CTGACGGCTG 9Q380

20 Ile Phe *** Prg G n *** Asp Pro L §#CJ¥ Val Asp_Thr
CCATTGGRSE ACCCTTTCAT AGAGAGGCCTQQ§§T§53TAC ICEGG, CTﬁFQ;Cﬁ$EJ1ﬁ&
GCAGCTCGGT. TARGTACCCG A@éééTCTCTEE%AGATGrcd:KEGdCEEgﬂBNQEEESE&GEE}Q15553 |[)
(1) SEQUENCE CHARACTER
71 am necaggcznyc CAAACCTTGG GCCCTGGAAG Aq@EQTC¢AGDECCR§nB¢na GRTECTE0G 1560

s é 9 TOPOLOGY: | i near
F(gggéqgcscc CCATTCCACC GCCTCCCCAA CTTGAGCCTG TGACCTTGGG 1620

ACCAAAGGGG GAGTCCCTCG TCTCTTGTGA CTCAGCAGAG GCAGTGGCCA CGTTCAGGGA 1680
30 GGGGCCGGCT GGCCTGGAGG CTCAGCCCAC CCTCCAGCTT TTCCTCAGGG TGTICCTGAGG 1740
TCCAAGATTC TGGAGCAATC TGACCCTTCT CCAAAGGCTC TGTTATCAGC TGGGCAGTGC 1800

35 CAGCCAATCC CTGGCCATTT GGCCCCAGGG GACGTGGGCC CTG 1843

(2) INFORMATION FOR SEQ ID NO:37:
(i) SEQUENCE CHARACTERISTICS:
40 (A) LENGTH: 2257 base pairs
{B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
45 {(ii) MOLECULE TYPE: other nucleic acid (Edited Contig 253538a)
{(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37:

CAGGGACCTA CCCCGCGCTA CTTCACCTGG GACGAGGTGG CCCAGCGCTC AGGGTGCGAG 60

30 GAGCGGTGGC TAGTGATCGA CCGTAAGGTG TACAACATCA GCGAGTTCAC CCGCCGGCAT 120
CCRGGGGGCT CCCGGGTCAT CAGCCACTAC GCCGGGCAGG ATGCCACGGA TCCCTTTGIG 180
55 GCCTTCCACA TCAACAAGGG CCITGTGAAG AAGTATATGA ACTCTCTCCT GATTGGAGAA 240
CTGTCTCCAG AGCAGCCCAG CTTTGAGCCC ACCAAGAATA AAGAGCTGAC AGATGAGTTC 300
60 CGGGAGCTGC GGGCCACAGT GGAGCGGATG GGGCTCATGA AGGCCAACCA TGTCTTCTTC 360

CTGCTGTACC TGCTGCACAT CTTGCTGCTG GATGGTGCAG CCTGGCTCAC CCTTTGGGTC 420

-161-



(1i1) MOLECULE TYPE: amino acid (Translation of Contig 3506132)
(xi) SEQUENCE DESCRI PTION: SEQ I D NG 40:
Asn Gy TrpWoes/idsres Thr

10 15
Trp Leu A n H's 10
30 Asp Tyr

35
Ile Ay H's Leu
55

Ala Lys Pro Asn
75

Leu Ile Thr Al a

Phe Val
@y H's Leu Ser Val

40 45 Leu Val His Le/
1@@66@:@; GFTITELECC GTICCTCCTC TGTGCGETGC TGCTCAGTGC AGTTEAGCAG

5
1

Val

Phe Tyr

Phe Ay

PCT/US9847421

25

ceceanBral @arcecrecASAtatéat Ty %g&%@ci‘d& Scrlbérnbh$ A.Eik?hg:c@za@

(| ) SEQUENCE c%ﬁﬂ@#ﬁﬁ?csﬁ%gﬂwgg ccacencabe !

aci ds
STRANDEDNESS:

5Leu Gsym@cacmrmzﬁ:mr@mma& gcqb)crmyaqgg'sscm TGCCAACTGG
NFORMATI ON FOR SE

Leu Ala Thr Ser dn Ala Gn Ala Ay

20
Tyr Arg Lys Pro Lys Trp Asn H s
S PQ%oVaI

Hisgo Hi S

600

| D NO 41

AAGCCTARCA TR TOQBGEY OMSGRM i (650

CCATCGAGTA CGGCAAGAA%CD 720
. I near

creancatee Té@keTctTEcTaMicRe: %&x‘écemc

single

(i) MOLECULE TYEcrcammac@GCchTh Tcrancicans mcaxim@mntor@c&%ﬁﬂ@@@:}cccccc 780
(xi) SEQUENCE DESCRI PTION: SEQ I D NO 41: dy Pro Thr Pro Arg
Tyr Phe Thr Trp BSPTAFEE GEATCHATIT (§GAGTACCAG ATCPfCATGA CCATGATCG CCATABGAAC 840
10 15 T666TGERCC T6aecTaeel! Ehrokdorid ga&écegr%c%éhréﬁtg CHQ%TE&H Valyg! I €
Asp Arg Lys Vval
30 Tyr AsnriddeecsSeccrGtencBherrdturrrée gwﬁzgﬂdasrdar;@u@:'y cGhaacSenc Arego40

35 40 Val Ile Ser H's Tyr Ala
Ay dn A§8 Al a TRRFTTASFF PFGFCRFREA\GHTGAATCAC ATCGTCATGG AGATTGACCA GGAGGGETAC 1020

55 ' n Lys
Tyr Met Asn Ser coreadifer rcacracedd) rhRcER 38{;_46‘31\1&6&% rdokScahd é’r’?&fgﬂc L¥e%o
75 45 Leu LﬂurddTecﬂGch@hAtdremASchcRG arfdagcAdcnaderoriSes dRbenrGtar Priao

80 90 Thr Lys Asn Lys G u Leu
Thr Asp G2% Phe qu(jz\cgagr CATACARGRT AFGECCCGCTG GTGAAGTCTC TATGTGCCAR GCATGGEATT 1200

100 Phe Phe %m&géc AGAAGccGCTTKHTGX@dGc?ng&"GQAJ_XE'Ecn@cﬁ/c;slrg L&c%%eﬂés e ASn

H s Val
120 Leu 1oetcehyéc retscbestaHtctcticert enclaarcaaetccABKscCt \ecdbaackdca 132p

125 30

35

40

45

50

35

60

130
GTGGGGAAGG

GTGTCCGAGA
CTCCTCTCCT
TCCCTCAGCC
GGAGCAGAGA
ATGGGAGGAG
CTAGGCATCA
AGTCGGGCAG
GTCCACCCTT
CGGTTAAGTA
AGCCCAAACC
GGCTTTCACG
GGGGGAGTCC
GGCTGGCCTIG
ATTCTGGAGC

ATCCCTGGCC

GGTGCAGGTG

GGCTGGTGTA

TTTTCTCTTC

GTCAGCCATC

GGTGGCCACC

ACCAGCGGTC

CCCCCGCTTT

GGCCCCIGAC

TCATAGAGAG

CCCGAGGCCT

TTGGGCCCTG

GGCCCCATTC

CTCGTCTCTT

GAGGCTCAGC

AATCTGACCC

ATTTGGCCCC

135

GGGTGATGGC
TGCACTGCTC
ACATCTCCCC
AGCCATGGCC
GGGGGTGGCT
CATGGGTCTG
GGTTCTTCAG
CCTCCCGGCC
GCCTGCTITTIG
CICTTARGAT
GAAGAGTCCT
CACCGCCTCC
GTGACTCAGC
CCACCCTCCA
TTCTCCAAAG

AGGGGACGTG

CAGAGGAATG
ACGGACCCCA
CATAGCACCC
CTCCCAGTGC
CTGTCCTACC
GCCTGTGAGT
ATGCTCITGG
TGGCTTCACT
TTACAAAGCT
GTCCAGGGCC
CCARCCCCATC
CCAACTTGAG
AGAGGCAGTG
GCTTTICCTC
GCTCTGTTAT

GGCCCTG

-162-

ATGGGCTTTT

TGTTGGATCT

TGCCCTCATG

CTCCTAGCCC

TCCACTCTCT

CTCCCCTTGC

GGTTCATAGG

CTCCCTGACG

CGGGTCTCCC

CCAGGCCCGC

ACTAGAGTGC

CCTGTGACCT

GCCACGTTCA

AGGGTGTCCT

CAGCTGGGCA

GTTCTGAGGG

TTCTCCCTTT

GGACCTGCCC

CTTCTTCCAA

GCCCCTAAAG

AGCCTGGTCA

GGCAGGTCCT

GCTGCCATTG

TCCTGCAGCT

GGGCACAGCC

TCTGACCCTG

TGGGACCAARA

GGGAGGGGCC

GAGGTCCAAG

GTGCCAGCCA

1380
1440
1500
1560
1620
1630
1740
1800
1860
1920
1980
2040
2100
2160
2220

2257



Leu Thr Leu Trp Val Phe @y Thr Ser Phe Leu Pro Phe Leu Leu

140 145 150 55 Cys Ala Val Leu Leu Ser
Ala Val A nwawM4ered Ala Ay Trp Leu PGTS98/07421

160 165 Gn Hs Asp Phe Ay His Leu Ser Val Phe Ser
Thr Ser Lys Trp 170 175

180 Asn H's Leu Leu H's Hs Phe Val Ile Ay Hs Leu Lys Gy Ala 60
185 190 195 Pro Ala Ser Trp Trp
Asn Hs Met H s ' .S Sia. 200

05 (quuéangzaﬂﬁ #drSsed b k¥ 165,
PCT/ US98/ 07421 (i) SEQUENCH CRRRASTERDYSIcPhe Arg Lys Asp Pro Asp Ile Asn Met
H s Pro PHe (A) LENGTH: 411 afife acids 220

225 Phe Phe Al afg;;egggn Emg% aFms‘ElgIE?elu Ser Val Qu Leu Ay Lys @n
230 2351 0O 5 Lys Lys Lys Tyr Met Pro
Tyr Asn Hs A n H's Xxx (qjeroplgﬁ'OGYPhlmear 245

250 10 (125 BoLECULE TYPH:Cahihb @cGl ViTPI314i0n AlracdR g lzeuzdamp Leu Tyr
Phe G n Trp Tyr 260 65

270 | | e Phexiy SEQUEECE/RESQRIRIICNn SAR JPLYAs38ys Trp Val Asp Leu Ala 10
275 280 285 Trp Ile Ser Lys @ n
Au Tyr Au 0y J.€ 290

595 y A@ H’ﬂ %19»)4;:'—1&9 Brg AJ‘F éh.u % %;un Ii\&j éll.ysse'rlyr E;/rg Glu Ee

305 15 Ly( 3)5: |1NE@3MQﬂfrlsmoFﬂa SOASD LD 142 Trp Ile Ile Ile (1)
SEQUENCE CHARACTERI STI CS: 20 20 2§ A) LENGTH: 5663%m no aci ds
(B) TYPE: m noMaE |Mdt Val Leu Thr Gln Leu Gly Apy aRANBEBNESS"Y’sPﬁgI e

D) TOPOL | cid

ETr ansl at i on of nt f @ESLf T85§) var 1id ble M.} 'Zr';: RXEE@aﬁéEQﬁSCRI PTI ON:

SEQ | D NO 42: ¢80 11e Aanns ieewd:ymﬁ.gu Ala xSemlAlcauAala Avaprils p Asn His Arg
Hi s Phe 70 75
25 Asn Ala Ala Phe Gly Asn Cys Lys Ala Met Trp Asn Arg Trp Phe
80 85 90
Gly Met Phe Ala Asn Leu Pro Ile Gly Ile Pro Tyr Ser Ile Ser
95 100 105
Phe Lys Arg Tyr His Met Asp His His Arg Tyr Leu Gly Ala Asp
30 110 115 120
Gly Val Asp Val Asp Ile Pro Thr Asp Phe Glu Gly Trp Phe Phe
125 130 135
Cys Thr Ala Phe Arg Lys Phe Ile Trp Val Ile Leu Gln Pro Leu
140 145 150
35 Phe Tyr Ala Phe Arg Pro Leu Phe Ile Asn Pro Lys Pro Ile Thr
155 160 165
Tyr Leu Glu Val Ile Asn Thr Val Ala Gln Val Thr Phe Asp Ile
170 175 180
Leu Ile Tyr Tyr Phe Leu Gly Ile Lys Ser Leu Val Tyr Met Leu
40 185 190 195
Ala Ala Ser Leu Leu Gly Leu Gly Leu His Pro Ile Ser Gly His
200 205 210
Phe Ile Ala Glu His Tyr Met Phe Leu Lys Gly His Glu Thr Tyr
215 220 225
45 Sexr 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
245 250 255
Pro Leu Val Arg Lys Ile Ala Ala Glu Tyr Tyr Asp Asn Leu Pro
50 260 265 270
His Tyr Asn Ser Trp Ile Lys Val Leu Tyr Asp Phe Val Met Asp
275 280 285
Asp Thr Ile Ser Pro Tyr Ser Arg Met Lys Arg His Gln Lys Gly
290 295 300
35 Glu Met Val Leu Glu *** Ile Ser Leu Val Pro Lys Gly Phe Phe
305 310 315
Ser Lys Thr Leu Asp Asp Lys Met Glu Phe Leu His Tyr *** Thr
320 325 330
*** Asp Gln *** Cys Ser Glu Ala Pro Leu Ala Gln Phe Gln Ser
60 335 340 345
Lys Ser Ser Val Ile Pro Axrg Ser Glu Ser Gly Phe *** Thr Val
350 355 360
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1
Hi s
20
Val
40
Asn
60
65
Met
85
Arg
105
110
Leu
130
dn
150
155
Trp
175
H s
195
200
Leu
220
Al a
240

Al a
Leu

Hi s

Thr

Phe

du

Au
50

Phe

Asn

Leu

Tyr

- 166-

250
Phe
270
275
Ser
295

* % %

Phe

Ser Arg

315

5 10 15 Gn Hs
Lys Pro Asn Ile Phe H's Lys Asp Pro Asp Val
WO 98146764 D55 30 Asn Met FETUPYORH phe
Gy Qu Trp dn Prolle Au 35
45 Tyr Ay Lys Lys Lys Leu Lys Tyr Leu Pro Tyr
Gn Hs 50 55

G u ghyr ePh&,.Pbsu ko cld 8eFvka F;reg fem%dre@u}ssh hL@ R0 Met Tyr
365 Phe G r79dyr Anllelle
Met |1 a,e\la‘?alHl'ﬁ: eyrs aAs mid rp* Gly Cys Phe Thr His val Cys His 80

9 380 Val p LewBAla Trp Ala VaBR%®Bet Tyr Tyr lle
Ple || Phe Ile Ser Ile Ser Phe Lys Lys Leuggu Lys Ser Tyr Phe Ala {((
Thz( Tyr 1le Pr 8°%nhe Tyr Gy Il SLeu Ay A a LA Leu Phe Leu 45
115 120 Asn Phe Ile Arg Phe
Ser Hi s¢2]r pnrBheatYod rd% pEYab NdIBo: 125
10 135 G@n Met Asn His Ile Val Met Qu Ile Asp
Al a Tyl‘ Ar g(;\.) SEQUENCE CHARACTERISTICS 140 145
Asp Trp Phe $e§t§ f%sna’l;.i%ﬁ 3P Ala Thr Cys Asn Val Gu Gn
160(c) STRANDEDNESS : smgﬂe65 Ser Phe Phe Asn Asp
$er Gy Hi s LeuipAsrorbiegy1andd 170

180 Gu HIS H s Leu Phe Pro Thr Met Pro Arg
Leu H s LyéngngLECULE TYPE: amino acid (Trpgglation of Contig 215352@90

I1e Alxaiég%é&uh@é BﬁICRM%@eg%gH 5. Ala Lys Hs Ay Ile Qu

Tyr G n Au Lys Pro
Arg Ala Leu Leu Asp Ile Ile Arg 215
Tyr Leuw22én g Pro Le®eeu [ Bya HJ.)SSLdnySy§eIa Shy 1|Ly§lkeu Trp Leu Asp
Leu Hisl 52
25 LyRta«Gla &ex Phe §'e§é;rly Py %Fg“ﬁsb;eTﬁ?l Vel Fef eyt ay Oys Arg
ng;/ &éi%é;p%@%al Trp Val Thr Gln Met Asn His Ile Prg
ﬁ'r y Asp 4y AGn Arg Aané\sp Gy Leu Leu
Gy Vinls Ile Asp His Asp Arg Asn Met Asp2Bfp Val Ser Thr Gln Leu265
Ser Qu Arg Leu ¥8l Tyr Ala Leu %%u Thr Asp ProGN/Et Leu Asp 5
30 Gln Al ghr Cys Asn Val His Lys %SAla Phe Asn Psp. TSEI‘ ro Phe Leu Leu

Phe Ser.Se 90
Se3 Elﬁgg ey Alsiq?hg G':in_l_)'f%e fin H Rig Lea 'IEPE) Pﬁgprgbeu Pro Ser Leu

A n ProMet Pro Arg His Asn Tyr His Lys @&{5Ala Pro Leu val Gln 310

35 95 100 105
Leu Cys Ala Lys His Gly Ile Glu Tyr Gln Ser Lys Pro Leu Leu
110 115 120
Ser Ala Phe Ala Asp Ile Ile His Ser Leu Lys Glu Ser Gly Gln
125 130 135
40 Leu Trp Leu Asp Ala Tyr Leu His Gln *** Gln Gln Pro Pro Cys
140 145 150
Pro Val Trp Lys Lys Arg Arg Lys Thr Leu Glu Pro Arg Gln Arg
155 160 165
Gly Ala *** Gly Thr Met Pro Leu *** Phe Asn Thr Gln Arg Gly
45 170 175 180
Leu Gly Leu Gly Thr *** Ser Leu *** Leu Lys Leu Leu Pro Phe
185 190 195
Ile Phe *** Pro Gln Phe *** Asp Pro Lys Trp Gly Val Asp Thr
200 205 210
50 Glu Val Pro Arg Arg Glu Gly Ala
215
55 (2} INFORMATION FOR SEQ ID NO:40:

{i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 71 amino acids
{(B) TYPE: amino acid
60 {C) STRANDEDNESS: single
{D) TOPOLOGY: linear
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10 Ser Ala Met Ala Leu Pro Val Pro Pro Ser Pro Phe Phe A n Ay

320 325 330 Ala Gu Arg Trp Pro Pro
Gy Val AwWOD#e78er Tyr Leu H s Ser PCAFBS98/07421

340 345 Leu Pro Leu Lys Met Ay Ay Asp G n Arg Ser
Met Ay Leu Ala 15 350 355

360 Cys Qu Ser Pro Leu Ala Ala Trp Ser LeuGIyIIeThr Pro Al a
Egﬁ Ay Phe Ile G(i:%ZF%LE&J@E E’¥%:'Saé‘}in° aciég?(%ranslation o) Cont:.g %gé 9 n Met Leu
385 (xi)38E0uRcE DESCREAPIG oXY :gggﬂg ¥d:90Leu Thr Leu Pro Ala Trp Leu
Hs Ser Pro *** 405

410 5 Ag Leu Pro Leu Val H's Pro Phe Ile Au Arg Pro Ala Leu Leu
g:’g Ala Ala Ar ga]l_‘she §§f B}xﬁrGl rlbsné.'v '513: Ile Pro Thr Leu (%12 T%?:rAlSairSOG y Leu Pro
435 Phe Val 440 ala Thr serl@W NS Gln Alaﬁ%@y\f% 1k Nex@ ﬁ’lspr o Arg Pro Ala
Ay Thr 18 a Ser 20

455 Pr bs:AS‘mr I_Géla !Gsymeprs;r'wap msA&rLyPrPoo Rye T2p A B:LSHI S *** Ser

460 470 %0 Al a Leu %hr Leu Ay Phe

Hs d y Pro Hi éeusg?l TIP'I? LKF&F"%GYB‘IPP& Gly His Leu Lys Gly Ala Ser Ala475

480 15 Asn Trp 4‘%}5 Asn His ArgT s ;ﬁe* Gln ﬁEQSQ/%lMSLﬁ% ggny Thr Lys Ay
Gy Val Pro Arg Leu 65 495

500 Leted 6ty GlerrBailn/rrg GleycBeryiGeyy Hys xval A n G y Ay Ala dy 35
505 510 80 51585 Trp Pro Ay Ay Ser Ala
Hi s Prozlaro Ala Phe Pro G n 3@y Val 520

525 530 Leu Arg Ser Lys Ile Leu Au Gn Ser Asp Pro

Ser Pro Lys Al @) INFORMATION FOR SEQ ID NO:41:935 540

545 40 Leu Leu Ser Ala Ay G@n Cs An Prolle Pro Ay H's Leu Al a
550 (i)55BRUENCE CHARACTERISTICS560 Pro Ay Asp Val Ay Pro
Xxx 2 (A) LENGZR5 30 gmino acids () | NFORMATI ON FCR SEQ I D

NO: 43: ) 5ﬁg,ﬁgggsacgm§g5m STI Cs: (A

LENGTH. 619 am no aci d$m OPOLOGY: linear (B) TYPE: am no acid

(C) STRANDEDNESS: single (D) TOPOLOGY: |i near

(i1) MI3@CULE TYPEn)anIFE@UEBJITmPF( Taransla@ctiqi otrxmfslﬁammg e&R5y 3854933)

(xi) SEQUENCE DESCR| PTLON. SE Val Phe Tyr Phe Gy Asn
Gy Trp Ile Pro TAFHLEERYERE P CRAFHW: S0 1 NO_L’“‘ 5

10 15 -Phe Val Leu Ala Thr Ser An Ala Gn Ala Ay

Trp Leu38 n Hi &in Gly Pro Thr Pro Arg Tyr Phe Thr Trp Asp Glu Val Ala Gln
1 5 10 15

Arg Ser Gly Cys Glu Glu Arg Trp Leu Val Ile Asp Arg Lys Val

20 25 30

Tyr Asn Ile Ser Glu Phe Thr Arg Arg His Pro Gly Gly Ser Arg

40 35 40 45
Val Ile Ser His Tyr Ala Gly Gln Asp Ala Thr Asp Pro Phe Val

50 55 60

Ala Phe His Ile Asn Lys Gly Leu Val Lys Lys Tyr Met Asn Sexr

65 70 75

45 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

95 100 105

Thr Val Glu Arg Met Gly Leu Met Lys Ala Asn His Val Phe Phe

50 110 115 120
Leu Leu Tyr Leu Leu His Ile Leu Leu Leu Asp Gly Ala Ala Trp

125 130 135

Leu Thr Leu Trp Val Phe Gly Thr Ser Phe Leu Pro Phe Leu Leu

140 145 150

55 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 Ser Lys Trp

170 175 180

Asn His Leu Leu His His Phe Val Ile Gly His Leu Lys Gly Ala

60 185 190 195
Pro Ala Ser Trp Trp Asn His Met His Phe Gln His His Ala Lys

200 205 210
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25

Lys Trp

45
50

H s Phe

70
Hi s

Val

90 10

95

Adn
115
dn
135
140
Phe
160
Arg
180
185
Tyr
205
Phe
225
230
Hi s
250
Lys
270
275
Leu
295
Ay
315
320
Leu
340

Hi s

Arg

Asn

Lys

Pro

Hi s

Adn
40

Asp

PCT/ US98/ 07421 20
30 Asp Tyr Ay H's Leu Ser Val T%T 8%74%/5 Pro

As WO{p&46764 35

Leu Val H's Lys Phe Val Ile Gy Hs Leu Lys Ay Ala Ser Ala 5

55 60 Asn Trp Trp Asn H's Arg

G@n Hs Hs Ala Lys Pro Asn 65

Pro Asn7a/s Phe Arg LJ(J %sg‘ r}go lﬂsﬁ ﬂ'lg sﬁ‘%tpﬁ.& é?oom\/é" 8é‘sn Met Leu

Phe Val 215 225

é u TyriyPhesphis {gumfg grg’l‘yz Asn His Gln His Xx

Il e Met

10
Thr

Leu
15

Asp
2P

I1e
tau
543

Arg

Béu

40

45

50

55

60

Leu fbeyrHel AlaTrgn Gy if¥ aléd ILeu Geu \iEyrmGI Leul 5 Lysselys Leu Lys

100 230 105 235 T¥ Leu2#® o0 Tyr Asn Hi s
x Tyr Phe Phe 110

Lei\ nelng, Pro Pro 1&1.4D Qu FI).reQ l;rg"%ﬁeﬂ(rl %h% E.{n T%ﬁ‘ f_l'){r OPhe dn Tyr
270
Thriikethel tya b v:Hl S14 pSn AsH LikpLy¥atrpAwsl AsULAl alalrp Al a Val
145 275 150280 Ser TyésJyr |le Arg Phe
TerrPI Bepfsx %Gl@,pl\eﬂyz Asp Glu Ala Gly Leu Pro Leu Ser 15g

165 |l e Leu Gly”/ila Leu Leu Ph@®Peu Asn Phe Ile
e u’l‘hr Ala ?sn gla Ser Lys 170 175
Ser Hs Trp Phe VaI Trp Val Thr Gn Met Asn His Ile Val Met

190 195 Gulle Asp Gn Au Aa
Tr p{ZPhEVFSRMATHRY FQR SEQ &0 NO542: 200

2&8 ‘E@& ﬁ‘lrgs Thr Cys Asn Val Gu d@n Ser Phe
(1) UENCE CHARACTERI
Trp Phe (B) LENGTH: $€6 amino acids 215 220

Ser Ay Hiss enypsRAnbBheaddgn |1e Qu His His Leu Phe Pro Thr
235C) STRANDEDNESS: sing0 30 Met Pro Arg His Asn Leu
Ala Pro LeuDVéHOPQI;Pé;YSé-Iinear 245

Leu (.1.1? MOLECULE TYPE am:Ln ﬂzz‘ﬁtl_a}lxglaﬂkosn Gf%olnl'.i% %2%81;{ rdndu

Arg A aulsresmmeA&mcupmd esﬁ«r QDS@“&LEU Lys Lys Ser Ay Lys 35
Leu Trp Leu Asp Ala Tyr
FrxoSer HIS Ser Pro Ar , . 90
Ais Lewghyy 1y Mla Sendia e VR Elrcg pLfte &Y My g Trp Ay Asp
Asn
1 is His L Pro Asn Jle L s_As ro Asp Val
AspG&})I/ Leu Ma ﬁ] R d o p,&rg L%U3Val Tyr Al a
Asn Met3Pdm Hls Val Phe Val Leu &13,0(;1\1 ‘l‘z'p Gln lpedl thewslkhr Asp Pro Met
Ser Pro Phe Leu B®u Ser 40 45335
Tyx Glx3g¥§ Lys ng Leu Lys Tyr Leu ng Tyr Asn His Gln Hzg
Glu Tyr Phe Phe Leu Ile Gly Pro Pro Leu Leu Ile Pro Met Tyr
65 70 5
Phe Gln Tyr Gln Ile Ile Met Thr Met Ile Val Ris Lys Asn Trp
80 85 90
Val Asp Leu Ala Trp Ala Val Ser Tyr Tyr Ile Arg Phe Phe Ile
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 Txp Val Thr
125 130 135
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
170 175 180
Glu His His Leu Phe Pro Thr Met Pro Arg His Asn Leu His Lys
185 190 195
Ile Ala Pro Leu Val Lys Ser Leu Cys Ala Lys His Gly Ile Glu
200 205 210
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
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Phe
350
Arg
370
Trp
390
400
Leu
420
Adn
440
445
Ser

465
ady
485

Phe Ser Ser His Leu Pro H's Ser Thr Leu Pro Ser Trp Asp 45
355 ' 360 Leu Pro Ser Leu Ser
A n Pwo $#46764 a Met Ala Leu Pro Val PCT/US98/B131
375 Pro Pro Ser Pro Phe Phe G n Gy Ala Qu Arg
Pro Pro Gy 380 385
50 Val Ala Leu Ser Tyr Leu His Ser Leu Pro Leu Lys Met Ay Qy
405 410 Asp Grg Arg Ser Met Gy
Ala Oys 250

Met Leu
5

Pro ***

Leuifro

- 168-

495
Leu
515
520
Al a
540
Leu
560
565
Adn
585
Ser
605
610
FOR

Gylgro

Ser Pro

Ser 28, g
10

dy Val
y 25

Ala Gy d

au.s by onw 415
trp6ly E%Gh?%ég A%gfélsg Asg,© ”e’gﬁ‘s‘ ¥ e fl'hrsl}sr@oAl a Leu Val Leu

LeskrS61u Arg Leu Val Tyr Ala Leu LeudfH} Asp Pro Met Leu Asp 435
Gy Phe Ile G2gsAla Gy Pro See0 Arg Ala Ay R85 Leu Thr Leu
Leu Sex BLY) Phe Leu Leu Ser Phe PhenSer Ser His LeypPyo Alig Tr p Leu His

Arg Leu 295 300 460
Sor e %P ?)305 aflrpgﬁg ]FI“ 4 SeﬁA%‘%u eiigLeu A n Ser Ser
Prér ala Met Ala Leu Pro Val Pro ProAder Pro Phe Phe Gln Gly 480

Ala Ala Arg LeaoSer Thr Arg GBas Leu Ser *** P Val An Gy
AIRCHWESR TOY £24 Pro Gly Val Ala Leu Ser Tyr Leu His Ser/Q(Q

335 4
Tr ’p"’“Lfr's° Leu Lys Met Gly Gﬁy Asp gln Ag ?ﬁ%”g )él 'ﬁ a Ser grlg Asn
Sgfs ELP SEI QrErLQu Hirg At Srep* Sexsgéu Al I!L@l’l‘h;.rkbrrol—l@.‘al Gy Phe Hs 5
365 Gy #s0 His Ser Thr
Thpeu* &1 Ab\a G@ygdeAs’.puLIeu @yy?he Ile Gly Ala Gly Pro Ser 535
380 Thr 3/5 Val _Pro AFY] Leu Leu ***
a 9rgsé+a Gly Pro Leu Thr Leu Pro Ala Tfp %S His Ser Pro ** 555

41
G e Yol 164 ol s Gk Heard ¥1T BBy BE0 4Gk Vee@ douSer Ala His
415 57%20 Pro Pras Ala Phe Pro
LeglnABegr Ser GEy@ehI@oLqu glayAla Arg Leu Ser Thr Arg Gly 580

( 430 A n_Ser A4 Pro Ser Pro L4 Ala Leu Leu
heucﬁgr Is Asp Val Gln Gly Pro Arg Pr;g%a Gly Thr Ala Ser 600

G BPht ke R0 el oHiS beiphl 8050, Guy ;Aspnvfaler@ y Pro Xxx
460 £7) | NFORMATI ON

SEQ30D NO A% Leu Thr Leu Gly Phe His Gly Pro fus Ser Thr Ala Ser Pro

35

40

45

50

55

60

475 480 485
Thr *** Ala Cys Asp Leu Gly Thr Lys Gly Gly Val Pro Arg Leu
490 495 500
Leu *** Leu Ser Arg Gly Ser Gly His Val Gln Gly Gly Ala Gly
' 505 510 515
Trp Pro Gly Gly Ser Ala His Pro Pro Ala Phe Pro Gln Gly Val
520 525 530
Leu Arg Ser Lys Ile Leu Glu Gln Ser Asp Pro Ser Pro Lys Ala
535 540 545
Leu Leu Ser Ala Gly Gln Cys Gln Pro Ile Pro Gly His Leu Ala
550 555 560
Pro Gly Asp Val Gly Pro Xxx
565

(2) INFORMATION FOR SEQ ID NO:43:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 619 amino acids
(B} TYPE: amino acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: amino acid (Translation of Contig 2535)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:43:

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
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(i)

SEQUENCE CHARACTERI STI CS:

(A) LENGTH 757 anino

acids 25 (B) TYPE: am no acid gq;
STRANDEDNESBO 98/46§14 e (D) TOPOLOGY: |i nea®CT/US98/07421
(ii) MOLECULE TYPE: amino acid (Translation of Contig 253538a) 30
(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 44: Gn @y Pro Thr Pro Arg
Tyr Phe Thr Trp Asp Qu Val Ala dn 35 1 5
10 15 20 Arg Ser Ay Q/ss Gu u Arg Jyp Leu Val Ile
ASp Ar g Lys Val Asp r Gly His Leu Ser Val Tyr Ar:929ys Pro Lys Trp Asn His 25
30 Tyr Asn Yle Ser Gs3e Phe Thr Arg Alg Hs Pro Ay @y Ser Arg
35 Leu Va@is Lys Phe Val Ile Gly Him 11491 Lys Glwala ske ASer Hs Tyr Ala
Gy An ASp Al a Thr Ase Pro PRe Val 50
55 Asn Irgs§rp Asn H"s e fippderfie Hse“i% Aty Jes &g A %u Val Lys Lys
Tyr Met Asn SerIle Phe His Lys Asp Pro As Val Asnﬁ&et Ley His Val Phe Val 70
75 Leu Leu Ile Ay Ggy Leu Pro Q31 G n Pro Ser Phe Qu Pro 45
80 10 Leu G1Y¥S5lu Trp Gln Pro Ile Glu B3 Gly Lys LysIhys lLys Lfsn Lys G u Leu
Thr Asp Gu Phe Arg Qu Leu Afg Al a 100 105 95
100 Tyr Ley gro Tyr ﬁg Riyhfln\AYs @«“ugﬂr ghavigke &Py Ill_%lﬁ‘lg/lat Lys Al a Asn
H s Val Phe Phe, 115
Pro_Leu L le Pro Met Tyr Gl Ile Met
120 50 15 Leu T_oeuml'y?u Leu ilgéu Bi's ITyr euli@uy’i_eun :&ST) %fn‘;gu a Ala Trp
125 Thr Metl3fle val His Lys Asn Trp #a3DAsp Leu Ala lrepl AThivaieu Trp Val Phe
@y Thr Ser Phe Leu Pro Phe Y48u Leu 145 150140
145 Ser Tyny ggr Ile ?gg PheyRheplle %ﬁ Ttrealtéﬁo Ske TEF @lyal Adn dn Ala
dn Ala goy Trp %SLe Gly Ala Leu Leu Phe Leu Il g Phe Leu 160
165 Hs ,&s Lﬁ & 'S tseulﬁr eVaf ‘F A gsgys Pro Lys
170 Ser Hid #®p Phe Val Trp Val thr 80Met Asn His 'Ifw vAsmeti s Leu Val His
Lys Phe Val Ile Ay H's Leu 18¢s Ay 190 195185
190 |3|5 Glu Ilq @sp @30 gé“ Alp| %Verfrg Npagi% gherBpr Fep GAR ﬁ‘eHI s Arg Hi s Phe
A@n Hs s Ala 10505
210 Lys " Br 0" AR 178 3B i §LTE ASp 0% 8l V&P "R iabet Leu His
-169- Pedd Uﬁg&ﬁgmahsn Phe Gln Ile Glu His His Leu Phe Pro Thr
230 235 240
30 Met Pro Arg His Asn Leu His Lys Ile Ala Pro Leu Val Lys Ser
245 250 255
Leu Cys Ala Lys His Gly Ile Glu Tyr Gln Glu Lys Pro Leu Leu
260 265 270
Arg Ala Leu Leu Asp Ile Ile Arg Ser Leu Lys Lys Ser Gly Lys
35 275 280 285
Leu Trp Leu Asp Ala Tyr Leu His Lys *** Ser His Ser Pro Arg
290 295 300
Asp Thr Val Gly Lys Gly Cys Arg Trp Gly Asp Gly Gln Arg Asn
305 310 315
40 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
335 340 345
Phe Phe Ser Ser His Leu Pro His Ser Thr Leu Pro Ser Trp Asp
45 350 355 360
Leu Pro Ser Leu Ser Arg Gln Pro Ser Ala Met Ala Leu Pro Val
365 370 375
Pro Pro Ser Pro Phe Phe Gln Gly Ala Glu Arg Trp Pro Pro Gly
380 385 390
50 Val Ala Leu Ser Tyr Leu His Ser Leu Pro Leu Lys Met Gly Gly
400 405 410
Asp Gln Arg Sexr Met Gly Leu Ala Cys Glu Ser Pro Leu Ala Ala
415 420 425
Trp Ser Leu Gly Ile Thr Pro Ala Leu Val Leu Gln Met Leu Leu
55 430 435 440
Gly Phe Ile Gly Ala Gly Pro Ser Arg Ala Gly Pro Leu Thr Leu
445 450 455
Pro Ala Trp Leu His Ser Pro *** Arg Leu Pro Leu Val His Pro
460 465 470
60 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
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215
Trp
235
du
255
260
Val
280
Thr
300
305
Phe
325
Arg
345
350
Leu
370
Ile
390
400
Leu
420
Lys
440
445
Leu
465
Leu
485
490
Leu
510
Al a
530
535
Ser
555
Al a
575
580
Leu
600
Adn
620

220 225 Val Phe Val Leu Gy Qu

A@n Prolle u Tyr Ay Lys Lys 230
WO 98/46764 240 Lys Leu Lys Tyr Leu Pro Tyr p&avusdss74® n Hi s
Tyr Phe Phe 5 245 250
Leu Ile Gy Pro Pro Leu Leu Ile Pro Met Tyr Phe G n Tyr Gn
265 270 Ile Ile Met Thr Met Ile
H s Lys Asn Trp Val Asp Leu AI a ) o 275
Pro Arg %ro %&Qa Gly Thr }B.aA!‘)er 3l gneieuTXIY P g 'l‘lqla els.yg\r g Phe Phe lle
Tyr Ile Pro 74S) 295
Phesdy b:{hbyo lpk& diSUuG Yer b #f‘aULine&'hPB&: 's%}‘ pﬁéﬂug’he lle Arg
5 310 520 5525 he Lew3td u Ser His Trp
Val Trp Val 6IshPrGHAs Vet TAsri\lIall $erl1fo Thr ¥*+ Ala Cys Asp Leu 61820
4 5
Asp Tr D PheTlgeLys %JQy Gly Val Pro ll\r% I\.éafxl Leu Eig %.1 lsle:f) Aég Gljggirg u 2\'48 Tyr
10 Serg@@ fhd-%ll B o’iﬁasﬁmla%sy b1ty @eP A§§rxug’he Phe Asn
565 Asp TrpsPhe Ser Ay Hi s
Asn Phe d neid érCGIAua Hhe PEp SlheGly Val I-eu Arg Ser Lys Ile Leu Glu365
cin o342 » 290 Phe Pro Thr5®%et Pro Arg Hi $9sn Leu Hi s Lys
Al a Rl’so Leu n Ser Asp Pro Ser Pro Lys Ala L ?eu Ser Ala Gly Gln Cy5385
Val Gi—ry§rosef.e IP?U 6@3{ ﬁuLNl% HOSG%g Xs;l klgl QLF;V PI{ ? n du Lys 25
610 egoleu Arg Al a
Leu Asp Ille lle Arg Ser Leu Lys Lys 415
425 Ser Gy Lys Leu Trp Leu Asp Ala Tyr Leu His
e B S L bR SO 1D 430 435
30 Ser ?’r ,&rg,&s R 5al Eﬁ’y Lys Ay Cys Arg Trp Ay Asp Ay
{14 56EQUENCE CHARACTERISTICESS An Arg Asn Asp Gy Leu
Phe *** @y Val Ser(AH LENATH; I&Uamino acids 460
25 470(B) TYPE: amipg agit Ala Leu Leu Thr Asp Pro Met Leu Asp
Ser Pro Phe 35 (C) STRANDEDNESS: $ingle|7s 480
Leu Leu Sel® PRECHIR SdP®¥er His Leu Pro Hi s Ser Thr Leu Pro
(114 HOLECULE TYPE: amino acBDQTransiation B€cohf 9?'?3‘33 u Pro Ser
Ser BAbg A n Pro Ser Ala Met Ala ° = ransiation ontdy b
(xi3 1 SEQUBNCE DESCRERTIMY:0SBAIID Mood44ro Ser Pro Phe Phe A n Qy
GQu Arg Trp 520 525
Pr@lP I er_Tyr L Ley Pro Leu Lys
35 n &ﬂ %Cy Tyl.a Pr A%gl"lg{lé P%e ‘g\%{‘rp gsp Hiu Mg)[ 'jl_ y Asp an Arg
Met Gy Leum&l sexCygsy Gysl GserGlE’l'lQ:gll'ﬁrp Leu Val Ile Rsp Arg Lys Val 550
560 20 Leu Ala Al asTrp Ser Leu A wolle Thr Pro
Leu Val LeuT™g psn Ile Ser Glu Phe Thr Arg Arg His5BE Gly Gly Ser Arg 570
a0 Metyle || aty Pro Ser ArgfAla Gy Pro
it~ g% Ayt R by B %’0"50%“ AP B ?‘F‘nq’ateu Pro Ala Trp
Hi s Ser Proara*heAngs el AQﬁQ.yEQ!ly Leu Val Lys Lys Tyr Met Asn Ser595
605 65 Val H's Pro®he Ile Gu Arg7BPro Ala Leu Leu
Ser e yLeu Leu Ile Gly Glu Leu Ser Pro GI@]@ln Pro Ser Phe Glu Pro615

25"

50

55

60

8 0 * % *
Le’l‘l’xrpfys Esn Lys %lu Leup'ﬂ’hg LeusSenar il Arg ){\rLe@ Ser Asp

Asp Glu Phe Arg Gl u Leu g Ala

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

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 Gln Ala Gln Ala Gly Trp
155 160 ' 165

Leu Gln His Asp Tyr Gly His Leu Ser Val Tyr Arg Lys Pro Lys
170 175 180

Trp Asn His Leu Val His Lys Phe Val Ile Gly His Leu Lys Gly
185 190 195

Ala Ser Ala Asn Trp Trp Asn His Arg His Phe Gln His His Ala
200 205 210

Lys Pro Asn Ile Phe His Lys Asp Pro Asp Val Asn Met Leu His
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55 625 630 635
Val G@n Ay Pro Arg Pro Ala Gy Thr Ala Ser Pro Asn Leu Ay

640 WO 98/46764 645 650 Pro Tr PCI{US&RM421Pr 0
Pro Pro Hs His *** Ser Ala Leu Thr Leu 655

660 665 60 Gy Phe H's Ay Pro Hs Ser Thr Ala Ser Pro
Thr *** Ala Cys 670 675 -
680 Asp Leu Gy Thr Lys Ay Gy VaI Pro Arg Leu Lezu%*** Leu Ser
-170- S 85

690 }QJ 38‘59. 23%; Glu Trg %n Pr§eI1e lu Hr G%ILy%iz Ay dy Ala
Ay Trp Pro G yL{d Yeu Lys Tyr Leu Pro Tyr Asn His G1n79Q Glu Tyr Phe Phe 705

710 5 Ser Ala His Pro2®0 Ala Phe Pro2s@ n @y Val Leus#®rg Ser Lys 5
715 Leu Ile By Pro Pro Leu Leu Ile PrppMet Tyr Phe Gl &yt &nGF u G n Ser
Asp Pro Ser Pro Al a 68y .Se 265 270 730

735 i 75 bngr g;gwleéalﬂas Ly(i/%:gerﬁ’ BP0 &bAiiay H's Leu
Ala Pro Goy AsprMalara val ser Tyr Tyr Ile Arg Phe Phe/4fe Thr Tyr Ile Pro 750

755 10 Ay Pro Xxx 290 (2) | NFCRMATI ON FOR SEQ3b® NO 45: 15

(i) SEQUENCE cnmmﬁllswl@sm Gly Ala leu Leu P;; Leu f) PRENBA 23 746 nucl ei c
aci ds )3%%Y nugl.ej c (O
STRANDEDNESS: n6t® & é;\l/‘émsti’r ot B ot 6ok G ?’B‘) G‘l‘bﬁ&i_&’s‘vﬂl i near 20

325
(ii) MOLECULE TYPEvanuet @16 1@eiflp Gin Glu Ala Tyr afglhdp SEQLJEL\@% DESCRI PTI ON:
SEQ I D NO 45: 25 CGTABE5CAC TCCATTCCAS40ACTCGT TCAT GGEAJ CATAA
ATATCAACAC ATTTASGEFCLeu @hr Ala Thr cmmcm MM?KA@hAMTCAAAT
ATCGTACTGA AGATT GCTTT 355 AGGATGGTAA AAATGGTGCA
ATTCGTGTTA GTGT Aﬁ&iﬁdﬁ’ﬁm %ﬁ)Gl“ His “mégngATTGG
TAAATTGTCT TTTGRII 36T Tm@x T o G AT CA LCTTATCA R p22

GCCTTTACAGA TTTAATTTGI TATTTGECA TTGCT GAATT3 CTTTGGT TGGBAG CTCA 300 30
CAATTAATTT CCAAEITAGT SEATET T3ETAIa ANGAHGTOAAIIRT FOT TYGGTr ACCTET GAAA 360
GACCAGATGR ACCATCT CAA ATCAAT‘G@AG ATTGGGCAAT“@CTTCAACT T AAAAETACTC 420
Leu Arg A u Leu Asp e Arg Ser Leu Lys Lys
415 420 425
Ser Gly Lys Leu Trp Leu Asp Ala Tyr Leu His Lys *** Ser His
430 435 440
30 Ser Pro Arg Asp Thr Val Gly Lys Gly Cys Arg Trp Gly Asp Gly
445 450 455
Gln Arg Asn Asp Gly Leu Leu Phe *** Gly Val Ser Glu Arg Leu
460 465 470
Val Tyr Ala Leu Leu Thr Asp Pro Met Leu Asp Leu Ser Pro Phe
35 475 480 485
Leu Leu Ser Phe Phe Ser Ser His Leu Pro His Ser Thr Leu Pro
490 495 500
Ser Trp Asp Leu Pro Ser Leu Ser Arg Gln Pro Ser Ala Met Ala
505 510 515
40 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
535 540 545
Met Gly Gly Asp Gln Arg Ser Met Gly Leu Ala Cys Glu Ser Pro
45 550 555 560
Leu Ala Ala Trp Ser Leu Gly Ile Thr Pro Ala Leu Val Leu Gln
565 570 575
Met Leu Leu Gly Phe Ile Gly Ala Gly Pro Ser Arg Ala Gly Pro
580 585 590
50 Leu Thr Leu Pro Ala Trp Leu His Ser Pro *** Arg Leu Pro Leu
5985 600 605
Val His Pro Phe Ile Glu Arg Pro Ala Leu Leu Gln Ser Ser Gly
610 615 620
Leu Pro Pro Ala Ala Arg Leu Ser Thr Arg Gly Leu Ser *** Asp
55 625 630 635
Val Gln Gly Pro Arg Pro Ala Gly Thr Ala Ser Pro Asn Leu Gly
640 645 650
Pro Trp Lys Ser Pro Pro Pro His His *** Ser Ala Leu Thr Leu
655 660 665
60 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
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AAGATTATGG TCATGGITCA CTCCTTTGTA CCTTTTTTAG TGGITCTTTA AATCATCAAG 480
TTGTTCATCA TTTATTCCCA TCAATTGCTC AAGATTTCTA CCCACAACTT GTACCAATTG 540
TAAAAGAAGTWO BERSTEBAGAA CATAACATTA CTTACCACAT TAAACCAAAC TTCATIIASW/0742600 35
CTATTATGIC ACACATTAAT TACCTTTACA AAATGGGTAA TGATCCAGAT TATGITAAAA 660
AACCATTAGC CTCAAAAGAT GATTAAATGA AATAACTTAA AAACCAATTA TTTACTTTTG 720

ACAAACAGTA ATATTAATAA ATACAA 746 - 40
(2) 1 NFORVATI ON FOR SEQ I D Gl\al%) 46: (1) SEQJEN(C?:E
CHARACTERI STI CS: E H 227 am no i ds

(B) TYPE: ami nB*%&tY 585 6Ly ils Val Gin & e % REEBRE gt rel evant

(D) TOPOLOGY: kbLNQRL His Pro Pro Ala Phe( bid Gm £LIYBE9 @Qpﬂylsde 50
(xi) SEQSENCE DESCRI PTI ON: 85Q I D NO 46: 720 Tyr Val7126hr Pro Phe G n
Thr Ar g Ser Tr gl yeu lditg q_lysSe'fyAspG’mp Ser Pro Lys Ala Leu Leu Ser Bla §

730
-]l:gl’ Leu Lys -I-yIGlysgln ]E':Sys Gln Pro Ile Pro GJI.y Hi eu A?a ILD?’;:Q GIIgLi\sLey Tyr G y | le Tyr

30 10 Arglg'h.r;qug Asp 1Iz*rp G u Al a Phe ({/al Lys Asp G-gl Lys Asn Gy

35 45 Ala Ile Arg Val Ser Val
AIaThrAsnPheAspLsAIaAIaTr 50

55 (2) INFOBWATEEN FOR SEQ/E} NPié: g y Lys Leu Ser Phe Val Phe Phe Arg
Phe Ile u Pro 70

75 e T A G TV i) Plsciae o Phaorbhe ae@p Leu Ile Cys Tyr Phe Leu Ile

80 85 (B) TYPE: nucleic acid 90 Ala Gu Phe Val Phe Gy
Trp Tyr Leu Thr |l e Asif) FI{RANCEPNESR| neghrelevant 95

100 10?) TOPOLOGY: linear -171-
PCT/ US98/ 07421  (ij) morecure 9@f: Hicielahcidl @ G u Asp Leu Lys Phe Phe Ala Thr
Pro Qu Arg 110 115

120 Pro AJpLIGRRUPHS DESFRIETIANY FEQ AR Ot Asp Trp Ala Ile Leu @ n

125 %_51 TGTCRE TCCATTCCAA ACICGPTCAT CEARrcRraa Ararcafithcl¥SraAddbrclNr ¢ N Asp
Tyr Ay Hs Ay é@&wdgﬁ&sbﬁdr@&cﬁkwr ATCGTACTCA AGATTGGGAA GCTTTITGTAR 120
AGGATGGTAA AAATGGTGCA ATTCGTGTTA GTGTCGCCAC ARATTTCGAT AAGGCCGCTT 180
ACGTCATTGG TARATTGTCT TTTGTTTTCT TCCGTTTCAT CCTTCCACTC CGTTATCATA 240
GCTTTACAGA TTTAATTTGT TATTTCCTCA TTGCTGAATT CGTCTTTGGT TGGTATCTCA 300
30 CAATTAATTT CCAAGTTAGT CATGTCGCTG AAGATCTCAA ATTCTTTGCT ACCCCTGARA 360
GACCAGATGA ACCATCTCAA ATCAATGAAG ATTGGGCAAT CCTTCAACTT AARAACTACTC 420
AAGATTATGG TCATGGTTCA CTCCTTTGTA CCTTTTTTAG TGGTTCTTTA AATCATCAAG 480
TTGTTCATCA TTTATTCCCA TCAATTGCTC AAGATTTCTA CCCACAACTT GTACCAATTG 540
TAAARGAAGT TTGTAAAGAA CATAACATTA CTTACCACAT TAAACCAAAC TTCACTGRAG 600

35 CTATTATGTC ACACATTAAT TACCTTTACA AAATGGGTAA TGATCCAGAT TATGTTARAA 660
ARCCATTAGC CTCAAAAGAT GATTAAATGA AATAACTTAA AAACCAATTA TTTACTTTIG 720
ACARACAGTA ATATTAATAA ATACAA 746

40 {2) INFORMATION FOR SEQ ID NO:46:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 227 amino acids
(B) TYPE: amino acid
45 (C) STRANDEDNESS: not relevant
{D} TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide
50 {xi} SEQUENCE DESCRIPTION: SEQ ID NO:46:

Tyr Val Thr Pro Phe Gln Thr Arg Ser Trp Tyr His Lys Tyr Gln

1 5 10 15

His Ile Tyr Ala Pro Leu Leu Tyr Gly Ile Tyr Thr Leu Lys Tyr

55 20 25 30
Arg Thr Gln Asp Trp Glu Ala Phe Val Lys Asp Gly Lys Asn Gly

35 10 45

Ala Ile Arg Val Ser Val Ala Thr Asn Phe Asp Lys Ala Ala Tyr

50 55 60

60 Val Ile Gly Lys Leu Ser Phe Val Phe Phe Arg Phe Ile Leu Pro
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 Txp Tyr Leu Thr Ile Asn Phe Gln Val

65 95 100 105
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140 145 150 Phe Phe Ser Gy Ser Leu

Asn Hs dn Val Val Hs H's Leu Phe 155

160 WO 98/46764 165 Pro Ser Ile Ala A n Asp Phe PEJUSBR7483 n Leu
Val Pro Ile Val 10 170 175

180 Lys u Val Cys Lys Qu H's Asn Ile Thr Tyr Hs Ile Lys Pro
185 190 195 Asn Phe Thr Gu Ala'lle
Met Ser His Ile Asn, Tyr 200

205 Ser MY J? TS p‘s"l\%’f" e PPASRS AdD TBE 8 S B val Lys Lys Pro
Leu Al a Ser LySpro asp Glu Pro Ser Gln Ile Asn clzhﬁp Trp Ala Ile Leu Gln 220

225 Asp Asp *** 2025 (2) | NRGRVATI ON FOR SEES | D NO 47:

(i) SEQUERCE CHAFBA@FERI‘”S?*I"C?“ Rsp Tyr Gly His Gly Ser Leg Apu CyNEH+ 494 nucleic

aci ds Phe Phe Ser Giﬁ egTLJD EAsnnl-ﬂgltﬁ.hGVa@q}ag H25 His Leu Phe . qe)
STRANDEDNESS: not rel evant 1ss 160 (D) TOPOLO&¥S |inear

(ii) MOLECULE TYRESexnm:d alacChche Pr@crryr Pro Gln Leu (W} PrSEBURNCE

DESCRI PTION: SEQ 1D 170 T G GT R ACCACGGANT
NGGCAAGTTN Acqﬁb&uag %ARE@%‘@TW Hisghyn ﬂe?%%%”” E&QTTTTGTCGA
CTGGITCTGT GGT Gl PRCTAGEACRAAGE 1oAEeARE S Te r3Gry8Teu Tyr LFsTATTCCCCA
GCCTGCCCCG ACACAATCTG GCCAABRCAC ACGCACTGEPSCGAATCGTTC 2180

TGCAAGGAGP GGG Gon AT ATCH BecaAder m&e%{ym%m 240
TTGCACCATT T Neceoocc TTCGTCGTAEATTTTGTACG CGGACCC 300
GCCATGTAAT CGT GACGATGCAA GGGTTCACGC ACATCTACAC ACACTCACTC 360
ACACAACTAG TGTAACTCGT ATAGAATTCG GTGTCGACCT GGACCTTGIT TGACTGGITG 420 40
GGGATAGGEP AGGTABGETSRSERGTOEER EBNPABGEG AATTCTGTGA COGGTACCTG 480

GCCCGCGTNA AAGT (i) SEQUENCE CHARACTERISTICS: 494
45 (2) | NFORVATI O FERETEEQok Dubleid Brids (i) SEQUENCE
CHARACTE@iTI CS: (B) TYPE: nucleic g8 LENGTH 87 amino aci ds

(B) TYPE:“Ani no aci d 50(C! STRANDEDNESS: not rqleyan&TpANDEDNESS: not rel evant

(D) TOPOLOGY: |inear ‘'°) TOPOWOGY: MmeRf \OLECULE TYPE: peptide 55

(xi) SEQUENCE DESCRLBThéiscur8EQrt Dniddde #Bacid | Phe Trp Lys Xxx Pro Ser
XXX ProAgdg XXX XXX GInVaCI_:Dsc gl o 5

10 (x3))5 SEQUENCE DESCRAE 0@339)6?%‘ d-'y Phe Pro Pro Lys Pro Phe Val

Asp Trp Phe Cys 60 .

30 TTTTGGARGG NTCCAAGTTN ACCACGGANT NGGCAAGTTN ACGGGGCGGA AANCGGTT'I‘T 60

CCCCCCAAGC CTTTTGTCGA CTGGTTCTGT GGTGGCTTCC AGTACCAAGT CGACCACCAC 120

35 TTATTCCCCA GCCTGCCCCG ACACAATCTG GCCAAGACAC ACGCACTGGT CGRATCGTTC 180

TGCARGGAGT GGGGTGTCCA GTACCACGAA GCCGACCTCG TGGACGGGAC CATGGAAGTC 240

TTGCACCATT TGGGCAGCGT GGCCGGCGAA TTCGTCGTGG ATTTTGTACG CGACGGACCC 300

GCCATGTAAT CGTCGTTCGT GACGATGCAA GGGTTCACGC ACATCTACAC ACACTCACTC 360

ACACAACTAG TGTARCTCGT ATAGAATTCG GTGTCGACCT GGACCTTGTT TGACTGGTTG 420

40 GGGATAGGGT AGGTAGGCGG ACGCGTGGGT CGNCCCCGGG AATTCTGTGA CCGGTACCTG 480
GCCCGCGTNA AAGT 494
45 {2) INFORMATION FOR SEQ ID NO:48:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 87 amino acids
(B) TYPE: amino acid
50 (C) STRANDEDNESS: not relevant
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide
55 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:48:

Phe Trp Lys Xxx Pro Ser Xxx Pro Arg Xxx Xxx Gln Val Xxx Gly

1 S 10 15

Ala Glu Xxx Gly Phe Pro Pro Lys Pro Phe Val Asp Trp Phe Cys

60 20 25 30
Gly Gly Phe Gln Tyr Gln Val Asp His His Leu Phe Pro Ser Leu

35 40 45

Pro Arg His Asn Leu Ala Lys Thr His Ala Leu Val Glu Sexr Phe

50 55 60

65 Cys Lys Glu Trp Gly Val Gln Tyr His Glu Ala Asp Leu Val Asp
65 70 15
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Gy Gy Phe dn Tyr Gn Val Asp H's H's Leu Phe Pro Ser Leu
35

40 45 Pro Arg H's Asn Leu Al a
Lys Thr His #4 Val G u Ser Phe PCPs98/07421
5% wo sude 60 65 Cys Lys u Trp Ay Val Gn Tyr Hs Ju Ala
Asp Leu Val Asp 65 70
75 -172-
PCT/ US98/ 07421 Gy Thr Met Au Val Leu Hs His Leu Ay Ser
Val Ala Ay Qu Gly Thr Met Glu Val Leu His His Leu GJ§ Ser Val Ala Gly Sé; 70

Phe (R V. o Ala

5(5) P)‘{@-Val Q’Ll Pﬁjeal q )@’pgslés%g l?l\LE TI ON FOR SEQ | D NO 49:
(i) SEQUENCE CHARACTERISTICS (A) LENGTH: 520 nucleic
acids 15 (B) TYPE: am no acid _ (O
STRANDEDNESS: not rel evant (D) TOPOLOGY: Iinear
(i1) MOLECULE TYPE: nucleic acid 20 (xi) SEQUENCE DESCRI PTI ON
SEQ | D Nd&o9: GGATGGAGIT CGICTGGATC GCTGTGCGCT ACGCGACGTG
GTTTAAGCGT CATGHHT EHERMATERN S8R SEQ ID NEFTGGGTACA CGCCGGGGCA GT%G%?
ATGTACTTGT GCCCCTTTEG dfebeideleliis ATTTACATTT TT
CGCCGTAAGT ()A£)ACI:()A$§§ Téaa gg%kgégéﬁiﬁgﬁﬂa 180 GATCAGCTGC
ATTGGCTCA® GTACGOGCGG ABCAGAGTGEnGAMIATCAGC ACCAAGTCGT 240
GGTTTGICAC ATGGTGGATG %ﬂ%m@nwwcmc CTTTTCCCCA -300
CGGOGCCCCA GTTCCGTTTC A { BA¥GOGOGT CGAGGCCCTC TTCAAGCGCC 360 30

ACGGTCTCCC TTACTACGAG MOLEEHtE MG RIGAGE@sT CTCCACCACC TTTGCCAACC 420
TCTACTCC@P CGGCCATTCC GTCGGOGACG CCAAGCGCGA CTAGCCTCTT TTCCTAGACC 480
TTAATTCCCC ACCCCACCEC ZeRERNFE PEIGRIATFONTEROCERCNO: 49: 520

GGATGGAGTT CGTCTGGATC GCTGTGCGCT ACGCGACGTG GTTTAAGCGT CATGGGTGCG 60
25 CTTGGGTACA CGCCGGGGCA GTCGTTGGGC ATGTACTTGT GCGCCTTTGG TCTCGGCTGC 120
ATTTACATTT TTCTGCAGTT CGCCGTARGT CACACCCATT TGCCCGTGAG CAACCCGGAG 180
GATCAGCTGC ATTGGCTCGA GTACGCGCGG ACCACACTGT GAACATCAGC ACCAAGTCGT 240
GGTTTGTCAC ATGGTGGATG TCGAACCTCA ACTTTCAGAT CGAGCACCAC CTTTTCCCCA -300
CGGCGCCCCA GTTCCGTTTC AAGGRGATCA GCCCGCGCGT CGAGGCCCTC TTCAAGCGCC 360

30 ACGGTCTCCC TTACTACGAC ATGCCCTACA CGAGCGCCGT CTCCACCACC TTTGCCAACC 420
TCTACTCCGT CGGCCATTCC GTCGGCGACG CCAAGCGCGA CTAGCCTCTT TTCCTAGACC 480
TTAATTCCCC ACCCCACCCC ATGTTCTGTC TTCCTCCCGC 520

35 (2) INFORMATION FOR SEQ ID NO:50:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 153 amino acids
(B) TYPE: amino acid
40 (C) STRANDEDNESS: not relevant
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

45 {xi) SEQUENCE DESCRIPTION: SEQ ID NOQ:50:

Met Glu Phe Val Trp Ile Ala Val Arg Tyr Ala Thr Trp Phe Lys

1 5 10 15

50 Arg His Gly Cys Ala Trp Val His Ala Gly Ala Val Val Gly His
20 25 30

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

55 50 55 60
Ser Ala Ala Leu Ala Arg Val Arg Ala Asp His Thr Val Asn Ile

65 70 75

Ser Thr Lys Ser Trp Phe Val Thr Trp Trp Met Ser Asn Leu Asn

80 a5 90

60 Phe Gln Ile Glu His His Leu Phe Pro Thr Ala Pro Gln Phe Arg
95 100 105

Phe Lys Glu Ile Ser Pro Arg Val Glu Ala Leu Phe Lys Arg His

110 115 120

Gly Leu Pro Tyr Tyr Asp Met Pro Tyr Thr Ser Ala Val Ser Thr

65 125 130 135
Thr Phe Ala Asn Leu Tyr Ser Val Gly His Ser Val Gly Asp Ala
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35 (2) 1 NFORMATI ON FOR SEQ | D NO 50: (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH. 153 am no aci ds

(B) TYPE: WEi%NE6ei d 40 (C) STRANDEDNESS: R&T/USSM2int

(D TOPOLOGY: |inear (ii) MOLECULE TYPE: peptide 45

(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 50: Met Qu Phe Val Trp Ile
Ala Val Arg Tyr Ala Thr Trp Phe Lys 1 5 )

10 15 50 ;4,4 Arg His AysCys Ala Trp Y@ Hs Ala Ay A a
Val Val G y H| $y3 Arg Asp 20 25

30 Val Leu Val Arg Leu Trp Ser Arg Leu H's Leu His Phe Ser Al a

35 ;ﬁ 40 45 Val Arg Arg Lys Ser Hi's
Pro Phe a Ar 25. 50

55 QZ)GI&O%A%I& QORGS%Sie%r “?Allgg' Ala Leu Ala Arg Val Arg Ala Asp His
Thr Val Asn Ile (1} SEQUENCE CHARACTERISTICS: 65 70

75 10 Ser Thr Lysz’);SérﬁgglfﬂPué@i%“ﬁgc TSTrp Trp Met Ser Asn Leu Asn
80 85 (c) STRANDEDNESS: not relfvaRf Phe Gn lle Qu Hs Hs
Leu Phe Pro Thr Al a Pr@)Gobotdhe Dingar 95

100 105 Phe Lys Qu Ile Ser Pro Arg Val Qu Al a
Leu Phe f-sys Arg Hi(&l) MOLECULE TYPE: nucleic acid 110 115

120 Ay Lek,Psduitt pEYérrfSBy Moo B8 0.5yl Thr Ser Ala Val Ser Thr 65
125 130 135 Thr Phe Ala Asn Leu Tyr

Ser Val Ay H's Ser Val Glg AspcAlgGCA . SCTACT TTGAC 60

) ) 2 C GCCGCGAGCA ACTCATCAAG GAAGGCTACT TTGACC

1 ig?’ 20 G@%ﬁ@ﬁ@%ggﬁﬁ@ g C GC TGGTEZSA GATTGTTGTT CTCTTCGTGC TTTC %ﬁgl Nﬁﬁ?l\/ATl N
GCTGATGG GTCTTCAC ccedbacder TeOrItcsse ATTGTCGTCA GCGG c

FOR SEQ | D NO T#AcesTcGC TGCGGCTGGG TAATGCATGA GATGGGCCAT GGGTCGTTCA CTGGTGTCAT 240
TTGGCTTGAC GACCGGTTGT GCGAGTTCTT TTACGGCGTT GGTTGTGGCA TGAGCGGTCA 300

TTACTGGAAA AACCAGCACA GCAAACACCA CGCAGCGCCAR AACCGGCTCG AGCACGATGT 360
25 AGATCTCAAC ACCTTGCCAT TGGTGGCCTT CAACGAGCGC GTCGTGCGCA AGGTCCGACC 420

30 {2) INFORMATION FOR SEQ ID NO:52:
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 125 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: not relevant
35 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

40 (xi)} SEQUENCE DESCRIPTION: SEQ ID NO:52:

Arg Val Arg Pro Arg Val Arg Arg Glu Gln Leu Ile Lys Glu Gly

1 5 10 15

Tyr Phe Asp Pro Ser Leu Pro His Met Thr Tyr Arg Val Val Glu

45 20 25 30

Ile Val Val Leu Phe Val Leu Ser Phe Trp Leu Met Gly Gln Ser

35 40 45

Ser Pro Leu Ala Leu Ala Leu Gly Ile Val Vval Ser Gly Ile Ser

50 55 60

50 Gln Gly Arg Cys Gly Trp Val Met His Glu Met Gly His Gly Ser

65 70 15

Phe Thr Gly Val Ile Trp Leu Asp Asp Arg Leu Cys Glu Phe Phe

65 70 75

Tyr Gly Val Gly Cys Gly Met Ser Gly His Tyr Trp Lys Asn Gln

55 80 85 90

Hiis Ser Lys His His Ala Ala Pro Asn Arg Leu Glu His Asp Val

95 100 105

Asp Leu Asn Thr Leu Pro Leu Val Ala Phe Asn Glu Arg Val Val

110 115 120
60 Arg Lys Val Arg Pro
125
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(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 429 nucl eic

acids 10 (B) TYPE: nucleic acid %C
STRANDEDNESSO0 ssaé76ael evant (D) TOPOLOGY: RGTAEsNT7421

(ii) MOLECULE TYPE: nucleic acid 15 (xi) SEQUENCE DESCRI PTI ON:
SEQ | D NO 51: ACGCGTCCGC CCACGOGTCC GCCGCGAGGA—AGFGA:FGAAG——
GAAGGCTACT TTGACCCCTC 60 20 GCTCCCGCAC ATGACGTAG

GATTGITGIT CTCTTCGIGG TTTCCITTTG 120 GCTGATGRH

CCCTCGCGCT CGCTCTYagds slpimed i&ircA GOGGCATCTC 180

TGOGGCTGGG TAATGCATGA GATGGGCCAT GGGTCGITCA CTGGTGTCAT "240

TTGGCTTGAC GACCGETRTamustsimasid conptryct SOmPsifg: GGTTGTGGCA TGAGOGGTCA 300
TTACTGGAAA AACCAGCACA GCAAACACCA CGCAGOGCCA AACCGGCTOG AGCACGATGT . 360 25
AGATCTCAAC AWTMemptxmmmwr@mmw@@&@ fromy 50
(2) | NFORVATI ON FeR

CARACTER) &11 G, | the group corsibting of SE&O‘PASIOL‘EEEMD N9 dnid SEABNG:s,

(B) TYPE: asino aﬁh&em said one or more nucleotidé SaquéncB\NInkeESS heteblogetievant 35

(D TOPOLOGY: |inear (ii) MOLECULE TYPE: peptide

(xi) SEQUENCE DESumisotidesequened | D NO 52 40 Arg Val Arg Pro Arg
Val Arg Arg Qu G@n Leu Ile Lys Qu Ay 1 5

10 15 Tyr Phe Asp Pro Ser Leu Pro His Met Thr Tyr
Arg Val Vval du 45 20 25

30 | | e VAl A/mticl¢ieacifioensttubt domprisisg: Phe Trp Leu Met Gy G n Ser

35 40 45 Ser Pro Leu Ala Leu Al a

Leu Ay Ile Val Val (Beror@ore hticledtidde sequences depicted in a SEQ ID NO: seigted from

gSy Hs dy0ser the g?gupSc%nsisting o?ﬁqqﬂbﬂ%@@ﬁ;‘bg td g/ﬁb Ifﬁg}glgl‘ s Gu Met

75 Phe TWheﬁera}(%ne' dr@noké ﬁudl&itxdé%éhuéﬁ&s'ﬁf Q)eka&%' £3¢6cisted withanPhe

65 Tyr Gy vVal Ay Cys Ay
Met Ser Ay His Tyxpraaspmopguwlﬁqwm Bsctxonal in a plant cell” 80

85 90 Hs Ser Lys His Hs Ala Ala Pro Asn Arg Leu
G u H's Asp Val 95 100

105 Asp Leu Asn Thr Leu Pro Leu Val Ala Phe Asn A u Arg Val Val

110 3. 1THe nucleic acid construct accb2din$ € claim 2, Avhgrdiy saitVanclgotigePr o

125 15 sequence has an average A + T content of less than about 60%.

4. The nucleic acid construct according to claim 2, wherein said nucleotide

sequence is derived from a fungus.

20 5. The nucleic acid construct according to claim 4, wherein said fungus is of

the genus Mortierella.

6. The nucleic acid construct according to claim 5, wherein said fungus is of

the species alpina.
This Sheet Has Been Repl
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7. A nucleic acid construct comprising:

A nucleotide sequence which encodes a polypeptide comprising an amino

acid sequence depicted in SEQ ID NO:2, wherein said nucleotide sequence is
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-174- Claims: 1. A nucleic acid construct conprising an
expression control sequence—funetional_in a plant cell operably linked to

a nucl ei c s os/se3611€NC pept i de, said pol ypepr/iusses/dreaing
selected from e,m' iﬂ# e which is capable of desaturating a
fatty acid nol ecule at car he carboxyl end of said fatty acid,

sai d pol ypeptide havi ng an am no aC| d sequence which has at |east 60 %
honol ogy to the 446 ami no acid sequence of SEQ ID NO 6; (b) a

pol ypeptide which is abl e s ur at a fatt .aci | ecul e

carbon 6 fromt hé’%?fﬁgpﬁwméﬁ{iwﬁﬁ ﬂ%‘?ﬁ?‘?%%&f “ngwgfﬂ | de havi ng
an amno acid Sequﬁétibﬂ N Ngi-‘alﬂt &alsw%&reirmﬁi n&iko%@wqaé@exén&daewméﬁanaw no
aci d sequence of SE 2; ol ypeptide which is

(c)
capabl e of desat ur@thm@lwmﬂQ Y"hlfbldésm@&& If@t}’eﬁmdcfa?ll@@ﬂe atjcartion$nfrem the

car boxyl end of s3] ptide having an am no acid
sequence whi ch hasaﬂ{ ?lfaast&g%g%@gdn& ogtx‘gg the 399 am no acid sequence of
SEQ ID NO 45

8. A nucleic acid construct comprising:

A nucleotide sequence which encodes a polypeptide comprising an
amino acid sequence depicted in SEQ ID NO:4, wherein said nucleotide
sequence is operably associated with a transcription or an expression control

10 sequence functional in a plant cell, wherein said nucleotide sequence encodes a
functionally active polypeptide which desaturates a fatty acid molecule at

carbon 12 from the carboxyl end of said fatty acid molecule.

9. A nucleic acid construct comprising:

15 A nucleotide sequence which encodes a polypeptide comprising an
amino acid sequence depicted in SEQ ID NO:6, wherein said nucleotide
sequence is operably associated with a transcription or an expression control
sequence function in a plant cell, wherein said nucleotide sequence encodes a
functionally active polypeptide which desaturates a fatty acid molecule at

20 carbon 5 from the carboxyl end of said fatty acid molecuile.

10. A nucleic acid construct comprising:

at Jeast one nucleotide sequence which encodes a functionally active
desaturase having an amino acid sequence depicted in a SEQ ID NO: selected
25 from the group consisting of SEQ ID NO:2, SEQ ID NO:4 and SEQ ID NO:6,
wherein said nucleotide sequence is operably associated with a promoter

functional in a plant cell.
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- 175 - 2. A construct according to claiml| wherein said
pol ypeptide has an ami no acid sequence which has at |east 80% honol ogy to
the 446 aniwo98@é7d4 sequence of SEQ I-BNO6 3. A const r RCI/USOYOT4EL ng to

claim 1l wherein said pol ypepti de has an guence whi ch has at
| east 90% honol ogy to the 446 am no a uﬂgﬁ\ F Hf ﬁﬂSEQ | D NO 6. 4. A
construct according to claiml, 2 or alsd expr essi on control
sequence is operable in a seed cell. 5. A reconbl nant plant cell :

comprising a constyugfe 859&1@% struft heciin tQFlan ildc.)‘,'e e}elﬁgmélplantc “s?rom

pl ant cell accordlng to erein sal g I'sS sefecte
t he group consi st iseed cdll. Br assi ca, soybean, saffl ower, corn, flax, and
sunf | ower .

12. The nucleic acid construct according to claim 11, wherein said seed cell is

5 an embryo cell.

13. A recombinant plant cell comprising:

At least one copy of a DNA sequence which encodes at least one
functionally active Mortierella alpina fatty acid desaturase which results in the
10 production of a polyunsaturated fatty acid, wherein said fatty acid desaturase
has an amino acid sequence as depicted in a SEQ ID NO: selected from the
group consisting of SEQ ID NO:2, SEQ ID NO:4, and SEQ ID NO:6, wherein
said cell was transformed with a vector comprising said DNA sequence, and
wherein said DNA sequence is operably associated with an expression control

15 sequence.

14. The recombinant plant cell of claim 13, wherein said polyunsaturated fatty
acid is selected from the group consisting of LA, ARA, GLA, DGLA, SDA

and EPA.
20
15. The recombinant plant cell of claim 13, wherein said recombinant plant cell
is enriched in a fatty acid selected from the group consisting of 18:1, 18:2,
18:3 and 18:4.
25 16. The recombinant plant cell of claim 15, wherein said plant cell is selected

from the group consisting of Brassica, soybean, safflower, corn, flax, and

sunflower.
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7. A plant cell according to claim5 or 6 V\/nich is enriched for a fatty
acid selected fromthe group consrstimg-of—38:-1+—18:2, 18:3 and 18: 4.

-176- WO 98/4684t r ansgeni ¢ pl ap el | accor RATUYOEAY one
of claime 5 to 7. 9. A nethod] Em!ﬂm, l&l ant oil conprising
recovering oil fromthe plant of eed. 10. A et hod
according to claim9 which further conprises forrml ating the fatty aci d
into a product selected fromthe group: a pharmaceuti cal
conp03|t|0n conprili rrier;
composition compr n§7| e Pdtbfhbfiaht SR Bl a&%gcﬂﬁgf@%ﬁ@id WheRtRF Gl %&Jg%g/ﬁﬂ
suppl enent ; aoﬂrcé&a;wnmbsnddganm to said plant &llcosneti c; and

an ani mal feed.

18. One or more plant oils expressed by said recombinant plant cell of claim 16.

19. A method for obtaining altered long chain polyunsaturated fatty acid

biosynthesis comprising the steps of:

growing a plant having cells which contain a transgene encoding a
transgene expression product which desaturates a fatty acid molecule at carbon
10 5 from the carboxyl end of said fatty acid molecule, wherein said transgene is
operably associated with an expression control sequence, under conditions
whereby said transgene is expressed, whereby long chain polyunsaturated fatty

acid biosynthesis in said cells is altered.

15 20. A method for obtaining altered long chain polyunsaturated fatty acid

biosynthesis comprising the steps of:

growing a plant baving cells which contain one or more transgenes,
derived from a fungus or algae, which encodes a transgene expression product
which desaturates a fatty acid molecule at a carbon selected from the group
20 consisting of carbon 5, carbon 6 and carbon 12 from the carboxyl end of said
fatty acid molecule, wherein said one or more transgenes 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.
25

21. The method according to claims 19 or 20, wherein said long chain
polyunsaturated fatty acid is selected from the group consisting of LA, ARA,

_ GLA, DGLA, SDA and EPA. T
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1 1. Anethod according to claim 10 wherein said infant formula, dietary
suppl enent or dietary substituteis—imthe formof a liquid or a solid.

12. A net hewb ssmeesdi n 1 wherei n the nutritporassgiorsanl a,

i nfant formul a, dietar mﬁm ﬁe Q di etary substitute contains at |east
one macronutrient sel ect Lok t oup consi sting of coconut oil, soy

-17 7- oil, canola oil, nono- and di-glycerides, glucose, edibie
| act ose, el ectrodial ysed whey, electrodialysed skinmed mlk, mlk whey;

S0y Protei n, - ang oGRSl DAoL SRUESa rocorte s WSRARGH SEGREA "0 1

suppl enent or dietaiyos2stitute contains at |least one vitam n selected
fromthe group consisting of vitamns AL C, D, E and B conplex; and at

| east one mneral selected fromthe group consisting of calcium

magnesi um zinc, manganese, sodium potassium phosphorus, copper,

chl ori de, |od|ne 34l claim8
for the producti 02n g‘fxﬁah?mt)t y a nh% gf‘prevenixééml%rgﬁ?gngecgg@éfrs g’&nagh?@gtg%%m 14
for the proSiucti on sdid plapt aitiofxdlaimc2ntomipaiieny is aéed dof asitl yreatment ospreventionduct

bei ng sel ected fromthe group:,.. . \ .
g In an aniount Sufficient to effect said treatment or prevention.

24. A pharmaceutical composition comprising said plant oil or fraction of claim

22 and a pharmaceutically acceptable carrier.
10

25. The pharmaceutical composition of claim 24, wherein said pharmaceutical

composition is in the form of a solid or a liquid.

26. The pharmaceutical composition of claim 25, wherein said pharmacettical

15 composition is in a capsule or tablet form.

27. The pharmaceutical composition of claim 24 further 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

20 antioxidant, and a phenolic compound.

28. A nutritional formula comprising said plant oil or fraction thereof of claim
22.

25 29. The nutritional formula of claim 28, wherein said nutritional formula is
selected from the group consisting of an infant formula, a dietary

supplement, and a dietary substitute.
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30. The nutritional formula of claim 29, wherein said infant formula, dietary

supplement or dietary supplement is in the form of a liquid or a solid.

31. An infant formula comprising said plant oil or fraction thereof of claim 22.

32. The infant formula of claim 31 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

10 hydrolysates.

33. The infant formula of claim 32 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,

15 magnesium, zinc, manganese, sodium, potassium, phosphorus, copper,

chloride, iodine, selenium, and iron.

34. A dietary supplement comprising said plant oil or fraction thereof of claim
22,

20

35. The dictary supplement of claim 34 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

25 hydrolysates.

36. The dietary supplement of claim 35 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,

This Sheet Has Been Replaced

iiiiiic ¢ e




WO 98/46764 PCT/US98/07421

R O A 1 1

magnesium, zinc, manganese, sodium, potassium, phosphorus, copper,

chloride, iodine, selenium, and iron.

37. The dietary supplement of claim 34 or claim 36, wherein said dietary

5 supplement is administered to a human or an animal.
38. A dietary substitate comprising said plant oil or fraction thereof of claim 22.

39. The dietary substitute of claim 38 further comprising at least one
10 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.

15 40. The dietary substitute of claim 39 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.

20
41. The dietary substitute of claim 38 or claim 40, wherein said dietary
substitute is administered to a human or animal.
42. A method of treating a patient having a condition caused by insuffient

25 intake or production of polyunsaturated fatty acids comprising administering

to said patient said dietary substitute of claim 38 or said dietary supplement

of claim 34 in an amount sufficient to effect said treatment,
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43, The method of claim 42, wherein said dietary substitute or said dietary

supplement is administered enterally or parenterally.
44. A cosmetic comprising said plant oil or fraction thereof of claim 22.
45, The cosmetic of claim 44, wherein said cosmetic is applied topically.

46. The pharmaceutical composition of claim 24, wherein said pharmaceutical

composition is administered to a human or an animal.
47. An animal feed comprising said plant oil or fraction thereof of claim 22.

48. An isolated nucleotide sequence comprising the nucleotide sequence
selected from the group consisting of SEQ ID NO:38 - SEQ ID NO:44

wherein said nucleotide sequence is expressed in a plant cell.
49. The method of claim 20 wherein said fungus is Mortierella species.
50. The method of claim 49 wherein said fungus is Mortierella alpina.

51. An isolated nucleotide sequence selected from the group consisting of SEQ
ID NO:49 - SEQ ID NO:50 wherein said sequence is expressed in a plant

cell,
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