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application is a contiuation-in-part application of United States Patent -
Application Serial No. 08/834,655 filed April 11, 1997. INT hg eld -
of the | nV¥R¥B@H6Fhi s i nvention-rel ates to nmodul ating | evel W S

and/ or enzyne 10 conponents relating to production of Iong chain
poly-unsaturated fatty acids (PUFAs) in a microorgani smor aninal.

Background Two mai N { gk HBHO ANIPLOMPOSTORS FORISYRTHESISTBIAS) are the

[err]3 fatty acids, exenplifie y el cosapentaenol ¢ acid (EPA), and the

[err]6 fatty acids, 15 lgely hh?ﬁ Yiwa'd %A). PUFAs
are inportant conponenpg%gg%lpgiﬁgﬁn@r%%o ?‘he cellft,: ere they may
be found in such forns as phospholipids. PUFAs are necessary for proper
devel opnment, particularly in the developing infant brain, and for tissue
formation and repair. PUFAs al so serve as precursors to other nol ecul es of

i mportance in human bei ngs and aginesl o i ng the prostacyclins,
ei cosanoi ds, |eukotrienes and pr q’m.‘l 'R‘LQN”% or | ong chai n PUFAs

of inportance include docosahexaenoic acid (DHA) and EPA, which are
primarily §ound in diTHisapplicatiorpisn cohtitiativn-inigart applicativnefiUnited iStat¢sCLA)
which is found in the seeds of a, nu 0 ants,..i.nc i ng eveni ng
pri nrose (Cenot Heatentiy ﬁ%tgn,gmﬁgw%%‘#’éij%‘safﬁml@ ﬁs%'and bl ack 25
currants (Ri bes nigrun), and stearidonic acid (SDA), which is found in

marine oils and plant seeds. Both G g{ Hﬁi I nportant |ong chain
PUFA, arachidonic acid (ARA), are fo tous fungi. ARA can be
purified fromanimal tissues including |liver and adrenal gland. GLA, ARA
EPA and SDA apRid bR Thvéstion0' are dietary precursors to, inportant |ong
chain fatty acidsS rnvolved tn prostaglandin synthesis, in treatnent of
heart disease, and | nTARYNGARER Flated tolthéilatigievits of izyReandlor it Of
sources exist for conmercial production .

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

(PUFAs) in 2 microorganism or animal.

Background

Two main families of polyunsaturated fatty acids (PUFAs) are the w3
fatty acids, exemplified by eicosapentaenoic acid (EPA), and the o6 fatty acids,
15 exemplified by arachidonic acid (ARA). PUF As are important components of
the plasma membrane of the cell, where they may be found in such forms as
phospholipids. PUFAs are necessary for proper development, particularly in the
developing infant brain, and for tissue formation and repair. PUFAs also serve
as precursors to other molecules of importance in human beings and animals,
20 including the prostacyclins, eicosanoids, leukotrienes and prostaglandins. Four
major long chain PUFAs of importance include docosahexaenoic acid (DHA)
and EPA, which are primarily found in different types of fish oil, y-linolenic
acid (GLA), which is found in the seeds of a2 number of plants, including
evening primrose (Oenothera biennis), borage (Borago officinalis) and black
25 currants (Ribes nigrum), and stearidonic acid (SDA), which is found in marine
oils and plant seeds. Both GLA and another important long chain PUFA,
arachidonic acid (ARA), are found in filamentous fungi. ARA can be purified
from animat tissues including liver and adrenal gland. GLA, ARA, EPA and
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5 including a variety of marine organisns, oils obtained fromcold
wat er marine fish, and egg yolk fractions. For ARA, m croorgani sns

i ncluding the genera Mortierella, Entonmophthora, Phytium and Porphyridi um
can be usaewb pgH676NMEr ci al producti on. Conmerci al sources oPCERRIB/HBRGde
t he genera Trichodesma and Echium Commercial sources of GA include

eveni ng 10 prinrose, black currants and-borage. However, there are
several disadvantages associated with commercial production of PUFAs from

nat ural sources. RlmSEsC -e&f ptF'm At nts, tend
to have highly r?g%%}ci{:;eneous s’oﬁsargglrrpo tlgﬁgﬁqﬁg‘l@ S g@% al ne?n?romthese
sour ces t her ef omeids involvejlin peostaglandin syathesis; ihitreatmen of heastedisease,@ndit one or
nore desired PU@S 194 15t b .tﬁgﬁrﬁoduce an oil which is enriched in one or

more PUFA. Nat uidsPelopmptef min fissiey s hj ect to uncontrollable fluctuations

in availability. Fish s s may, undergo natural variatjon,or, may be

depl eted by oyerfish&ﬂgbﬁ’;ﬁn‘ﬂﬁ’?" § ??ﬁﬁséﬁmmg\‘@%dors, whi ch

may be i nppssi bligeliding @ VA ©Fntaring QRhALE, bilPoBthiRed A8 doffwhtePHidfihe and

can render such products unacceptable as food 20 = supplenents. Aninal
oils, and parti Lshaancgnggiwﬂc5a¢t@,r15cﬁwé&6um;¢ramamnm'snmn£mtaheagmrlaut ants.

Weat her and dis , , ' ' fr lL.sh and

pl ant sources. %’gﬁegéz@' g@%ﬁﬁg&@%@%ﬁ@aﬁ@fﬂﬁyg@ é’f?@r%;{%sgdg‘#rl - pr oduci ng
crops is subj ectcoimnérciabprotiidtivn. Comimérbial sdureed\of SOpaiihue tind gemgrmn

popul ati ons and hcg ssoci a %ncreased .need for fiod, prgduct Lon on the 25
remai ni ng ar abl e7f%4A e.s”@r‘fﬂﬁéf en Cammpsreial sourcos phGLACENde svaming ge, have

not been gglapt eg,mogg Bk Cufthntd ae%&agaddﬂmva%eﬁ%&é &{v%a“@ishd\}aﬂta es

nonocul ture. & such crops is thus not econom ca conpeti {1 ve
wher e nore pr of iassdsiatechwith bemmercialqradiction of PUF s Srammnatheal spusess, Nadurge

Natural a0 el pPPORRS N b flmAR A plab, o bV BBAN G BTl T cul v
to process. M criefrogsneousoibeunipaitionss Thy bilslbbtainad GrolvbthédesoticksithRtefore

difficult to cultivate on a commercial scale. -2- Dietary supplenents
and phar maceut i AR TEQRTH AXIANSIYE PuBBrationtp separate-put ong ermarg desiged FUFAs or

di sadvant gges of o gy RLaRoAHiFis cRHORSHBAL Br BFPERAT Nl doufdRaMbes can

contain | ow | evel parti cul ar sired conponen
: are subject to uncontrollable fluctuations in availability. Fish stocks may

undergo natural variation or may be depleted by overfishing. Fish oils have
. unpleasant tastes and odors, which may be impossible to economically separate

from the desired product, and can render such products unacceptable as food

20 supplements. Animal oils, and particularly fish oils, can accumulate
environmental pollutants. Weather and disease can cause fluctuation in yields
from both fish and plant sources. Cropland available for production of alternate
oil-producing crops is subject to competition from the steady expansion of
human populations and the associated increased need for food production on the

25 remaining arable land. Crops which do produce PUFAs, such as borage, have
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

30 animal tissues contain low amounts of ARA and are difficult to process.

Microorganisms such as Porphyridium and Mortierella are difficult to cultivate

on a commercial scale.



thus require | arge dosages. Hi gh dosages result in ingestion of high |evels
of 5 undesired conponents, including contam nants. Unpl easant tastes
and odors of the supplenents can make such regi nens undesirable, and nay

i nhi bit covpbs/saIee by the patient. Care nust be taken in pr SﬂTG?SQ&"?’&fty
acid supplenents, as overaddition may result in suppression of endogenous
bi osynt heti c pathways and | ead to conpetition with other necessary fatty
acids 10 in various lipid fractions in vivo, |eading to undesirable
results. For exanpl e,DlEﬁ.Jr-}mé&%magmdhﬁcemxmﬁmﬂafmaoﬁﬁﬁﬁng aci ds have
an increased tendency to bléed (U S 874, 603). A nunber of
enzynes are |nv&%¢mmmh9ﬂ§9§m$gf%ﬁlﬁ&m}ﬂ%l ppismentgsush as

9,12
5710 1E A (1B R A Ao Bt B telePof e Dheddflad dedfifel cbiRof aaCe,
[er (rj] 9, 12) f by alé{wﬁfeqﬂuﬁ? ladﬁddsl agesis ﬂlglﬂﬂﬁkaé?}cmlf mrmté'sngﬂ Xg lhgilll&vb)s of
ro uctlon rom di_hqmo-[err]-1inolenic aci |
Eat alyzed dy a A@daégeétcemg °m§’lg’06'é\¥g‘?“g coptamin tscémi’i?asﬂgst%fﬁfra&flé’]d nd the

[err]9 positi O”ltgé‘%‘ﬁ[ﬂgé?ﬁ 4h A Rkh fé@%&{émﬁkﬁ%l@%&'nﬁ}&nﬁ%{ter r] ?) IAnt 0

linoleic acid ( 9, 12) Li kewm'se Inolenic acid
18:3 A9, 12, 15)compiianee the pati¢nss Carmbst bedakenlis providing fastyagid ot es,

| udi ng f t h d t
orr] 12 and [ or rienieeRl R HR GRS RES A Iy dpbRIfoy oEbcBia Y 0TS
therefore are ei Exbgrntmxel ‘dﬂidvairﬁ i léadeto conietition Math dikeraicuessidydattypadds

el ongation of linoleic aC|d (18: 2 erréﬁ 12) or [err]- uino%@_nlc acid (18:3
A9, 12, 139. Theinorepus lipid f@%?nsu invipelepdipg topadgsisable res F¥EMPleat er i al

| nvol ved i n PUFALBGRSYBIVIES) Bick QR AT odiPhevR i thctkbatba REEHEFo! hese

fatty acids and TO express ate in amcro r ani mal
syst em whi ch canble&i (W8I Pat] Wbs48746Q8)0ovi de production of COhTTEI’CI al
gquantities of one or nore PUFAs. Thus there is a need for fatty acid

desat urases, genes engqfinit@r bi\eizymes arerifesivéd incPUF Abidsgrithesi$. Dinoiticadid
them 30 A need further exists for oils containing higher relative

proportions of afldbdB:2 A9, 12) ispreduged fram olejecacid (18: pARYbY a A?%'@SQP“&P% exi sts
for relia Ie eco
Lt er at ur &5Pr odu GRS BABS, 120 Brodlef HoIotE iid Ko Yet e, TE| B1ERS, |
described in USPisaturase. ARA (20:4 AS, 8, 11, 14) production from dihomo-y-linolenic acid

(DGLA, 20:3 A8, 11, 14) is catalyzed by a A5-desaturase. However, animals

cannot desaturate beyond the A9 position and therefore cannot convert oleic

acid (18:1 A9) into linoleic acid (18:2 A9, 12). Likewise, a-linolenic acid

20 (ALA, 18:3 A9, 12, 15) cannot be synthesized by mammals. Other eukaryotes,

including fungi and plants, have enzymes which desaturate at positions A12 and
Al5. The major poly-unsaturated fatty acids of animals therefore are either
derived from diet and/or from desaturation and elongation of linoleic acid (18:2
A9, 12) or «-linolenic acid (18:3 A9, 12, 15). Therefore it is of interest to obtain
25 genetic material involved in PUFA biosynthesis from species that naturally
produce these fatty acids and to express the isolated material in a microbial or
animal system which can be manipulated to provide production of commercial
quantities of one or more PUFAs. Thus there is a need for fatty acid
desaturases, genes encoding them, and recombinant methods of producing them.

30 A need further exists for oils containing higher relative proportions of and/or



5 5,552, 306. Production of 8, 11-eicosadienoic acid using Murtierella
alpina is disclosed in USPN 5,376, 541. Production of docosahexaenoic acid
by di noflagellates is described in USPN 5, 407,957. Cloning of a

[err] 6- pakyh bgrydrss acyl carrier protein desaturase is descri lpertusysiofike .
publication WD 96/ 13591 and USPN 5, 614, 400. C oning of a A6-desaturase from
borage is described in 10 PCT publicatien WD 96/21022. d oni ng of

[err] 9-desaturases is described in the published patent applications PCT WD

91/ 13972, EP 0 550 Al .EP 1,569 EP. 0. 644. 263 n 736
508 Al and i n (RPRRE aheciiGPORAY, Aietd o e foP elab beofompiniiods |0
organi sns i s dessfprddudingsptific PUFAscati on WO 94/ 11516 and USPN 5, 443, 974.
Cloning of [err]15-desaturases 15 fromvarious organisnms is described
i n PCT publi cat ippdlevift13fetdtd#®. Al | publications and U S. patents or
applications referred to herein are hereby incorporated in their entirety

by reference. SUMMR\ﬁrSEuJHEOEsz%@'a&@KﬁEA@H@Qﬁ} _%&sw%yare

provi ded for preparation of poly- nsat urated | ong
aci ds. TheS conpds533,306 Rroductide ofi 8¢1 keicosadietoieracittasing Moftierelid alpinads

[err]12- desaturgse and/ | des .havin err] 6- and/ar,.[err]12-
desat ur ase actiﬁf@?sea%&ggﬁﬁégﬁ@%ﬁ‘egﬁ% ‘°Br°gﬂé§°s %ﬁag?qlﬁamgk& det ecti ng
the same. The medihonbpelltedls\RsEHRIINTSPNSS07,557%  CRER TR ARpalAoyE!
expressing an introduced gene or genes encodi n%sat | east one desaiurase, 25

particul arly a [asylgarier greteir] desaturase is desciibedrih PCTopshiicaticns WO 96/¢35R3t hods
| ' | th f ' t ' ti t o

decr case or el | ARV A1400 ClotiRe Lt A6 cBretiradiiomiprisedaiciitedn

Regul ati opg of eXF@'F%ﬁbKE%ﬁGﬁ W@@6%@Q§.UC§§1§1L%AF‘SA@§&EM&G§|}S &E?H’Heﬁ‘?ﬁtﬂeor a

relative 1ncrease in desired desaturated as a result of altered
concentrati ons gfubliskedrpatens applatiens BCE VO N HI39E2, ERI0 550 162 ARLER 0 561

roduction of %9 AhEE 0 RE26EA2, dfEp bhe KR, Ruq iSRS S B odi rent
of the inventi orcxoaﬁ:gic&mlatdtdamése&maﬁﬁ&zmg?ﬁgﬁé %%eséi’iﬁ%ﬁ%?@tﬁ de

sequence depicted in Figure 3A-E (SEQ I D NG Fi gure 5A-D ( SEQ
I D NO 3), a pol pyblicaticeWéh94/d b 6and ISR 5:448/974. Cleniog ofAbe-desatiirasgs Fi gur e

3A-E ( SEQ]# D Na frc}r}n v%}iogsi &légr%sr?léis%egcsrlizb%dlir? PH? puﬂi’cat?orhdwo 93/11245. All

publications and U.S. patents or applications referred to herein are hereby

incorporated in their entirety by reference.

SUMMARY OF THE INVENTION

Novel compositions and methods are provided for preparation of poly-

20 unsaturated long chain fatty acids. The compositions include nucleic acid
encoding a A6- and A12- desaturase and/or polypeptides having A6- and/or A12-
desaturase activity, the polypeptides, and probes isolating and detecting the
same. The methods involve growing a host microorganism or animal
expressing an introduced gene or genes encoding at least one desaturase,

25 particularly a A6-, A9-, A12- or Al5-desaturase. The methods also involve the
use of antisense constructs or gene disruptions to decrease or eliminate the
expression level of undesired desaturases. Regulation of expression of the
desaturase polypeptide(s) provides for a relative increase in desired desaturated

PUFAs as a result of altered concentrations of enzymes and substrates involved



a purified or isolated pol ypeptide conprising an am no acid sequence
depicted in Figure 3A-E (SEQ ID NO 2) or Figure 5A-D (SEQID NG 4). In
anot her enbodi nent of the invention, provided is an isolated nucleic acid
encodi ng avA98/46763 pol ypepti de having an ani no aci d sequence REINIBOALIZ6N
Figure 3A-E (SEQ ID NGO 2) or Figure 5A-D (SEQ ID NO 4). Also provided is
an isolated nucleic acid conprising a nucl eoti de sequence whi ch encodes a
pol ypepti de which desaturates a fatty acid nolecule at carbon 6 or 12 from

the” car boxyl enﬁnmsioeyxﬁﬁés@k.Wﬁ%ﬂﬂﬁ%ﬂu@??&&%ﬂémml e 8e4té age

AI'T content of |less than about 60% In a preferred enbodinment, The isol ated
nucl ei ¢ aci d i s mreductiod of G, DGLAGARA, EP&,; DA and §Pfus of the genus
Mortierella. More preferred is a fungus of the species Mrtierella al pina.

I n anot her preferred lndypreferred embbdintent ofithe itveation,an isalated nucleicuacidei ¢ aci d

I s provided wherein the nucleot.ide sequepce, of. the nycl gi Q. epi cted
I20 P v: n Fi guré@@“{%é’é‘qc °i\’l|6? Seﬂueﬂ‘!rje %PM“@%SW?@E% Wﬂﬁ:ﬂ?ﬁg
i nvention &l so Wi?tﬁie S DASEGID m@g,qrp& iptide endddkd BPAinudRotéld Sdduence
desaturates a fatty acid nolecule at carbon 6 or 12 fromthe carboxyl end,
wherei n t he pol yaseprding-Figure3 Ari EFEQ P N0l )5 Figurel AP (PEQIDY NP:d).mrdm a

K ti I . - . g ved
rom o fungus, ® DERufieor ik Boly el e g oK 3o BN NERRRL Bepheg e | V@
nucl ei ¢ acid sedimdigwre3iA-EnSEID MO ot Bighraih D BEGID N 4)D Ihi@nothgr or

n isplated nuclei.¢c acid having a

Figure 5A-D (SEQ ID NO 3 Preferred is \
ol bot e s oou PRt Gfthd ERtian, Biavidsads P BRI AEI -G FRSOBES | SO | D

NG 1) oryfigur peptidSkayih®ahlanind acid SRuk e inlr3gurk BALE D
I sol at ed %gcl ei gpof?l@?% ﬁavi nxgé)a 30 adl %ﬁl& %Egsii%gig%gelétﬁ%gg \%l tﬁ@ét@l east

about 50% honol oiy@: RdorFiguress 8N BEGHOIND 4O 1) or Figure 5A-D (SEQ I D NO

3). In a preferred enbodiment, the -5- nucl eic acid of the invention
i ncl udes a nucl eot i deAdsequevided istands$plated nuicleic acidaoinpoisingi achuctaptide c e

depicted in Figure 3A-D . (.SEQ 1D NO .2 i ch.i,s.sel ected.fromg he qgr,oup
Consi sting of  aniECERTEcaeL S bl Reptids i s gufiiar ey G mGellyR
390-402. 5 at carbon8 6101 20frénithkeehrboiyll Bied, RVIRPEA baill Mucleblidseqfierftehds | i C
acid construct conprising _a nucleotide sequence depicted in a Figure 3A-E
(SEQ I D N& 1) anaverage content of less than about 60%. In a preferred embodiment, the
isolated nucleic acid is derived from a fungus, such as a fungus of the genus

Mortierella. More preferred is a fungus of the species Mortierella alpina.

In another preferred embodiment of the invention, an isolated nucleic
acid is provided wherein the nucleotide sequence of the nucleic acid is depicted
20 in Figure 3A-E (SEQ ID NO: 1) or Figure 5A-D (SEQ ID NO: 3). The
invention also provides an isolated or purified polypeptide which desaturates a
fatty acid molecule at carbon 6 or 12 from the carboxyl end, wherein the
polypeptide is a eukaryotic polypeptide or is derived from a eukaryotic
polypeptide, where a preferred eukaryotic polypeptide is derived from a fungus.

25 The present invention further includes a nucleic acid sequence which
hybridizes to Figure 3A-E (SEQ ID NO: 1) or Figure SA-D (SEQ ID NO: 3).
Preferred is an isolated nucleic acid having a nucleotide sequence with at least
about 50% homology to Figure 3A-E (SEQ ID NO: 1) or Figure 5A-D (SEQ
ID NO: 3). The invention also includes an isolated nucleic acid having a

30 nucleotide sequence with at least about 50% homology to Figure 3A-E (SEQ
ID NO: 1) or Figure SA-D (SEQ ID NO: 3). In a preferred embodiment, the
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or Figure 5A-D (SEQ ID NO 3) linked to a heterol ogous nucleic acid. In
anot her enbodi nent, a nucleic acid construct is provided which conprises a
nucl eoti de sequence depicted in a Figure 3A-E (SEQ ID NO 1) or Figure 5A-
10 D\Q§l§94k.}33NQ 3) operably associated with an expresspEnusssyizl
sequence functional in a host cell. The host cell is either eukaryotic or
prokaryotic. Preferred eukaryotic host cells are those selected fromthe
group consisting of a marmalian cell, an insect cell, a fungal cell, and an

al gae cell. Preferred m lian cells .include,an avian cel), ., a preferred
fungal cell inclbefdeicac e inyention ipglpdes agyglegtide éﬁwwéf’@%‘%ésw is a

marine al gae cel &nixﬁrﬁgﬁgeagamterda ﬁfeuqh'ng&@hhsni(gsbqrbmopgﬁm@ﬁhsect ed from

the group consisting of a bacterla, a cyanobacteria, cel ich contain a
bact eri ophage, assl¢cted fxomitheigroupiconsiringd goine acid tesidues S58S3nd-Adk72host
cell preferably i a which is functional in the host cell,
whi ch pronoter |g?€>§#§gbﬁ%@bl e. In a nore preferred 20

enbodi nent,. t he m crohial ce.IdI 'bs a fung] cet,l of thﬁ.qg%ndjs tierella,
with a mor@ preferr ed A HRJaYded by fhe prese E‘é‘cYF’ésm\\’Brat“l“g SRR %ﬂ“gﬁ\%. I'n

addi tion, the presapfisihg¥ adélestideNeqieénde depicted ¢h & Figué BA-E (SEQTIXNO: 1)
conprising a nucl eotide sequence which encodes a pol ypeptide conprising an

ami no aci d sequeRtEigHF %‘Q@W%@N@é)ﬂiﬂkﬂm%h@mgﬂ%ﬁﬂﬁFW agig. d8 anino 25
acid seauence dopihe el EniE LASOUAAR okt VHAsGgRe (S50 D

NGO 4), wherein e nucleic acld 1's opera assocl ated wth an expression
cont rol sequence nfcleatideceghience depiated imb Figure 2ALE (BEEYIE) NO: hporKighreStA-de

sequence encodes_a \qunalll y active pol ypeptide whi.ch desaturates a
Tatty aci A0l cot GEU il N oberdblvafbosiited SR srpitesi o pdsiie) Felfiror T
fatty acid 30  funciiBh&lGh hBostARA! TRE hestkeH idEiter ehkdri®idvrrsiydtizvent i on i s
a nucleic acid construct conprising a nucl eotide sequence whi ch encodes a

functional |y act Prefersgl enkeniotichwst aglls preghese sglected fram thegsoupennsisting efp

corresponds to or -16- t I %B Obld f an
am no acid sequerll%e g%nc%egﬂ&?ﬁg%?giagua@%%?@’(ggg I%ﬁﬁ%eﬁ'zﬁéf%%g? ein the
nucl eot i de sequemngammalianxeilsbcjudesnaviantcel, aptefereedt fuaged cell jricluales a greastol
sequence fynctional in a host cell. Yet another enhodj nent . of .the.present
hventi on 15 & naekeng aqupived Sfeae cellfahaicte Hapele iREeHCh BokEIETEeLS
sequence whi ch eRgQaiRsthase’ seleteddrtth khe group consisting of a bacteria, a cyanobacteria,

cells which contain a bacteriophage, and/or a virus. The DNA sequence of the

_ recombinant host cell pr.eferably contains a promoter which is functional in the
host cell, which promoter is preferably inducible. In a more preferred
20 embodiment, the microbial cell is a fungal cell of the genus Mortierella, with a

more preferred fungus is of the species Mortierella alpina.

In addition, the present invention provides a nucleic acid construct
comprising a nucleotide sequence which encodes a polypeptide comprising an
amino acid sequence which corresponds to or is complementary to an amino

25 acid sequence depicted in Figure 3A-E (SEQ ID NO: 2) or Figure 5A-D (SEQ
ID NO: 4), wherein the nucleic acid is operably associated with an expression
control sequence functional in a microbiallcell, wherein the nucleotide sequence
encodes a functionally active polypeptide which desaturates a fatty acid
molecule at carbon 6 or carbon 12 from the carboxyl end of a fatty acid

30 molecule. Another embodiment of the present invention is a nucleic acid
construct comprising a nucleotide sequence which encodes a functionally

active A6-desaturase having an amino acid sequence which corresponds to or is
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active Al2-desaturase having an am no acid sequence which corresponds to or
Is conplenentary to all of or a portion of an am no acid sequence depi cted
in a Figure 5A-D (SEQ ID NO 4), wherein the nucl eoti de sequence is -

oper abl y maxesuéaéed with a transcription control sequence f R¢HYHRATLZOn a -

host cell. The 10 host cell, is either a eukaryotic or prokaryotic
host cell. Preferred eukaryotic host cells are those selected fromthe
group consisting of a marmalian cell, an insect cell, a fungal cell, and an
al gae cel I Pr echﬁ@%m% AR Bf §:°4 poitibf 6F AtflEmAd AYd fduele!depRiddiifiher r ed
fungal cell includes a yeast cell, and a preferred algae cell is a marine
al gae cell. Pr efFismeaApécﬂSﬁQ/H? NO: 2 whetercthe aucleptidasequensetivopergbly  from

t he group consi st 0 ' |8, l, [ contain a
bact eri ophage, é’ﬁ%#g‘?e awflhlj?@gﬁgbﬁﬁ&gﬁggﬁﬁgﬁ%ﬂéﬁéggﬁ%icgg'nt host
cell preferably contqi(é}s aggrongéuer i | S fl{lﬁlCti onal in the host cell
and whi ch preferably 1% 3PAFECFBPRIMmED TP MEEBHET RAUCHEE el is a
microbial gell sYfifndscompRsng aaficleotide SdyusicerwSoR ehicudesy farctiogdlly 20
The present invention also provides a reconbi nant mcrobial cell conprising

at | east one copgtive Ab2-desaturpse having anranzino eeid saauenge whirh qomeapands i1 ve

depi cted i n A oif SorapleenlEy i AR b Ghe ¥R o8 Bfudhfe HesiBRUINEC, °F e
cel | was transf qigiad SW-DVSEQHENQ: 43,0Whérei the naclestiddNdqaamte é\peratind

wherein 25 t he DNA sequence |s, operably associated with an exprilgssi on
control sequencessqciated Withadranseriptiop santselsequanse functipnaldn g hestgellp cel |

which is rich WIRTIR ' b Gl gL ' i al
cell is ffd(;m a 3&%&&12%%@%\2&%@%@% pg%%&%o% c')s/etl I ng %ﬁggpr 0 %t%got i C
cel |l and eukar ydtostcetlslare those setestdddrom tief group doresidtingiofia mammabkamdetl; adi al

cell according t.o the . nvention,ingludes an,3 expr essi on, cont r ol
sequence Whi cﬁ ilgseéﬂﬁ%gérfﬁ%alfal’taﬂ aﬁ?@ﬁﬁ‘%&l p@éqqe_dm ! am}l\f'ggl ‘QB ded by
the present inveindvidh defl, @ preférrdfubgil cell dsbhedes ANyt éalil\ahd)a prféredd dlgdd

where the nethod canprises growi ng_a host culture having a plurality of
host cel|'s whi ctrelldna magingaigag celipPreferrd nepkaryeticieells sucladethose sstacledept i de

whi ch conyerts %‘%u WosE&i [ 05 cl.8i ' S

oper abl y gs oci a%é%%m h gn e%%irngsoglggﬁc@g%taf%l sea%aenblé@s&‘r’l‘ggé goé‘(%%ﬂiat i ons

wher eby sai d onebasteriophagenamd/en & vimgs. dThaD¥ Ao sgauessaaf theveeombinafl lost eell
preferably contains a promoter which is functional in the host cell and which

preferably is inducible. A preferred recombinant host cell is a microbial cell

such as a yeast cell, such as a Saccharomyces cell.

20 The present invention also provides a recombinant microbial cell
comprising at least one copy of a nucleic acid which encodes a functionally
active Mortierella alpina fatty acid desaturase having an amino acid sequence
as depicted in Figure 3A-E (SEQ ID NO: 2), wherein the cell or a parent of the
cell was transformed with a vector comprising said DNA sequence, and wherein

25 the DNA sequence is operably associated with an expression control sequence.
In a preferred embodiment, the cell is a microbial cell which is enriched in 18:2
fatty acids, particularly where the microbial cell is from a genus selected from
the group consisting of a prokaryotic cell and eukaryotic cell. In another
preferred embodiment, the microbial cell according to the invention includes an

30 expression control sequence which is endogenous to the microbial cell.



produced in the host cell. In several preferred enbodi nents of the nethods,

t he pol ypeptide enployed in the nethod is a functionally active enzyne
which desaturates a fatty acid nolecule at carbon 6 fromthe carboxyl end.
of a fattydébueres acid nolecule; the said one or nore nucl ecensss/erizé S
derived froma Mrtierella al pirna; the substrate for the pol ypeptide is
exogenously supplied; the host cells are mcrobial cells; the mcrobial
cells are yeast cells, such as Saccharonyces ceIIS' and the grow ng

conditions are induci vi ded i.s an, oi,l | Si one oL nore
UML) (Kl DRTEVIKT MM A RO
0. 3- 30% ar achi dogLg 1ﬁ%'H$st(déﬁA)whe?é)ﬂ[eQﬂétH&i &nip rﬁ‘e@gﬂ@\%%a host culture having

di hormo-[err]-linol enic acid (DGL , and appr oxi mat el

[err]-linoleic a@plwa(luMhosAcqﬂsev phe@manlonebrmmnm@nwdﬁenogdms@ i n which

the ratio of A }%})@ee}h@n é&ﬁ%r%‘tﬁ% %#L[A L ssﬁg%ﬂe BPm@ g c%bc?s

Anot her preferr inventi’on 1S a phar mace

conposi ti of conprsiopéna'glytdsﬁoamtb&mthaaeabasﬁmmwaédu;nmumahidmmr rier.
Further provided s

g ritional copposi.tion COﬂ%@ISI th@grls of the
i nvention. The nYY’E‘?"F Y 34 Pg O ABBLS Ruckic acigs 4R gxpratasds Warteh @h8dsbl y are
adm ni stered to ﬁr H@é’@&% 't}i%rhoBP@éll Hﬂrsﬁﬁtﬂr;ﬁéf‘eﬁe&Emb@&ﬁfeﬁ&'df!he tﬁetﬂ&d’éc fHer €d
conposition of the invention for internal consunptl on 1s an iInfant fornul a.

In a 25 pr epalypeptide empliiyed in thetmeshed isra fupcsinnplly actiussneymewhish t he

i nvention are in ed in or
as a dietary sup%‘%g%%%g 9fah-g ?andcemglﬁf‘ﬁg rovf’g‘(raéc]l:[loﬁﬂgﬁ§§%8@ E’QBF? The

oi I s of the inve#did avleale; the shidsneadr m*ehueluicamd@@ﬂmmatﬂﬁmimtrMH@i S
and can be derived from a mcr%l;l al cell, such as a )éeast cel |

The present i nvefPing the gy dks eRlxpeptide isRyagenqus e’é‘HPléﬁdaEheﬁ’Qs%Fe*l%ttty
acid. In a pref e%%ﬁﬂgglﬂgéﬁ?me thitPobIBl 28 afc IR IcE S shcH %‘gak%r@nyces

reconbi nant m crobi a accor di ng to the i nvent | on under conditions
sui tabl e for - 8-cells; adthe grving conditipr are ylucidle. encoded by sai d nucl eic
acid, wherein the host cell further conprises a fatty acid substrate of
sai d pol ypeptide. Al sAlsorprovidediisian ail dmnpr;smgadmh otexsare PUARAg avheseirstheh a

o the moifods ofmpHE BBtAnF Sraieet PUFASTs Sppristmbeely b BE RAGBRRRE A ur  her
includes a puri f { eRARUPbRRIhARySESA895 &hEfo-y-linolenic acid (DGLA), and
approximately 0.2-30% y-linoleic acid (GLA). A preferred oil of the invention
is one in which the ratio of ARA:DGLA:GLA is approximately 1.0:19.0:30 to
6.0:1.0:0.2. Another preferred embodiment of the invention is a pharmaceutical
20 composition comprising the oils in a pharmaceutically acceptable carrier.
Further provided is a nutritional composition comprising the oils of the
invention. The nutritional compositions of the invention preferably are
administered to a mammalian host parenterally or internally. A preferred
composition of the invention for internal consumption is an infant formula. Ina
25 preferred embodiment, the nutritional compositions of the invention are in a
liquid form or a solid form, and can be formulated in or as a dietary supplement,
and the oils provided in encapsulated form. The oils of the invention can be
free of particular components of other oils and can be derived from a microbial

cell, such as a yeast cell.

30 The present invention further provides a method for desaturating a fatty
acid. In a preferred embodiment the method comprises culturing a recombinant

microbial cell according to the invention under conditions suitable for
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pol ypepti de sequence that is substantially related or honol ogous to the
nucl eoti de and peptide sequences presented in SEQID NO1 - SEQ | D NO 40.
The present invention is further directed to nmethods of using the sequences
present edwigosifedsd D NO. 1 to SEQ I D NGO 40 as probes to ident pCy/usoarize 10 -
sequences, as conponents of expression systens and as conponents of systens
useful for producing transgenic oil. The present invention is further
directed to fornulas, dietary supplenents or dietary supplenents in the
formof a liqui ' 3L 0 : | ' t he

i nventi on. Thesgx osrs?rouqs(?at)ésd @%@H@E‘%Pﬁ%ﬁ{’ yiéaq‘q‘ﬁ%? ,E»g{ea mﬁ{rﬁ@?eér%ld to a
human or an ani fierther ¢vapfisesrafaty acid dubstiatel ofisaidt polygeptiie Alsoqmovided isay

furth i t |east trient sel d f t he gl
consi Sti ng of couaastd drspeted bY SAch R imelbpd, aien G SRmPOaHEn SRR s
gl ucose, ediDl efét%&&ﬁmdﬁéaoace&ai@mﬁém\é%uso%egﬁ\feaﬁbﬁl ysed skimm |k,

m |k whey, soy protein, and other protein ydrol ysates. The

formul as gf the preseik prédémiihiétionBrthds ihdledes'd & ndtlebfdSdeqdiRe bk t 2 N

k 0
selected fromthe gr ou‘g consisting of Vitamns A C, D, E and B conplex;
and at |east ongolypaptide sequinse thatlis substantiadlycretated ardwsicdegong tothecal ci um

magnesi um zi nc nganese diu tassi.u S, 44D

chl oride, iodi n@?ag‘ét?cgenwrﬁepgﬁ%éﬁq%ﬂ&g?ﬁeée %ﬁeﬁﬁﬁgﬁl 'o%ﬁ(ﬁgﬁ %?t“ﬁ'er
directed to a nmgtheggeseht ihvemionigfinthentirestéd toanéthedsofasingithe Sequemsesed by

I nsuffient intake or pr,odéctlon of polyunsaturated fatty acids conprising
adni ni stering t ®resgatedin o QtIDaNQFbEOa‘i%délaB%WP@sen&estm@emﬁ'éﬁl@teén in an

amount sujfg i Ci .e@qu{eﬂc%E %ﬁ?ﬁ@?ﬁfg?gﬁpﬁgsié s 'ﬁﬁtaé cgﬁgonents of siy(s:téefnl_he

present invention'ils to cosnetic an r maceut

conposi tions of ustfal fomtpeodugingdfansgeni¢ oitlent i on. - 9- The present invention
Is further directed to transgenic oils in pharmaceutically acceptable
carriers. The presentThepreseht inmentionfis further ditected tocirrhalas) distatyi onal

suppl ements, cosnetic agents. and infant fo | ae gopt ai,ni ng transgenic
oi 5. 5 Supplepignis op iy FRRRISTRFIIRIY e forr pEk e 8 Selid SPRiARBE R o
for obtaining the long chain fatty acids of the invention. These formulas and supplements

15 may be administered to a human or an animal.

~3

The formulas and supplements of the invention may further comprise 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

20 hydrolysates. -

The formulas of the present invention may further include 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,

25 chloride, iodine, selenium, and iron.

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

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

30 The present invention is further directed to cosmetic and pharmaceutical

compositions of the material of the invention.
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altered |l ong chain pol yunsaturated fatty acid biosynthesis conprising the

steps of: growing a mcrobe having cells which contain a transgene which
encodes a transgene expression product which desaturates a fatty acid
mol ecul e Yo 654pe 6 or 12 fromthe carboxyl end of said faptynsssierizé
nol ecul e, wherein the trangene - 10 I s operably associated with an
expression control sequence, under conditions whereby the transgene is
expressed, whereby |ong chain polyunsaturated fatty acid biosynthesis in

the cells is altered., . The present..invention.is further directed toward
phar maceut i cal conpos 9 BREnEBYERtQn 1§ °ra\§§‘§?‘lf9rféa‘ﬁ6°tnt“?%‘ Msel ected from

the group consi sfljaRfacentically ac@éptabl¥ cirfiets The phésBftiAvention iPfulRéDdifcticd. a
sugar, an amno acid, a free fatty acid, a phospholipid, an antioxidant,
and a phenolic mmmﬂmpsmmwmwﬁef cpniginieg 1 shows

possi bl e pat hway%dsgén.é Bl?s synt hesi s of arachidonic acid 20 (20: 4
[err]5, 8, 11, 1 - st eari doni ¢ acid (18:4 [err]6, 9, 12, 15) from

palmtic agid (Cerr] . . ef 3 r ' i ' . ae,
Morti erel Ig and humn?éérgéegggl%%@@%ﬁ&bfgrdv é{ggar%lgﬁ'?ég&sd%ﬁg her

Irml ﬁcul es i rrportﬂf&edleng bllmingslyanshmatedrf?tajm i l;}i&syﬂtli&k?}slﬂdiﬂpﬁsﬂg.gmdst@sd i ns,
eukotri enes, an prostag anai_nsg, sone_o I C are snown.

Figure 2 shows p%%sﬂfBWB‘gﬁdPW\‘i\%ﬁ?}aﬁ’B}g %F‘BH’E}%WBH“HF‘WAS“% ‘ﬁﬁa'aamis#@t 0

ARA, i ncl uding E&’ﬁ,sgg& ué%?ﬁssiéﬂ?ﬂ&%ch%@sa%% afa\f@racﬁ x\apfaéulew@améw-

Figure 3A-E shows t sequence of the Mrtierell’a alpina [err]6-
desat urase and ter t2troncttie aarbaxylzod of said fattymsid Eolgoule, €in tisEEngend\O 1

[err] 6 DESATURASE c -10- Eiqure 3A-.E (S I D NO 2 rr .. DESATURASE
A ND AG T P gl PRl ArEScisted it B efprésticnn el peublige? et ROmiesL | o

al pina [err]6- dehadeby tedransgene iftplessed) wheesbybid chaihpolyimshtatdl fatguences.
Fi gure 5A-D shows.thgyDNA sg%:]uence p(gf t he I\/brtyi eréglzl a al )Simr?a [err]ﬁltg- 5
desat urase and t%dbéﬁlﬁ!éﬁﬁiﬁaﬁthﬁ)c@@ilﬁi%ence: Figure 5A-D (SEQ I D NO 3

[err] 12 DESATURASE cDNA) Figure SA-D (SEQ I D NO 4 Al2 DESATURASE AM NO
ACI D). Figures 6A andThepeehentinveatien isdurthesrdingrted toward phagpaseiticah construct s

on compositions comprising at least one nutrient selected from the group consisting
15 of a vitamin, a mineral, a carbohydrate, a sugar, an amino acid, a free fatty acid,

a phospholipid, an antioxidant, and a phenolic compound.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows possible pathways for the synthesis of arachidonic acid
20 (20:4 AS, 8, 11, 14) and stearidonic acid (18:4 A6, 9, 12, 15) from palmitic acid
(Ci6) 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 of the Mortierella alpina A6-
desaturase and the deduced amino acid sequence:

Figure 3A-E (SEQID NO 1 A6 DESATURASE cDNA)

-10-



expression of GLA in yeast. 10 Figures 7A and 7B show t he

ef fect of host strain on GLA production. Figures 8A and 8B show t he effect
.of tenperature on GLA production in S. cerevisiae strain SC334. Figure 9- -
shows al i JWO98Me76df t he protein sequence of the Ma 29 and c@QIVESIBHBBE8A.
15 Figure 10 shows alignnents of the protein sequence of Ma 524
and contig 253538a. BRI EF DESCRI PTI ON OF THE-SEQUENCE LI STINGS SEQ ID NGO 1
shows the DNA sequence of the Mortierella al pina A6- desaturase 20

SEQ ID NO 2 shows thef @wg@mghgﬂygsm crB) A6-
desaturase. SEQ ID NO hovvs he” DNA sequence of e I\/brtl er eI l'a al pi na

[err] 12- desaturase. 45 n

Mortierella al pina 25%:3%'%@8}?] %g@abura e. %@%Wé’%ﬁ %gc\?vAearl ous
desat urase sequedssaturase amiid hdiDsédueice With sthertetatéd satedeR pri ner sequences.
SEQ ID NO 19 and SEQ I D NO 20 show the nucl eotide and am no acid sequence

of a Dictyostelium di Fpr¢lsAUD slﬁwstmémseilﬁ@xéé%mmrﬁa@l@@zﬁ&fp 22

show t he nucl eoti de an%ggm no acid sequence of a Phaeodactyl um
tricor nut ufh desatesptusase asEQqcbdmdQ@nme agidsequenee:nucl eoti de and deduced
am no aci d sequence of a Schizochytrium cDNA clone. SEQ ID NO 27-33 show

nucl eoti de sequences Figurdhiddh (SEQIDNASeA12 PEBSATYRASB4DNAEQ | D NO 40
show pepti de sequences for human 10 desat urases. DESCRI PTI ON OF THE

PREFERRED EMBODI MENT SFiguré$ A4D (SEQ ¢DND @ A1 2COEBATURARE AMINO'AICID).Of the
invention, the followng definitions are provided: [err]5- Desaturase

[err]5 desaturase is RIpUBRBATENd\EB SHow e’ AL ESdiffefdRt lpPession constructs on

expression of GLA in yeast.
10 Figures 7A and 7B show the effect of host strain on GLA production.

Figures 8A and 8B show the effect of temperature on GLA production in
S. cerevisiae strain SC334.

Figure 9 shows alignments of the protein sequence of the Ma 29 and
contig 253538a.

15 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-
desaturase.

20 SEQ ID NO:2 shows the protein sequence of the Mortierella alpina A6-
desaturase.

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

SEQ ID NO:4 shows the protein sequence of the Mortierella alpina
25 Al2-desaturase.

SEQ ID NO:5-11 show various desaturase sequences.

-11-



15 bond between carbons 5 and 6 fromthe carboxyl

end of a fatt'y'aé"i”a o

nol ecul e. A6-Desat urase: A6-desaturase is an enzyne which introduces a

doubl e bond between carbons 6 and 7 fromthe carboxyl

end of a fatty acid

nol ecul e. Wo-9Bssad3ur ase: A9-desaturase is an enzyne whi ch | rc1964b805128

doubl e bond between carbons 9 and 10 fromthe carboxyl

end of a fatty acid

nol ecul e. 20 Al2- Desaturase: [err]-12-desaturase i s an enzyne

whi ch i ntroduces a doubl e bond between carbons 12 and

13 fromthe carboxyl

end of a fatty acid ”@EquﬁO:lﬁafstéhoMﬂﬁHsa Fﬁk?misg@e%é%éﬁ cl ass of

conpounds containing a l'ong hydrocarbon c

car boxyl at e

oo, Ly 2cis ! nakedn 090384 s PRGN ERHoE it i

pal mi t ol ei ¢ aci dseyBere of a Dictyostelison discaiden déaturase.
[err]9-18:1 18:2 [err]5,9 taxol eic acid

oleic acid
[err]5,9-18:2 18:2

[er r} 6,9 g 9- oct aﬂEQdDimglfiagdflsSEQZ ID [L\RA)):zjl g"g’%‘a:ﬁf%ag&fznd amino acid
Li nol eni ¢ aci r -18: 2 : err] 6,9,
Ganme- | i noPeni ¢ ¥gpgpree %é?f‘ﬁ%?‘&‘@’éﬁnigf@g'ﬂ'&m)dei%%s%er r]15,9,12 Pinolenic

acid [err]5,9,12-18:3 1

al pha-linoleic acid

8.3
[err]9, 12, 15-18: 3 ( ALBEQIBNO:23-26 showcthe an¢lentideand dednced amino acid

[err]6,9,12, 15- 1%6‘6&5%215%9&9%%%%%, EDECAIA%Q%I (ii c acid 20:1

Ei coscenic Acid 2

erucic acid 22:2

docasadi enoi ¢ aci d 20%%%19%&)?27—33 shovﬂxﬁ‘&@cj:tp %E&ue%gésdfor human desaturases.

[err]5,8,11,14-20:4 (

SEQ ID NO:34 - SEQ ID NO:40 show peptide sequences for human

10 desaturases.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

In order to ensure a complete understanding of the invention, the

following definitions are provided:

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

15 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.

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.

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

molecule,

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

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

25 following:
Fatty Acid
12:0 lauric acid
16:0 palmitic acid

-12-



20:3 [err]6

[err] 6-eicosatrienoic
di hono-gama |inolenic 20:5 [err] 3

[err]5,8,11,14,17-20:5 (EPA) (Timodonic acid) 20:3 [err]3
[err] 11, 16, 17-20: 3 20: 4 [ er r ] 3PCT/US98/07126

[err] 3- ei sx>98/4676310i C
[err] 3-ei cosatetraeno
Docosapent aenoi ¢
Docosahexaenoi ¢

iC

[err] 8, 11, 14,17-20: 4 22:5 [err]3

[err] 8, 11, 14-20: 3 (DGLA)
Ei cosapent anoi c

A7,10, 13,16, 19-22:5 ([err] 3DPA) 22:6 [err]3
[err]4 7,10, 13, 16, 19-22: 6 (DHA) (cervonic acid)

24: 0 Li gnocgr N ns, the
pr esent invention istdirected to navel DNA sequences DNA constrLcts,
met hods and conposit| 8% are pPBPEE3%hi ch permit nodification df the

pol y-unsat ur at ed Ionglx:(hal n qutstcghcﬁcxd act d content of, for exanple,

m crobi al cells or apizats— et-s—afe—rad tat-ed—to—exptess| a sense
: T -18:1 4

or antisense transcr q of a [)me\lencodl ng_a_pgd IAgpeptlde(s) whi ch |cat al yzes

t he desaturation of &

182459 ad

|‘§°l=f1-’|q@d subst r at

may be produced by t
expression, the tran
transcriptional and 1

regions that are fun¢i§PNgs, 13 T

:i'&éé LY
i&ts| at i

can_prowv

d@@)ls:ﬂor t he expr es

sed enzyne

Y89 dttadesktienolE ack

H&P“’PHP‘E"? ation g
GaRhatlaoltnicaeidl - |

de faor intearati

"2 -
an.1nto the qgeno

%%19L{EQI Y bUppI e
8 1248:2{Lddt i on regu

gene to be expressed
host cell or can aut¢
5 linoleic acid
a cassette which pro
a host cell which pr

ﬁiﬁi the

)(5 ices or

AEHDU%

raslePiea8% i n ¢ he

458421831 | . For

pro

To achi eve

it h

ucti on of

< fnr
t

-

aiphplisdleid 0id Cas JQANIRIS-gRN@LA) Ty used incl ude

[orrli2 dosatura L,Ilarly in
L
ng"ﬁ" &%c“rup ol el|&%§§?§g z%ié AEat ent| No.

5,443,974). Producti
expression cassette f
iIs limting. For

producu on of

hR0:6f LA 4

COS 1

ALA, 10 1h

| Arechizracibe | ncrdased by providing ap

expression cassett

activity
bS

general ly used incl ugé28d casse

thebehigi#fidh provi des for

[err] 15-

[ err] 3-desat urase actﬁu Y, Palénicic@cidl 1y 11 a

can take up LA For p-é-ggue&-i-an
general ly used includé™a casseit

ogas

IR

ovi d

nost cerll

the expressi-on-cass
es for [err]6-desat

Whnch proguces or

Pt tes
I ase

activity, particularl

20:4 w6 arachidonic acid 4A5,8,11,14-20:4 (ARA)

20:3 w6 wb-eicosatrienoic A8,11,14-20:3 (DGLA)
dihomo-gamma linolenic

20:5 w3 Eicosapentanoic 45,8,11,14,17-20:5 (EPA)
(Timnodonic acid)

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

20:4 03 w3-eicosatetraenoic A8,11,14,17-20:4

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

novel DNA sequences, DNA constructs, methods and compositions are

Taking into account these definitions, the present invention is directed to

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

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

manipulated to express a sense or antisense transcript of a DNA encoding a

polypeptide(s) which catalyzes the desaturation of a fatty acid. The substrate(s)

for the expressed enzyme may be produced by the host cell or may be

exogenously supplied. To achieve expression, the transformed DNA is
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a host cell which produces or can take up LA or ALA, respectively.
Production 15 of [err]6-type unsaturated fatty acids, such as LA or
GLA, is favored in a host mcroorgani smor animal which is incapable of
produci ng wWefsudfsd host ALA production can be renoved, redu®al/usysinize
inhibited by inhibiting the activity of a [err]l5- or [err]3- type
desaturase (see Figure 2). This can be acconplished by standard sel ecti on,
provi di ng an expression cassette for an antisense [err]15 or [err]3 20

transcript, by disr i . . J].3- 3 e gene

t hrough inserti oﬂ?“%g&(%%% Sﬁfetd%lggﬁ%gﬁ%ﬁ?%%%ﬁa&bﬁ%ﬁﬁﬁg#&{ e target

gene, or by addi tgmébration béguldtery rediofscthat) drd furgtiofal in {he-hostsztlu Canstructs

Simlarly, production . of LA or ALA is favored i,n m croQrgani sm or ani nal

havi ng A6- desat uFBEIHEE F\?i&"?e GBS %W@%&éé@?@ﬁ"‘l’g@% ESHBRC an

antisense [err]6qf kst deflor ¢ aﬁbﬁdmws%ﬁca%m%é Abgt'c8l. eF&productio 81,  OF
M I AL PRODUCTI ON

by use of a A6-desaturase inhibitor. OF FATTY ACI DS

M crobi al pr oduclinoleicacid @A)y theckpressienscasssiigs geneaaliyansed droluds\acgassette
purification from,patural, spur,ces, such as fish ot plants. .Gl obes are
nown it h_gr eat MG AFBrices B8 A7 ReSraneRe it per e S o g O

hi gher 30 O heiftic&d Gt cafl ke 1 oldiE héill (OIS, Patefif N6 CS 4479740 Fruduetidisofeasi er .

M crobial production is not subject to fluctuations caused by external
vari abl es such ad-A algo can bejaenensed byrpioviding an eppregsionsassesisifer 2 49pr oduced oi |

I's substantially free of cont.am nati an LNVEL Qpe .

Additionally, ni gFi?S‘é‘?“c‘ﬁﬁ“ﬁ%F@"ﬁ%ﬁﬂggwﬁﬁﬁg ]P%P%%EQ&%H&V\EF %E'Afray have
speci fic upes. Fake éxpi¢ssio casspitdsidenerally aseddncludels cadsbtswhich grovideaiod y at
the first and third positions of 5 . triglycerides; digestion by
pancreatic | i pasddSppreadesatarase aptivity.pasticularkying host eell whiehprofuces of can

positions. Fol | oy 1418l el ' . | gﬁ{ré‘l d
from Spirulina, %@Mkf’grpgﬂé}e @afsegeggls%ghg{ee%ﬁ cglf‘:ﬁg%sg%?&s rég
fatty acids and tRedinehsdedicassette whithproviliescfor Aidesanaad etivitgrpattivhlanly ibr ai n
devel opment. Additionally, mcrobial oil _ production can be mnanipu] ated by

10 cont r ol | iahpstealk Which pradycasiascan takg updiA oL As erspestivelyp Arqdustion,

substrates,for m Grqobj ﬁgq z r ddidd f ounds
whi ch supp}gess unt é”sfi?géhﬁsfaoc%%?c I °§{a§tﬁﬂm§§‘§? % a’d‘gf gif%%og%hoﬁt%@ggp
advant ages, pr oduficrepiganisni 6f dnimalbwhich iy incapablewfipraducingrACAOThs hpst AliAles

the ability to alter th | | ivi
€ abtiity toa prg uction can be. ge?no‘)/ed, reduced and/or inhibited by inhibiting the activity

. of a Al5- or 3- type desaturase (see Figure 2). This can be accomplished by
standard selection, providing an expression cassette for an antisense Al5 or @3
20 transcript, by disrupting a target A15- or w3-desaturase gene through insertion,
deletion, substitution of part or al! of the target gene, or by adding an inhibitor
of A15- or w3-desaturase. Similarly, production of LA or ALA is favored in a
microorganism or animal having A6-desaturase activity by providing an
expression cassette for an antisense A6 transcript, by disrupting a A6-desaturase

25 gene, or by use of a A6-desaturase inhibitor.

MICROBIAL PRODUCTION OF FATTY ACIDS

Microbial production of fatty acids has several advantages over
purification from natural sources such as fish or plants. Many microbes are
known with greatly simplified oil compositions compared with those of higher

30 organisms, making purification of desired components easier. Microbial

production is not subject to fluctuations caused by external variables such as
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occurring mcrobial fatty acid profile by providing new synthetic pathways
in 15 the host or by suppressing undesired pathways, thereby increasing
| evel s of desired PUFAs, or conjugated forns thereof, and decreasin Ievels
of undesi WQI94IEs. PRODUCTI ON OF FATTY ACI DS | N ANI MALS Pr BEGASPH -
fatty acids in aninmals al so presents several advantages. 20 Expre55|on
of desaturase genes in animals can produce greatly increased | evel s of
desired PUFAs in animal tissues, making recovery fromthose tissues nore
econom cal . For vax4tieeand fodd&upplthMiallgq:rMédsoﬂﬁﬁswxﬁmmbﬁledof t he
breast m |k of aninmals, nethods of isol tlng PUFAs fron1an|nal mlk,

wel | establi she@ontamxmr&hyamremﬁﬁw Heiditionally, migrobes can proyi °of
HESEREtN2s FUFASin pieiclilr (BRESHhicH a:§0ne RifIEARRUF G oRBmbfa) OUaN

expressi on of desatura genes elt I n conbl nati oh with other
human genes, to &umhndeamprormie HHkasptsdnmmamﬂy atithe/fizst and thirdipositionsof br east

i |k duri he diff fant d
ks coul Tl sor veekieSndbL R R by beat iR s SRRy, R T Bl 7,

undesired, or Irfr&ﬁsme?bsxﬁ&xs Follomig”lﬁmansdilmﬁhal(m citioreabeigl di ng upon
the host cell, the ava| ability of substrate, and t e desij re end
product (s), sevedesived opnnirylivast eir«awmwamlyaseébamqs% ipgpes agfres 5.

interest. By "deg u&e,ésndihﬁsegt(ﬁfeéﬁ,da@auam'eyﬁ?e e/ 4B} fltadi Bl cSat ur at e

one or nore fatty acids to produ nono- - unsa fatty acid
or precursor t hedevelopoient. rAdditienallyOhiqabial mubraduotmne:aebe menipugatéd/ppept | des

nei d to LM or 1 &hmglling i conattghs, matabfy valpedvidine ariiulerisubebieiés i cn” ©
i ncl udes enzyﬁesmmlﬁbll)déﬁﬁéddé@é&yﬁies di%y[aﬁaﬁxbﬂ of E&ﬁﬁ&\ﬂrﬁs whi@ s I‘?P §S

[err]15, ([err]3) or [err]6 positions. By “polypeptide” is neant any chain
of amino acids, wnsgsired bgéxemxcalm@myerwadttmnrteﬂmemwtmmewmd\mm ofon,

for exanmple, gl 7% T ?ﬁﬂ | %p osi ng
a specific pol ype%?%ﬂg E&g}%émgg@a rasoeb%%l p{/dle [ ngﬁgg‘gemt?% op mum of
the 10 pol qupmngammkmalrfmy adldpmﬂlqbyspmvﬂﬁng ﬁe\asymheixclpamwaysgm enzyne
or a conp ent t hereof , .whet her .t he es turase u ed IS essenti

synt hesi s?gf a ot host T by, sHPPISFRng Rethways1aergby incrpasing %V"*Saﬁtpor s

required by the aQirkd®PPIFALCor ddhfugated foxms thereof, and decreasing levels of undesired
PUFAs.

PRODUCTION OF FATTY ACIDS IN ANIMALS

Production of fatty acids in animals also presents several advantages.

20 Expression of desaturase genes in animals can produce greatly increased levels
of desired PUFAs in animal tissues, making recovery from those tissues more
economical. For example, where the desired PUFAs are expressed in the breast
milk of animals, methods of isolating PUFAs from animal milk are well
established. In addition to providing a source for purification of desired

25 PUFASs, animal breast milk can be manipulated through expression of
desaturase genes, either alone or in combination with other human genes, to
provide animal milks substantially similar to human breast milk during the
different stages of infant development. Humanized animal milks could serve as
infant formulas where human nursing is impossible or undesired, or in cases of

30 malnourishment or disease.

Depending upon the host cell, the availability of substrate, and the
desired end product(s), several polypeptides, particularly desaturases, are of
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expressed pol ypeptide preferably has paraneters conpatible with the .
bi ochem cal environnent of its location in the host cell. For exanple, the
15 pol ypepti de may have to conpete for substrate with other enzynes-in
t he host ogblog/ad¥sal yses of the Klerr] and specific activityPEI/439807126

pol ypeptide in question therefore are considered in determning the
suitability of a given polypeptide for nodifying PUFA production in a given
host cell. The polypeptide used in a particular situation is one which can

function under the o Cig}}*& S5 Mtedde gtagb%’ﬁ’gg tide whith 22 @ckabtPRE ofdd DUt

ot herwi se can be' any” pol'ypepti de having se activity which has the
desi red char act emart fattyodcidseo prpduepa ionoe br palyHuhsaturgted Hatty a;qxc&pq Rrecursor

roduction of a PUF roductio | ei c
gci d, the DNA sedﬁ%ﬁ%‘e A‘er@ﬁ@ arr}gﬁewggfpaigp q&/ﬁ%%h%%l‘%nﬁé&%gr ase
activity. For pr QHé’S&dv@ﬂxd?xfof@eeﬁn@Ecld to olefid £vid, lof BREcacid ﬁi:hd oftllfe td ABA,
a1 oul ar § not arfa bACYRIAL A0 RN N T
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W th expression t “ »
opti onalol y be de&f‘%{ﬁdﬂ%}%m?r)yiﬁg Lt;m?ig §8 ﬁéﬁﬁéeﬁg {’&SP%@%rg?é%\a{ﬂ:ﬁﬂor
exanpl e by provi cihaih of ahiindadids, Ngaﬁﬂess&&'mﬁpmt-mxtstnalomdlﬁcmm bense
sequences to the 30 [err] 15 desa e trg.gqscrlggcl on Pgdlélct
di srupting the [EQWP!P’EB’% éﬂ“é’é‘é’@ ﬂ%’ 0B atipp. ippsfor chqasinga ch
natural |y has, ofyBifcRGfBeficbthe Rsltitise adfd g’%'[n?dlﬁde]tﬁe pHbfilihRsRhe

activity. | nh| bitron o esat urase pat hways al so can be -16-
acconpl i shéd t hr opodypeptide, veethek therpedyeptidelisseaaterliniting ehzyphe ¢rascomponeris

t hose descri bed i t 778,.630. Al e

[err] 6- desat ur ase t?"é’i? E«?‘g’s‘?ﬁﬁ WM%" ussH i et igﬂ%@ﬁ éés édy'h' i gh
[err]12- desaturasmaﬁﬁawdfauyazﬂagammdbefaeformgﬁrm mapslfypqameﬂmes used
depends in part on the PUFA profile an

esatggy{lﬁ‘/&?ofl |l e of the
host cell. Wiere QWSHQ%EOIMPM%RM@%]@H‘W%@E& y and | acks
or is depleted in g@g dndidal eflGiGr mﬂ%fueﬁc Hi o thOHH: SUPT PHExBRPRS th

[err] 6-desat urase ne genera IS'Ss ICI ent to provide for enhanced GA
product i on.15Wer epdliylpe]jude maydiave mqnnumﬁur pebstrh@- wiésahmmmatm the hest

expression of a 112~ and desat ur.ase.c ovi,d ed 10
GLA producti on. {1 ’%’é"r"( ﬁ@’gfhﬁm@s@egﬁl ?Y@?@E%B%lgﬁﬁpt@F . E\ﬂ@féﬁng, an
ex ID{ ﬁSSI on casset {hRrefére &ﬂd&ﬁeﬁﬁiﬁﬁ%ﬁﬁﬁm‘g&m Bitabilitgl of Agiveh polypémidetfie
synt hesi s

-

modifying PUFA production in a given host cell. The polypeptide usedina
particular situation is one which can function under the conditions present in the

20 intended host cell but otherwise can be any polypeptide having desaturase
activity which has the desired characteristic of being capable of modifying the
relative production of a desired PUFA.

For production of linoleic acid from oleic acid, the DNA sequence used
encodes a polypeptide having A12-desaturase activity. For production of GLA
25 from linoleic acid, the DNA sequence used encodes a polypeptide having A6-
desaturase activity. In particular instances, expression of A6-desaturase activity
can be coupled with expression of Al12-desaturase activity and the host cell can
optionally be depleted of any Al5-desaturase activity present, for example by
providing a transcription cassette for production of antisense sequences to the
30 Al5-desaturase transcription product, by disrupting the Al5-desaturase gene, or
by using a host cell which naturally has, or has been mutated to have, low Al5-
desaturase activity. Inhibition of undesired desaturase pathways also can be

-16-



of arachidonic acid (20:4 [err]) fromstearic acid (18:0) is shown in
Figure 2. A key enzyne in this pathway is a [err]6-desaturase which
converts the linoleic acid into [err]-linolenic acid. Conversion of :
a- | i nol enMO 84663 ALA) to stearidonic 15 acid by a [er PEFEUSEHENZS ase -
al so i s shown. SOURCES OF POLYPEPTI DES HAVI NG DESATURASE ACTIVITY A source
of pol ypepti des having desaturase activity and ol igonucl eoti des encodi ng
such pol ypepti des are organi sns whi ch produce a desired poly- 20

unsat ur at ed f at t accamptishedshmngle themse of sperificalesayarnssinhibitoys sughastiwee | ity to

roduce GLA or ARA can, be ysed as.a r of [err]6- or [err]12-
8esat urase acti v#gS§T %ﬁjgn @%ﬁﬁhﬁ%@#éggn&l%fé@?‘(ﬁen&r desaturasss
bel onging to the erel L Qi | {4 phat hor a,
Penicillium Por%’ﬁ’;?%%?tﬁ?%?ﬁ%&?&?%ﬂn%‘ %(t)i(r% H%{Jeé?r%&‘[}ir#%g%?l | us,
Rhodot olr ul a, andactivity. The Elmiwnﬁjdmkbind aion\&fbhésatéshﬁecg&ép:ﬁdﬂwwl\x/t teum lo:‘ '
particul ar _i nter I S r ri,di um cruent u Wthint genus rtierella,
of particuPar i n?@i‘ésﬂmgﬁég%ré?sépgﬁea’%ﬁgﬁ@é&osmk i‘@ﬁ@'ﬁ’mf’ host erlh
Mortierella hygr ' | I ﬁlj,rﬁla Y <S nd
Mortierella a?/gi %g’?éé\?vest%%aésh@?ggrﬁ%‘h cop{i&g? r f)sa(?ertp }eé% j%tgllsﬁ%g%@gtsgar e

Mucor ci rci nel | oadfivity ponrdipesssion wfin6alesaturdse alone generally ihificieicoProdde
desired desaturag)gs can be identifjed in a variety of ways. As an exanple,
a source of the ¥Esnhanged; LA productions JYhese thedost Wswﬁ-desawecm

libraries from ker . | ngene L t.h det ect abl e..en ically- or
chem cal | y- synt ﬁéﬁt&j&#%%g}s‘,%fg |lghm.%a%x%'gc 85558 eé%@ﬁan&:é non-
nat ural |y 10ccur r GD@ prodhctiohi GWifen A9-débattirabedEtivillel @8tent bF Blafmg Ry De
enzymatically synthesized from DNAs of known desaturases for normal or 5

r educed- st r i ngenexprespioncassetie fay\Sndashtuthse cdl beyusedc lAeschenie farthbspnthdsio can
be used to screen,soyr.¢es an ap be pased on sequences of known

desat ur ases, inc?(ﬂf?ﬂﬁ&%ﬁ%&@?éonslers Sn%ﬁﬁ%ﬁ%ﬁﬁ&jﬁ:oa@f’wa@g%r on
peptide sequences, abledienSin (PMisiAvSL E?%-&gﬁﬁdsgqlhﬁ{h%gg&és the linoleic

A i gonucl eoti de probeS based on @am no aci d sequences can egenerate to
enconpass t he despidértagitindlenic acid. (ﬂoﬁvbrsicgﬁmmi-liﬁoleﬁﬁ%cidghmrto ReaRdaed in

favor of tge preferred codons of the source organi sm i gonucl eoti des al so
can be usdd as pRsithBY & Abodesgiurase alspnis shown.
SOURCES OF POLYPEPTIDES

HAVING DESATURASE ACTIVITY

A source of polypeptides having desaturase activity and oligonucleotides
encoding such polypeptides are organisms which produce a desired poly-

20 unsaturated fatty acid. As an example, microorganisms having an ability to
produce GLA or ARA can be used as a source of A6- or A12- desaturase
activity. Such microorganisms include, for example, those belonging to the
genera Mortierella, Conidiobolus, Pythium, Phytophathora, Penicillium,
Porphyridium, Coidosporium, Mucor, Fusarium, Aspergillus, Rhodotorula, and

25 Entomophthora. Within the genus Porphyridium, of particular interest is
Porphyridium cruentum. Within the genus Mortierella, of particular interest are
Mortierella elongata, Mortierella exigua, Mortierella hygrophila, Mortierella
ramanniana, var. angulispora, and Mortierella alpina. Within the genus Mucor,

of particular interest are Mucor circinelloides and Mucor javanicus.

30 DNAs encoding desired desaturases can be identified in a variety of

ways. As an example, a source of the desired desaturase, for example genomic
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reverse transcribed nRNA froma known or suspected source; the PCR product

can be the full length cDNA or can be used to generate a probe to obtain
the desired full length cDNA. Alternatively, a desired protein can be
entirely Jhayogugréeduenced and total synthesis of a DNA encopenusiddtaze

pol ypepti de per?orrred. Once the desired genom c or cDNA has been isol at ed,
It can be sequenced by known nethods. It is recognized in the art that such
nmet hods are subject to errors, such that mul ti pl e sequenci ng of the sane

ion | ti t d .t b
ey e et e

havi ng repeat ed godHRhiigallyesyhiRsizaEproBes) Mhidhycas be tidde fom DINAIRINA 26r dons €
conposi tions, such as regions with high GC base content. \Wen discrepancies

ari se, resequencmfgraélawcﬁ‘é'n%ﬁédmﬂﬂeé’éﬁI@#BFW*’Q‘S@&%P PRINMOREs. Speci al
nmet hods can i ncl K:r’ﬁ? AL Lif er ent

t enper at ur es; %Pg‘h%ayn%ﬂﬁgﬁygrﬁgmggvﬁ célvggﬁ?éear keﬁgél O%Ll &abl lity
of ol i gonudl eot [ cbalacedasthngency ithdlzatrmhanethodw@llgoaacleaﬁde@rehbsrulubl cantbedes
such as | TP or % vyl ated dGIP; di ffeﬁ &rg 03| kcg éFexanpl e
addi ng f or mani deBSed; 1P SEREEM FOUSFYs #Rd gan,be EQSF P§°‘l"8

di stances fromt t}m&ﬁﬁg)&eqmcwb&ﬁen@a afohg RAGMH dés%ﬁmse&%ioﬁ%&x&s single
stranded DNAs. Sequenci al so, can be enpl oyed For

The Mot part. Somentes abiastl T theciesings Buthrdipoutciy Oligemuploptidscarobese
having desat ur asg dglp it L LEAh AU QbeROHIL el BRI IR

however, it is d or a I on o e CcO
exanpl e, ti® -18- ofthe@@hﬁtmmde,)mrmbebhsed)mﬁmldfyhmemﬂcbdlcﬁfse:lfltl&d codons.

Host preferred codons can, be et er tHP om t he codons, of ﬁ)i S{‘r?
frequency in theSPHTEE SfBARISHY BECORPSS & °I°é‘?8%§ie d asprimers g(h:g?h Beul ar
host species of kéUe?sreQ&hscn-UéH%Rl‘mQ’rd}HQ'k%wﬁ%HHfsBE&eJ Sdurék; B@B@R&Fddﬁ@t

havi ng desaturase activity can synthesized in whole or in part.

Al'l or portions etnbéthe l@lgﬂmmhq;@aspmumgoze@rmammﬂe obtajn the

destabilizing se S ctur uld be
present in the tggﬁg’?r | bg{i’gm&&ﬂ\l'ﬁieﬁa‘?]&g&t ﬁgﬁ?ségfp??t%gx%&&hgﬁ §can be
synt hesi zeth t 0 alséqiientddcandasal syamdreiiof e ONA @ncsdingihatpdlysdptide bérforniedt he
desired host cell. Methods for synthesizing sequences and 10 bri ngi ng

sequences toget her ar ©neelthe dsiradémohtel of EONAhAsbeef RbMted, itk Be t r o
sequenced by known methods. It is recognized in the art that such methods are

_ subject to errors, such that multiple sequencing of the same region is routine and

is still expected to lead to measurable rates of mistakes in the resulting deduced

20 sequence, particularly in regions having repeated domains, extensive secondary
structure, or unusual base compositions, such as regions with high GC base
content. When discrepancies arise, resequencing can be done and can employ
special methods. Special methods can include altering sequencing conditions
by using: different temperatures; different enzymes; proteins which alter the

25 ability of oligonucleotides to form higher order structures; altered nucleotides
such as ITP or methylated dGTP; different gel compositions, for example
adding formamide; different primers or primers located at different distances
from the problem region; or different templates such as single stranded DNAs.
Sequencing of mRNA also can be employed.

30 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
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mut agenesi s and sel ection, site-directed nmutagenesis, or other nmeans can be
enpl oyed to obtain nutations of naturally occurring desaturase genes to
produce a pol ypepti de having desaturase activity in vivo with nore

desi rabl e WO\#8/4628 and ki netic parameters for function in t hRCHUS?8/47426G
such as a | onger 15 half-1ife or a higher rate of production of a
desired polyunsaturated fatty acid. Mrtieralla al pina Desaturase O
particular interest is the Mrtierella alpina [err]6-desaturase, which has

457 amino aci ds &ilénée Q(piébsibhﬁbiy &aplogitlgdiostyttfttred @bddnk. Fdsbprefdiedam no aci d
sequence is shown jn Figure 3. The gene encoding the Mrtierella al pina

[err]6- 20 @%’9&? ewhhfed%muw Eompthe eadens af highest gvﬂm@cmﬂ@mrg@msﬂs or

animals to effec f; ol

st eari doni c aci dI= m AE{Athég?%ée&?%ﬁl‘Kg Mcg%ghéét}gg% anstorl m{/csl den %:hal to
the Mortierella emimglseqpeme]fﬁra;ielspepndasmv@glﬁdesmaabaaanmd;e pol ypepti des
whi ch are ubstantlall .. dent to the Mirtjerella alpina

[err]6- des t ur as RS Sfég ggfe °§I‘%Bar&aﬁﬁt9épﬂ'§@ﬂs 0% eiﬁ\lﬁ a?so °§85’§t antially

i dentical is int xzaat@femeaﬁydemuﬂﬁggeq%n&d@r%% ce
exhibiting in order of increasing preference at |east 60% 80% 90% or 95%

honol ogy to the W&w&lﬁawaulslhqa)rmnmémtmmagnbmwmwu oz pqrtians of or
nucl ei ¢ aci d seqyRISGAGISOGhME %Htﬁeﬁfgdqg ?xj e Egﬂﬁ%ﬁ@%sntngﬁéo gﬁé %%?eot | des,

the | ength of conparison sequente eneralTy s a aci ds,
preferably 30 prefa'ablbeaﬁte dzﬁimthasbceiblMethods“ forspithesizihge sejukces andm no

aci ds. For,,nucl ejc_aci ds t h of uences enerally is
at |east 38 nucl lan?glaggequexi@s tog E%r@;eewglgp{&ﬁ{shwﬁ@gﬁe terature; J%M’Hés zmd
more preferably ﬁhdg@ﬁ&ﬁsiﬂd&%ﬁ&?%it@-ﬂﬁect@@ﬂxu%@ﬁeﬂ of 6thePm¥ans'chl be

nucl eoti des. anDIoPy typically is measured using sequence anal ysis
software, for exemploy edtm@@aqmmsmmwlbmmmsmmestothe

Genetics Conpute r i ot echnol,ogy
Center, 1710 Uni 1é)r(a{sll %’Qp%ygé ue, %ﬁg&éﬁ Ssa §X§¥H”§§°/B% &H’?g
(DNASt ar, Inc. ﬂxH;%caBand’bmktxéparambkfb tbﬂﬁmcwxsmns host2ail lsuth a@@@bdgaﬁvtect or
(Oford I ecul a ggg%gr %‘E}q O%ﬂcom Avenue, Suite 200 npbel 'l

Cal i f orni 95008%“*‘l a highetate ofprodvstionpin ﬂfeﬁreéealyéma@ya!ssl f%s?‘gﬁin ng
degrees of honology to various substitutions, deletions, and other 10

nodi fications. Conservative substj[t utions typically i ncI ude substitutions
within ortieralia alpinag Desaturase

Of particular interest is the Mortierella alpina A6-desaturase, which has

457 amino acids and a predicted molecular weight of 51.8 kD; the amino acid
sequence is shown in Figure 3. The gene encoding the Mortierella alpina A6-

20 desaturase can be expressed in transgenic microorganisms or animals to effect
greater synthesis of GLA from linoleic acid or of stearidonic acid from ALA.
Other DNAs which are substantially identical to the Mortierella alpina A6-
desaturase DNA, or which encode polypeptides which are substantially identical
to the Mortierella alpina A6-desaturase polypeptide, also can be used. By

25 substantially identical is intended an amino acid sequence or nucleic acid
sequence exhibiting in order of increasing preference at least 60%, 80%, 90% or
95% homology to the Mortierella alpina A6-desaturase amino acid sequence or
nucleic acid sequence encoding the amino acid sequence. For polypeptides, the
length of comparison sequences generally is at least 16 amino acids, preferably

30 at least 20 amino acids, or most preferably 35 amino acids. For nucleic acids,

the length of comparison sequences generally is at least 50 nucleotides,
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e e o e s ey

the follow ng groups: glycine and al anine; valine, isoleucine and |eucine;
aspartic acid, glutamc acid, asparagi ne, and gl utam ne; serine and

t hreoni ne; |ysine and argi ni ne; and phenyl al ani ne and tyrosine. .
Substi t ut iwames/4gaEs al so be made on the basis of conserved hy®gcapiss®oneéy or-
hydrophilicity (Kyte and 15 - Doolittle, J. Mdl. Biol. 157: 105-132,
1982), or on the basis of the ability to assune simlar pol ypeptide
secondary structure (Chou and Fasman, Adv. Enzynol. 47: 45-148, 1978). Al so
of interest ist ' ' [.err - tide
and amno acid 5%%’&‘@? g‘v\hklag}qé ligdétgtgeﬁ’oﬁ\/\‘ﬂr%i IJ|“211% |§E‘%§W5& q%wsteﬁgg‘ﬁdg%gir‘\ig%di ng

t he 20 Mor t arglrmbst prefeyablya 1 | Gnudléatidde SsHomo gy typicalbheisengaswred esing n

t ransgeni ¢ m croor gani sns, Qr imals to effect .greater synthegis of LA from
ol eic acid. Ot hef WV@HS%%@&W?‘%%S?W? I 5 ﬁﬂ?‘ﬁbrt ierella
al pina [err]12- 2 6faRE Gehtics ConP&Gre s, Wiivasity BEWisdbasinwhi ch are

substantially identical to the Mrtierella alpina [err]l1l2-desaturase
pol ypepti d&, al sBiotechnplegy Center, 1510 University Avenue, Madison, Wisconsin 53%85her

Desat urases Enco S ' | re r ses
fromthe same or%‘%&é}b ga‘%lgglrﬁgﬁgsﬁ%s $r,29|’agl€§%ﬁ§g§ig %r‘ggsgé&ﬁ}\gﬁgé%gri ants
01;] t he di scl gs;a]glv[aeVen}tSr (Qxfoich%n]ei:ﬁlad@mipl,mmsSeS.rBasmlnialAvenﬁe,c&xlineimg, Wi ]E hi R
t he sane or di ren 1.es. rtjerella, as . omol ogues of the
di scl osed A6- orEMEt’elggg‘ﬁm‘“??féQ&%uréé@és‘P SRHEACS SPREFSEIUSRFSPY ncl uded
are desaturases yigng dugi8fomaiipy to v SNSRIk Adetichd klohRk 10 he

Mrtierella alpinalerr 0 err desaturase, desaturate a fatty acid
mol ecul e d0 car bmoddications? Congervative substitutionsaypically inghidesybstitutivpns withirf at t y

acid nol ecule, o carbon 12 fr the tetm nal nethyl,carbon in an
18 carbon fatty gmg%éllﬂ&ng(’gm@_s. %chr[eeadﬁ%agg{emygl f 1s8L1eHchg aéd le%cmet dentified
by their abilityadparticueid, ighnarhictid aspaddgine, bl ghitdikingssetifie atd thedonfire]
desaturases; that |s, are still e}gIGe to effectively convert LA to A, ALA
to SDA or ol ei ¢ HEng and apginingiandinbgnyjalaning apd saosing oSebstitytions K alsPibed by
screeni ng sequen 14 | sed

s ﬁgggpgm 8f drebnseARd hOGER) aglta#gog@g&.]@ggg,gé 3;.@

desat ur ases, I zat1on of a probe based ©on c _desat urases
to a 10 15 |i br Roylitlend tMelc Bind ¥570#03-432,J982); or on wrbasisof the ablitRto PCR
using mRNA from LG RQthis RRPIaIIBHAY Wik RBRST 2Rl Fallfad] 426! 05

Enzymol. 47: 45-148, 1978).

.

Also of interest is the Mortierella alpina A12-desaturase, the nucleotide
and amino acid sequence of which is shown in Figure 5. The gene encoding the
20 Mortierella alpina Al2-desaturase can be expressed in transgenic
microorganisms or animals to effect greater synthesis of LA from oleic acid.
Other DNAs which are substantially identical to the Mortierella alpina A12-
desaturase DNA, or which encode polypeptides which are substantially identical
to the Mortierella alpina A12-desaturase polypeptide, also can be used.

25 Other Desaturases

Encompassed by the present invention are related desaturases from the

same or other organisms. Such related desaturases include variants of the
disclosed A6- or A12-desaturase naturally occurring within the same or different
species of Mortierella, as well as homologues of the disclosed A6- or A12-

30 desaturase from other species. Also included are desaturases which, although
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desat urases include those from humans, Dictyostelium di scoi deum and
Phaeodactylumtricornum The regions of a desaturase pol ypeptide inportant
for desaturase-activity 15 can be determ ned through routine

mut agenesi WO 984676ssi on of the resulting nutant pol ypepti desP@nis98/07126
determnation of their activities. Miutants may include del etions,

I nsertions and point nutations, or conbinations thereof. A typical
functional analysis begins with deletion nutagenesis to deternmine the N

and C terninal |nofhdbitagifially'RieRtical &) the MuiRSRAE YildiRg ABLHCA] Resafitssel hEN
I nternal del etions, 20 I nsertions or point nutants are nmade to further

det er i ne regi onglesateratesialty peid melpenl¢ atrartontfeor k2 téspectively, fioohthes cassette

mut agenesi s or t [ e ed. et | agenesis is
acconpl i shed, fo%@fﬁ%&?@%ﬁ@%ﬁg "@i%ﬁ%chéscggbﬁzg%‘M? vV réhove the
g' I or 3' coding dmgh_ yirmbohimanaseaﬁ}mﬁﬁ‘é@lﬂc&id . ?gteeﬁlé&:%d_lﬁ%d&sﬁﬂ@&eséﬁﬂﬁ

el etion, the coding, i on.is.conpleted by . igating

ol i gonucl eo{]i des 1@%\%@53%{!&@?*&% hity tﬁmﬁsﬁmw Q‘Q%E‘Cd’éltgﬁ@a"lewi ng
region after 5 QesaturaSid! fat BNare's6R BBR 1D ¥ﬁ%&ﬁvel§] doRVER AR OE.A

ol i gonucl eotides encoding start or stop codons~are inserte |’n‘{%'Attf?e codi ng
regi on by a vari SDA eof olet avidito L.Ac Relitedglesatirasesi alsctancbenidentifieddyi s,

nmut ageni ¢ PCR or J ' ont digested,at existing resiriction
sites. Internal cf_g% ‘ngéduggﬁe Qart%a?%srpﬁogs%&ences F‘°§5‘8F9$88§{°[‘ﬂF Slfﬁi?sﬁ‘fvari ety
of methods i ncl udiesduiabes, b Rytsridigatios tof A $rotR Yakdd drl B8 dbdcldRed HesatlssePhfa DY
use of mutagenic prinmers via site directed mutagenesis or nutageni c PCR

I nsertionsi®re natbEary cpRYiGIStederam the sourcs ozganisnnjos by RERERusinggmRNA from

mut agenesi s, sit ' alith ' ale P ' tions
are nade through%%%i‘ﬁ%ﬁgs su%ﬁgggms??st%el regﬁgg#c?r‘ﬁsteaggsﬁgg%’és}tsbgﬁ%t ageni c
PCR Cheni cal nutdesatwraséssnclidothosanfrom hnsmds, {icr/osteltin discoigeumandns of a
desat urase pol ypeptide inport.ant for activity. A nmutated construct is
expressed, 5 %é'ﬁﬂg‘fcﬁ'gy'glﬁ’f'f‘f’f'ﬁf’"of the resulting altered protein to
function as a desaturage is. assg%gd. Such ‘strup yre-function anal ysi s, can

det er mi ne whi ch regi ons 4FE§ORRC SpWIRSE RAIYREP gmmgpéﬁeéﬁmﬁﬁ?%%ns,
and whi ch poi nt rgdh dk deRemiel BohglrotHh@Mytagbitsh Bx ng}%%ﬁfhs{lﬁ'inﬁt

substantially the sane way as the native desaturase. mut a
proteins and nuclregantpolyneptidesand determiniation ofitheir Betivities. aMutants hayincheles cope

of the present | nupilhO Insertions and point mutations, or combinations thereof. A typical

functional analysis begins with deletion mutagenesis to determine the N- and C-
terminal limits of the protein necessary for function, and then internal deletions,
20 insertions or point mutants are made to further determine regions necessary for
function. Other techniques such as cassette mutagenesis or total synthesis also
can be used. Deletion mutagenesis is accomplished, for example, by using
exonucleases to sequentially remove the 5’ or 3’ coding regions. Kits are
available for such techniques. After deletion, the coding region is completed by
25 ligating oligonucleotides containing start or stop codons to the deleted coding
region after 5’ or 3 deletion, respectively. Alternatively, oligonucleotides
encoding start or stop codons are inserted into the coding region by a variety of
methods including site-directed mutagenesis, mutagenic PCR or by ligation
onto DNA digested at existing restriction sites. Internal deletions can similarly
30 be made through a variety of methods including the use of existing restriction
sites in the DNA, by use of mutagenic primers via site directed mutagenesis or

mutagenic PCR. Insertions are made through methods such as linker-scanning
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EXPRESSI ON OF DESATURASE CGENES Once the DNA encodi ng a desaturase

pol ypepti de has been obtained, it is placed in a vector capabl e of
replication in a host cell, or is propagated in vitro by nmeans of - -
t echni queswousshsmss PCR or | ong PCR. Replicating vectors 15 PCT/AU898/7a28 ude -
pl asm ds, phage, viruses, cosmds and the |ike. Desirable vectors include

t hose useful for nutagenesis of the gene of i-nterest or for expression of
the gene of interest in host cells. The technique of |ong PCR has made in
vitro propagation. o] . € ' : L¢f ' to

t he gene of int e?Eugﬁ;%eh%%%’tggﬂ%t%&agléﬁlggﬁgﬂo&@gggﬁ%gégf %rdé‘g?l%c?% afe
signal s, and pr opagethrougl?echniquesahch fesiteadiractedmutageresis we mtagenicdTRur
entirely in vitro without the use of a replicating vector or a host cell.
For expression of a d€hemidalffutspehesiedlso et befused forddentifyingregiongdflaonal and
translational initiation and t&rm’ nation regi,ons, are operably |inked {o the

DNA encodi ng t he dﬂ@é‘&'ﬁf‘r%@eﬁﬁ ?/Hﬁliﬁr?a&éfm. ﬁ?sﬁ&?%gf?@%q‘ﬁﬁ&fﬁs 25
coding regipn cagn AL GE tetediliiPalftied froftid R-funtbd as A dcffdst B | Onal

and transl ational Tnitratfon and termnation regions are deriv froma
vari ety of nonexabsayed:eSuhistructure-functionlamalysiheanitidtermind)whish pegiensauigy brenes

known or suspected be. capabl e of expressionjn.the desired syste
expr 659 on vect ofcletedh BRicBPE Ot ioferate disefiione, i hiet Rotof BsEionf Hio e, ,
host cell. -22- mutimtipréreinl to Fuddiiolih substantinily the s@mpveydsahe saivebe

acconplished, for_ exanple, by placing the cqoding region for the, desaturase
pol ypeptide in ancwstwages Al sichJapant pretsingand otide srauenees sucoding themi ng

r abbi t retidzul 00%&'@\;\/&%@%@3@%@.ofﬁieﬁ{iéééﬁtsihv&ﬁm ed 5 am no aci ds can be

i ncorporated if desire I'n Vi'tro expression vectors nmay provide sone
or all of the expression si ﬁk’i}fﬁ‘i Qi"yl) tﬁﬁziﬁ t@;ﬁged. These

nmet hods are well known in tgg ar an??f e cigrgr%onen gﬁo € systemare
comerci al |l y avai l abl T ction. mx e can {hen. a directly
for the pol ypepti de, ?%’Pce %Pga\ee @&E&aeéreﬁétﬁfaﬁgpfﬂtvge qt({%i W ?’?/&%gbgmg%‘{é%
synthesi zed 10 is plaped inpevctod easable dfreplicatioh @xtla host cellpor igpopygaied in
Expression In A Host, Cell Extpr%sn?ion [ aIp st cell_can be,aqcon'eplished in
a transi ent or stvipe by means of techniques such as PCR or long PCR. Replicating vectors

15 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
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
interest, such as mutagenesis or addition of expression signals, and propagation
20 of the resulting constructs can occur entirely in vitro without the use of a

replicating vector or a host cell.

For expression of a desaturase polypeptide, functional transcriptional
and translational initiation and termination regions are operably linked to the
DNA encoding the desaturase polypeptide. Expression of the polypeptide
25 coding region can take place in vitro or in a host cell. Transcriptional and
translational initiation and termination regions are derived from a variety of
nonexclusive sources, including the DNA to be expressed, genes known or
suspected to be capable of expression in the desired system, expression vectors,

chemical synthesis, or from an endogenous locus in a host cell.
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fashi on. Transient expression can occur fromintroduced constructs which
contain expression signals functional in the host cell, but which
constructs do 15 not replicate and rarely integrate in the host cell,’
or where W92 cel | is not proliferating. Transient exprBEIUSRSA1Ze can-
be acconplished by inducing the activity of a regul atable pronoter operably
| inked to the gene of interest, although such inducible systens frequently
exhibit a | ow basal |evel of expression. Stable expression can be achieved
by introduction of a construct 20 Expressidn hiaWitrot egrate i nto the host
genone or that autononously replicates in the host cell. Stable expression

of the gene of interest .can be selected for .thr h the,use qf .a sel ectable
marker located on or rvétﬁgF’_éR,’Fﬁbm\/ﬁaPh’etaﬁ‘éo Eﬂ&@?ﬁ%ﬁ%&ﬁﬁyﬁﬁm& @'FI owed by
sel ection for celddmgrepionTss the desdurAR potypepli€ih & prdision e iiegnedsul t s
fromintegration, integration of constructs can occur 25 random y

within the host fgefrovitronse sachadsding rabbisreticulasyisUysate and epfecters; labeled r uct s

cont ai ni ng.r egi ons...of ] fflci ar get

r econbi nat?on Wi ﬁg@%@%g‘?ﬁgﬁ@%&;ﬁﬁ%ﬁéﬁ gg%;gw?rée%gérs ggig g%é??xtg an
endogenous | ocusmagbtovide soareorall dfttiee éxpaessionisjgnalsmetesamy in thersystam wsed)
regul atory regions can be, provided by.the endggenous | ocus.. - 23- \When

i ncr eased expresﬁ"ﬁ"ﬁ “Eﬂ’ll‘j‘i @%ﬂgﬂgﬂ?ﬂé@%mﬁaﬁwmﬁp“?ﬂg °§glfr%'§te8‘r§8ni sm
i s desired, sevegghmBRidNybVaitdtle. "PherRbibAAHixtdd Lk {HRADE a80R96F dREGRTPY t he

desat urase pol ypeptide can be introduced into the host organism pressi on
fromthe native thegpalypentide, farexamplechy determiming its actirdtyd ot theshthesized

honol ogoug ,r econbi,nat i.qn, f inserting a stronger pronoter into
t he host 38norre P?}YE%PJ‘ss%gé E‘%@%%‘?p‘%‘%@s{g@%d' by renovi ng destabili zing
sequences fromeither the nRNA or the encoded protein by deleting that

I nformati on fromthe host genone, P %si@ng“ Egggglgid | zi ng sequences to the
mMRNA ( USPN 4, 910, 141). 10 able to express nore
than one different gene, appropriate regulatory regions and expression

met hods, introduced gEspressieminechagst cglhcp trechctomplished &is & trasdiéntiopstablgh use of

Tore genes ar o c3ishss TSI FRRPRIR Can SEHI AR PP GREUSTE WPEes 1 abl o
that each vector ;gagin@xpiesdion SighalSRaRGoM] i BR!HoSEdelOBut which constructs do
15 not replicate and rarely integrate in the host cell, or where the host cell is not
proliferating. Transient expression also can be accomplished by inducing the
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
20 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
25 randomly within the host genome or can be targeted through the use of
constructs containing regions of homology with the host genome sufficient to
target recombination with the host locus. Where constructs are targeted to an
endogenous locus, all or some of the transcriptional and translational regulatory

regions can be provided by the endogenous locus.
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15 Each introduced construct, whether integrated or not, should have a
different nmeans of selection and should | ack honol ogy to the ot her
constructs to nmintain stable expression and prevent reassortnent of

el enents awemR$/46ta3st ruct s. Judi ci ous choi ces of regul atory rPQTAS8/07126

sel ection neans and nmethod of propagation of the introduced construct can
be experinentally determ ned so 20 that all introduced genes are
expressed at the necessary levels to provide for synthesis of the desired
products. As an exanp ' : LAt onal
and transl ational reg !Wci;lheg %e}i%ﬁgn{é?sﬁ%n §§gét&%§%e@§@??lg€@é?%&
particul arly fronrgahismhissiesisgdesdveral niktlwods cam be einplayedialAdditiohalatenen

éﬁsglo?;ﬂ >c/ LS?L\?&@@%&% tﬁg ggst% %ﬁi nﬂe*:&'ld yqugﬁgﬂ?@gfféﬁo rqiae)g(é‘\mc):li?nt]; rtl(1)e ogs?gl‘%saniisrrxll. the
gl ycer al dehyde- 3 ERpRefibnfomith natiwveaRitatast (G alsh RS BO R4S ﬁgﬁi@ﬁase,
|

phosphogl ycer at e_ki nase, etc._ or ,re(%ul at abl e genes such as ac

phosphat ase, | achamelogays rrombination fer exgmplebyrinsertiog astrongexpyoroeter info a
nunber of regula F4H0 | OLe il . Shtation, 30
dependi ng upon V\A‘lrtl%{%gf coﬁigﬁls ? ﬁlt?s?\?%gg?sulaggﬁﬂg%é&f' rrggrrlés’ég‘?ﬂﬁg fi%%al?diz’%si red,
the particul ar eféqueneesdionpéithenheunBINA er theencaled posteindy deldtingtth

open-reading frame of interest,, the ability to join g strong pronmpoter with

a control regi onﬁ?%ﬂém-%ﬂﬁ’e h°8P$W%P’%FM%§MF’@H sgquegess tp the

i nduci bl e transchimﬂAqwspNa@g]@ulgpnstruct ilon, and the like. O particular

I nterest are pronoters which are activated in the presence of gal actose.

Gal act ose-jonduci bl e ppkEalieisetitaie to Exheks nftte uiahloh@ bk g%ﬁ@’& feobfi! ve! y
utilized for high level and regul ated expressi on o FOrBPN A yeast
(Lue et al., Mbl regulatory regions andoixpressiop meshiotls, inti98iced ehessdanibe pkdpapatd ol .

Rev. Vol. 51, p.:458. .19 scrda ption fromthe, GAL pronoters 1S
activated by the"t&gfoétrc%ﬁ )eﬂi“r? , él\?%ec?frgylhcagng 8°‘frp?F§ %PXH’&FE‘PH?%@%?WQHEF
activates transcgeminmenWhbrtwoadrasdre genésfar@éﬂﬁ@d%éd froth kb&a&%ﬁlﬁ&ﬁn@f

gal act ose, the ant agonj stde%éﬁo binds to GAL4 and prevents GAL4 from 10

activating transdFeHes; i £ that eagh Yestos basa differen; spnass ofiwephicationm
bt ; . I \ :
i nhi bi tingsactivghiPmredudetlednstide, vﬂ?éthéﬁnté%‘i}fég{})%gﬁ% %H&.P& g@fé %%6@%%

transl ational initiation codon ATG have beé€ a ession in
yeast cells. |f meangefsselestion and should lack homology to the other constructs to maintain

stable expression and prevent reassortment of elements among constructs.

Judicious choices of regulatory regions, selection means and method of
propagation of the introduced construct can be experimentally determined so
20 that all introduced genes are expressed at the necessary levels to provide for

synthesis of the desired products.

As an example, where the host cell is a yeast, transcriptional and
translational regions functional in yeast cells are provided, particularly from the
host s_pecies. The transcriptional initiation regulatory regions can be obtained,

25 for example from genes in the glycolytic pathway, such as alcohol
dehydrogenase, glyceraldehyde-3-phosphate dehydrogenase (GPD),
phosphoglucoisomerase, phosphoglycerate kinase, etc. or regulatable genes
such as acid phosphatase, lactase, metallothionein, glucoamylase, etc. Any one
of a number of regulatory sequences can be used in a particular situation,

30 depending upon whether constitutive or induced transcription is desired, the
particular efficiency of the promoter in conjunction with the open-reading frame

of interest, the ability to join a strong promoter with a control region from a
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pol ypeptide is poorly expressed in yeast, the nucleotide sequences of
exogenous 15 genes can be nodified to include an efficient yeast
translation initiation sequence to obtain optiml gene expression. For

expr essi onWPP8A6M3har omyces, this can be done by site-direct BaT/H§8d2fesi s -
of an inefficiently expressed gene by fusing it in-frame to an endogenous
Saccharonyces gene, preferably a highly expressed gene, such as the |actase
gene. 20 The term nation region can be derived fromthe 3

regi on of the gedéfféremtprudibreh whivh dllowwsifaf indicibRataBcriptionodiséofied or from a
different gene. A lar unber of term natiagn regions are known to and have

ge n ) )
been found to be ceBYTUSHoRAHA the kikey Qbparticularinterestare promatersishich Az and
di fferent genera,ag ' ' [ J_ ' ted
Tor c as & patter o iarEihEfresdRs of SALDR, | GHafGHAHEN rodiotels (ALK
particul ar propeGAL7,RndfGAlal)have heent extenisivaty wtilized Gordrigh kevelandreghlitedm a

yeast gene,. particul arl acchar onyce Schi zgs 0 | )] g

Kl uyveronyces. TIEPES1P &S%' /0 ¥ t@ﬁﬁéﬁ’ﬁ“é&ﬁ@?”{?ﬁﬁpﬁ‘gﬁi% and
[err] 2 interfer ofohisteh, MisrHGIOREY. tw,LfswE.Msw 1987)Y G iscriptfon from the GAL

I NTRODUCTI ON OF CONSTRUCTS | NTQ HOST CELLS Constructs COH&I’I sing the gene
of interest may [FEOMPICISIaactivatedhycthe Gi=4 protain, which binds ta the prameferiegion
These techni ques ,j i\Gest ofaLH asd f ysi | ection,
transfection, tr e?hg%hct | ngﬁg%iﬁgatﬁeg%ala?%@égﬂ on, t'Siﬁ%QQb%gH)st i c I npact,
el ect ropor at i on, galactose,theantagonist<tALR0 binds tor GALY aad ipeavents (G4 fibinc h

I nt roduces, t he gen f interest intg.the host cell. Met s of ...
transf or mald on ﬁﬁﬁg\géra&g@? Oftc ;Ad@énqni ‘Tfijﬁaf?ﬁ“éﬁ BreyFRts ) fg?’ﬁﬁ?-‘?‘ﬁﬁ‘ng
(Met hods in Enzynpliegtion byabAL494, p. 186-187, 1991). For convenience, a
host cell which has been mani pul ated by any method to take up a DNA
sequence or construct Nileotide séfdehediSubBifing the!tPandfitiofd HARLEH Edon O"

lih
"reconbi nant" herein. The subject host w ! %ave at Feast ﬁave one copy of
t he expression caaE@have beendfonnd,toraffest expressionrin yegst dellse Afitheglesipmin  whet her

ext rachr omosonar PERREN ebobtly RARREE i TRl e isaRde SGBPES ohex APt
host is a ygast, gdeneycahbe modified toiatRde ak ¥ffRiend yeaseatislaoashitidtiect or s can

be used: Yeast Integrating plasm ds . L.
sequence to obtain optimal gene expression. For expression in Saccharomyces,

this can be done by site-directed mutagenesis of an inefficiently expressed gene
by fusing it in-frame to an endogenous Saccharomyces gene, preferably a highly

expressed gene, such as the lactase gene.

20 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 lafge
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 a matter of convenience

25 rather than because of any particular property. Preferably, the termination
region is derived from a yeast gene, particularly Saccharomyces, '
Schizosaccharomyces, Candida or Kluyveromyces. The 3’ regions of two
mammalian genes, ¥ interferon and o2 interferon, are also known to function in

yeast.
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(YI'ps), Yeast Replicating plasmds (YRps), Yeast Centronere plasm dg e

(YCps), and Yeast Episomal plasmds (YEps). Ylps |lack a yeast replication
origin and nmust be propagated as integrated el enents in the yeast genone. .
YRps have WOM8M6TSsonal |y derived autononously replicating secpessse7edd 20.
are propagated as nmedi um copy nunber (20 to 40), autononously replicating,
unstably segregating plasm ds. YCps have both a replication origin and a
centronmere sequence and propagate as | ow copy nunber (10-20), autononously

replicating, stably sSENTRODUCTIONON CONSTRGCTSINTD HOSP CRIAlS

replication fromthe yeast 2[err]mplasm d and are propagated as hi gh copy
nunber, 25 aut oNCBRMHRIcH doRiPrisiiithd ne'Jf xﬁgﬂékt%%w)’lé SidoBERl i afilods ™ ds-
The presence of the plasmds in'yeast c be ensure y mal ntai ni ng

sel ection for a mmtanﬁﬂrdWehlpnmsmmesmcfpaquesmdlwdetransﬁnmamomre the yeast

brot ot rophy and Bt ARfte pENEkadH hinertli Rishtatar sosipn duétign.
pPRS425- pGl5( a Yamltshamsbtpéiémdpeﬁnbﬁ,aﬁic%injectxon, ElErapﬂig, dt an%ﬁi%gmeﬁfba

Prof essor of Ml e b @ netjcs, 0 State Universit containing a
constitutive GPDWBW C 'c!i‘e(gﬁi‘ﬁ infergst into, thehostrel: Methodnof and pyx424

(a YEp plasnid h%smueewm ae V&l Jaadfrlmaﬁ sf 38 gﬁagﬁgﬁﬁ%qom%e;@gi

| euci ne prototrophy; Albe [ Kawasa
Genetics 1: 419)in valowl,sVdr Mm&&&-l&hllD%)aerneohvhmmbé iadmbstyellowhiclst | on

for a marker con{ai,ned on.t | troducd onstruc Al ternativel a
separate marker gasbeenn@g%ﬁﬁ ARy /mpie ?ﬂ{‘)’gﬁﬂﬁé Wtsﬁq"ceﬂ%e?fé'émytgﬁt
construct 10as newjl béﬁemmrta&ts'r‘msmﬁw%e‘secbﬂmr&ﬁy%raﬁﬁy DNA nol ecul es
into host cells. Typically, transfornmed hosts are selected for their

ability to grow on seméuby&tﬁew»ﬂuh’éeéaq&asi'ﬁaM%?ﬁxfm@%Qg&&?a{e an

antibiotic or lack a factor necessary for growh e untranstornmed host,

such as a nutri efAnSBECt@ng may hiaye twe or marel dependingj upon schethed theegekeis gene

t herefor may con | [ O ,eng de an ential growth
fn’f'é&n%% irfd ﬁ{e %n&x?us. ﬁﬁoﬁﬂfeﬁ Qr s prE: °&a£%ﬁ‘8§“8‘}éﬂ§

factor or enzyne, ermt growh sel ec ed in
the transforned ¢lement lﬁwimgahuhtpledo;)y numbersf mdtﬂmbje@ﬂibsﬁis%@eﬁﬁcféﬁr when

t he expre ged narker rote| e tected ei ther_directly, -
i ndirect!y’ The F&I%R qﬁﬂ‘ﬁ? E’B@s‘ﬁ weigrseande use n’éeaétrlnsgraémswéqsmﬁdq 0
anot her (YIps), Yeast Replicating plasmids (YRps), Yeast Centromere plasmids

(YCps), and Yeast Episomal plasmids (YEps). YlIps lack a yeast replication
origin and must be propagated as integrated elements in the yeast genome.
YRps have a chromosomally derived autonomously replicating sequence and

20 are propagated as medium copy number (20 to 40), autoriomously replicating,
unstably segregating plasmids. YCps have both a replication origin and a
centromere sequence and propagate as low copy number (1 0-20), autonomously
replicating, stably segregating plasmids. YEps have an origin of replication
from the yeast 2pum plasmid and are propagated as high copy number,

25 autonomously replicating, irregularly segregating plasmids. The presence of the
plasmids in yeast can be ensured by maintaining selection for a marker on the
plasmid. Of particular interest are the yeast vectors pYES2 (a YEp plasmid
available from Invitrogen, confers uracil prototrophy and a GAL1 galactose-
inducible promoter for expression), pRS425-pG1 (a YEp plasmid obtained from

30 Dr. T. H. Chang, Ass. Professor of Molecular Genetics, Ohio State University,
containing a constitutive GPD promoter and conferring leucine prototrophy),

and pYX424 (a YEp plasmid having a constitutive TP1 promoter and conferring

-26-



15 protein. The marker protein can be detected by its enzymatic
activity; for exanple [err] gal actosi dase can convert the substrate X-gal
to a colored product, and luciferase can convert luciferin SOR/0TI26
li ght - em t‘”(?ﬁ@‘ﬁ?ﬁ)duct. The marker protein can be detected Ms”

| i ght - produci ng or nodifying characteristics; for exanple, the green
fluorescent protein of Aequorea Victoria fluoresces when 20

illumnated with blue |ight. Antibodies can be used to detect the nmarker

protein or a nol leyeingprateliophy; Adbar, Brandd{awasakipGo(1982). of Malt &l Cel | s

expressing the [ in or tag can be selected, for exanple,
visual ly, or bynpgéﬁ%?gugg%éuch as FACS or panning using antibodies. For

sel ection of yeast tr r S, rker .t unct i onse | t may be
dscd.  Dosirably. 25 | The updpahatndFel Bt udntled b Wik ISt £ miFER TG
(418 are of intee@ftiinedion el ihtréduced)constivict. QAlgsraatively, Akeparate atdckerg ur aci |,
| euci ne, |ysine or tryptopgea_ interest is the [efr]6- and

: Licular,
[err]12-desatur aSUNSHUH TARY Emgiﬁ%la‘gﬂql‘ g’:" %E@WW@?&?WW@S at_mn_
eukaryotic host %Pﬂaueﬁh%&;&qﬁé@ BRI ﬁ%‘ﬁ%‘ﬁﬁ“ﬁﬁiﬁ cgg(_: IMﬁ:aE%’Eher icia,

Baci | | us, Lactobac us, cyanobacteria a aryotic
cell's include nutaesdformeddwistssars saléctedfor thedrability ltagtost omselentivemiedia. avi an
cells such as of SCTFi ckensd. and .ot her cells %ﬁ nabl e, t enetic rmfni pul ati on
i ncl udi ng i nsect DCFERFNCHAMPY IPLPIROTRL anantiviolic oF |5ck afaciorpecessary Tor

cul tured or fornggbvah of &ietun@fansfotméd host, RASH aDd SiRFE® Brighetidhdier. agn ani mal .
Vi ruses and bacteriophage also may be used with the cells in the production

of PUFAs, 18arti cintegduged parkgegenetherafor smay coafer antibiotieregistaneqy ongacodeanct i on.

In a preferred e '-gpﬁ% t | }m'"ﬁ ' . Laal i ch
produces 5 an ?ﬂcl)r ca“rqthatgg‘f)?n %antzgﬁlgkog nougl %‘g@pryf)’ls%agg g%%&?ﬂﬂg?s) for
af[err] 6- and/or:{q:rﬁss}:dmth:lemst ionne;hosn.lnelpctfkﬁmfh atti'apsfmm?ldlhest cf.mglge amount s
of one or nore o e ., substrates. es .o st ani i pcl yde m ce,
rats, rabbits, cﬂf%éﬂ?ﬁ%ﬂ%ﬂ@ss%?ﬁg{}g}miﬂvF%& ft‘%‘ﬁ%g%ﬂ_ﬁ?fgﬁ{“ s, yaks,
etc., which are ﬁm@@j’.em@nﬂﬂfé?bt&eifmﬁlugm@ exptestdaicheCdras a FsibPfo dndites

g p

expansi on of the transgene expressin opul ation, For aninmals, the
desat ur asd3t r ans §eateins \T'he marker profgis can be detegted by disicomymaticastiyisy; for ganel | es,

egrons. O part reutth dechiihsFRE corBh i hBrat S BLAEA RSP B o

m |k of the host afdhitiferase can convert luciferin to a light-emitting 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

20 illuminated with blue light. Antibodies can 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. For selection of yeast
transformants, any marker that functions in yeast may be used. Desirably,

25 ‘resistance to kanamycin and the amino glycoside G418 are of interest, as well as

ability to grow on media lacking uracil, leucine, lysine or tryptophan.

Of particular interest is the A6- and A12-desaturase-mediated production
of PUFAs in prokaryotic and eukaryotic host cells. Prokaryotic cells of interest
include Eschericia, Bacillus, Lactobacillus, cyanobacteria and the like.

30 Eukaryotic cells include mammalian cells such as those of lactating animals,
avian cells such as of chickens, and other cells amenable to genetic

manipulation including insect, fungal, and algae celis. The cells may be
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Expression In Yeast 15 Exanpl es of host m croorgani sns i ncl ude |

Sacchar onyces cerevi siae, Saccharonyces carl sbergensis, or other yeast such
as Candi da, Kluyveromyces or other fungi, for exanple, filanmentous fungi
such as AWOP8Hé168s, Neurospora, Penicillium etc. Desirabl ®CTUS98/07126
characteristics of a host mcroorganismare, for exanple, that it is
genetically well characterized, can be used for high |evel 20

expression of the product using ultra-high density fernentation and is on

the GRAS (gener %ﬂ%éd%%%e@%pﬁﬁo?ﬁﬁ%}'ahb&tor%dﬂ%? |nterest aPgagg, end product

is intended for ingestion by humans ge I's use of a
yeast, nore partYisuseaandbasteriophsgealsemay Be usedrwith theae)ls incthe proded:tionfufst in

t he subject inv rt| ul i nter Mat [err]
pep4- 3 prbl -112?1?}?615?@@‘1{‘ stogéen% ‘%’ °ali‘§a‘r‘é’§€° 1862“{;?5‘? ‘°Eae 83: 57- 64,
1989, Hovl and P.preferrell embidiGiAt, (i Kobe B-an¥ dicido dr2Rfmh eI dﬁée§3 52;
obtained from Dr. T H. Chan Ass. Professor of Ml ecul ar Gene Chi o

State Uni versi t yand/opran assimilgte exqeenpusty Mﬁ‘b&ﬂﬁﬂaﬂe@é forg0AG-lapd/pr am-

el er ] 1 | eua(oesatilss ol Drertisb prodicls ladt dibu dEoR o wo A < o o
Mol ecul ar 30 subSeates. ExamplelbOhdst ammalhnbl&dé;irﬁde), rat$3dbbne, dhidkeny, a4l f rom

t he Yeast Genetig ck Centre 21 Donner Labor at or Berkel ey,
CA 94720), | NVSéE’“fPO&t“P’E‘F%]Sﬁ FFPoR1ESy atS, Ygﬁzetﬁm cheaye am 0 genetisi ned

from Invitrogen, mifipilatier afPioie for xﬁﬁﬁ'eﬁ lon%ﬂﬂ?@%ée@@pk%(ﬁéz (Mat

[err] hls(gerr]ZOO ura3-167; obtain fromlInvitrogen
Expr essi ob0i n Avopslationc Fesanimalspthe desatur gseﬁtﬁmne(s)ambmadaptedlfes and cells,

h hi ck d
By Tt sosuct ng. TRSHER P usflBenBi, NGRS RRAS i IBloBen RSB °

[err] 12- desat ur athegenﬁmgﬂlhbr;c&igimsf Qifpaiticulyr piteeq e prédieibn bfPURgs art . | f
a transgeni c ani pl uri potent stemcells of enbryos

can be provided mﬁi’rﬁa"\’é"&h‘oﬁd@%ﬁ???‘%‘@a& desat urase encodi ng transgene and
devel oped into adult animal (USPN 5,162,215; Ono et al. (1996) Conparative

Bi ochem stry and Physi ol ogy A 113(3). 287-292; WD 9612793; WD 9606160). In
nost cases, the transgene will be NMM ess high levels of the
desaturase in order to increase
15 Examples of host microorganisms include Saccharomyces cerevisiae,
Saccharomyces carlisbergensis, or other yeast such as Candida, Kluyveromyces
or other fungi, for example, filamentous fungi such as 4spergillus, Neurospora,
Penicillium, etc. Desirable characteristics of a host microorganism are, for
example, that it is genetically well characterized, can be used for high level
20 expression of the product using ultra-high density fermentation, and is on the

GRAS (generally recognized as safe) list since the proposed end product is

intended for ingestion by humans. Of particular interest is use of a yeast, more
particularly baker's yeast (S. cerevisiae), as a cell host in the subject invention.
Strains of particular interest are SC334 (Mat o pep4-3 prbl-1122 ura3-52 leu2-
25 3, 112 regl-501 gall; Gene 83:57-64, 1989, Hovland P. et al), YTC34 (a. ade2-
101 his3A200 lys2-801 ura3-52; obtained from Dr. T. H. Chang, Ass. Professor
of Molecular Genetics, Ohio State University), YTC41 (a/c ura3-52/ura3=52
lys2-801/lys2-801 ade2-101/ade2-101 trp1-Al/trp1-Al his3A200/his3A200
leu2A1/leu2Al; obtained from Dr. T. H. Chang, Ass. Professor of Molecular
30 Genetics, Ohio State University), BJ1995 (obtained from the Yeast Genetic
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15 production of PUFAs. The transgene can be nodified, for exanple, by
providing transcriptional and/or translational regulatory regions that
function in avian cells, such as pronoters which direct expression in
particul ar w0 9846363 and egg parts such as yol k. The gene reguP&T®ISP8HdRE ons -
can be obtained froma variety of sources, including chicken anem a or

avi an | eukosis viruses or avian 20 genes” such as a chi cken oval bum n
gene. Expression in Insect Cells Production of PUFAs in insect cells can be

conduct ed using bfgsyd Qi) I0ZX DoAY [RABorREY, Betkdley, TX DATRO)/RIVEC (Mt o
desat urase transgenes. Bacul ovirus expression vectors are available from

several comrerci dliwdAlle@rpl289 ure3<38; obtainedfromdnvitiogenyd6AQ Haraday A¥e-oduci ng
hybrid and transgen| trai f h as Lne ae, . Whi ontain
and expross o dedarispabe A oA and T Sc2T0i e Rl Wl 67 Suptl Fof
transgeni c mari nepai yray be prepared as described in USPN 5, 426, 040. As
with the other expression systens descri bed above, the timng, extent of
expression and activity of the desaturase transgene can be -29-

regul ated by fitting the pol ypept i&&gﬂ&,{lg‘ gﬁﬁu@ﬁgew th the appropriate
transcriptional and translational Tegulratory regrons selected for a
particular use. O particular interest are pronoter regi ons which can be

i nduced under presel ecFerprodusing:\PUBAgin avisrssperigs ardeallsi wichiap ehigkanst i on of
tenperature 5 SRV 0 ' b %€ iftdakinpas i nto

t he desaturase tr%gegghigagggﬁggaésééﬁ%ﬁ%%gﬁF@%@g@?‘gﬁ%ﬁlreg| Ighga and/ or

the genone of cel hgcléibheidwbqueics ErcotingrasAfearl/orA 12~dgsanitase ihte die dells used f or
this purpose. The transforned host cell is gIrovvn under appr.opri,ate
condi ti ons adapt efoliowingpresedurescknoma indhaart. If pdransgesic anamalds ¢ »in

£

culture, t condif i | I 444 Q‘ﬁlﬂq jhe

gr eat est olrism)st g%ﬁ%“@%@“%?‘é Wé&gﬁﬁ%%ﬁ%ﬁﬂﬁ@g«% t eﬁgsel ected
desat urase acti vi tgsatuvisgieacadingliransgene audi dewelopsd into adulti animadUSEN ude:
carbon source, nitr sQurce Lthon of substrate fi concentration
of added substrat ’,lg_ggiﬁn(gﬁm gﬂs‘ﬁggé)eé%f%ﬂ'f"e Pfﬁff@s@a@ﬁ%ﬂ?g‘f@ rowt h,
growt h tenperat ur ¢;3BRIST-R0Z WOSIH1279310MOI960614() "R fdbitiases, e transgen@ OW h
phase at induction, growh phase at harvest, pH, ‘density, and mai ntenance

of selection. M cwokdbgmudified torexpigsehigh ievels of thedesgturase ingrder to increase
15 production of PUFAs. The transgene can be modified, for example, by

providing transcriptional and/or translational regulatory regions that function in
avian cells, such as promoters which direct expression in particular tissues and
egg parts such as yolk. The gene regulatory regions can be obtained from a
variety of sources, including chicken anemia or avian leukosis viruses or avian

20 genes such as a chicken ovalbumin gene.

Expression in Insect Cells

Production of PUFAs in insect cells can be conducted using baculovirus
expression vectors harboring one or more desaturase transgenes. Baculovirus
expression vectors are available from several commercial sources such as

25 Clonetech. Methods for producing hybrid and transgenic strains of algae, such
as marine algae, which contain and express a desaturase transgene also are
provided. For example, transgenic marine algae may be prepared as described
in USPN 5,426,040. As with the other expression systems described above, the

timing, extent of expression and activity of the desaturase transgene can be
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preferably grown in selected nedium For yeast, conplex nmedia such as
peptone broth (YPD) or a defined nedia such as a mnimal nedia (contains
am no aci ds, yeast nitrogen base, and ammoni um sul fate, and | acks a 20
conponent Woss/seb.ectlon for exanple uracil) are preferred. POBRISISATILILE
substrates to be added are first dissolved in ethanol. Were necessary,
expression of the pol ypeptide of interest may be induced, for exanple by
i ncl udi ng or addi ng gal actose to induce expression froma GAL pronoter.

Expression In Pl g fittin fe) URASth can be
conduct ed usi ng v ri ous ypf mterpé)rll}?oegrgryaﬁ%’%]ss%?@m sucﬁgpégbﬁﬁgeéuse of
Agr obact eri um t utradsacptiona) arpdmlatwndseg;latpmmgmhesdem:d for apatticulavuseon and

the Iike which a dIS|OS in ant'.s r applicagtions U. S

Appl i cati on Serlé‘Fe % aﬁéggﬁ’ﬁ T 5HYBSY e@ l?fng ? g‘?l on-i n-part
applications fi |ﬁx‘ésélédféti roneo bsrdrtiots! Fot Btanplé) mtroducﬁ&i’bft@ﬁlbb@ﬂn@” of

whi ch are hereby I ncor porated by reference. - 30- Expression In An Ani nal

Expressi ondi n cefansitiye apd/ppmetahplitegespensive WB&PQ%‘%“‘&@EWF#%‘W@&W a
transient or staplgndaig ice: n{s@@@l%}yﬁﬁﬁh Sa?’ect Itl‘&fé]:n@ﬁx e caRhioMifch Vi 2

known net hods, for e on ‘or can be repeated in
order to 5 ﬁmtrmsgmeakemtméﬁbedxpnbeusadrfotthmapmpmﬂe t he i ntroduced
construct (see Ebert, PCT publication WD 94/05782). Stable expression can
be acconplished via i ﬂhegam"bmddfos&atlaﬂgtdvunmdeﬂa;ﬁprbmmaﬁﬁxtgmad@xed

resulting in a trans eni e struct, can be I ntr duced for
exanpl e, by micr ‘%é‘t’?‘ia‘ﬁ‘%ﬁhe}? ‘Egﬁﬁt‘i"' %8’%‘8 cujtareihg copditions e 5

fertilizedgegg, Riducé e pPashd, t@ebidiical'yield of PUFAS]! her
t echni ques where%? thetogonstruc |sc| nt rg? uggb llhﬁ%o g c yll ng whi ch’ may

formor be incor pdtmtrebtqsm thesaleqted | desaturaseedctiyity. sMeléatoendmms whicB n8y191;

5 366 804 w1 | mit ORdniAd inchids: caftoR BhurkB nidagsh Joune: addiBn of bt 01

enbryos are tranﬁﬂrdoﬁdeﬂtﬁuansﬂiddeﬂah&mmﬂﬁmdﬂduwdﬂﬁﬂ dofobicter873, 191;
U S. Patent No. 15 0,177; U. S. Patent No. 5,565,362; U S. Patent
No. 5,366, 894: mmblesrwg (SOWHLEmpenatyre ingycing-agent, indnghon mperatiie.s ar e

identifieds for exRmR |pﬁaset%).’ itdi€tion, growth phase at harvest, pH, density, and

maintenance of selection. Microorganisms of interest, such as yeast are.

preferably grown in selected medium. For yeast, complex media such as
_ peptone broth (YPD) or a defined media such as a minimal media (contains
amino acids, yeast nitrogen base, and ammonium sulfate, and lacks a
20 component for selection, for example uracil) are preferred. Desirably,
substrates to be added are first dissolved in ethanol. Where necessary,
expression of the polypeptide of interest may be induced, for example by

including or adding galactose to induce expression from a GAL promoter.

Expression In Plants

25 Production of PUFA's in plants can be conducted using various plant
transformation systems such as the use of Agrobacterium tumefaciens, plant
viruses, particle cell transformation and the like which are disclosed in
Applicant's related applications U.S. Application Serial Nos. 08/834,033 and
08/956,985 and cont.inuation-in-part applications filed simultaneously with this

30 application all of which are hereby incorporated by reference.
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presence of an introduced marker gene, such as for coat color, or by PCR or

Southern blotting froma blood, mlk or tissue sanple to detect the

i nt roduced 20 construct, or by an i mmunol ogi cal or enzynol ogi cal assay
to detect WOPBUETBessed protein or the products produced thetGHUSABOTIZ6S, -
Patent No. 4,873,191; U S. Patent No. 5,530,177, U S. Patent No. 5,565, 362;
U S. Patent No. 5,366,894; WInut et al (supra)). The resulting transgenic

animals may be entirely transgenic or nay be npbsaics, having the transgenes

in only a subset of 25 their cEkpressidiiin AdVenimalf nanmal i an cl oni ng,
acconplished by fusing a nucleated cell with an enucl eated egg, followed by
transfer into a surrogate nother 1 Bﬁleﬁents e pQSSIbI lity of rapid,

| ar ge- scal e productio XprSSsiom i csHs, Phayhost enimal gant likeyyiss bg a"t‘)Pm@Bmedd%ﬁ‘prl si ng

the introduced coassidntol stablen@nntQ THdbsient é:épré@@én %58 e ﬁé’cro}hdfl@ﬁeé AgkhéwRsgene

to be present in the germline of the aninal agat i1 on

(W | mut e]'E al ( smsthery, for gmple infsotion o5 llmfeﬁtmnaamd)ean b:mepdteqanexmﬂts .
For ' pr oduc! on oftaitpinR8ftedpetisn WSl bRSpBRlces Palimet Ve B BTN Tl

such as nilk, thpublmaabmm94msmgsm1maprésemﬁ>emeéswémpﬁsmry cells
froma femal e host, and tfhe PUFA c¢on of the hdost cells altered.

The desaturase t FUFE#ANO Bté““éﬂ’éﬁf"&r}mb&en@%r ©sulting i transgenic aninal.
retalnedlnthem r A
reaction products | ocglyrlugtgdght%glt d%&{ E&E%&i}lﬁf ngﬂn&&"ﬁ% gg‘;egﬁﬂgglét
Expr essi on can biate ﬁxegnomldiofaéarphmknggmnbytrmfmﬁqn,treml hﬁ'tdn@ns)pem fic
regul at or ysseque ovi.ne ,a-l act.al bu er.r] - casein,
[err]- 10>io cg@gftwﬁ'tié‘slers%é%éaﬁe c‘fneggl"‘ft 'ﬁ%@ﬁﬂced[‘éﬁ“rﬂ r&g!ﬂecygf‘ Wa¥n, or
whey aci dic prot &n'm ora‘mdncfmyoméﬂlugaahlaﬁult &ﬁhﬁﬂgj SnPat&EtN@MeR‘lﬂ@rlgﬂfs and/ or
at ent ; Rosen, U.S. Patent

secretory si gnal nc :

No. 5, 565, 362; ’E‘Lﬁ? 5a$g3° 173; Y.S. PateahNong, 565,362 81.8 Oatent¥n 5:3661894) . . PCT

oont rse | ?Sniiﬁ.ﬁgﬁsghas%zmmw‘hﬁ T AR BB By 8 T
the | evel s of sp@'&ﬂlsﬂmedwmnogme dmtherﬁUlS/@atenﬂdo 60873, 191y AUS.i Paténd Doani mal s

Ttsei tor N ¢h ot Rape RIS RMERNG. SR DE Buusitla Sab B4 Wikt al ni mg
hi gher proporti o(saps)).desired PUFAs or PUFA ratios
After birth, transgenic animals are identified, for example, by the
presence of an introduced marker gene, such as for coat color, or by PCR or
Southern blotting from a blood, milk or tissue sample to detect the introduced
20 construct, or by an immunological or enzymological assay to detect the
expressed protein or the products produced therefrom (U.S. Patent No.
4,873,191; U.S. Patent No. 5,530,177; U.S. Patent No. 5,565,362; U.S. Patent
No. 5,366,894; Wilmut et al (supra)). The resulting transgenic animals may be
entirely transgenic or may be mosaics, héving the transgenes in only a subset of
25 their cells. The advent of mammalian cloning, accomplished by fusing a
nucleated cell with an enucleated egg, followed by transfer into a surrogate
mother, presents the possibility of rapid, large-scale production upon obtaining
a “founder” animal or cell comprising the introduced construct; prior to this, it

was necessary for the transgene to be present in the germ line of the animal for
30 propagation (Wilmut et a/ (supra)).
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and concentrations that resenble human breast mlk (Prieto et al., PCT 20

publication WO 95/24494). PURI FI CATI ON OF FATTY ACI DS The desaturated fatty
acids may be found in the host mcroorganismor aninal as free fatty acids
©or in conjwedsagrésor ns such as acyl gl ycerol s, phosphol i pi ds PCIVWSI80TIRE S oOF
gl ycolipids, and may be extracted fromthe host 25 cell through a
variety of neans well-known in the art. Such-nmeans may include extraction
wi th organi c solvents, sonication, supercritical fluid extraction using for
exanpl e carbon dioxid | . Cartd: ey : I nati ons
thereof. O parti cul a?x?n gor@g%éﬂoga& r c;ésieg{r% W tﬁﬁ‘gane b?aﬁrr%‘? anol and
chl or of orm Wher wheteshe kst &s,a ddmesticatedbanimab yEar peaductien atPUFAS aua BGid to

protonat e negatively charged .noi eties and .t hereby .increas artitioning of
desired product srePﬁg%°€tﬁ’é‘g€]Fd"£m °Ih_8§tear“.‘mﬂf & a@%l‘b‘a@iei‘@ﬁa%%umséﬁ}ﬁ c
solvents can be paWvardyediniRpimilyQRlisRIA 2 Rmald R31aAd tHe FURA edntepthen
I solated in -32- conj ugat ed forns, the products may be enzymatically or

cheni cal | y5cl eavefthe bosteelsaltereds cThe desatnrase transgere en be adapted &5 espression
conjugate of int “ s . he hec 4 -]m' l.bafions to
produce a desi regdg’%%ﬁb%%ﬂ%tﬂnﬁgﬁ?a 'y, C‘%ﬁ%’&%‘g{?%g“%tgm'o ﬁttﬁé aci ds
are cl eaved w t hPpbAaesction prydircasdocktizedto the milk (PCT publitation WO 95/24488%at i on
I s necessary, standard nethods caea be eg:'p%l.oxed. Such et hods @ ncl ude
extraction, treabtRREsion ¢an Ry tatgeted for eXPESIPs &} frammary Ussue Ysing 1c
fractional disti I QD oS ok hdd I | ' sh&8én. 8-
centrifugation okéggluét Isf‘glelhgér%f s‘%?%%?@%@?m?lﬁggg"techni ’q%es.

Prot ecti ort0of r eesseiny ¢-cgseinxscassincfrlactogidtmliac iofl whey adidierprotein; andomay nay be
done at 10 any.s’:fﬁp,tq‘r‘&ugh known, t echni gues, for gex r@le al k%} tion or
i odi nation. Met hBBROTHSEING Qiﬁé’rﬁﬂ’ﬁw’é’f‘ﬁ BﬁseFW@rYai’chgl Anearees 'g'r oduce
met hyl esters. SpHeh@libys,5, P17 Rlobdt) LIS Pabsht NRY 5,865 867ua Akl A0, St ep.
Desirably, purification of fraétions containing GLA, SDA ARA~’ DHA and EPA

may be acconpl i sRewntio: 5,366,894 Gayer ef alr, O igaticir WE 9423868 st i | | at i on.

15 . FATITY. ACI DS The. fatt i i he

subj ect inventio §xpfeﬁ%gn %%‘%V“ﬁg%?lt’%%e s or éﬁ(ﬁfgg ds%?gggg e&ﬁan?%g%épt%c? t he

present i nsent i ofn thiymbhred caisbe usedne hlterdle leoéls of specific PUFAS, or derivatives
thereof, found in the animals milk. Additionally, the desaturase transgene(s)

can be expressed either by itself or with other transgenes, in order to produce
animal milk containing higher proportions of desired PUFAs or PUFA ratios
and concentrations that resemble human breast milk (Prieto ef al., PCT

20 publication WO 95/24494).

PURIFICATION OF FATTY ACIDS

The desaturated fatty acids may be found in the host microorganism or
animal as free fatty acids or in conjugated forms such as acylglycerols,
phospholipids, sulfolipids or glycolipids, and may be extracted from the host

25 cell through a variety of means well-known in the art. Such means may include
extraction with organic solvents, sonication, supercritical fluid extraction using
for example carbon dioxide, and physical means such as presses, or
combinations thereof. Of particular interest is extraction with hexane or
methanol and chloroform. Where desirable, the aqueous layer can be acidified

30 to protonate negatively charged moieties and thereby increase partitioning of
desired products into the organic layer. After extraction, the organic solvents

can be removed by evaporation under a stream of nitrogen. When isolated in
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i solating related nolecules or in nethods to detect organi snms expressing
desat urases. Wien used as probes, the DNAs or oligonucl eotides nust be 20
detectable. This is usually acconplished by attaching a | abel either at an
i nternal sWOIBM4EYB exanpl e via incorporation of a nodified rREVHISBOTRS 5t -
the 5 or 3 termnus. Such | abels can be directly detectable, can bind to
a secondary nol ecule that is detectably | abelred, or can bind to an

unl abel | ed secondary nol ecul e and a detectably | abeled tertiary nol ecul e;
this process cancdnjughfed forms,ehd prodeds may be egzyasaticallyporclicnsiécdlly cleavedteve a

STl St onas iicase fheitine Taf Soid bt ilpos coramler Corugsse,of intarerbeandcan gren -
anti bodi es dir eCB@sixb?&@'td“ﬁxfrth%aﬂPﬁlﬁﬁ?ﬂE% Srddule %hsmeu%ag é}&b@l Eeﬂa})@} her

anti bodi es, or can _involve any nol ecules which bind to e ch of her,
exanpl e a bi ot i ncopjvgatedferms ﬂ%ﬁWdﬂdS stesieaned gith potassiathydraaide | abel s
typically include radioactive isotopes, nolecules which chemcally or
enzymat i caPly pr oducelffurthé¢ripurificatipntis nesessany, stantiardimgthodiioan be 2fhployed.

det ect abl e react k0 rodycts, . etjc. ol ecul es, fluorescent nolecules or
nol ecul es whose ?Pﬂb‘?‘&@‘egﬁn@&-‘/&’r@ g g‘%lr?f’t'ﬁallﬁtﬁe H’é?ﬂhf’:‘ie@’ré%‘ﬁ"%l change upon
bi ndi ng. Exanpl ecrystallizatien, HPIC, frictiehs diz@Nath, Sified gelichrdreitdrapit high O-

Al ternatively, the hinding of target nolecules can be direc I_l;/ detected by
5 measur i ngSReRd cenigfiigation ordigtiliatipncor combingtions of thesertechmiquss.obe t o

target via isoth sahl ji ' I | t r
target on a surf gf:dg@égr?g °g£?§%ﬁ%’ga‘%ﬁ‘i C ar%eeac?%og%%mk*%s’otpa ?%g %%fa(r?om
the surfad@ prodemyestepthringhdinogndéchniqugs tforexampldaikylatiamperciodinatiyn. as may be
done with the BI tI:UFAs roduced by reconbi nant

10 .
means find appli @%@5@@?‘%@“‘\%5@“\7&&‘@3@% ty acids toprpdipceFasthyk gstsss. of
ani nal s or hunanSimmgrty, BM' E%lr:dgg gﬁ?fbgfr&h:%d%ﬁnﬁ ggg: Degipaglﬂcreased

| evel s not only of the added F ut of their netabolic progeny as well.
NUTRI TI ONAL COvPPwifi¢ation of fractions containingiGbApSRAe ARA, M3 Atand EPA maybac| udes

nutritional conpgsintd ARAH for ..ounp .0f the present
I nvention, incl uggoyﬁgﬁego%ér}“%repaﬁ{a%%%a/%rri?%&ﬁﬁﬂ c@%ﬁ%ﬂ%‘t I on including
for enteral or parenteral )

15 USES OF FATTY ACIDS

The fatty acids of the subject invention finds many applications. Probes
based on the DNAs 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 must be

20 detectable. This is usually accomplished by attaching a label either at an
internal site, for example via incorporation of a modified residue, or at the 5° or
3" terminus. Such labels can be directly detectable, can bind to a secondary
molecule that is detectably labeled, or can bind to an unlabelled secondary
molecule and a detectably labeled tertiary molecule; this process can be

25 extended as long as is practical to achieve a satisfactorily detectable signal
without unacceptable levels of background signal. Secondary, tertiary, or
bridging systems can include use of antibodies directed against any other
molecule, including labels or other antibodies, or can involve any molecules
which bind to each other, for example a biotin-streptavidin/avidin system.

30 Detectable labels typically include radioactive isotopes, molecules which

chemically or enzymatically produce or alter light, enzymes which produce
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consunption, which when taken into the body (a) serve to nourish or build
up tissues or supply energy and/or (b) maintain, restore or support
adequate 20 nutritional status or netabolic function. The nutritional
conposi ti Go98/46768 pPresent invention conprises at | east onePCI[USSS/OHZ6 d
produced in accordance with the present invention and may either be in a
solid or liquid form Additionally, the conpesition may include edible
macronutrients, vitanins and minerals in amunts desired for a particul ar

25 use. The aé %fcgélrglt&d &grn‘?%nﬁﬂé ﬁxomc}ajes ViloYesdORtGislbdilest? Whet her

the conposition s in USe W normal, healthy infants, children
or adults havi ngmlmnlealwlmedﬂmmnmmﬂxghs-emittmgchdlaqttnsamsdlqngnypmer tain

net abol i ¢ condi tjons di ders). a

nmacronutrients \Ah%"gﬂ‘gn%?‘gﬂ’é’l Za??{l tq‘l"éﬁ z’%lﬂ?"ﬁa’gﬁ%?hbvme but are
not limted to edijehfativellSthe Sﬁmm&ﬁﬁoﬁmepe@tw difectlyrd@s@tbdby of such
edi ble fats include but are not l1mted to coconut oil, soy oil,, and nono-

- 34- and di gl measuringshe changp incheabof solutiononbindipg ofiprobe F%@n"afél@abut are
not limted to gLu n £SlgkkLonal 1y,
exanpl es of prot &P ‘g%e%\g/vﬁ“ﬁﬁd&h%a{?ﬁﬁ{e i |%£¥Héﬁle%n‘?%ﬂ t &t}f corrpatcc)gl tion
of the inventi onahddétectingthe clmnge nDScattemngcﬂ'dlglmfrsnmhpswface psoduced by

el ectrodi al ysed ey, 5 el ectrodi a] ysed sKki or the
yarol ysares o BHEE ohtatest srprots FepraiubBets mey bt Boe W eI o0s. 't he
following may begsaddgd to the nutritional conpositions of the present

I nvention: cal cium phosphorus, potassium sodium chloride, magnesi um

Tenganese, y r on.  coDDYR & foaudily Mdiiuibdf idens BTkpfiLANMT Swife D C

and the B corrpl ex. O her tamns and merals may also be
added. The conporveriety ofiafelas. zSnbplmmwmnmfrannnaiman hweans owth PIORAs i varieys

Cem <puri 11 o or A erar St cfie Bpr & &ﬁ%ﬁdﬁ%@%@éﬁ%ﬁf&?ﬂed by

purification of qné}ﬁdﬁrcqjmgmyag well. or by synt hesis. Exanpl es
of nutritional conpositions of the present invention |nclude but are not

limted to infant fornul as, di gqETRITIONAIECOUMPOSITIORBYdr ation
conpositions. Nutritional corrposi tions of particular interest include but

are not 45 The present invention also includes nutritional compositions. Such
compositions, for purposes of the present invention, include any food or
preparation for human consumption including for enteral or parenteral
" consumption, which when taken into the body (a) serve to nourish or build up
tissues or supply energy and/or (b) maintain, restore or support adequate
20 nutritional status or metabolic function.

The nutritional composition of the present invention comprises at least
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

25 use. The amount of such ingredients will vary depending on whether the
composition is intended for use with normal, healthy infants, children or adults
having specialized needs such as those which accompany certain metabolic

conditions (e.g., metabolic disorders).

Examples of macronutrients which may be added to the composition
30 include but are not limited to edible fats, carbohydrates and proteins. Examples

of such edible fats include but are not limited to coconut oil, soy oil, and mono-
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limted to those utilized for enteral and parenteral supplenentation for
I nfants, specialist infant fornul ae, supplenents for the elderly, and
suppl emrent g _f or iq(% those with gastrointestinal difficulties and/or
mal absor pt ?v(ﬂﬁs“ﬂ ritional Compositions A typical nutritionaPCEUHP¥LI on
of the present invention will contain edible macronutrients, vitam ns and
mnerals in amunts desired for a particul ar 'use. The anmounts of such
ingredients will vary dependi ng on whether the 25 formulation is

i nt ended for useam‘dzclmridﬁl Examplesiof suahchiavbahydtatestincipde buti arg nepdimisetitot o

stress, or to subj s _havi.ng speci.al,i zed .nee .10 certain chronic or
acute di sease st ugégec5@&%,16%?%&}?’8”@@8?%? )285'90&?1? > examples 8f st ood by
persons skilled iprotéihewhich thdyebe tllized &iMhe Raftfonkl ddmpodflionbfahdivEntidronal
formul ati on of the sent inyention are of sem -purified or purified

origin. By 30 inclugeRut grenot ligited fo sy proteins, ¢lectradialysed whever i al that has
been preparsed by eledRodialysddkith nGad | r .
synt hesi s. Theseet echnl?aaes are \;ﬂ\ée’Pﬁn&ﬁgﬁkﬁo?ﬁ{egﬁgﬁf@%ggg&eﬁ?’5&%(111%0% of
Federal Regul ations f q; r-edi.e rOCeSSi Ngy Reco nded
Dietary Allowances, 10 1&?&?&@5%@5 gé\‘%%@?ﬁ%ﬁ& E}@gvﬁg Wgﬁf"ﬁgﬁ%ﬁg‘?D C,
1989). 5 the nuitritienap carhpositiohs @f thediresent inventivat caltiugt) phoéphoras] at i on of
t he present inventg(s)n is{ﬁl en radl nutrifional product, nore preferably an
adult or child eRPEFAI™N _‘F’P’i%‘ﬁ‘ﬂ ©pTBRRFENIM, ARANBARASAGIIN, CAPRET 4P%:her aspect
of the invent i onscleniti IddirepBid vicathind!8'E, ) ¢, Snd iR U5flplelO0thet ih a1 @

e

for feeding adults or children, who are experiencing stfess. ornmul a
conpri ses, 1l n additamins and mineralporxalsobe addedf t he i nvention;
macronutrients, vitamns and mnerals in anounts designed to provide the
daily nutritional reqiiheemppeonentsutiited irsthe finwitivnal compositions ofithegeereanent s

i i f . hydr at d ins. I dji bl e fat
coconut of I soy IEpOEHAr AR PaIfehPE PRl crin.oie SPRGPYEA O REIGH | hi <
i nventi on. Exenplisunyarkt ambéril Whichchas beerl Brepared bg phfifisRion st AllafurhiCt 0Se and
hydr ol yzed cornst arch. A@}ypi cal protein source would be soy protein,

el ectrodi al ysed RisRaber By gethesisi al ysed skimmilk or nilk whey, or the
hydrol ysates of these proteins, although other protein sources are also
avai |l abl e Bnd may be &g&é@plesrnﬁsvénﬁa@al@nmpwmwssoﬁmupmm imbrition includee

but are not limited to infant formulas, dietary supplements, and rehydration
compositions. Nutritional compositions of particular interest include but are not
limited to those utilized for enteral and parenteral supplementation for infants,
specialist infant formulae, supplements for the elderly, and supplements for

20 those with gastrointestinal difficulties and/or malabsorption.

-

Nutritional Compositions

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

25 formulation is intended for use with normal, healthy individuals temporarily
exposed to stress, or to subjects having specialized needs due to certain chronic
or acute disease states (e.g., metabolic disorders). It will be uhderstood by
persons'skilled in the art that the components utilized in a nutritional
formulation of the present invention are of semi-purified or purified origin. By

30 semi-purified or purified is meant a material that has been prepared by

-35-

E T



formof commonly accepted nutritional compounds in anobunt equival ent to 20

those present in human mlk or an energy basis, i.e., on a per calorie
basis. Methods for formulating liquid and enteral nutritional formulas are
wel | knowwonsmémssart and are described in detail in the exRGIVES98/01136
enteral fornula can be sterilized and subsequently utilized on a
ready-to-feed (RTF) basis or stored in a concentrated |liquid or a powder.
The 25 powder can be prepared by spray drying the enteral formula
prepared as indi : t@,ﬁpﬂng i QE&Bﬁ?:I y
rehydrating the pg%?\i?g%?fﬁlﬁaA u t{&glﬁld&iir fan%h%%g't {ryﬁﬁeonal ggr?r&ubﬁggpare wel |
known in the artknowma iodmenat (Ses) ¢.g., Eodé oEidderal Regulatigisifor Beod Ingredientser r | |

Jevity and Alinment f.om Ross Jroduct LV S I tathalosal:oriies). An
oil or acid of taﬁ‘g%d mcessﬁ?%’s‘g%P%\?é%ﬁ)géﬁ%&gﬂl%@g%dté(c)i Pg" gﬁ%/l&g t hese

formulas in the m@ﬁ,@,&&d@gwdsmagmh,ebm 198%%.-- The energy density of the
nutritional conposition when in liquid form can typically range from about

0.6 to 3.0sKcal per nina préfefred Rmbolintkn®a i@iEial tbrindilation olf hepréseht | onal
suppl enent can contain fromabout 1.2 to nore than 9 Kcals p%r ghl
orc a

preferably 3 to inventiongs peentgral nytritigeal ereduct, mose praferpbly;aniadul

| i quid product s . ﬁrl{m; t han
660 mOsm The nu%%@?‘$ﬁ§%$gpm%%ﬁﬁg?€§ y |§s3:fé Eﬁ;eﬁé??gﬁqmﬁégnd

m neral s, in addiittitiondl dortdatieis\providetikmatiisisuitablecfor feeding iadults arehildtep, t he

I ndi vi dual ingest,the m ninum dai | equi rements for,these subst s. In
addition to the Wﬁ&e experiencing %&%%%5“&1"?°W8§’5%ﬁ gbar@&’%‘etgll&?ea}gtﬁgg o
suppl enentjgt he nyg b invefién; HR4ERRRitridn) vithihths 2hA tin&ARRE kmodMs désigned taci d i n
addition to antioxidants. I't is believed that these substances wll also

provi de a boost providedhedailysuwutionshraquirements of adwltst hus wi || provi de further
benefits to the individual. The presence of zinc, copper or folic acid is
optional and is not r&hemaerdnirtitionalmomponents include ediblefats; catboliygirates ansf  ect s
on i mmune suppression. [ikew se r ut i 0s]4.l i be

suppl ement ed wi t AT eﬁ‘éSSeé’ss g@ﬁﬁ@%ﬁ%@e’%@g&%@f&&’ sﬁﬁ@’ %bdyggpor %ﬁgrred

enbodi ment, the giglycefidéyumld thoPUBAils of thigiitlehtion) Exenipléry@aibohydrdrstresyst em

and t he PUFA conponent, ource qQf carbohydrate . ]
15 rTFg)lucose, edigleslactose ang hy olyzeg >clzomstarch. A typical protein source

A

would be soy protein, electrodialysed whey or electrodialysed skim milk or milk
whey, or the hydrolysates of these proteins, although other protein sources are
also available and may be used. These macronutrients would be added in the
form of commonly accepted nutritional compounds in amount equivalent to

20 those present in human milk or an energy basis, i.e., on a per calorie basis.

Methods for formulating liquid and enteral nutritional formulas are well

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

described below.
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wherein at |east 5 weight % of said carbohydrate is an indigestible 20
oligosaccharide. In yet a nore preferred enbodi ment, the nutritional
conposition additionally contains protein, taurine and carnitine. The -
PUFAs, or WE98(#§163ves thereof, made by the disclosed nmethod PERUSENME as -
di etary substitutes, or suppl errents particularly infant formulas, for

pati ents undergoi ng intravenous feedi ng or for preventing or treati ng 25

mal nutrition. Typically, human breast mlk has a fatty acid profile

conpri sing from about The éfergy dmsajaoﬂtheﬁmﬁﬁxdﬁaaeorﬁ]:#hndﬂwmmhqmnﬁf&ﬂl %to
about 0.13 % as EPA, from abouyt 9/ ut 0. 88 %.as ,ARA, , from about
0.22 %to about PAEYPisplyrange °“h?h?“f 5110 300 ‘éal@elzm oNheninselid ar 04 o as
GLA Additi onal | jowddied Mr&dﬁfé‘d%ﬁi%ﬂa[éﬁpmdtg&ré&tﬂﬁ L%lﬁl% M&E"
reported to 30 32di - ol eoyl - 2-pal m t oy m t oyl

gl ycerides reporﬂ@u9d§°ﬂ!ﬁam€tl‘£m,@b§mabbfcﬁ tolaKcdls pergm| Imgemsral; the oginolality

ani or - EPASpr ocuethiga BRihe: st oo Bl ad T00 ST ah fore osferplest ian

conposition of i BﬁﬁiﬁiOsfmr mulas to better replicate the PUFA conposition of
human breast mlk. In particular, an oil conposition for use in a
phar macol ogi c_or foodmela@dnﬁaﬁatfonmawoﬁm@bidllﬁlxmlmxmﬂxh§<mﬂtﬂﬁt&ayte or

suppl ement, wl|l preferabltg/ nprise one of nore of
More preferably #haddition tgj qPHBAppfeequmpabumdm@hclothewmﬂlualﬁnm about

0.2 to 30% DGLA ) the
concentrati on, qﬁ‘é‘%’%‘os %89m%é&§fgﬁ§%@_igcan eﬁehé%%cﬁﬁ%ﬁ{%tgl? P
parti cul arlOgi venhstadlabm 1t"ﬂwral§odra”ﬂdsaalﬂeltcampgldnﬁm&te ﬂﬂdlﬁoﬁlbﬂhpdﬁNn or

substitute, an oil, osi tion Lch, Lns t wo .or, nore ARA,
DGLA and GLA wi P"“B&‘ 8?}?1’8&&“9% “%&Pﬁix@@meoltﬂ%b%ltfds@ that1: 0. 2,

respectively. FogheSXsifelafcestvigl 2 éhdérhlbts ﬁft Y dibsedG 'systbf dndl | 05 Of
ARA: DGLA: DG rangﬂt‘tg from1:19: S(Sﬁ?o 6: o5 ﬁﬁsl%ncﬁﬁgﬁ@sﬁterdrirledl ate

rati os which aretysa¥ilprovide father be}:leﬁtSIO tlle mdxmdum 1THe presence of eitec ed

together in a ho t_of co rs of 15
a precursor subs?é%gbégéﬁ%@qgﬁ%é}ﬁg%kgf ﬁg«‘? ?{ﬁﬁreto &ng ?’%éq'lsel y
control tH®S PUFAeffed;ts os immane suppraskien. RileWisen ﬂﬁlﬂhﬁmﬁ&tdhipdsﬁioﬁcﬁﬁ bOGA

to ARA can be used g oduce .an ARA t9 DAA ratio of about 1:19, whereas
supp emented with these same substances as well.

In a more preferred embodiment, the nutritional contains, in addition to
the antioxidant system and the PUFA component, a source of carbohydrate
wherein at least 5 weight % of said carbohydrate is an indigestible

20 oligosaccharide. In yet a more preferred embodiment, the nutritional

composition additionally contains protein, taurine and carnitine.

The PUFAs, or derivatives 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

25 malnutrition. Typicall}", 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 %
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.
Additionally, the predominant triglyceride in human milk has been reported to

30 be 1,3-di-oleoyl-2-palmitoyl, with 2-palmitoyl glycerides reported as better
absorbed than 2-oleoyl or 2-lineoyl glycerides (USPN 4,876,107). Thus, fatty
acids such as ARA, DGLA, GLA and/or EPA produced by the invention can be
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a conversion rate of about 75%to 80% can be used to produce an ARA to DGAA
rati o of about 6:1. Therefore, whether in a cell culture systemor in a 20
host animal, regulating the timng, extent and specificity of desaturase
expr essi ORy@9s/4kesr i bed can be used to nodul ate the PUFA | ePETAISAHATIZ60 i OS:
Dependi ng on the expression systemused, e.g., cell culture or an aninmal
expressing oil(s) inits mlk, the oils also-can be isolated and reconbi ned
in the desired concentrations and ratios. Amounts of oils providing these

rati os of 25 RUFA . C be determ I ] r ls.
PUFAs, or host c‘éﬁeflg" gjé?ﬁqﬁ? HTREP tﬁoé}ﬂﬂg‘fiagg%géﬁwgggﬁé{eeg%c%ﬁ ?ﬁrfé;# @?god
suppl enents to abdipositibrist Hidanorédstmilk. & pariculaf,ahiojl canipdsitionfarsise iom t 0
one nore desirable for human or animal consunption. For .die a'rgée
suppl ement at i on, Pharmagelpgicios foqd sunplemsnt, gasticylarly pdueashmilg spbstiggge or -y e

I ncor porated int | ' ; ' AR aa®@Gat in
normal use the r%ﬁgﬁé}@%@j@&%ﬁﬁ%@ﬁ?ﬁﬁﬁ?rgbgﬁogmuﬁp@ I‘%ﬁe i‘:)’UFAs may
- 38- al S0 be Murepreferablydhé ol will aémpuisef foormabant, 0.hte 30% iASA fram ghowtnent s

or other food prqduct may . f.i nd ,us ant i - tory or

chol est erol |om8%3§3@ﬁﬁi&ﬁﬁﬁfﬁ?&b%‘tﬂ‘ﬂ?8§ﬁ° ?ﬁ}gg%bgnmgame pr esent

i nvention al so enconpasseg,.a pharmaceutical .conposidt|.on ri.sing
one or nore of the ac?’&l@g‘gﬂ‘d‘) g’rﬁf'ég’tﬂef‘" ?fb"_'bp}esr%?so‘?f%@é’ ﬁﬁl‘é%%dr@gﬁcégﬁ with
the methods desciphagbiefcRiapartiddlf ghRAGCh use! When Sotfithlftedid breag wiillcal
conposition may conprise oné or nore of the acids and/qr oils as Il as a

standard, wel | - k Seppiemensror substitute.aarailensnosition| whiel eeniainhiwo riperedt

adj uvant oy, vehi gl . : r IR, 10
wat er, et hahol, M’?Q?A\a/%‘éieégélvgﬁwg& lgwm&%ﬁg%gg%%{tqg?%gﬁ eahua‘?si on
such as a wat er/ @t1:02ntespéctivelyTFer exampie,ithe breastayilloef animels cmvary ih rafiosd or

solid form For exanp] t osition e jn the formof a tablet,
capsul e, ingesti Méﬁ&%ﬁ?&g g,%_T‘?Iﬁjlg@g?’(gpeéfrptgrﬂt“@b‘%dﬁflug?%t ment or
cream Possibl e nubRsHAL ratbiwHiel 48 prderablicdbddel:1{101:2eK b ewiehal . rectal
and 15 parenteral. The route of admni'stration will, of course, depend

upon the desired peéduced together inahgst ecll,iatljusting thempleand pewemt@fsew&gsm pfi zed
to treat T P%?h a?a{ﬁ;'sﬁ\géo&?sgiag%)t/esgfcﬂ’as LA LEPDGIN & AR A%an B tingdjto%fééi'selypr to

treat skin h

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 orina
- 20 host animal, regulating the timing, extent and specificity of desaturase
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
25 PUFA can be determined following standard protocols. PUFAs, or host cells
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.

For dietary supplementation, the purified PUFAs, or derivatives thereof,
30 may be incorporated into cooking oils, fats or margarines formulated so that in

normal use the recipient would receive the desired amount. The PUFAs may
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di sease or condition, it may perhaps be applied topically. The dosage of
the conposition to be admnistered to the patient nay be 20 det er m ned
by one of ordinary skill in the art and depends upon various factors such
as wei ghtWePBHe3pat i ent, age of the patient, inmmune stat usPGT’UlSﬁ%Mﬂ?ﬁsi ent;
etc. Wth respect to form the conposition nmay be, for exanple, a solution,
a di spersion, a suspension, an enulsion or a sterile powder which is then
25 reconstituted. Additionally, the conposition of the present

i nvention may bsisaibe incasordted intmimfaait fernmuias) asteitionalt supplemieatsant veer faod
pre-existing cosnetic c osiLtjons such fhat a m xture is, fornmed or nmay be
used as a sole E'gﬁﬂ §i¥$g$ﬁy t{i@gseasapﬂ-ép atoreof © ol loWSHRE AgSPIS e
utilized to adm ni ster the PUFA conponent to an individual. Suitable
pharmaceutical conpositions may %P rise, siologjcally acceptable sterile
agueous or non-agueous solutiongéﬂgﬁéﬁﬂﬂgﬁgﬁggugﬁgggﬁsions or emul sions and
sterile powders for reconstitution into 5 sterile solutions or

di spersions for ingethe pfesedtiivention altb efittrhpiased ashannscentiosl cofipositibRoUS
carriers, diluents, solvents or vehicles include water, ethanol, polyols

(propyl enégl ycofomprsins opgpranerg of das acidy andigraesultingoilsproducedyin syt abl e

m xtures thereo ' : Lve zall.) el | e organic
csters such as SYRUTEE S Thelnelons e RkitC MiepBiflcul), SabY

exanpl e, by t hepHfimaceuticalbdompmsitionemayf canygrise @ne or amreaf thie abids and/er oils t he
case of dispersi onsl and %dtae ulzgaof surfactants. It al s lie desirabl e
to include isot 6?1?’8.13@% ) W’e"%‘ffgéﬁc.sﬁh?%?ﬁeﬂﬁ‘i I%‘F‘ngﬁb 8nd the

l'i ke. Besides spgtiet, a8juvast drieRicke suth s, o B@sipld, PRosihatebutieréd\éllivele

adj uvants, such as wetting agents, enulsifying and suspendi ng agents,

sweet eni A9, f| awaterrgshaned pobyols, vegejabie oils,# wetBng agent or an emglsigneswshena, i n

addition to the e u . | u had. . for
exanpl e, et hoxyl“gafetg}(?\ﬂiegg‘ggggry ég? cﬁﬁsé‘?@%%%pﬁi&eﬁ}%ﬁ%h ﬁledalg(;es%latf% “and
sor bi t an est er s Fofexangsie thé edrhpositionanhy be itthe fbraohatiblest capsile, dngestible
bentonite, agar-ﬁ%gﬁrorand tragacanth or m xtfures of these substances, and

the like. 20 powdey, injectible; of tonicl AIINERYPT LT ot s and capsul es

can be prepared usin
prep %ossible routes of administration include, for example, oral, rectal and

15 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
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
20 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,

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
25 reconstituted.

Additionally, the composition of the present invention may be utilized

for cosmetic purposes. It may be added to pre-existing cosmetic compositions

such that a mixture is formed or may be used as a sole composition.
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techni ques well known in the art. For exanple, PUFAs of the invention can
be tableted with conventional tablet bases such as |actose, sucrose, and
cornstarch in conmbination with binders such as acacia, cornstarch or

gel atin, oveBsraeygs ati ng agents such as potato starch or al giroTeUsesorizend a.
| ubricant such as stearic acid 25 or magnesi um stearate. Capsul es can
be prepared by incorporating these excipients into a gelatin capsule along
with the antioxidants and t he PUFA conponent. The anount of the

ant i oxi dants and PUF i.nCOr por.at. L[t e

phar maceut i cal forrruib‘g{ii&glr%g%ﬁ%@l %flﬁ?ﬁots ﬁfvling%h'%x%t% ﬁlgﬁéi %e | @gteﬁﬁ??&ggbéd
above. 30 compongat tesamdndividubl. Suigaplei phatmaveutidd onpositionsmegt * refers
to either preventing, or r.e[juci the i EeCi dence of, the undesired;
occurrence. For @%ﬁ%ﬂeé’,hyfﬁ %}"@_ﬂ? ap Leryp PEYSIUS AT ARA-BFUSORDSAlutians,
preventing the Ogjgpérsidng, usPensibhsor ehilsions srdypdrie Eg@,@lel@gorr recbifstifition B

anmount of such suppression.” The terns "patient” a ndi vi dua are %ei ng

used i nt er &hangestprilg sahuiopyerdispersions for ingestionreixanipies af suitablaajuecs'ands used

| Tmited tor dogsbhaiEed SarbBrer Blockil BrverdOb el etut Sufe el "'
application the pelyols(plopyleheglgdotpolyethylencatyeol)iglycerol) 4d the like)! fistableat ed
range or nunber by a reasonabl e I;Du{]t dependi ng,upon t he context of use.
Any nunmerical nuffiRgpres th g\éegaeﬁg qt}sdsuchpsiohixe s pand injestable prepiceserse

consi dered to begERdisieiAl ofR¥tel il’?oﬂc‘?'ﬂmt 'be'ixggﬁtﬁihﬁ&,rﬂr;fﬂﬁfé rbg"th%;e used

interchangieably and refér to the anount "1 the nutritidnal
t

[ =1

phar maceutlfcal covinsenancoof the geuired paryiclersizeiatthecuse ofidisparsingd anddytthe ng and
Structured tri gl Y EaaR R oS bostfle 0 incBide 5ome BB A 1 e i 1
the art, a singl exaigsie segars e6diumehidridelnd thekiked Basidek sadhiabrt BRMERY, tihoul d

supply the anmount of antioxidants and PUFAs di scussed above. The anount of
the dose or 15 Ccompesitionanalse jnefudeadiuvants, such asavetting ggsntsapmulsifying end

consune in one Skid gﬂkﬁn%g%gg;{,sfWyng’mvgﬁﬁggﬁg&%nmﬁggg%&ng upon the age,

wei ght, sex or nedica he pat 'S a gener al

gui del i ne,yjsa single Sgﬁéieﬂgioﬂsr, irggdgﬁtlij&{to%é WS%OP@B%#’ %%\Ico%%duce shoul d

be considered as enconpdssing a me fro nore preferably
from 125 to 500 sdspemdingregrnts, as for example, ethoxylated isostearyl alcohols,

polyoxyethylene sorbitol and sorbitan esters, microcrystalline cellulose,

aluminum metahydroxide, bentonite, agar-agar and tragacanth or mixtures of
these substances, and the like.

20 Solid dosage forms such as tablets and capsules can be prepared using
techniques well known in the art. For example, PUFASs of the invention can be
tableted with conventional tablet bases such as lactose, sucrosé, 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

25 or magnesium stearate. Capsules can be prepared by incorporating these
excipients into a gelatin capsule along with the antioxidants and the PUFA
component. The amount of the antioxidants and PUFA component that should

be incorporated into the pharmaceutical formulation should fit within the

guidelines discussed above.

30 As used in this application, the term "treat" refers to either preventing, or
reducing the incidence of, the undesired occurrence. For example, to treat

immune suppression refers to either preventing the occurrence of this
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20 preferably from 125 to 300 mMl. The PUFAs of the present invention
may al so be added to food even when suppl enentation of the diet is not

required. For exanple, the conposition may be added to food of
i ncl udi ng W98(46163| i mited to margarines, nodified butters, cﬁﬁ@@gés’&ﬁ%ek

yogurt, chocol ate, candy, snacks, salad oils, 25 cooking oils, cooking
fats, meats, fish and beverages. Pharnmaceutical Applications For
pharmaceutical use (human or veterinary), the conpositions are generally
adni ni st ered or alshppressioncarreduiniive amoust efutly suppyessiont é’hbyermsi“phtidnﬂby may

mt ramuscal arl ) 8Ra1 RaeR A oRe ot Eirihara o bR BT B bty ¢ o,

exanpl e, as a skifheQéri mmml%sh&ullﬁunszﬁﬂwaﬁ&\&f%téb@yﬁaﬁﬁmode@ventlon
may -41- be adm ni stered al one or in conbination with a pharnmaceutically

accept abl e carri eaammaldnelugingnbut nmbméteémdpablh@magslm@wywpé@ms Afe the
prefert ed form of, of Bl @ Hlikhibd e'edh 1d80ft kit ol forth

above al so “can provi de an ute of m ni s |on he u saturat ed
aci ds of the presendd fange or nmnbmmylmasma;blbamdm d‘upsﬂdmgdpomtheccnpmymfed

forns, or as salts, esters, .a the fatty.acids,, Any
phar maceut i cal | y WecARY aymerica); ggeggiyggg,tl}e{fgeﬁ&igg shopiddhe: i on:
especi al |y pref erggedaes td Q@ﬁg{ﬁeal%tﬁgmsawm or lithiumsalts. Al so
enconpassed are the N-al kyl pol yhydroxam ne salts, such as N-nethyl

gl ucani ne, found in PGRHREbiicat ?@S %ﬁ%ﬁanéggxs and refaf tPthe hfbhid

esters are the ethyl esters. As so al so can be
adm ni sterHl i n tofithehutfitiomal onhannabetﬂma}"mnpmmmnngﬁstadtbyahs: paﬂxmt iMFAs or

derivatives ther eof be i or, i nt m*rer CI f.or at ns uch
as Intrali p| ds. 9%1“ ﬂ%ﬁs@ngﬂ%ﬁ‘t tg 8&’.“&“%’3‘8 and
conprises 6. 64 t%&sﬂxﬁiﬁﬁx@& erihe45ustvﬁ113)e3r%@fap9ﬁeﬁt to&ndse&kﬂ&dtxﬂﬂﬁ 08% of

GLA. These 15 PUFAs or their metabolic precursors can be_adm nistered,

ei ther al one or Mmsm@@emﬁwwwéﬁh@wénumoa@ﬂ%r shawdd supply thet v
acid profile in ud)%& ﬁrﬁ?\}f d&'s deHﬁﬁéd'HyPg ‘l’ﬂ#mﬁ%ﬁiw&osgtx

formul ati ons may e|n or single™o
mul tiple ute. A tspprmgtbhaixh&hgevomm thatra tiypichleadultaan gonstntt inone smnmg) Thisg to
20 g, or even 100@1&0&% Icln}/ Var? r\‘&dt':l? d éeer;cd?r;gallxoplo% tﬁé ggrg, %venght 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 ml and most

20 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,

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

Pharmaceutical Applications

For pharmaceutical use (human or veterinary), the compositions are
generally administered orally but can be administered by any route by which
they may be successfully absorbed, e.g., parenterally (i.e. subcutaneously,

30 intramuscularly or intravenously), rectally or vaginally or topically, for

example, as a skin ointment or lotion. The PUFAs of the present invention may
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20 ng to 1, 2, 5 or 10 g daily as required, or nolar equival ent
anounts of derivative forns thereof. Parenteral nutrition conpositions
conprising fromabout 2 to about 30 weight percent fatty acids cal cul ated
as trigl ycwoiogmae76ar e enconpassed by the present invention; RGVEIBHOT26s a -
conposition having fromabout 1-to about 25 weight percent of the total
PUFA conposition as GLA 25 (USPN 5, 196, 198). O her vitam ns, and
particularly fat-soluble vitam ns such as vitamin A, D, E and L-carnitine

can optionally bgel :g&é‘r@ d a}oh8 b i bifdion Wit £ ga[ﬁﬁiéé YigalRy 4cdertab]

t ocopherol may bgeg%e , gy;%%al Fi/ at _éﬁ%t?tn 0. 1%ﬁ y weiught. Suf@g%?e

phar maceut i cal coarpiesot ¢éxsipienta Wheseravailablepgelatinotapsilesart shegereferred farovefpt abl e
steril e agueous 0 : 3 lutio er si u nsions or

emul si ons and st 8%1 ?%,E‘, R Lév%’?ﬁg'spz? é&%?ﬂ‘g\iﬁﬁ&b?ﬁ ﬁeﬁfogﬂ‘ﬂ%&s’??éo F# ectibl e

sol utions or di spgivideditoraoatedfadmitistiationaThe uashitaated asids ofthe pAsemoUs
carriers, -42- di | uents, solvents or vehicles include water, ethanol,

pol yol s (pPopy! | Eregtignmay beadwministersd iy goringates fpeas, or as salig, estess, amides,
suitable m xture %%Sf | | la d

I nj ectabl e organlﬁlébltgst s°f %ﬁﬂ%@gﬁy&%?g@ﬁ%@%%&%ﬁaﬂ is%l§?sgan be

mai nt ai ned, for encomypasseddy tht prasertibeention;cespécidllyepreferred aredhssodium, particl e
size in the case of dispersi.ons and t he use of sur. tants. It may al so
be. desi rable o PHEFIUE LR sl o a6 ehogtapssedams i Nafiaftoltydtmatiine
chloride and the ghitd(SuchBRN-Afthys ghilkainhify Fouddlin PCTubliéiRion WOIEIII195. can

al so include adjuvants, such as wetti n&‘;gents, enul si fyllr}g and suspendi ng

agents, swdet eni e prefervest estegs aredhpethylesay Ageelidsaltg,ghe PUFAs also can be
Suspensi ons in adg .i&@rehq%uﬂ?ﬁtm VForifit AR adnil R tr{ﬁ%t ﬁferi’lfl%spcfi'nd' ng
et hoxy ol's, eth

agents, as for exanple, ated isostearyl alco > pol yoxy yl ene
sorbi tol and sor ldetieatives thereof meydedncorporatediinte comintendialsformulhtiorisisuch as

net ahydr oxi de, bentqni.t e,..agar.- ggar an ragacant h, .,or m xtures of _these
Cubot ancos and ¢ ratibids” THthicAl HotmE anly BRTIRLY i@ Braie oatirioes's 64 15

phar maceutical CcoBEYsbf ARA, I 13130 % bPADEGLA, lafid DA2it6 0BBYFAGLA! Thede MONO-
and di gl yceri des dissolved in an aqueous nedi um or sol vent .

Di acetyl t ak% ar i c PAUIAS erdheir metabolip arecursers can be pdwinistersd.teither alonetqrinval ue of
about 9-12 and ang & A\fth 6} PYFAR! 6 adHAVOR Hbdnked f&t@aa@idsﬁ%ﬁfe"iﬂq patient.

Where desired, the individual components of formulations may be individually

Lo

provided in kit form, for single or multiple use. A typical dosage of a particular
fatty acid is from 0.1 mg to 20 g, or even 100 g daily, and is preferably from 10

20 mg to 1, 2, 5 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; preferred is a composition having from
about 1 to about 25 weight percent of the total PUFA composition as GLA

25 (USPN 5,196,198). Other vitamins, and particularly fat-soluble vitamins such
as vitamin A, D, E and L-camitine can optionally be included. Where desired, a
preservative such as o tocopherol may be added, typically at about 0.1% by
weight.

Suitable pharmaceutical compositions may comprise physiologically
30 acceptable sterile aqueous or non-aqueous solutions, dispersions, suspensions or
emulsions and sterile powders for reconstitution into sterile injectible solutions

or dispersions. Examples of suitable aqueous and non-aqeuous carriers,
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antimcrobial lipids that have HLB val ues of 2-4. Those existing

hydr ophobi ¢ 20 | i pi ds cannot be formul ated i nto aqueous conpositions.
As di scl osed herein, those |ipids can now be sol ubilized i n{,er,%g 55 medi a
in combi YB3 h di acetyltartaric acid esters of nono-and diglyceri des.

I n accordance with this enbodi ment, diacetyltartaric acid esters of nono-
and diglycerides (e.g., DATEM C12:0) is nelted with other active

antimcrobial |ipids (e.g., 18:2 and 25 12: 0 rmn)g&l cerides) and m xed
to obtain a hondijeentssslvents pryehiclepinsludn svatey, ethanehypof seﬁm%lagwoh

antimcrobial actd vity. T ' cqQp t el ' | ter.
This is not posgﬁg]lgﬁgg'\};eﬁnf#(}ﬁ%’a)ﬁé%g’ﬁa&??ﬁ %ﬁfegfﬁé@gl?e ')’/( ngrt?lgﬁ)?f%g %%bévgt ers
of m)go- and di gily(sablildssli\ﬁl”uil)meiﬁjddtﬂgemfg‘ahie%b&smhramghglmatdge&ogeri or to
i ntroduction into, water. The agueous conpositjon can 30 t hen, be

admi xed under s tlvidityesan bg main E‘i\ﬁg’f %ﬁ’é‘l'ﬁ%ﬁ‘@ﬁﬁ@?"%‘&fe‘ﬁ?é‘fﬂ“&eﬁi | uent s,
preservatisves, B&fﬁf%%reﬁzahtﬂé&eebm sidfs ARVby e LSEIYE Sufdciatits! O hypals®r ay or

i nhal ant. -43- resent invention al so‘enconpasses the treatnent of
nuner ous di sor dbe desitable todnclydesisotanic agents) forexample sugan, sedipwrchioride apde

present inventign <an be. t, Leat t enosi s. aftery anghopl asty.

Synpt ons of i nf %é%ﬁ’i%ﬁ}déﬁ‘gc&rfﬁ?%fiﬁg%{’ﬁ% A x,osgw cé@?ﬁﬁa%éﬁ% psoriasis
can be treated Wijubasts, such a$ Wettitiagentgfentulsifydigcamisuspendingtdgents, Evi dence

i ndi cates that PUFAs may_be jnvolved in cal ci um netabolism suggesting that
PUFAs of the pr &¥esfening,8ayorigg andyperhamingagents, t he treat ment or prevention
of osteoporosis and of kidney or urinary tract stones. The PUFAs of the
present i¥vention carSuseerwéajmaddstmtprtngmcompows,may cerfaler . Mal i gnant

cel | s have been g} . t ' i tions; addition of
fatty acids has sﬁ%’%\ﬁ&g%%\%nm%l’gss roewgﬁg}aelf’ rgﬁ%‘%%l\%# Hq%’%%q'ggalscéh@% | death, and
to increase theipolygixyethplendidrbitel and sofvdtam estersomémnbdrgstalfjea callulédeA has been
shown to cause reexpressio n .cancer cells of the E-cadherin.cell ular
s on ol eculbEnirELge Ry FHidR hestoglEAens Re i FRBGHTe umyarss B

met astasi s. O i Bh&Rlsubfsicefshdhe 1R, avenous adm ni stration of the water
soluble lithiumsalt of GLA to pancreatic cancer patients produced

statisticpd |y sioni {48 Bipek i BRAGTed Phakhichticdt¥huBliniof blifaipPp! errent at i on

may al so

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
antimicrobial lipids that have HLB values of 2-4. Those existing hydrophobic
20 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.,
DATEM-C12:0) is melted with other active antimicrobial lipids (e.g., 18:2 and
25 12:0 monoglycerides) and mixed to obtain a homogeneous mixture.
Homogeneity allows for increased antimicrobial activity. The mixture can be
completely dispersed in water. This is not possible without the addition of
diacetyltartaric acid esters of mono- and diglycerides and premixing with other
monoglycerides prior to introduction into water. The aqueous composition can
30 then be admixed under sterile conditions with physiologically acceptable
diluents, preservatives, buffers or propellants as may be required to form a spray

or inhalant.
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useful for treating cachexia associated with cancer. The PUFAs of the
present invention can also be used to treat diabetes 20 ( USPN
4,826,877, Horrobin et al., Am J. din. Nutr. Vol. 57 (Suppl.), 732S-
737S). Al twoe8/46m8ty aci d netaboli sm and conposition has be@ETASABPHRE at ed-
I n diabetic animals. These alterations have been suggested to be invol ved
in some of the |long-term conplications resulting from di abetes, including
retinopat hy, neuropathy, nephropathy and reproductive system damage. 25

Prinrose oil, which CQR{ ielht FvintiSiAsd ERDMPANEE tHe UreRinfeh B maR&ohEVer S
di abeti c nerve danage. e PUFAs of the present invention can be used to

treat eczemm, r edigordets withifattyacidsr SupplementgtionwithBUFAs obthepresentsent i al

Stud eo have sholi eI Ao Sed e R Elo 5,88 RGNS, SFPuleh ot rone "W th
i, Ty bbaamatolearodiolsl st atamsuunebiotriatonmtit,
ZﬁZO([:)IGi:[Ae hdve beth® P%°F‘g° PWF‘&I}?’P"WEQ}Q é"igﬁ‘!c&{}@ﬁ%’cte%igﬁrpéﬁﬁ BAY be ause
vasodi |l ation, | Op%l‘ﬁﬂq}? Eﬁ&ﬁh%eﬂa&‘ﬂ?énif & Sﬁm FU?AQB%'%&’%E?{%” of vessel

wal | smooth nuscle a I br ous tissue nner et a - Med. Biol.
Vol . 83, p. 85-1bwenti@ysipy bausddinshe teatroentor peivention di@stsoperbsisandef i n

conmbi nation with A h shown to reduce or prevent 5

gastro-intesti nakggF%gﬁﬁﬁggﬁgaﬁ?Wﬁ' side effects caused by non-steroidal
anti- inflammatory drygs PN 4. 666, 701). GLA and ave al so been
shown to prevent or t:j‘gﬁlpi‘t%f 7?’8&"@"&%‘%@ﬂéﬁgfﬁl£%§mmf( USPN
4,758, 592)10and t garicefaMa célisHave Bt shoWA Itd have aMefbdThwpai@ fatigue after
viral infections (USPN 5,116,871). 10 Furt her uses of the PUFAs

of thi's inventiofompesitiens; additiomof fatty asidnhasdreemsimavn wuslaw fhetr gsewtheands s,
The PUFAS.of e Ty ort Lon G LAEAS, B Siep Bl TR AR Al RS~

(o

I
health as wel | aGIfAdhageenahowns td cansd reexyressiovsdnerancarrcglls’efithe Eadadherin 15

It should be noted,that, the above-described .pharmaceutical and nutritional
conposi ti ons may cfd)l@‘lﬁ't“}th"?%“} °Bl9ﬁﬁ8§stqf§ﬁ“9&)’tsﬁs§9ﬁ} ‘@%‘ AREICHVE as

15 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

useful for treating cachexia associated with cancer.

The PUFAs of the present invention can also be used to treat diabetes
20 (USPN 4,826,877; Horrobin et al., Am J. Clin. Nutr. Vol. 57 (Suppl.), 732S-
7378S). Altered fatty acid metabolism and composition has been demonstrated
in diabetic animals. These alterations have been suggested to be involved in
some of the long-term complications resulting from diabetes, including
retinopathy, neuropathy, nephropathy and reproductive system damage.
25 Primrose oil, which contains GLA, has been shown to prevent and reverse

diabetic nerve damage.

The PUFAs of the present invention can be used to treat eczema, reduce
blood pressure and improve math scores. Essential fatty acid deficiency has
been suggested as being involved in eczema, and studies have shown beneficial

30 effects on eczema from treatment with GLA. GLA has also been shown to
reduce increases in blood pressure associated with stress, and to improve

performance on arithmetic tests. GLA and DGLA have been shown to inhibit
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humans, as ani mal s experience many of the sane needs and conditions as
human. For exanple, the oil or acids of the present invention may be

utilized in aninmal feed suppl enments. 20 The foll

are presefY@84876hay of illustration, not of linitation. %%ﬂ%g@ggpl el
Construction of a cDNA Library from Mrtierella al pina Exanple 2

| sol ation of a A6-desaturase Nucl eotide Sequence from 25

Mortierella al pina Exanple 3 I dentification of [err]6-desaturases

Hormol ogous to t hlathblet aggregsition, qah.gnvmo{hhho}xﬁloﬁmsdmlcﬂsml lExelsphdinhibit
| solation of a [er desat ur Nucl Otld en rom.Mrtigrella
Al pi na - 45- : Hﬂ'é“’@° VE‘?(‘Bf‘é'@eléF’Bﬂo Eéﬁ“ﬁﬁ?& ‘53? ‘ﬁl@é@’é“ F‘f{és in

Baker's Yeast Exzg¥lBxpbMed! Bidll WoL. ENip. sszml MGPfAQﬂhhw&lomdiIM&nS
Exampl e 7 Di stribution of PUFAsS in Yeast Lipid Fractions

Exampl e 8  Fur t RBLAgalang o8 incpambination; with R4, pn ghoWiHte !@#us&@rment

12-d t I
Lerr]5 and® feor ] Bop Bl biteding ARFOMH A Hftuan STy RUERSCIB MR T7 1 5
and [err]6 honol inflammnatory tougs (USPN 4,666,701). GLAandDGdiIAhhavel%lﬂé /bepn slibyen ng
EXx | 11 ldentif t 5
honol ogues 1 n o Rt B andatnans an ideeiRnaaiome (PN 925302} ac.c
Cene Sequences ExpivpltRatls gﬂﬁﬂﬂénbéﬂlﬁ[b?ﬁyeﬁﬁ%bﬁrbﬂi@?aﬂ@e@ﬂ%ﬂ%ﬁ irfections

Construction of a cDNA Library from Mrtierella al pina Total RNA was
i solated froma (EU%%NSdIlé,WUFA- produci ng cul ture of

10 Further uses of the PUFAs of this invention include use in treatment of
AIDS, multiple schlerosis, acute respiratory syndrome, hypertension and
inflammatory skin disorders. The PUFAs of the inventions also can be used for

formulas for general health as well as for geriatric treatments.

Veterinary Applications

15 It should be noted that the above-described pharmaceutical and
nutritional compositions may be utilized in connection with animals, as well as
humans, as animals experience many of the same needs and conditions as
human. For example, the oil or acids of the present invention may be utilized in

animal feed supplements.

20 The following examples are presented by way of illustration, not of

limitation.

Examples

Example 1  Construction of a cDNA Library from Mortierella alpina

Example 2  Isolation of a A6-desaturase Nucleotide Sequence from

25 Mortierella alpina

Example3  Identification of A6-desaturases Homologoué to the

Mortierella alpina A6-desaturase

Example 4  Isolation of a A12-desaturase Nucleotide Sequence from

Mortierella Alpina
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Mortierella al pina using the protocol of Hoge et al. (1982) Experinental 20

Mycol ogy 6:225-232. The RNA was used to prepare doubl e-stranded cDNA usi ng
BRL' s | anbda- Zi pLox system foll owi ng the manufactures instructions. Several
si ze fractWorP8/46763t he M al pi na cDNA were packaged separ at ePET{SYIURE -

libraries wwth different average-sized inserts. A "full-length” library
contains approximately 3 x 106 clones with an average insert size of 1.77
kb. The 25 "sequenci ng-grade" library contains approxinmtely 6 x

10[err] clones with apxaWpledde ERsessionsofAZ dlping Desithirase Clones in Balefpl e 2

| sol ati on of a A6-desaturase Nucl eotide Sequence from Mrtierella Al pina A
nucl ei ¢ acid sequence froma anF?S&I cDNA cl one, Ma524, encoding a [err]6
fatty acid desaturase _from Mortierella al pina was obtai ned by random 5
sequenci ng of cl ones Exampleife Mnitial Qntimization of ColturecConditigngde i brary
described in Exanple 1. cDNA-containing plasm ds were excised as foll ows:
Five [err]]l of phage Emamplednbi Péstribution of BUFAsrin [YeasttLipid FsaationpH| OB( zI P)
grown in ECLB plus 10 [err]m kananycin, 0.2% maltose, and 10 mM MySO4 and
i ncubated &t 37 degr eEgathple 815 Rurthére@ultufe OptirhizaXisnh amCexkgredsiomdf AO0 [err] |
10 of the bacteria immedi at el | ated on each of 10 ECLB + 50 [err]g
Pen plates. No 45 ninute recoveP‘}dziﬁéeWéeded. The plates were

i ncubat ed overnight at 37. Colonies were picked into ECLB + 50 [err]g Pen
medi a for overni ght cExempleD t oIldeatifisasivnfofHomutogugs tp I alpina 43 aakd6 and

m ni prep DNA. An aliquot of the ,culture used for the mniprep is stored as
a glycerol stock. Plating on ECE%“%S 50 [err]g Pen/m resulted in

nore colonies and a greate roportion. of cal gnjes _contai.ning inserts than
pl ating on 100 [err]gﬁ’f?"‘P&rﬂ% %&W@&W%ﬁ%«@%ﬂ@@&%ﬂ%ﬁ% d DNA
purified ug ng Q agen mniprep %%?PI%— roBEliEd Gfgaidms bt ai ned from the 5°
end of the cDNA insert and conpared to the Natlgl‘r%al C(santer for

2L 1 S o OGS g SR R100,

;
BLASTX al gorithm Ma5 edas ap esat ur as ed on
DNA sequence honol ogy to previ owtiiey PUFaRprotiucing ciganissases. A full -1 ength
cDNA clone was isolated fromthe M alpina full-length

Example 12 Human Desaturase Gene Sequences
Example 13  Nutritional Compositions

15

Example 1

Construction of a cDNA Library from Mortierella alpina

Total RNA was isolated from a 3 day old PUFA-producing culture of

Mortierella alpina using the protocol of Hoge et al. (1982) Experimental

20 Mycology 6:225-232. The RNA was used to prepare double-stranded cDNA
using BRL's lambda-ZipLox system following the manufactures instructions.
Several size fractions of the M. alpina cDNA were packaged separately to yield
libraries with different average-sized inserts. A "full-length" library contains
approximately 3 x 10 clones with an average insert size of 1.77 kb. The

25 "sequencing-grade" library contains approximately 6 x 10° clones with an

average insert size of 1.1 kb.
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i brary and desi gned pCG\5532. The cDNA is contained as a 1617 bp insert in
25 the vector pZLl1l (BRL) and, beginning with the first ATG contains
an open readi ng frame encodi ng 457 am no acids. The three conserved

"hi sti di nav@93/46763 known to be conserved anong nenbrane- boun&§CHBIPYPHEE S
(Ckuley, et al. (1994) The Plant Cell 6:147-158) were found to be present
at amno acid positions 172-176, 209-213, and 395-399 (see Figure 3). As
with other -47- menbr ane- bound [err] 6-desaturases the final HXXHH

hi stidine box nmotif was found to be Q<XEkample@ am no aci d sequence of Ma524
was found to display significant honology to a portion of a Caenorhabditis
el egans cosm d, WO6D2.4, a cytochrone b5/desaturase fusion protein from
sunflower, and the 5 . ynechocysti s .and. Spir ul inta e S Hea7

In addition, Ma5Zsolatienofago-cesaturnie BueEotice Sequenpe rpal.rgeaere
[err] 6-desaturase am no sequence (PCT publication W 96/21022). Mb524 thus
appears to encode a AR-figRi!d¢iPfQuédtalfrint a paitial EONACIbAY; MuS2agencadidgal gal
A6- desat urases. The peptide sequences are Shown as SEQ IDNO 5 -SEQ ID

NO 11. 10 A6 fattyTavid desaturase &om Mariasella alpingvasrbipipedbbxraido@s f ound to

exhi bit significant honol t @ cyhLoghr gne tein Lerella
cDNA cl onegappea?eél“?’éfl?%?ﬁgéﬁ%oﬁ &ﬁg‘?o‘ﬁp‘gg:%mg%{ﬁa@%g{}gﬁem{)@ and a
fatty acid desat g&afiBed i Eiathple/1 OSDNARGonkdining phehidsvwecte ercibedustfolowsts t he
el ectron donor for nenbrane-bound desaturase enzynes, it is possible that

the N-termnal 15 Fi&m@ﬁpfx&ﬁv&éc&ﬁﬁawm 10013 of ESEIHDRIOBRZIPY €1 N i S

I nvolved in its function. S may be advant ageous when expressing the
desaturase in heggval @ECIB plst]Onpg/hbkanaiiysing 6 Atk imaitose, andiEmd MgSOsshoul d

b ted that, alth h th ) i d_se f 524 and, t

[or 176 wer o-f bunend Besbrieeiis EgESHETOP THOHEPo DY Tt HOC Dt R B ins  of
th DNAs h t : : Welc| K ; ,
he bor agd EDna S 0eSHEAE 5 hedstcly B8 AN th BCLOS ke FERBISRECNE 1

with sone regi ongseiaaededverQime wabhdcdedh TR plates weboinoubatedomeenight aiver age
of 44 % A/ T base cogcposition, with no regi ons exceeding 60 % . This have

i npl i cations for 3@% @lgaiehg{etqmclaeém@ E “”csrod& Bemmedia f%‘rm’&miﬁléflcé‘k\r:\r}%gch.
favor different 2?3@%“%6@%%5%@%@@% ? ﬁtgc%so%r{dtnﬂnf’prgﬁ‘ﬁm.t RaLliGRAortePr €ssi on

of reconbi nant g n-occur
culture used for the miniprep is stored as a glycerol stock. Plating on ECLB +

15 50 pg Pen/ml resulted in more colonies and a greater proportion of colonies

containing inserts than plating on 100 pg/ml Pen.

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 National Center for Biotechnology Information (NCBI)

20 nonredundant database using the BLASTX algorithm. Ma524 was identified as
a putative desaturase based on DNA sequence homology to previously

identified desaturases.

A full-length cDNA clone was isolated from the M, alpina full-length
library and designed pCGN5532. The cDNA is contained as a 1617 bp insert in
25 the vector pZL1 (BRL) and, beginning with the first ATG, contains an open
reading frame encoding 457 amino acids. The three conserved "histidine
boxes" known to be conserved among membrane-bound deaturases (Okuley, et
al. (1994) The Plant Cell 6:147-158) were found to be present at amino acid
positions 172-176, 209-213, and 395-399 (see Figure 3). As with other
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prefers a base conposition different fromthat of the introduced gene.

Mechani snms for such poor expression include decreased stability, cryptic
splice sites, and/or translatability of the nRNA and the |ike. -48-

Exanpl e 3wicesnts?d3i cat i on of A6- desat urases Honol ogous to t RETXBYBIOEN26] | a -
al pina [err] 6-desaturase Nucl ei'’c acid sequences that encode putative

A6- desat urases were 5 I dentified through a BLASTX search of the
Expressed Sequence Tag ("EST") databases through NCBI using the Ma524 am no

aci d sequence. t%géééﬁﬂe ' ’?D;Xﬁ NRREbEMoti

particul ar, theﬁsl\ﬁguce gﬁn&lggqgm sequeﬁ%ae \%}i‘i\‘r abi dopsi s thal I ana
sequences, (accﬁmndm\mehﬂiﬁ-ﬁH Fhe @dhocavitl @q&a&G)ofMaﬁAdvasd‘cmldigydlsplaytV\o
different regions .af the d ed am no uence.of Ma524. The
fol L owi ng PoR pREmBceiiomoRI s gadtionrsamernaill lrgrcaomds , o r
13728) SEQ I D N@OE32.2 W@Wﬁ%ﬁ%ﬁ%ﬂﬁnﬂ@% 4886 REV
(conpl enentary to T42806) SEQ I D NO 14 <

5 CAUCAucAUCAUAﬁmvwmmmbm@&duswm{ses ringdditionohab24) was shownrina

i sol ated from devel es 0 ra si.s thalia everse
transcri bed usi ﬁﬁ ‘g&ﬁ?’etf’éfé"r %ﬁgﬁ:éﬁggﬂgﬁ %HB%F‘?%W%Q%“" ication

(5" - CCAAGCTTCTGAGers 1628 'Nldﬂzh'thds' dpbkdrk"t@eﬁcoﬁ@q A6SdShavile amt REelafdi® 12. PCR

was carried out i'n a 50 ul volume containing: tenplate derived from25 ng
total RNA, 2 pMhedohagerandelgal 26-defaturajes] Fhe pepititle sequenchsary shawarasSEQ1t i de

tri phosphat e, 6&)%}' M@B 5 15 MM (NHerr])[err]SOerr], 2 nM
MCl [err], 0.2 *‘Ther nocycl er conditions were as foll ows
94 degrees for 30 sec,, 50 degrees for 30 sec., .72 degrees faqr, 30 sec.
was contilfued for 351@9&T“BL°¢E‘P1P 59n¢&ée«&amtﬁmmfowtt%ﬁ§m§ﬁ at 72

degrees for 7 'gﬁ}fggn o f [ =750
base 25 pg}; S whi ckﬁg\l/\%é@?gb onegmaorffaﬁrrrggﬂ% T?QMéggéegpg&?ﬁm%gmneEach end
of this fragnentapmtbacmntmﬁtsmhe&mmcﬁqymdlmndkbﬁmdeMmESTs from

125 was. compar SHRRBRI ST RagRe b beltedio Ko REh A f pBdt s

for membrane-bound desaturase enzymes, it is possible that the N-tenmnal

15 cytochrome b5 domain of this desaturase protein is involved in its function.
This may be advantageous when expressing the desaturase in heterologous
systems for PUFA production. However, it should be noted that, although the
amino acid sequences of Ma524 and the borage A6 were found to contain
regions of homology, the base compositions of the cDNAs were shown to be

20 significantly different. For example, the borage cDNA was shown to have an
overall base composition of 60 % A/T, with some regions exceeding 70 %,
while Ma524 was shown to have an average of 44 % A/T base composition,
with no regions exceeding 60 %. This may have implications for expressing the
cDNAs in microorganisms or animals which favor different base compositions.

25 It is known that poor expression of recombinant genes can occur when the host
prefers a base composition different from that of the introduced gene.
Mechanisms for such poor expression include decreased stability, cryptic splice
sites, and/or translatability of the mRNA and the like.
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(Wb3753), and C. el egans (R05219) (see Figure 4). Honol ogy patterns with 30
the Mortierella [err]6- desaturase indicate that these sequences represent
putative -49- desat urase pol ypepti des. Based on this experinent
approach, WO%46T6kely that the full-length genes can be cl JPEEUSITLR6

pr obes based on the EST sequences. Follow ng the cloning, the genes can
then be placed into expression vectors, expressed in host cells, and their
specific [err]6- or other desaturase activity can be 5 determ ned as
descri bed bel ow. Exanple 4 Isol ation ofExarhp¥e3d] 12- desat urase Nucl eoti de
Sequence from Mortierella al pina Based on the fatty acids it accunul at es,
it seemed probable that Mrtierella alpina has an [err]6 type desaturase.
The [err]6-desaturase is resn bI(; 0, for he producthon of linoleic
acid (18:2) fromoleic acre g O AHPIMQI0Z0NS & substrate for
a A6-desaturase. This experi rreanegggr%%EQ %%sﬂﬁmem ne if Mrtierella
al pina has a [err] 12-desat urase polypep , toidentify the
correspondi ng nucl eoti de sequence. A random colony fromthe M al pina
sequenci ng grade | i brN¥ugleic mi€4equenses that envede metativerfedesatutasesiomte i ed as a

putative dgsatur, uence Io tQ previoqusly identified
desat ur aseg as 3&@9%%313@“3%?%@59 ‘é{@%g ésf %Fﬂ’ée’\‘fﬁ 6’&%@
sequence is shovumvaseSEQohéh N@Bmmgm@msm hﬂﬁm%?dl%'alﬁgndes s%b&% in SEQID
NG 4. The deduced am no acid sequence fromthe 5 of t he Ma648 cDNA

di spl ays si gni f i seavancabshomed i I@DSIMO%O In pamculm'rthsdnéilceﬁanm]lo acid

12) desat t
Syt oxyl ace. (edahot BESHG By jonis Hidlicha SEqitRies, B R ombe B0 e when
conpared to a vamdel42806) shbived hpmolog$ tc(fvafm]ffbx?ént edpionsVTtleddddueéd dhiab fatty

acid desaibjrase seguences. Expression of M al pina

Desat ur ast? O onef1d Feapencsof ﬁ%@és El‘hgﬁﬁ wmg P CR primers were designed:
ATTS4723-FOR (complementary to F13728) SEQ ID NO:13

5' CUACUACUACUAGGAGTCCTCTACGGTGTTTTG and
T42806-REV (complementary to T42806) SEQ ID NO:14
5' CAUCAUCAUCAUATGATGCTCAAGCTGAAACTG. Five pg of total

15 RNA isolated from developing siliques of Arabidopsis thaliana was reverse

transcribed using BRL Superscript RTase and the primer TSyn
(5'-CCAAGCTTCTGCAGGAGCTCTTTTTTTTTTTTTTT-3') and is shown as
SEQ ID NO:12. PCR was carried out in a 50 ul volume containing: template
derived from 25 ng total RNA, 2 pM each primer, 200 pM each

20 deoxyribonucleotide triphosphate, 60 mM Tris-Cl, pH 8.5, 15 mM (NH,);SO.,
2 mM MgCl,, 0.2 U Taq Polymerase. Thermocycler conditions were as
follows: 94 degrees for 30 sec., 50 degrees for 30 sec., 72 degrees for 30 sec.

PCR was continued for 35 cycles followed by an additional extension at 72

degrees for 7 minutes. PCR resulted in a fragment of approximately ~750 base
25 pairs which was subcloned, named 12-5, and sequenced. Each end of this
fragment was formed to correspond to the Arabidopsis ESTs from which the
PCR primers were designed. The putative amino acid sequence of 12-5 was
compared to that of Ma524, and ESTs from human (W28140), mouse
(W53753), and C. elegans (R05219) (see Figure 4). Homology patterns with

30 the Mortierella A6- desaturase indicate that these sequences represent putative
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Yeast Transformation Lithium acetate transformation of yeast was perforned
according to 5 standard protocols (Methods in Enzynol ogy, Vol. 194, p.
186- 187, 1991). Briefly, yeast were grown in YPD at 30[err]C. Cells were
spun down WOa¥dspEnded in TE, spun down again, resuspended PET/HSS¥8HRGI ni ng
100 mM |ithium acetate, spun down again, and resuspended in TE/lithium
acetate. The resuspended yeast were incubated at 30[err]C for 60 m nutes

wi t h shaki ng. Carri er DNA was 10 added, and the yeast were aliquoted
into tubes. Tra ties. Bsgéa%ntﬁe@;éﬁé?ﬁn&wﬁﬁ mrﬁlﬁ fikety tlafthef O7 30
mn. at 30[err]C PEG sol ution (35% PEG 4000, 100 MM 11t hi um acet at e,

TE pH7.5) was ao@Hdemgsh |genma@9e glog mmg prohes based om thetESMequences. A 5 ni n.

heat shock at 4 shed with
TE pel I ot ed aga diomigs A MdEbes balfnbfbe Bl SEorSuBlyaBRar < uer o
t hen pl ated on sexpesssed/in hvsrbetls, and hdit/spetific A6 bE sthePdeshtirabé aftdig dRbe Yeast
cDNA clones fromMrtierel]a alpina were screened for desaturase activity

i n baker' s?yeastdetermi epcrtvefl bslogesat ur ase (obtai ned by PCR using 1[err]
strand cDNA from Brassi ca napus cul tivar 212/ 86 seeds using priners based
on 20 t he published sequence (Arondel et_al. Science 258:1353-1355))

was used as a positive control. The [erﬂwaturase gene and the gene
from cDNA cl ones Ma524 and Ma648 were put in the expression vector pYES2
(I'nvitrogen), resulting in plasmds pCGR-2, pCGR-5 and pCGR-7,

respectively. Thaaflafibiafh A12UfEfubisa DR Seh %c@fr@ Mol al5ing!
strain 334 and expressed a I naucti th
presence of substrates that aI | owed detection of specific desaturase
activity. The control nged@mﬁhmﬁyscxdmasmmms,st semmd@ﬂﬂ;abhnhatl ning the

unal tered pYES2 ek bstr sed r oduced d the
i ndi cat ed desat ujyféréer iq f’@f’l@’ tﬁf_ (‘%ﬁeﬁ@?@ﬁ# mpawﬁ cate
[ err] 5- degat ur asfr @t pradiction ohxﬁalewa@xda@s@) GoRT Ve a:R189). Soleddacia  Woul d
i ndi cate A6-desaturase activit conversion to ALA would | ndi cat ear[ err]15-

desat urase act i vil8i?) is dpuhistratgde Pnp Abdesatutasse Tdisexpebimentas dcaxgaedb;o S.

cerevi si ae, conversi 0 i,no C i ndi cat esat urase
activity, which &% rgg?eegﬂg réé’#%ﬂ%’f’ hﬁ&%ﬁg%ﬁpgfy@%}) ‘Ef'] ERhiT 3810
indicate [err] 17rd§ﬂ$@ttldé édrfesponding nucleotide sequence.

A random colony from the M. alpina sequencing grade library, Ma648,

15 _ was sequenced and identified as a putative desaturase based on DNA sequence
homology to previously identified desaturases, as described for Ma524 (see
Example 2). The nucleotide sequence is shown in SEQ ID NO:13. The peptide
sequence is shown in SEQ ID NO:4. The deduced amino acid sequence from
the 5' end of the Ma648 cDNA displays significant homology to soybean

20 microsomal 06 (A12) desaturase (accession #L.43921) as well as castor bean
oleate 12-hydroxylase (accession #U22378). In addition, homology was
observed when compared to a variety of other w6 (A12) and w3 (A15) fatty acid

desaturase sequences.
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5 activity). Cultures were grown for 48-52 hours at 15[err]Cin the
presence of a particular substrate. Lipid fractions were extracted for
anal ysis as fall . Cells were pelleted by centrifugation, Wﬁ% e

W th steri‘fvggg}dﬁ'{%gfr]o, and repelleted. Pellets were vortexed W niits

met hanol ; chl orof orm was added al ong 10 Wth tritridecanoin (as an

I nternal standard). The m xtures were incubated for at |east one hour at
roomtenperature or at 4[err] C overnight. The chloroform | ayer was
extracted and filtered through a Wat meExampleS with one gram of anhydrous

sodium sulfate to renove particul ates and residual water. The organic
sol vents were evaporated at 40[err]C under a stream of nitrogen. The

extracted Iipids vere gevression HOHL, Bpind Dbiatithsk C1brids'i Biker's Walaly | esters
(FAME) for gas chromatography anal ySts y _addl ng 0 .o N

pot assi um hydroxide in nethanol to a closed tube. The sanples were heated
to 95[err]C to 100[err]C for 30 ni n¥east Lyansfomatiant o r oom t enper at ure.
Approximately 2 m of 14 % boron trifluoride in nethanol was added and the

heating repeated. Aft bithulneacesate zansfumation df y¢ast wasperformed acensdingdo 2 m  of

The' per cent con SPOTAA BRIESISIARIAGH i RpSMdiag Vol TSI B6aTR7E 190 Ced by
the sumof (the B&i@ﬂ%{,g;teaﬁrv@diélg%ﬁﬂmmﬁt Mtcatsan&dﬁ?aﬂ% dovis) rédiSpended

mul tiplying by 100. cal cul ate the oleic acid percent conversion, as no
substrate was adinelE, spun downagain; wesnsperdeddn d Exonthiniog 100 mMilishivmoactate, he

sum of 25 olelc | Lol el i oduce t i I ng by
100. The desaturgé‘gl %’?H%aﬁgg‘?ée& ip?h%ﬁ@%&%@ﬁ&gaafﬂat%agﬁgr% §1\7\5¥ -52-
Table 1 M al pi ngeddeaateiharibatedap bo<S fdd60iminbrl ithSshilsag! ChrfddMIERS4N CLONE
ENZYME ACTIVITY OF SUBSTRATE pCGR- 2 [errk6

g DNA was addedg 3

0 (18:2 t1® 18: 3@dded; andbe ypast Memespliquoted it tuless Transformin
S0 ane) aLy ) oHEGR'HER ek ingubatt ERE 4B min 41 30°C, PEG solytipn (330 (hAJ" 3 1

20: 4w6) AL7
1.8 (18:1 to 18: PEG 4000, 100 mM lithium acetate, TE pH7.5) was added followed by a 50

min. incubation at 30°C. A S min. heat shock at 42°C was performed, the cells

were pelleted, washed with TE, pelleted again and resuspended in TE. The

15 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 Al5-desaturase (obtained by PCR using 1*
strand cDNA from Brassica napus cultivar 212/86 seeds using primers based on
20 the published sequence (Arondel et al. Science 258:1353-1355)) wasused as a
positive control. The Al5-desaturase gene and the gene from cDNA clones
Ma524 and Ma648 were put in the expression vector pYES2 (Invitrogen),
resulting in plasmids pCGR-2, pCGR-5 and pCGR-7, respectively. These
plasmids were transfected into S. cerevisiae yeast strain 334 and expressed after
25 induction with galactose and in the presence of substrates that allowed detection
of specific desaturase activity. The control strain was S. cerevisiae 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
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pCGR- 5 A6 6.0 (M alpina [err] 15
0

0 Ma524 [err]5 2.1 Al7
A12 3.3 pCGR-7 A6 0
(M al pi na WO 98/46763¢r 1] 15 3.8 Ma648 PCT/US8471365

2.2 [err] 17 0" Al2 63.4 The
[err]| 5-desaturase control clone exhibited 16.3% conversion of the 5
substrate. The pCGR-5 cl one expressing the Ma524 cDNA showed 6% conver si on

of the substrat g,did Hdieatd Aflidesdnirask dciidfty;lcOfveISIBR tE ALACRGuI ibditdts B15-
desaturase. The pCGR-7 clone expressing the Ma648 cDNA converted 63. 4%

conversi on of t hizsatutas¢ activity), eldigacid (ati endogengus buhstrateanaderhy & cexsvisigen A12-

desat . The back - i . C.. ] f :
botwean 10 | comyarion 1t HadBR R ES SRRt FA SRl RUURL R 8T o o
the activity by LsihagasliabksSI GARAEGHRREIGH to HPA RbuldiRdisste N17adetatuidben

substrate was added to 100 Jerr]M the percent conversion to product

dr opped cofpar edactivityjlaen substrate was added to 25 [err] M (see bel ow).

Addi tionally, by varying the substrate concentration between 5 [err] M and
200 [err] M conver si oQultwes werevgrown fon48452 loursuntoles °Gén wheepresenceiof a 53- 5%
to about 75%greater. These data, show that desaturgses with different
substrate speci fpastieylersubgtrate, cLipidy awleweaﬂtqaefpéﬁeﬂ%@agsaé ¥ and used

to produce poly- é?ﬁsa\;v&re%teﬁ&eél 89 Qemﬂgg?éﬁw&he%;&rﬁé ﬁng%&ge ddHsRRgeNt S

fatty acids of interest "as a percent the tota extracted
fromthe yeast hmpellded.cRellets wéraaofewdwitthmethanolnclilotoferm pasadded along

Dsed to sallarat eviharideiibeft GYon e bandiuch She miiires o RS RCHAPRY o2
identity of the RHGYAEHOED at rddif térip@athRLoriat 44T 6Verhipht.t Tite Ehlordbdritblayer

[err]15-desaturase, [err]- linolenic acid, was detected when its substrate,
linoleic acid, wwesexttastedend filtepadshrongh 8| Whatman fidter with one gyasn ef anhyfrawse

This finding dems)on 1&&%&3&&@%&&0@%@&1&1&% and residual water. The organic solvents

were evaporated at 40°C under a stream of nitrogen. The extracted lipids were
15 then derivatized to fatty acid methyl esters (FAME) for gas chromatography
analysis (GC) by adding 2 ml of 0.5 N potassium hydroxide in methanol to a

closed tube. The samples were heated to 95°C to 100°C for 30 minutes and
cooled to room temperature. Approximately 2 ml of 14 % boron trifluoride in
methanol was added and the heating repeated. After the extracted lipid mixture
20 cooled, 2 ml of water and 1 ml of hexane were added to extract the FAME for
analysis by GC. The percent conversion was calculated by dividing the product
produced by the sum of (the product produced and the substrate added) and then
multiplying by 100. To calculate the oleic acid percent conversion, as no
substrate was added, the total linoleic acid produced was divided by the sum of
25 oleic acid and linoleic acid produced, then multiplying by 100. The desaturase

activity results are provided in Table 1 below.
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expression of a desaturase gene can produce functional enzyne and

det ect abl e anounts of product under the current growh conditions. Both
exogenousl substrates were taken up by yeast, althougbpissis | €SS
of the | on‘égragqgﬁgr"n PUFA, di hono-y-linolenic acid (20:3), was |/Hgor po?sat ed
into yeast than linoleic 15 - acid (18:2) when either was added in free
formto the induced yeast cultures. [errXableidnol enic acid was detected when
linoleic acid was present during induction and expression of S. cerevisiae
334 (pCGR-5). The presencM. alpisd Desdtigiase dxpression i Buker's | desat urase -
activity frompCGR-5 (MA524). Linoleic acid, identified in the extracted

li pi ds from expressSton of S. cerevisiae 334 (PCGR-7), %OONVERSION assi fi es
the cDNA MA648 from M AlRi-na as t r mdesat ur a BefiA [err] -55-
Exanple 6 Optim zation © | ture %#dﬁ?%‘#gbl e BABEE‘()J&B t TPE effect of
exogenous free fattBCGRe2 d substra&6e concentrati on 8n (1834e I1&AwMbhke and
conversion to fatty(cgﬁgiagjproduct Aa§ a S per ceng age:0b 18:5@)t ot al  yeast
lipid extracted. In a I nstances, | ow anounts of exogenous substrate (1-10
[err]M resulted i nds@psPlatty aci®d substrate upt aké-"aa’@‘:’ﬁ?m f or mati on.
Bet ween 25 and 50 [err] M concentrgfion of free fattg @oi4do20svisne growt h and
i nduction nedia gave the highest rcentage of fat i g ct forned,
while the 100 [err]M concentrati d’ﬁgand subsequent h%gﬂ%dg? g%"’%io into
yeast appeared to decrease or inhibit the desaturase activity. The anount
of fatty acid subs&f@é@sfor yeastygexpressing [err] k4 desaturase was simlar
under the sane growth conditions, since the substrate, oleic acid, is an
endogenous yeast faW'?‘Pé‘ei d. The &18e of [err]-1li nol%nic acid as an

addi ti onal substrat ma$2ar pCGR-5 (A%6) produced the expected product,
stearidonic acid (Table 3A). The feedback 15 i rahi bition of high fatty
acid substrate concentrati on was Il illustrated when the percent
conversion rates of the respectiva2fatty acid substd3ates to their

pCGR-7 A6 0

{M. alpina AlS 33

Ma6438 A5 22
Al7 0
Al2 63.4

The Al5-desaturase control clone exhibited 16.3% conversion of the
5 substrate. The pCGR-5 clone expressing the Ma524 cDNA showed 6%

conversion of the substrate to GLA, indicating that the gene encodes a A6-
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. The background (non-specific conversion of substrate) was between

10 0-3% in these cases. We also found substrate inhibition of the activity by using
different concentrations of the substrate. When substrate was added to 100 uM,
the percent conversion to product dropped compared to when substrate was added
to 25 puM (see below). Additionally, by varying the substrate concentration

between 5 uM and 200 uM, conversion ratios were found to range between about
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respective products were conpared in Table 3B. In all cases, 100 [err]M
substrate concentration in the growh nedia decreased the percent
conversion to product. The uptake of [err]-linolenic was conparable to -
ot her PUFA&!%?G@@E% n free form 20 while the [err]6- ders@-?'{fp%%s@"b@r cent-
conversion, 3.8-17.5% to the product stearidonic acid was the Iowest of
al| the subst raS%%o%Wﬁ?ﬂg@I@P'ﬁé@hataIﬁ@w%%@é uﬁﬁséﬁﬂﬂ?ﬂx as YPD
(rich nmedia) versus mninmal media with glucose on the conver5|on rate of
Al2- desat ur ase mtrztemﬁmtlemnbgmkpreshedmhbetcmiomlsmstemanduéeﬂtool gic to

I|nole|caC|dd nt, of 25 linoleic acid
fornmed al so dec g%% %@%@%nﬁ Qﬁ"ﬁ@ﬁg '\*&s used for growh and

i nduction of yeast d rase 12 .ex Si Tabl e .. The effect of
medi a conposition ?S@F zdepgsﬁeh&f?%ﬁs gquafe&gsga%\égerﬁprgéﬂ%e tPWTf gr owt h
nedi a for SAG- deadiadted From Hieeastthdst 3 @eARiaeF34SMARPihe MdEcdted Aienide No
decreased at 25 [err]M (Table 3A). However, the conversion rate remnai ned

the -56- sanBlugeRs Wasinresent ipthrigrowth mediag &@mtﬁsg%@mmtog@phy@vawm ur ase

for in the pres 9&? ded
Substrate on th@r%g?rg{grﬁgg% 0 vf?\;g‘?rbora edwgsu%%?lrog?dtov E’E’ nt%*gfrirred I n
Yeast Extracts mleqmﬂudt(s) The expedtédproduct for the HDﬂMIS desatmasé,@iR 5

pCGR-7 in Yeast ([err]6)

([err]12) Subst linglenip S ég‘a%zdzw{xg} ity subsgs, lilofeie ¢ig, wes aided
k er ]- 183§/ 18: 4exoﬁeﬁ&siy tolfe %d&céﬂéah'\éuﬁﬂ& This finding dQ}Rm}fuf fog that yeikt9/ 0. 7

[ferr] M sub
10.4/2.2 expressjon2df af sat\]mm;gmxe can produce fildctional enzyme artiidefectable
18.2/ 2.7 D
25. 1/ 10. 30 am°‘Hgs of probiiés ‘J’M’e‘é k‘z"i“b“?é@% °P%$??Rﬁ s*?fé[‘ °"°4°“°3%1Y 1/ 6. 50
lglg) 4 40 SQddéﬂ}%ubstrates were takén g;/S ;;SZ Yeds®), Qllth@ﬁéﬂ Mehth less of theGOnger ehalk

PUFA, dihomo-y-linolenic ac1d (20: 3), was mcorporated into yeast than linoleic
15 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. cerevisiae 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),
20  classifies the cDNA MA648 from M. alping as the Al2-desaturase.
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Tabl e 3B Effect of Substrate Concentration in Media on the Percent
Conversion of Fatty Acid Substrate to Product in Yeast Extracts Plasmd in

Yeast PV pCGR- 5 pCGR- 5 ’
([err]®6) 46763 ([err]®6) ([err]12) subst r at e[ gﬁ‘%&b@ﬁ%ﬁ -
18: 2[err]-18:3 18:2[err]18:3 -~ [err]-18:3[err]18:4 18:1[err]18:2 1
[err] M sub. ND . 43.8 ND ND 10

[err] M sub. ND 36.4 17.5 ' ND 25
[err] M sub. ND 25. 2 12.9 ND 25
[err]Merr] sub. 16.4[ err] 29.10 ND

70.50 50 [err] M sub. 10. 90 ND 7.7

54.6 100 [err] M sub. 8.70 60 3.8

71.3 0 no glucose in nedia 5 [err] Yeast peptone broth (YPD) * 18:1 is

an endogenous yeast
Tabl e 4 shows the anmpynt8 off fatfy aqi
frominduced yeast cy® Swhele di f
substrate were used. |Fat®y |aci d{ wei ¢

ncentrati on ND (not done) 10
d by a reconbi nant desaturase
unts of free fatty acid
erm ned since the total

I plg qub. |s sy

anount of lipid vari et cplly rowm h conditions were
changed, such as the|préaserice of gl U e yeast growth and induction
medi a. To better 1% % °de~§rerrrg-'|e t ons when the reconbi nant
desat urase woul d pﬁoﬁcétre nopt Py , the quantity of individual
fatty acids were alfp-Ared—rHhe—pbser ose dramatically reduced by
three fold the anognt of"llnole c adqi d by reconbi nant
[err] 12- desat ur ases gr hdoAl2ldesa anount of total yeast lipid
was decreased by aBmpSt fallf in|the 20 gl ucose.
Conversely, the prgsuncé' off gl upose |in the yejpst growh nedia for [err]6-
desaturase drops tg8e|y-ld nglent f acijd pr¢duced by al nost half, while the
total anmount of ye&st I%} profluced was|not fhanged by the
presence/ absence dB {A8-3 |[vgl uppse. afThi g$~poijpts to a possible role for
gl ucose as a rmdul;gt e | R S
~ = 2 ’
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2 e =
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desaturase activity. Table 4 5 Fatty Acid Produced in

[err]g from Yeast Extracts P asmj d) I n Yeast pE:[GR- 5] 6) pCGR-5
CaR-7 (enzyne ([err]6 err -
F[ err] 1(2) Wy (#6163 [err]-18:3 18: 4 PCT/US98/07126 :
18:2* 1 M sub. 1.9 - ND ND 10 [err] M
sub. 5.3 4.4 - ND 25 [err] M sub.

10. 3 8.7 115.7 25 [err]M[err] sub.

29.6 ND 39 [err] [err] no glucose in nedia
sub. is substrate concentration ND (not Ekanmle 60 *18:1, the substrate,
i s an endogenous yeast |ipid Exanple 7 Distribution of PUFAs in Yeast Lipid
Fractions Table 5 illustrates the uptake of free fatty acids and their new

products fornmed in yeast lipid | Stri L the. major |ipid
fractions. Atotal Iipid 15 %ﬁ%%mmm’ of Cut 928 descri bed above.

The lipid extract was separated on TLC plates, and the fractions were

i dentified by conpari Jablet3d shosuscthe dﬂ'ect'ﬁﬂexdg&ﬂﬁ& ﬁ&rm_ﬁ@éiﬂeﬁﬁsﬁdte%
scraping, and interna] standards re gdded. .,The f{ractjons were en
saponi fi ed and nEPPRFPHENAD %Yﬁ&B'd%Pé\f@e CORYSTHER ttatty agidpreduchasa ogr aphy.

The gas chrsomat ogeRphtagPbltt &itﬁq/ehétmpfdmhteaf 14 &1 instedsd 1w gﬁ@hnets of

conparison to a standard. The phospholipid fraction cont ai ned | ghest
amount of subst r gxegennus gubsttate {1-PURM) resuiteddn bwe fattyraailsubsttate uptpke drid woul d

that the substrates.are, accessjbl e_i he phospholipid formto the
322:? Lrasgs. -SQP}JM%"%B‘P%“@' ﬁ%"ttl"ﬁe‘h EF‘%@MW?’EH“PH °f/§'f’? aoukigt Lj pi d
Fractions in [er ieprbatt ahdifitbtion médiPgRRqhd RigHest pElcBMNEESS fifty acifiT €€ Fatty

Triglyceride Chol esterol fraction Acid
Est er product formed, while the 100 uM concentration and subsequent high uptake
10 into yeast appeared to decrease or inhibit the desaturase activity. The amount of

fatty acid substrate for yeast expressing A12-desaturase was similar under the
same growth conditions, since the substrate, oleic acid, is an endogenous yeast
fatty acid. The use of c.-linolenic acid as an additional substrate for pCGR-5
' (A6j produced the expected product, stearidonic acid (Table 3A). The feedback

15 inhibition of high fatty acid substrate concentration was well illustrated when
the percent conversion rates of the respective fatty acid substrates to their
respective products were compared in Table 3B. In all cases, 100 pM substrate
concentration iﬁ the growth media decreased the percent conversion to product.
The uptake of a.-linolenic was comparable to other PUFAs added in free form,

20 while the A6-desaturase percent conversion, 3.8-17.5%, to the product
stearidonic acid was the lowest of all the substrates examined (Table 3B). The
effect of media, such as YPD (rich media) versus minimal media with glucose
on the conversion rate of Al12-desaturase was dramatic. Not only did the
conversion rate for oleic to linoleic acid drop, (Table 3B) but the percent of

25 linoleic acid formed also decreased by 11% when rich media was used for
growth and induction of yeast desaturase A12 expression (Table 3A). The
effect of media composition was also evident when glucose was present in the
growth media for A6-desaturase, since the percent of substrate uptake was

decreased at 25 uM (Table 3A). However, the conversion rate remained the
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SC (pCCR-5) 166. 6 6.2 15 18. 2 15.6
substrate 18:2 SC (pCGER-5) 61.7 1.6 4.2 5.9

1.2 produ rrl-1:3 SC = S. cerevisiae (plasmd) 5

Exanpl e 8%5&%@%3 Cul ture Optinization and Coexpression of [RsYYE84itee
[err]12-desaturases This experinent was designed to evaluate the growh and
i nduction conditions for optimal activities of desaturases in Saccharonyces
cerevisiae. A Saccharomyces cerevisiae strain (SC334) capabl e of producing
y-1inol eni ¢ aci sam®and percgntprodugtfornied dearpased forcAGrdesatimasetfor inghsi bi | ity of
production of PUEA in % st. The genes for A6 and Al2-desaturases fromM

al pi na were coe?ﬁs%%cgé% F%°§C334. Expression of [err]12-desaturase
converted oleic acid (present in yeast) to linoleic acid. The linoleic acid
was used as a substrate by the A6-desaturase to produce GLA. The quantity
of GLA produced ranged between 5-8% of the 15 total fatty acids
produced in SC334 cultures and the conv&pBledA rate of linoleic acid to
y-linol enic acid ranged between 30%to 50% The induction tenperature was
optinized3 and the eazf&% ofAdded Sybstgatenn thePexcentageiofimcormpmaatedr onot er
sequences on expression of [err]6 and [err]12 (MA 524 and MA 648
respectivel y) desat ur ase Sthsteateand Rroductdormediaea80ExG@ets Pl asni d
Construction The cloning of pCGR5 as well as pCGR7 has been di scussed

above. To const|ructPlas@@Roa [an@COHBEROL, PEER{Ser [ | 6 paOR-AL2[ deSpLGRASE Jenes
were anplifiedlusi ngytdee fdll 0\(“39 sgts Q%Qpri Ters. he pfi rrer@l@RDSI and 3
had 5 Xholf site and prjimers pRDY2 and 4 had Xbal® sitp (indicated|in
bol d). These pr| SBkrateRrBaGAUCI8:3VE 188 S GRaRIsES | ShsnAse o i8T7isa
[err] 6-desaturdse anplificdtion pringrs 3’.? pRPS1 TAC CAA| CTC GAG AAA |ATG
GCT GCT GCT CCY AGIufskss, AGG 1U ND 0.9/0.D- PRESZAALTCARNEET AGA TTA
CTG CGC CTT ACG CAT

10uM sub. ND 42724 10.4722 ND

25 uM sub. ND 113.7 182727 ND _

25 uMO sub. 36.6/7.20 25.1/1030 |  ND 6.6/15.80

50 uM sub. 53.1/6.50 ND 36.2/3 10.8/13%

100 pM sub. 60.1/5.70 62.4/40 47719 1024.8
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CIT GA G II.

CAA CTC GAG AAA ATG GCA CCT CCC AAC ACT ATC GAT 15 b. pRDS4
AAC TGA TCT AGA TTA CTT CIT GAA AAA GAC CAC GIC TCC The pCGR5 and pCGR7 -
const ruct sSWREB4663ed as tenplate DNA for anplification of [elf(F'l]/@S%ﬁauG
[err]12-desaturase genes, respectively. The anplified products were

digested with
anplified [err

Thi s construct
[err]12- desat
of pCGR5. 25

A6- desat ur ase
vect or pRS425,
Dehydr ogenase
digested with

Thi s A6-desat ur

Xbal and Xhol to create "sticky ends". The PCR 20

[err]12-desaturase anplification prinmers a. pRDS3 TAC

] 6-desaturase with Xhol - Xbal ends as cloned into pCGR7, which
was al so cut with Xho-I-Xbal. This procefaple3p aced t he A6-desaturase
behi nd t he Al2-desaturase, under the control of an inducible pronoter GAL1.

was Effect efiSubstrap ChicentiSitivh lin Media b thOPekceECoiversiBh. t he
urase wi th Xhol-Xbal ends was cloned in the Xhol-Xbal sites

I'n pCGﬁlFaH?PAﬁﬂ Subst#adad Prod @G In WeastIhkads t he
gene avvay fromthe GAL pronmoter. To construct pCGR10, the

WWEWW
(GPD) prom)ter, p\(\m)di este@m;vith BamH agnd pqGRS
telecase the -61- err]l B6-desatliirase gene

D

@“‘%‘r”&ﬁ’ﬂ‘&ht WA edRR | cif2prEdos| wer@3tiiBped uddAkKEno

Pol ynerase to
pCGR10b cont ai

CreapdM MbUNT |[endSNBNd 1| gat @sig 1 espl 11 ngbpl N pgoRIoangnd

orientation, T

Aty o] -er+].5 dﬁﬁai-u-u ne i ni the nd_antisense
espg%‘tvﬁ‘é’r y. To cBRst r uct p%@ll and pC@lz, tihe A6NB

and [err] 12-de

satm‘rmexbgenes WEND 1 s0f at eds. pCGRB12and pdGR7, ND

i na . an Laa Yhal daog

respectively,
of [err]6 and
digested with
yeast housekee

|er%5] s"desatura{gég we he
EcoRiluMisdl . The p¥3@42 lvect D has [ he pranoter| of B4 ( a |

:nto tﬁg pYX242 ve7815gr

ping gene), which allows constitut]ve expressijon. 10

vJ

Yeast Tr ansf or

mat i00pMasnld Exjpr es&7%n O ffer@nt copbi naB8ons of pCGRS, pCd

pCGR9a, pCGRIL

., _pCGER1Ca, pdGR11 and pi 12 were | ntroduced ilnto vari ous

R7,

host strains of ¢ noglucoseinmedia

5

10

15

20

* Yeast peptone broth (YPD)

* 18:1 is an endogenous yeast lipid
sub. is substrate concentration

ND (not done)

Table 4 shows the amount of fatty acid produced by a recombinant
desaturase from induced yeast cultures when different amounts of free fatty acid
substrate were used. Fatty acid weight was determined since the total amount of
lipid varied dramatically when the growth conditions were changed, such as the
presence of glucose in the yeast growth and induction media. To better
determine the conditions when the recombinant desaturase would produce the
most PUFA product, the quantity of individual fatty acids were examined. The
absence of glucose dramatically reduced by three fold the amount of linoleic
acid produced by recombinant A12-desaturase. For the A12-desaturase the
amount of total yeast lipid was decreased by almost half in the absence of
glucose. Conversely, the presence of glucose in the yeast growth media for A6-
desaturase drops the y-linolenic acid produced by almost half, while the total

amount of yeast lipid produced was not changed by the presence/absence of
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Saccharonyces cerevi si ae.
(Met hods in Enzynol ogy Vol .

sel ected
The pCGR5,
uracil .
| acki ng | euci ne.

t he expressi on oglutove. Thisypohsts (d & pogsible fde forghicose dsl® mobdalatorofidés) |
ex‘a{yess t hese enzynes at optinumlevels the

Y- nat i ons of constructs,

pCGRYa/ SC334 2) pCGRIAb/ SC334 3) pCGRI Ca

are absent

in yeast. To
fol | owi ng const r&‘?ﬁ%‘"ﬁf’
vari ous host strains:

194

20

25

1)

(1991): 186-

187).

Transformati on was done using PEG Li Ac protocol
Transformants were 15

b | ating on synthetic nedia | acking the appropriate am no_acid.

%ﬁgﬁﬁﬁ’“pCGRQa and pCGRIb can be sel ected on medi aPFRURPHYy126 -
The pCGR10, pCGR11 and pCGR12 constructs can be sel ected on nedia
Gowth of cultures and fatty acid anal ysis was perforned
as in Exanple 5 above.

Production of GLA Production of GLA requires

were in

troduced into

and pCGR7/ SC334 4) pCGRL1 and pCGR7/ SC334 5) pCGR12 and pCGRS/ SC334 - 62-

6) pCGR10a and pCCR7/DBY746 7) pCGRl0a and

construct has both the [err]6 and [err]1

contr ol

(Fig. 6A and B,

of an inducible GAL pronoter.
with this 6onstruct did noFatydwidRyodBickddn pugfrdmtYeast Extriactsal
| ane 1).

Howeve

r,

4t urase genes

CCR7/ DBY746 The pCGR9a

under the

The SC334 host cells transforned 5

whi ch

fatty acids
when the A6 and Al2-desaturase genes were

i ndi vi dual | y cont f OPlaetidin/Yéabte [GAL PCGREX €1, | { Ne POGR#SOI CONSL r pCGR-MET €
able to express [err] Genzemed [er)] 12- da®at ur age, as (&6i dencgdd by (412)
conver si on of thel f aboti._qg,fs +o1-pF cduq*:,i +HretAtA—de
gene in pCGRYa wag_10 exprepsed as evi depced by the conversion of
18: 1[err]9 to 18: P[ernuMsub pCAR9a/ SCBB4, whil e t heNIAG- desdt ur aseNBene wds
not expressed/ act fve; se—tre—t8-gferr613 7ot eﬁm*egﬁ-lgﬂ-t-e—
18: 3[err] 6 (Fig. BA a}ldﬂg,&ml anel1). Tﬁe pCCGRYb construct aljso had both tHe
A6 and Al2-desat ufase2yeMesd. under t hel0dontroll of th&7 GAL prjonot edl¥Blt injan
inverse order conmpareg 1 sub. 39.6 ND 390

0 no glucose in media

sub. is substrate concentration

N
10

15

D (not done)

*18:1, the substrate, is an endogenous yeast lipid

Example 7

Distribution of PUFAs in Yeast Lipid Fractions

Table 5 illustrates the uptake of free fatty acids and their new products
formed in yeast lipids as distributed in the major lipid fractions. A total lipid

extract was prepared as described above. The lipid extract was separated on

TLC plates, and the fractions were identified by comparison to standards. The

bands were collected by scraping, and internal standards were added. The

fractions were then saponified and methylated as above, and subjected to gas

chromatography. The gas chromatograph calculated the amount of fatty acid by

20

comparison to a standard. The phospholipid fraction contained the highest

amount of substrate and product PUFAs for A6-desaturase activity. It would

appear that the substrates are accessible in the phospholipid form to the
desaturases.
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15 pCGR9a. In this case, very little GLA (<1% was seen in
pCGERIb/ SC334 cul tures. The expression of Al2-desaturase was also very |ow,
as evidenced by the | ow percentage of 18:2[err]6 in the total fatty acids
(Fig. 6A am09B46T6dne 1). To test if expressing both enzymes PORYS '%/7%6 -
control of independent pronoters would increase GLA production, the

A6- desat urase gene was cl oned 20 into the pRS425 vector. The const ruct
of pCGR10a has the A6-desaturase in the correct orientation, under control
of constitutive GPD pronoter. The pCGR10Ob has the [err] 6-desaturase gene in
the inverse orientation, and serves as the negative control. The

pCCGRl Ca/ SC334 cel | s produced significanttgbl@sgher |evels of GLA (5% of the

total fatty acids, Fig. 6, Iane 3), conpared to pCGR9a Bot h 25 t he
[err]6 and [err]12-d P@ ﬁﬁoiﬂ"%%ﬁ%ﬁ&%ﬁﬁ Fyaghioheinglg because
t he conversion of 18: 18 2[err]6 was 65O whi l e the conversion

of 18:2[err] 6fax b TicRbiGaT | AS

—WW
expect ed, the}nega F%e cdnt'r P SC334 gl d not shov)\'/ any Gif?i‘er To

further opti m fract@p A producti on, the A6 and Afsid gened were 30

i ntroduced into.the pyxX242 ,.ra_ga,t_l_p.g_-g ﬁgma_a;q-gegaﬂ—qg——
respectively. ?ﬁ@Wf@ﬂ vléﬁ'?or all pW§ for caqnstituti vg' expresqi o'ﬁ by the
TP1 pronoter (Albkere, 1872, %nd Kawasaki], G (1982). J. . & Appl}. Geneti S
1: 419). The iintroduction of pCGRI1land pCORA in SC334 resultec
appr oxi mat el y [SCIGRIDA i [blilot al faftd$ aci ds |2 SC334.5%The rat g 1c?f
conversion 5 ,oducp; gl 8:ifl[err]9fern] 18:2[err]6 and |18: 2[err]q [err] :
18: 3[err] 6 wag appr oxi mat ly 50% and 44% resfdectively (Fig. 6Aland B, | a&ne
4). The presert‘es—@—s'gmg‘(mw&b in oC334 resulted 1n 6.6% GA 1n total
fatty acids with a conversion rate of approximately 50% for both 18:1[err]9
to 18:2[err]6 and 18:2[err]6 to 18:3[err]6, respectively (Fig. 6A and B,
| ane 5). TBus al though the quantity of Example80 total fatty acids was
hi gher in the pCGR11l/ pCGR7 conbi nati on of constructs, the conversion rates
of substrate to product were better for the pCGRlZ/ pCGRS combi nation. To
determne if cha { Y:
and pCGR7 were i r Clfure 0 T L ‘
(obtai ned fromthe Yeast Geneti c St ock Oentre 1021 Donner

This experiment was designed to evaluate the growth and induction

AU (

=4

conditions for optimal activities of desaturases in Saccharomyces cerevisiae. A
Saccharomyces cerevisiae strain (SC334) capable of producing y-linolenic acid

10 (GLA) was developed, to assess the feasibility of production of PUFA in yeast.
The genes for A6 and Al2-desaturases from M. alpina were coexpressed in
SC334. Expression of A12-desaturase converted oleic acid (present in yeast) to
linoleic acid. The linoleic acid was used as a substrate by the A6-desaturase to
produce GLA. The quantity of GLA produced ranged between 5-8% of the

15 total fatty acids produced in SC334 cultures and the conversion rate of linoleic
acid to y-linolenic acid ranged between 30% to 50%. The induction temperature
was optimized, and the effect of changing host strain and upstream promoter
sequences on expression of A6 and A12 (MA 524 and MA 648 respectively)

desaturase genes was also determined.

20
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Laboratory, Berkeley, CA 94720. The genotype of strain DBY746 is Mata,
his3-[err]1, leu2-3, |leu2-112, ura3-32, trpl-289, gal). The results are
shown in angi ng host strain to BJ1995 did not i nprove i
product i onVV%ogé’é4§Z§2 the quantity of GLA was only 1.31 % of tB?yPg&Zof’%fA
acids and the 20 conversion rate of 18:1[err]9 [err] 18:2[err]6 was
approximately 17%in BJ1995. No GLA was observed in DBY746 and the

conversion of 18: 1[err!9 [err] 18:2[err]6 was very low (<1%in control)
suggesting that Bl tr red for the expression of
[err]12-desaturase mght be mssing in DB746 (Fig. 7, lane 2). To determ ne

the effect of tenperalhe cloning@f pPCHRShsovallas pCKER B haPbeen discussed aboves To

containin err 7 0 and 30C. Hi gher |evels

e A el T o sttt AR S ek, B A T2 e BB e s WS | 1

cultures grown ama@fed duirffe Yellowin@ 4 of ﬂﬁh&s%e%ﬁ%&@pﬂ)gp%ﬂ3%avers' on
err] 3 6% Vvs. 29% i n 150

rate of 18: 2[errkhg} [err at 30[err]

cultures, 8espit sifegnd pri $2and4 hatBXb{ikmlG](BldﬁQatﬂd]lnbeldl[ These6 (65%
60% at 30C t that 12- d

XZ desat 3r ases E‘rgﬁﬂﬁ gu%fmﬁ eré’?s-g gégigﬁéewﬁgsﬁgﬁstenpgr aE 5;:315 -6?1?

O the various parane T S xairm nedijj n thls study, tenperature of grow h,
yeast host strainh and } nost significant inpact on
t he expression of desaturasge, while timng of substrate addition and
concentration of induter dPRDSATAG GAvA GAG 44 ATG 8 GFIECT CCC
expression. 5 AGTGTGAGEese data show that two DNAs encodi ng desaturases
that can convert LA to GLA or oleic acid to LA can be isolated from

Mortierel ljg al pi na ang can d %6

conbi nat i 02 in a hetgr ol o g%sg)ssa%?em an use mpﬁgdé%bﬁ'@ unsgf\awr at ed
| ong chain fattyCﬁ‘&'G@A@@rrpl ified is the production of GLA fromoleic
acid by expression of [err]12- and A6-desaturases in 10 yeast. Exanple
9 Identificationliof HarpldesauaaseBni¥ification pameRr 15 and [err] 6 desaturases A
nucl ei ¢ acid sequence that encodes a put ative [err]5 desaturase was

identified through a FBLASERIDSSarAd cofA ?‘s‘ﬁg q;@g dat abases
B ds 100 446 o % gt cec

15 t hrough NCBI using am no aci a query. The
truncat ed AAC ACT ATC GAT
15 b. pRDS4 AAC TGA TCT AGA TTA CTT CTT GAA AAA GAC
CAC GTC TCC

The pCGRS and pCGR?7 constructs were used as template DNA for
amplification of A6 and Al2-desaturase genes, respectively. The amplified
products were digested with Xbal and Xhol to create “sticky ends”. The PCR

20 amplified A6-desaturase with Xhol-Xbal ends as cloned into pCGR7, which was
also cut with Xho-1-Xbal. This procedure placed the A6-desaturase behind the
Al2-desaturase, under the control of an inducible promoter GAL1. This
construct was designated pPCGR9a. Similarly, to construct pCGR9b, the A12-
desaturase with XholI-Xbal ends was cloned in the XhoI-Xbal sites of pCGRS.

25 In pCGRID the A12-desaturase was behind the A6-desaturase gene, away from
the GAL promoter.

To construct pCGR10, the vector pRS425, which contains the
constitutive Glyceraldehyde 3-Phosphate Dehydrogenase (GPD) promoter, was
digested with BamHI and pCGRS was digested with BamHI-Xhol to release the
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portion of the Ma29 sequence was used to avoid picking up honol ogi es based
on the cytochrone b5 portion at the N-term nus of the desaturase. The
deduced am no acid sequence of an est from Di ctyostelium di scoh%e m i
(accessi orwo 98AEBA9) shows very significant honol ogy to Va2 88X 9#’8@%@,
but still 20 significant honol ogy to Ma524. The DNA sequence is
presented as SEQ ID NO 19. The am no acid sequence is presented as SEQ ID
NO 20. Exanple 10 Identification of M alpina [err]5 and [err] 6 honol ogues

i n ot her PUFA-pr agdigeidiarass genel This ABdesaturase fragmetficand BrmHlout gRS42Sweree s
i nvol ved in PUFA production, a cDNA library was Constrgcte frfm t.otal RNA
i sol at ed from Phfilledusing Klenow Polpmerase ie crogtg,bluntsnds gad lgat UUNgAR, i y was

constructed in pS - 60~ ] ] 3 Lo

i nstructions usi Rﬁ@%%s@e&%ﬁ?%%‘%ﬁ“ qleeagidllf: ; 5 %@%&E?ﬁ%%s%gg% CcDNA
clones were sequgp§RsediitntitiohSreSperfivdly.ST6 aiz&ast fCGR 1 FARDPCGRIZ,ahe 46
[err]5 or A6 desaturases were I1dentified through BLAST search of the

dat abases #@nd compdil2desaturasegtaenwereisdiated froannGERS andpCGR7, respectivelyie

and Waboa; it i s vemBEREeakh Behdnpl dett HeetuTo HenelR Rt aRAl A2 20
D NOI21. The anguled eEBHAFiot SBDYED QeiBediEkid MhBcaRL-XRgaD e 11

10 entification of M alpina [err]5 and [err]6 honol ogues in
ot her PUFA- pr odudihegpYof24@niestos hasothe promdtenof JP4 6 8 east bausekeepingRsneh PUFA

production, a c AN ary. nstructed fromtotal RNA isolated from

Schi zochytrium EB@E?%@.EO #@?ﬁﬁgﬁ%@?’ég%m library was constructed in

pSPORT1 (Gi(gco BR ' manufacturer's instructions using a
I N dag

commer ci a avai pregi¥®om cDNA cl ones were sequenced

and nucleic acid sequ S that .encode- Y rr r 6
desat urases were i dent?¥Egt ?W%@P’%B&E#bggﬁgﬁhgf péﬁggﬁ’d{%%bes and
conparison to MaZp@rhd/BOGR 11264 PCORI2 weieirntloBRe IR Vasions hdst siehihs 6fn t he
Schi zochytrium |library wth ) . )
Saccharomyces cerevisiae. Transformation was done using PEG/LiAc protocol
(Methods in Enzymology Vol. 194 (1991): 186-187). Transformants were
15 selected by plating on synthetic media lacking the appropriate amino acid. The
pCGRS, pCGR7, pCGR9%2a and pCGR9b can be selected on media lacking
uracil. The pCGR10, pCGR11 and pCGR12 constructs can be selected on

" media lacking leucine. Growth of cultures and fatty acid analysis was

ransior

performed as in Example 5 above.
20 Production of GLA

Production of GLA requires the expression of two enzymes ( the A6 and
Al2-desaturases), which are absent in yeast. To express these enzymes at
optimum levels the following constructs or combinations of constructs, were

introduced into various host strains:
25 1) pCGR9a/SC334

2) pCGR9b/SC334

3) pCGRI10a and pCGR7/SC334

4) pCGR11 and pCGR7/SC334

5) pCGRI12 and pCGR5/SC334
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20 honol ogy to Ma29 and Ma524; it is called 81-23-C7. This clone
contains a ~1 kb insert. Partial sequence was obtained fromeach end of the
cl one usi t iversal forward and reverse sequencing pri g DNA
sequence P&gégﬁﬁ%ﬁf orward priner is presented as SEQ I D NO f?lr"%?é;g ’g& i de”
sequence is presented as SEQ I D NO 24. The DNA sequence fromthe reverse

primer is 25 presented as SEQ I D NO 25. The ami no acid sequence from
the reverse priner is presented as SEO I D NO 26. -66- Exanpl e 12 Human
Desat urase Gene m&&ﬁk@m&m&ﬁ% se gene sequences potentially

I nvolved in long chain polyunsaturated fatty acid biosynthesis were

i sol ated based o) WGRER PCGR7/DRY#6n t he human cDNA sequences and
Mortierella al pi na desaturase gene sequences. The three conserved

"hi stidi ne boxes" knolthe pGGBSaconsnickat botiothg AGemdrAl2eddsaturnse garsundases

were found. As w,th sone othe ne- bound _de rases fhe final HXXHH

hi stidi ne box notecoRiel %@Bﬁ@%@ﬁgg{ moterhﬁla%«%ﬁ#@eme@%mmeef t he

putative hgman dogdhithis a6struéfdid not ShoW &yl GHARERhREN o & thal ﬁmﬁ?@% il 15
a

A6, A9, and Al2 desaturases. The Malpina [err]5 desaturase
desat urase cDNA SAqnddsdaneder Howeyer, whes SwrAfhandnkl 1-ddseBease genextwese of

| te Ph tical | Pal o Al Cal i f i a 94304. Th 5
oSt ur ase Sequel MR SEGrale S AL imihates b coaitp romsih W *bler 5o, o)
am no acid no. lilexpéss ABNEnBA1 R aEsARurae! 45 5dendEdlby the cﬁxverﬁﬂﬁ’of theg [err]6

desat urase sequence was divided into three fragments; am no aci d no.
1- 150, 2) ami no espettive subistrates @@ prodncts.3Thaii 2xdesmtirdsergene ACGRYa wakiese

pol ypepti fragnents re.searched agai nst the database using the
"t bl ast n" c@l gor i C¥RIFSSeHpLe aﬂ’ﬁﬁﬁ?&'ﬂ?ﬁ%BWWB§?ésﬂPﬁtt8ilﬁ32ﬁl§éPy sequence

agai nst a nucl eoLregRoaAUBACHhTS Qg@ ﬂﬁ% ' b, al |l six
readi ng franes 28 (both stra‘r}ﬁs &F e pgkgxgée%%{%%%??zg%%ngﬂfé%Z and 3 of
M alpina [err] Sbeaadse[therlpﬁdtﬁavasﬁmbeinggbmmﬁtt@18:B66?@6Aﬁndmm®.s as
outlined in Table 6. The Clonel D represents an individual sequence fromthe

Incyte LifeSeq databaghe pBGROb cofistruct Blsa fild'both $e'Ad ind'AYEdEGRRadPeh&ed,
Clone Informati on was searched with the
under the control of the GAL promoter but in an inverse order compared to
15 pCGR9a. In this case, very little GLA (<1%) was seen in pCGR9b/SC334
cultures. The expression of A12-desaturase was also very low, as evidenced by

the low percentage of 18:2w6 in the total fatty acids (Fig. 6A and B, lane 1).

To test if expressing both enzymes under the control of independent
promoters would increase GLA production, the A6-desaturase gene was cloned
20 into the pRS425 vector. The construct of pCGR10a has the A6-desaturase in the
correct orientation, under control of constitutive GPD promoter. The pCGR10b
has the A6-desaturase gene in the inverse orientation, and serves as the negative
control. The pCGR10a/SC334 cells produced significantly higher levels of
GLA (5% of the total fatty acids, Fig. 6, lane 3), compared to pCGR9a. Both
25 the A6 and Al12-desaturase genes were expressed at high level because the
conversion of 18:1w9— 18:2w6 was 65%, while the conversion of 18:206 —

18:3w6 (A6-desaturase) was 30% (Fig. 6, lane 3). As expected, the negative
control pPCGR10b/SC334 did not show any GLA.

To further optimize GLA production, the A6 and A12 genes were
30 introduced into the pYX242 vector, creating pCGR11 and pCGR12
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25 default settings of Stringency of >=50, and Productscore <=100 for
different C onel D nunbers. The C one Information Results displayed the

i nformation including the ClusterID, ClonelD, Library, HtID Hit

Descri pti OWO%HEM3sel ect ed, the C uster| D nunber displayed PEI/QHIBAH26
information of all the clones that belong in that Custerl D. The Assenble
command assenbles all of the 30 Cl onel D"whi ch conprise the O usterlD.
The foll ow ng default settings were -67- used for GCG (CGenetics Conputer
G oup, Universi tmsmﬁﬁt&lﬁc'ﬁmp“XMZ)Vmewgiox@bﬂ#t&ntivégdjn.&v@hn H?Jitgé:wm?l n
53705) Assenbly: Wrd $ize: 7,5 I erlap: .

Stri nz;ency: g Pmme?%m%ﬁ’f’éﬁuﬁ?fi Kawesaky, G- (&94?2%2%!?&(%@?1 Benetics 10 Gap

Veei ght : %159, The intleBfld{on MBCEK 11 and pcz}lgﬁ sERARlutelg Yl S -
di spl ayed the contigs generated on the basi's of sequence information within
the ClonelD. A cappraximatelyfte of Ghdvisvtotabfattpiaeids ofj 86334 sTheratdofmonversion  of

. 15 0 su quence)
tas gener af ed baS R R AR PR 2 18 e RS SpteR i T SO R 4R
conti g contai ni ngspebivély (Fig! 6A wadB| RAOH). TR presdfick SFPFCERPE GMPHOGRISHES Of
t he consensus sequence was edited based on the al |tgnrrent of the C onel Ds

(see SEQ I D NO 33435%91169%@.6?‘29%;!@@%&&1 wiﬂhgi @sxon}wsignmtg Oﬁ_?_qgfancg.
Th d o, . . Sk n Tabl e 6.
This prodused 1 pRraRREER sdRfortoln HoLPIEIGs 300 18206 R IB0E o5 o the s
contigs were | rrpesA}ieedvél}n(KigIh@eaﬁbgghﬁggprﬂ?ﬁfalth&igh tﬂée Egalijtgms ggﬁgﬁciggd\?\; .
Co tiopn, A or, chi , ese _consensus
asgg%?eh?gThengﬂﬁﬁPﬁtyﬁ%m i Fi §PWIMRQC%WM°W% new
contig was cal | efle gedersdiciardsiof Mibstate to Bb%u&%rb%uéﬁemhkfb%cgﬁz/gccm

Sequencher program were copied into the Sequence Analysis software package
of GCG. Each corgonpin@iont ransl ated in all six reading frames into protein

To determine if changing host strain would increase GLA production,
PCGR10a and pCGR7 were introduced into the host strain BJ1995 and
15 DBY746 (obtained from the Yeast Genetic Stock Centre, 1021 Donner

Laboratory, Berkeley, CA 94720. The genotype of strain DBY746 is Matc.,
his3-Al, leu2-3, leu2-112, ura3-32, trp1-289, gal). The results are shown in Fig.
7. Changing host strain to BJ1995 did not improve the GLA production,
because the quantity of GLA was only 1.31% of total fatty acids and the

20 conversion rate of 18:1w9 — 18:2w6 was approximately 17% in BJ1995. No
GLA was observed in DBY746 and the conversion of 18:109 — 18:2w6 was
very low (<1% in control) suggesting that a cofactor required for the expression

of A12-desaturase might be missing in DB746 (Fig. 7, lane 2).

To determine the effect of temperature on GLA production, SC334
25 cultures containing pCGR10a and pCGR7 were grown at 15°C and 30°C.
Higher levels of GLA were found in cultures grown and induced at 15°C than
those in cultures grown at 30°C (4.23% vs. 1.68%). This was due to a lower
conversion rate of 18:2w6 — 18:3w6 at 30°C (11.6% vs. 29% in 15°C) cultures,
despite a higher conversion of 18:109 — 18:2w6 (65% vs. 60% at 30°C (Fig.

30 8). These results suggest that A12- and A6-desaturases may have different
optimal expression temperatures.
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sequences. The M alpina [err]5 (MA29) and [err]6 (MA524) sequences were
conpared with each of the translated contigs using the FastA search (a

Pear son -68- d Li pman search for simlarity between a que nce
and a grou 5?“§§Euences of the same type (nucleic acid or;}Q#@§$ﬁ§Hﬁ )
Honol ogy anong these sequences suggest the open reading frames of each
contig. The honol ogy among the M alpina [err]5 and [err]6 to contigs 2535
and 3854933 were utilized to 5 create the final contig called 253538a.
Figure 13 is the Fast Rftbe varioys parametarnexamined inghis sprizstemperatymreb  and

Fi gure 14|sthe I e DNA
i 1o, EHE B e g e,
e vari ousn siva [ & hain.
40. 10 t hough t.h eadl u tﬁ:a ener ated .by nerging
the two contigs, °9W§n 5‘\‘%’?){ &‘ﬁpgﬁdﬁ ?r%“\fges& §FRreSiefience i n
El'ﬂe b](cagl nnlqn? of thi s]ﬁ‘g 4%%‘\{/{“ ch does & §% tﬁ&atépggl%?ntl n§e8r?4933'
erefore i S possi
i ndependent desafiy %%Lk'&%léié’%@t&%ﬂ% bl-'f’solated from Moyt E%z&&g&a%&%éﬁ“a

contains an open reading frame encodi ng 4 am no acl arts wth An
(CAG and ends wbelexpiesseds e;ﬁxex:mdmdl(anm)r in ¢¢mbma(mn, in 2bsEdogous systemwi t h

both M al pina [errk r16,. se uen e

ei ther of the deddf h?ea@ r£‘§‘§ JREHYI' gaﬂ?ﬂ@s%f‘{fr?g‘& p\llbﬁF‘gff‘qEﬁare
honol ogy with eaghodictiés of GLA ﬁérﬂloveléih@hbye ﬂeﬁk‘iox?@fAlZ- ahdl AbSidsattraddihe 18,
as well as the internediate contig 2535 and the final contig 253538a can be

utilized tHisol aeasti he conpl ete genes for human desaturases. Uses of the
human desat urases These human sequences can be express in yeast and plants
utilizing the procedures described in the precedi ng exanples. For
expression in manmal i an 25 cell s trExamplec ani mals, these genes may
provi de superior codon bias. In addition, these sequences can be used to

i solate rel ated desaturase genes from other organisns. Table 6 Sections of

the Cone ID from Lyj&GeRitalioh %Pﬂ%&olﬁ&%&ﬂt alpina AS and A6 desaturases

A nucleic acid sequence that encodes a putative A5 desaturase was

identified through a TBLASTN search of the expressed sequence tag databases

15 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

20 significant homology to Ma524. The DNA sequence is presented as SEQ ID
NO:19. The amino acid sequence is presented as SEQ ID NO:20.

Example 10

Identification of M. alpina A5 and A6 homologues in other
PUFA-producing organisms

25 To look for desaturases involved in PUFA production, a cDNA library
was constructed from total RNA isolated from Phaeodactylum tricornutum. A
plasmid-based cDNA librariy was constructed in pSPORT1 (GIBCO-BRL)
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Desat ur ases -69- 151-300 [err]5 3808675 f”'alttt"y.;' |

aci d desaturase 301-446 [err]5 354535

[err]6 151-300 [err]6 3448789 A6 151-300- -
[err]6 WO 98/46763 1362863 [err] 6 151- FCT/PIBOTR6
2394760 [err]6 301-457 [err]6 : 3350263
[err]6 Exanple 13 1. | NFANT FORMULATI ONS A. | som | Soy Formula with
lron. 5 Usage: As a beverage for infants, children and adults

with an allergy fllostisminufadtirel’9ind@iiétionsuditig a Sofaredially badilablRikitent S wit h
di sorders for which |actqse sh%_lad hbe avoi ded: |actase deficiency, |actose
i nt ol erance and W‘ i Rangom GHNA clopgs were sequenced apdpygleic acidsgy

protein isolate | ] aiﬁiﬁ% |.0:all:

sensitivity Lact%@lel- cr%égm?gégr%g? tlg‘l];’le §g\§g§g:agé ac %é@rgé%g%ﬁéf?eﬁ (ﬁhar rhea
[err] Low osBhASTsearch 460 theambhspsand esmparison esiMR9 ahd M54 gequehices.

di arrhea. 15 [err] Dual carbohydrates (corn syrup and

sucroz_e) déﬁi gngd to _enbalwem_aidmﬁﬂéﬂﬁbméhémhﬁgwhaj}lum[ﬁﬁbm Ehg ri Skf of
exceedi ng the absorptive ci t.he damaged qut. [err .8 ng o

| ron (asgf errousﬁ%‘H lPﬁYé‘)ﬁ%@?“’l‘%&&‘f;&ﬁséél??dolg%e?]g‘g_i%vm ])N%W%E?qeggency.
20 [ SfeSdnted as SPRG AVMRRIeATh mi@saei(‘)df eég&&{& @?glféﬁ%téﬂ ANED 2 [err]

Vegetabl e oils to provide reconmended | eve ssent | atty aci
| k-

[err] M | k- WwNiK:22.col or, milk-1ike consistency and pleasant aroma. -70-
Example 11
10 Identification of M. alpina AS and A6 homologues in other

PUFA-producing organisms

To look for desaturases involved in PUFA production, a cDNA library
was constructed from total RNA isolated from Schizochytrium species. A
plasmid-based cDNA library was constructed in pSPORT1 (GIBCO-BRL)
15 following manufacturer's instructions using a commercially available kit
) (GIBCO-BRL). Random cDNA clones were sequenced and nucleic acid
sequences that encode putative A5 or A6 desaturases were identified through

BLAST search of the databases and comparison to Ma29 and Ma524 sequences.

One clone was identified from the Schizochytrium library with

20 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:23. The peptide sequence is
presented as SEQ ID NO:24. The DNA sequence from the reverse primer is

25 presented as SEQ ID NO:25. The amino acid sequence from the reverse primer
is presented as SEQ ID NO:26.
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I ngredients: (Pareve, [err]) 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%
cal ci um ci 311 % cal cium phosphate tribasic, potassiu ?8357326 3
pot assi um phosphate nonobasi c, potassium chloride, nono- and ycerides,
soy 5 | eci thin, carrageenan, ascorbic acid, L-nethioni ne, magne5| um

chl ori de, potassium phosphate dibasic, sodiumchloride, choline chloride,
taurine, ferrous sulfate, minositol, 2! Eha-éoaopheryl acetate, zinc

sul fate, L-carnitine, niacinamde, cal thenate, cupric sulfate,
vitamn A palmtate, thiamne chloride hydrochloride, riboflavin,

pyri doxi ne hydrochl oride, folic 10 aci d, manganese sul fate, potassium

i odi de, phyl | oqui none, biotin, mﬁﬂimmmhmbmneﬁﬂaeﬁ&sm and
cyanocobal am n. B. | som | DF Soy Fornula For D| arrhea Usage: As a

short-term feeding for_the dietary nmanagenent of arr a in.inf nts and

toddl ers. 15 Humapdgsatprase gqng spquences Retgntial Yedriglong
cont ai n added di 4B
managenent. [err ?Bﬁﬁﬂsagx?lﬁla gi igg\i\%ﬂﬂ%{srvzgﬁgﬂeoﬁ %t%t%sﬁ??? :hgﬁiogégyroose

watery stod s dubeﬂwgemhedxmmnsﬁhémeqneacesmd Mortierdllaralpinazigsaturase gene

I A ds_of .th
miant. [err] . saapess dRERwer GonfraR ekl fetest kndPRlo i Frdede "o,

exceeds an inf anmngmvrmma%saaﬁrhse@wafd@a AFwith sd@iedsther] er r ]
Lactose-free formul atlon to avoi d | actose-associ ated diarrhea. [err]

Low osmol al ity (ZQRI}‘ QU \ﬂ&ﬁ%ﬁ“}’s‘ts ¢ Hipal FEXKHE WFB‘P{‘“BPO’ESWWW% found

osnotic diarrheay, lebgl bRde & SR ﬁy%gpse)
designed to enhance car bo yaﬂgte absor Eeqqon gﬁ‘&ﬁ gﬁcfgtée ﬁe res

exceedi ng Yhe abegrhipited/komelogy td . alpindAS5,dx6rdx$e dndyAll 2 desaturases. [ err ]
Meets or exceeds the vitamn and mneral |evels recomended

The M. alpina AS 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 ﬁ'agments; 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 6. The CloneID
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
ClonelID 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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by the Conmttee on Nutrition of the American Acadeny of Pediatrics and
required by the Infant Fornmula Act. [err] 1.8 ng of iron (as ferrous

sul fate) per 100 Calories to help 5 prevent iron _deficiency. - °
[err] Wegs#Bl e oils to provide recommended | evel s of eé’gaﬂfﬁ%'f'"?étty -
acids. Ingredients: (Pareve, [err]) 86% water, 4.8% corn syrup, 2.5% sugar
(sucrose),. 2. 1% soy oil, 2.0%soy protein isolate, 1.4%coconut oil, 0.77%
soy 10 fiber, 0.12% calciumcitrate, 0.11 % cal ci um phosphate tri basic,

0. 10% pot assi umed feHGCGRGERARS Donmptep Grogp, Lhiversisy of Wieoasthat e nonobasi c,
nono- and di sglycerides, sqy lecithin, carrageenan, magnesi um chloride,
ascorbic acid, LBWWQJH%Q‘?ME}'@%W&%%Hég@ﬁi‘%ﬁ%&y‘ sodi um chl ori de,
choline chloride, taurine, ferrous sulfate, minositol, al pha-tocopheryl
acetate, zinc sulfate, L- 15 carnitine, niacinamde, calcium

pant ot henate, cupric sulfate, vitamn A palmtate, thiamne chloride
hydrochl ori de, rWoed $#ei n, pyriloxi ne hydrochl oride, folic acid, nanganese
sul fate, potassiumi odi de, phylloquinone, biotin, sodiumselenite, vitamn
D err] and5cyanodidisiuan©Owveriap: 14onil[err] SF Sucrose-Free Soy Fornula Wth
lron. 20 Usage: As a beverage for infants, children and adults
with an allergy Stingargitivity @8 cow s-mlk protein or an intolerance to
sucrose. A feeding for patients with disorders for which |actose and
sucrose shoul d befiikmintRiEntifycat Ly es: [err] Soy protein isolate to avoid
synptons of cow s-m | k-protein 25 allergy or sensitivity. [err]
Lact ose-free forpukidiRGapo avoi@ | act ose-associ ated di arrhea (carbohydrate
source is Polycose G ucose Polyners). Sucrose free for the patient who
cannot tolerate GHp Wsight: - 72- 8 [err] Low osnol ality (180 nOsm kg
water) to reduce risk of osnotic diarrhea. [err] 1.8 ng of iron (as

ferrous sypfat e)L&pé'thwg}@gil ories to help prevent iron deficiency.

GCG Assembly Results displayed the contigs generated on the basis of
sequence information within the ClonelD. 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:27 - SEQ ID NO:32) to generate
the best possible sequence. The procedure was repeated for all six CloneID

20 listed in Table 6. 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 NO:33). 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 AS (MA29) and A6 (MAS524) sequences were

compared with each of the translated contigs using the FastA search (a Pearson
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5 [err] Recommended | evel s of vitamns and minerals. [err]
Vegetable oils to provide recomended | evels of essential fatty acids.

[err] VQ@ %te color, mlk-1like consistency and pl easan

| ngr edi ent L [err]) 75% wat er, 11.8% hydrolized corf &Wﬁ#@ﬁgl% 1% ~
10 soy oil, 4.1% soy protein isol ate, 2.8% coconut oil, 1.0% nodified
cornstarch, O. 38% cal ci um phosphate tribasic, 0.17% pot assi umcitrate,

0. 13% pot assi um chl ori de, nono- and disglycerides, soy |ecithin, nagnesium
chl ori de, abscoabdbimmean_chrfmmmdmtyd;emgﬁmaqmaecbmneamdasgmt'upnfchl ori de,

choline chloride, carrageenan urin rous. s m i nosi t .ol

al pha-t ocopher yfé%fgfeétag%mﬁaﬁg tzge fnucﬁg 'i?%pmﬁel%l)é‘r ﬁt“f‘?ﬂ%gy W% tﬁgsrﬁ de,
cal ci um pant ot h@ftﬁieﬁces(suggdsﬁﬂﬁldpéﬁlf&dmgl franesbfdablRtort, gat'ﬂleﬁdm

chl oride hydrochlorid riboflavin, pyridoxine hydrochloride, |c aci d,

nmanganese sul f ata@Onﬁé“!“aMsF’qu %%Aﬁéﬁy‘i’ﬂ%@%ﬁéﬂ 3854933 were whzmhto
| enit t |
Wth i on Ready cirarne Blaly g canal 25353sa. Figup PP g fisth it ¥nb Bl | °

soy feeding is deMgEiBﬁBmgnchﬁém,andEi@:re!/e;stbeFaét)\xﬁ&%uﬁt}erﬁnanccﬁﬁigcorn
syrup, 2.6% sug uc o oil, 1.9% so rotein isolate, 1.4%
coconut oOi I0 ?é%f%ﬂeﬁmé?‘f i’f‘ ief%”&% ?0 éﬁ'g QU ontes ?’Fbam c,
potassiumcitr atp?eseﬂea %SEQVIDZﬁO 27 -sa@mwssf TIRIPRBS ge ptRidlsBqien

chloride, nono- and disglycerides, soy |ecithin, carrageenan, abscorblc

aci d, L-methi onlamhomgné(hmm :0¢ - 8EQ BONOs 4Dum phosphat e di basi ¢, sodi um
chl orlde choline chloride, taurine, ferrous sulfate, minositol, _

al pha-t oclﬁ)heryl acetAdthough theopsa réading framca&raaigeileret,edrbb'mfngmgithletwmal ci um
pant ot henat e, ne.chloride

ul
hydr ochl ori de, cu r| : ﬁ}?"r‘?“{‘%ﬁﬂ%ﬂ}é’ﬁe f ?rSé%?anﬁseqlﬁf"i’ebm%%agégmmﬁ%i d,
manganese sul f aT&ﬂn@G&lﬁfgSWIﬁﬁh ideel 1Kt madH/ With ke (ﬂﬁﬂ@ 3854933, Thepéfdie) Wis

selenite, vitamn er and cyanocobal am n. E. Simlac Infant Fornul a
Usage: Wen an iPepsd tlmmﬁﬁF gontigs e generated fiom independent desatiraselike 5
di sconti nue brejghiaf Pg@hékg before age 1 year, if a supplenent to

breastfeeding is
15 The contig 253538a contains an open reading frame encoding 432

amino acids. It starts with Gin (CAG) and ends with the stop codon (TGA).
The contig 253538a aligns with both M. alpina A5 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 express in yeast and plants utilizing the
procedures described in the preceding examples. For expression in mammalian

25 cells transgenic animals, these genes may provide superior codon bias.

In addition, these sequences can be used to isolate related desaturase

genes from other organisms.

Table 6

Sections of the Clone ID from LifeSeq Database Keyword
Desaturases
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needed or as a routine feeding if breastfeeding is not adopted. Features:
[err] Protein of appropriate quality and quantity for good grow h;

heat - denat ured, which reduces the risk of m | k-associated enteric blood 10
| 0ss. [er WO98/4676%xt from a bl end of vegetable oils (doubly RGHIGERIOTRE)
provi ding essential linoleic acid that is easily absorbed. [err]

Car bohydrate as |l actose in proportion simlar to that of human mlk. 15
[err] Low renal solute load to mnim ze st ress on devel opi ng organs.
[err] Powd gT—Cp31CFahs at cd| LT qUT O ABe86TS e ity & jaturdsé 0| edi ent s:
([err]-D) Waten, TOBg 16 Ab1 K, | acloOSe, 33@3350i1 1, COC nut 0| hé mono-| and

di gl yceri des, 40y T ¢sil3oDRAG, ap$Ccor DI C 3448dg9 car r ageg¢nan, cBel i ne chl ori de,
taurine, minogTToOl 151c30pRA&- t ocppher yI aseXses €, zI nc|sulfaftas niacl pam d, 20
ferrous sul fate, calisi-aepapant of henat e, 2694360 ¢ sulfafje, vitaain A phlnmtate,
t hi am ne chl orifde hyal43¢B6or i d¢, ri bof 13450268 pyri doxi ne hydsochl or| de,
folic acid, manganese sul fate, phylloqulinone, biotin, sodiumselenite,
vitam n D3 and cyanocobal am n. F. Simlac[err] NeoCare Premature |Infant
Formula Wth Iron 25 Usage: For premature infants' special
nutritional needs after hospital di sch@xampléli3n|ac NeoCare is a
nutritionally conplete fornmula devel oped to provide premature infants with
extra cal ories, prot eral s needed to pronote catch-up
growt h and supert dm%%m&!@ 74- Reduces the need for
caloric and vitam n suppl errentatl on. More callorl es (22 Cal/fl oz) then
standard term f or nmul &- (st@FQ@"YOE‘)m‘HBWTh YOl L ghl y absorbed fat bl end,
with mediumchain triglycerides (MCT oil) to_help neet the speC| al

di gestive heeds of pr e:uAs abgverage for dnfants, children and[adplty with anglleggx or| evel s
of protein, vit c%r%;] S QL L t

nutritional supf)s%}rl{i W| ate ﬂk %ﬁh;}g?or eﬁt %h(ﬁwgr erggéil-l‘%llﬂghm and
phosphorus for i laqlommdulddneavmdedrlabtaswddfmmncy, lactose intolerance and

galactosemia.
Features:

10 . Soy protein isolate to avoid symptoms of cow's-milk-protein

allergy or sensitivity
° Lactose-free formulation to avoid lactose-associated diarrhea

. Low osmolaity (240 mOsm/kg water) to reduce risk of osmotic

diarrhea.

15 J Dual carbohydrates (corn syrup and sucrose) designed to
enhance carbohydrate absorption and reduce the risk of exceeding the
absorptive capacity of the damaged gut.

o 1.8 mg of Iron (as ferrous sulfate) per 100 Calories to help
prevent iron deficiency.

20 . 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.
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Ingredients: [err]-D Corn syrup solids, nonfat
concentrate, soy oil,
(medium Qo 98,4676§ha| n triglycerides), coconut

cal ci um phosphate tribasic, cal cium carbonate,

hi gh-ol ei ¢ saffl ower oil,

m |k, |actose, whey protein
fracti onated coconut oil

oil, potassi UF}:‘E)UE&#%ﬁ%

ascor bi c aci d, “imagnesi um

T Ay

chl oride, potassiumchlori de sodi um chl ori de, taurine, ferrous sul fat e,
minositol, choline chloride, ascorbyl pal mtate, L-carnitine,

al pha-t ocopheryl acetate,,.zi nc.sul f i acin m xe copherol s,
sodiumcitrate, cal ci@ﬁf‘ﬂ?ﬂfsot@@‘ﬁé{?’ga) CUpIAtET &, gpgxsypp%é?spgﬂram ne
chloride hydr ochigurbss, 2. l’%tsﬂf’bil ﬁgmdwraieﬁx zsbﬁieaxq% e&&ﬁﬁtmr o5k avi n,
pyri doxi ne hydrochl oride, I c acid, anese sulfate quU|none

bi otin, sodi um s@lcapmicirate0 leln{orﬁammarmo tvdubmt,axmtassmm cxtrats; prtassium

Nat ur al 24 .Cal /fl o0z. 20

Care Lo f i e
Usage: Desi gnedvﬁ}J E’Igl{e!itér_nmliggéb cfﬁ tEgsarr'%{hn m 589%’6 H?sg&ycgpg%sr A% ively with
human m | kSt o | deeithin tdarmgaegm, ascorbittaeid, LRgedhibnim, &mgh&ﬁiidrc@ld%ber nonf at
m | k, hydrol yzed cornstarch t ose, trac{ll onat ed. .coconut oi l

(medi um chai n t rROGASHE P 5‘ ic,jodiwm ghlogde«hpling ehlokids, tavsing, fegrgusnut
oi |, cal ci um phompagt ﬁl-ﬁlbslhﬁsdlﬁha-ﬁbﬁﬁﬁyl%bﬁtet LRk Sulf: %5 L—carmtfﬁ% nesi um

chl or| de, sodiumcit r at e, ascorbi ¢ acl d, cal cfum carbonat e, o- and
di gl yceri des, sdyaqxwmdm qalclmmaa@@maw, cupiris! sulfetechltammdﬁepalmxtatﬁ;si tol,

L e R R gl 212

pot assi um chl or'
ri boflavi b0 vi tae{a:id; mﬁm@aﬂlemz bulfafte, podssitthiiddide] sHiy1Rquinvae, Qﬁ&ﬁxpkbdlﬁm
I ¢ acid, rranganese sul f at e,

pyridoxi ne -75- drochlorlde biotin, fol
phy! | oqui none, \ﬁei%ﬁFﬂ“B@m%éP‘ﬂlﬁY%F@bﬂl%l%nd cyanocobal ami n. Vari ous
PUFAs of this invention can be substituted and/or added to the infant

fornul ae described abBve Alsamil® Fomaula FoyDiatrheaknown to those in 5
the art. 1. NUTRI TI ONAL FORMULATI ONS A. ENSURE[ err] Usage: ENSURE is a
| ow-r esi due | i qui d f ddengae Asdrihartgetmriaeding fos thardietaryl managemeitafaliarrhea

suppl ement to be,ysethWhk foddiefet ween meal's or, in appropriate
15 Features:

° First infant formula to contain added dietary fiber from soy fiber

specifically for diarrhea management.

. Clinically shown to reduce the duration of loose, watery stools

during mild to severe diarrhea in infants.

20 ° Nutritionally complete to meet the nutritional needs of the infant.

. Soy protein isolate with added L-methionine meets or exceeds an

infant's requirement for all essential amino acids.
° Lactose-free formulation to avoid lactose-associated diarrhea.

. Low osmolality (240 mOsm/kg water) to reduce the risk of

25 osmotic diarrhea.

. Dual carbohydrates (corn syrup and sucrose) designed to
enhance carbohydrate absorption and reduce the risk of exceeding the

absorptive capacity of the damaged gut.
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10 anounts, as a neal replacenent. ENSURE is | actose- and gluten-free,
and is suitable for use in nodified diets, including | owcholesterol diets.

Al though it is primarily an oral supplenent, it can be fed b i ent
OonditionsWQ%W&Y“For patients on nodified diets 15 [er%f]i‘“‘ggﬁ/ogﬁierly"
patients at nutrition risk [err] For patients with involuntary wei ght |oss

[err] For patients recovering fromillness or surgery [err] For patients

who need a | owresidue diet Ingredients: 20 [err]-D Water, Sugar
(Sucrose), Maltodextrien (ChMee}s or@xbeeds theavithniin dndimirexaldevels ecompiegtied] ei ¢

Safflower G|, Soy Protejn.lsolate ov...Q | . .Canola O Pot ass) Citrate,
Cal ci um Phosphate Tri §§3%9°§Haﬁ‘?ﬁﬁ"é§‘?‘¥'§989f%gﬂ‘é‘§?‘tﬁ‘h i c?(??ek;ﬁ 8si um
Phosphat e Di basic, Arighd réguited by iedTnfanbPeinila @Rt.or i de, Soy Leci thin,

Chol i ne Chloride, Ascorbic Acid, Carrageenan, Zinc Sulfate, 25 Ferrous

Sul fate, Al pha-Tocophgryl A%gh?&ﬁg@%ﬂﬁﬂ%%% Rt si6rie 'lﬁid’m

Pant ot henat e, Manganese Sul f at pric amn A Palmtate,

Thi ami ne CHl ori de HydpoeMehbirermdeficiyncy.doxi ne Hydrochl ori de, Ri bofl avi n,
Folic Acid, Sodium Mdl ybdate, Chrom um Chloride, Biotin, Potassiuml odide,
Sodi um Sel enate. -76- ¢ B.Vdgtfablsiilsité proviteTetdinpendddibdRiofikintial fatty

conpl ete, balanced nutrjtion for supplenental use between or with neals.
They provide a delici (?ﬁ’éiﬁ- nutrient- 5 rich alternative to other snacks.
ENSURE BARS contain <1 g | actose/bar, and Chocol ate Fudge Brownie flavor is
gl uten-free. (Honey Glagtadictsy (Raseye, 2)86%waterat 8% earnsrEmp) 2.5 Fugat

oo e 7 PO AL O Aog 077
enough cal b0i es dibar,012% ealtimn] eitrafe, G:01 ¥p ealgium phivsphete tribiakie, Rb0%i ty t o chew
and swal | ow potassium citrate, potassium chioride, potassium phosphate monobasic, mono-

and disglycerides, soy lecithin, carrageenan, magnesium chloride, ascorbic acid,

L-methionine, potassium phosphate dibasic, sodium chloride, choline chloride,

taurine, ferrous sulfate, m-inositol, alpha-tocopheryl acetate, zinc sulfate, L-

15 carnitine, niacinamide, calcium pantothenate, cupric sulfate, vitamin A
palmitate, thiamine chloride hydrochloride, riboflavin, pyridoxine
hydrochloride, folic acid, manganese sulfate, pdtassium iodide, phylloquinone,

biotin, sodium selenite, vitamin D3 and cyanocobalamin,
C. Isomil® SF Sucrose-Free Soy Formula With Iron.

20 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:

. Soy protein isolate to avoid symptoms of cow's-milk-protein

25 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.
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[err] Not to be used by anyone with a peanut allergy or any type of al | er gy
to nuts. 15 I ngredi ents: Honey G aham Crunch -- High-Fructose Corn

Syrup, Soy Protein |Isolate, Brown Sugar, Honey, Maltodextri i sp.
R ce (M VO] sSugar [Sucrose], Salt [Sodi um Chlori de] gﬁ@%@)‘zp

Bran, Partially Hydrogenated Cottonseed and Soy G ls, Soy Polysacchari de

d ycerine, \Wey 20 Protein Concentrate, Pol ydext rose, Fructose,

Cal ci um Casei nate, Cocoa Powder, Artificial Flafors, Canola G|, H. gh-Qeic
Safflower O |, Nonfat DryLowlokmolatits(188wmeQsm/kgmaterhts rediee riskcpfasmetic) |

Manuf act ur ed in afa |Iétay that processes nuts. Vitamns and Mnerals: 25
Cal ci um Phosphate Tr 139T% Pot assi um Phosphat e Di basi c, Magnesi um Oxi de,

Salt (Sodium Chl oride), assi cor bi Fetri c

Ot hophosphat e, Al ph%- Toc B "%C@tsg‘l’:@“slﬁP *h%?ﬁ@gj%‘cai‘?’iﬁ?t&?lae Cal ci um
Pant ot henat e, Copper @&ﬁ%ﬁt@ﬁcmanese Sul fate, Riboflavin, Beta-

Car ot ene, Pyri doxi ne Hydrochl oride,” Thiam ne Mnonitrate, Fol i c Acid,

Biotin, -47- Chr o 9&{7:1 %&d?ﬂﬂ},& g4 um Sel enat e,
Sodi um MoT'ybdat e, PhyI I oqw none tamn err| an anocobal ami n.

Ccolate 5 ) and o1k pyoearbie Siel TR PiEgdd el S ackbiarily P15 T

M1k prote| ns acids. 26% Fat: Honey Graham Crunch - The fat
source is a blend of partlally 10 hydrogenated cottonseed and soybean,

canol a, high oleic sgffl onRik-whii€ col6F, tifi-like c&i@i%teieya}x&ﬁlehélhf‘amﬁﬁ” ially
hydr ogenat ed cottonseed and soybean oil 76% Canol a oi |

8% Hi gh-ol ei c saffl oyghedibds: (Pareve, @) 7598 Water, 11.8% hydrolized cornstarch, 4.1%

10 soy oil, 4.1% soy protein isolate, 2.8% coconut oil, 1.0% modified cornstarch,
0.38% calcium phosphate tribasic, 0.17% potassium citrate, 0.13% potassium
chloride, mono- and disglycerides, soy lecithin, magnesium chloride, abscorbic
acid, L-methionine, calcium carbonate, sodium thoride, choline chloride;
carrageenan, taurine, ferrous sulfate, m-inositol, alpha-tocopheryl acetate, zinc

15 sulfate, L-carnitine, niacinamide, calcium pantothenate, cupric sulfate, vitamin
A palmitate, thiamine chloride hydrochloride, riboflavin, pyridoxine
hydrochloride, folic acid, manganese sulfate, potassium iodide, phylloquinone,

biotin, sodium selenite, vitamin D3 and cyanocobalamin

D. Isomil® 20 Soy Formula With Iron Ready To Feed,
20 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%
calcium citrate, 0.11% calcium phosphate tribasic, potassium citrate, potassium

25 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,

30 thiamine chloride hydrochloride, riboflavin, pyridoxine hydrochloride, folic
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15 Corn oi l 4% Soy | ecithin

4% Car bohydr at e: Honey Graham Crunch - The carbohydrate source is a

conbi nati on of hi&h-fruct ose corn syrup, brown sugar, naltodextrin, honey,
crisp ri ceWOR$/46763 g ycerine, soy pol ysaccharide, and oat bRGF{US98/07126 -

H gh-fructose corn syrup 24% Br own sugar
21% Mal t odextrin 12% Honey
11% 25 Crisp rice 9% d yceri ne

9% Soy pol ysacchacidgmanganese sulfate, potassiunt ¥odids, phylloquinone, biotin, sodium

7% -78- C. EI\ﬁURE%err . I-{:)GH PROTEI%I Usage: ENSURE HI GH PROTEIN is a
concentrated, hi §HEMGVHRRIN Dyand FYRRRY ﬁl‘é@!‘gned for people who require
addi ti onal cal ori es, otein, Vi LNs,. and_ mnerals in their diets. It can
be used as an oral nut itig;gplagéﬂ}antgaﬂﬂp%m with or between neals or,
in appropriate anounts, as a_neal replacement. ENSURE H GH PROTEIN is

| act ose- and gl ut en- f Adsage:aWihen gn infantformanla inegded: 1§ theedsgisionigmedeto ng from

general surgery hden ' '

O core. part ont Csoapinic eb{itang Sifolblasd ey fppleritly otreRtBRRY &
addi ti onal cal or ineededmras eiroytingi feadingif breastfeedingds nétsadoptedh as patients
recovering fromgeneral surgery or hip fractures, patients at risk for

pressure ul cers, and [Rehtuesst s on | ow chol esterol diets Features- [err] Low
in saturated fat 15 [err] Contains 6 g of total fat and < 5 ng of

chol esterol per serving [e'Pﬂ)teﬁ@%ppﬁibﬁﬂﬂ%!ﬁuﬁ%hﬂdhﬁéﬂﬂty%bﬂ@fﬁmﬁpurCe of
protein, calcium and other essential vitanmns an
heat-denatured, which reduces the risk of milk-associated enteric blood

10 loss.

. Fat from a blend of vegetable oils (doubly homogenized),

providing essential linoleic acid that is easily absorbed.

° Carbohydrate as lactose in proportion similar to that of human
milk.
15 . Low renal solute load to minimize stress on developing organs.

. 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,

20 ferrous sulfate, calcium pantothenate, cupric sulfate, vitamin A palmitate,
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

25 Usage: For premature infants' special nutritional needs after hospital
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:
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mnerals [err] For |ow cholesterol diets 20 [err] Lactose-free,
easily digested Ingredients: Vanilla Suprene: -[err]-D Water, Sugar
(Sucrose) ,wiygkiergxtrin (Corn), Calcium and Sodi um Casei nat e L= ei C
Saf f | ower 08?? Soy Protein Isolate, Soy G|, Canola Q1, Potlzl(':s'lgF%%:;‘LH 6r ate,

Cal ci um Phosphate Tribasic, SodiumCtrate, 25 Magnesi um Chl ori de,
Magnesi um Phosphate Di basic, Artificial Flavor, Sodium Chloride, Soy

Leci thin, Choline Chloride corbic Acid, Carrageenan, Zinc Sulfate,
Ferrous Suffate, Al ph%-To §/the need for calogis japd vitamin supplementativaeMara)| ci um

Pant ot henat e, Manganeggoriad I(j?ggyﬂ %ﬁ’hgg )%%%Jr%%{nofg#g% Q%GACB% Bbt‘ ate,

Thi am ne Chl ori de Hydrochl or
Ri bofl avin, Folio Acid, Sogj ) rom um.Chl ori de, , Biotin,

Pot assi um | odi de, Sodéljum g“g@ Wé@&ﬁgﬁ%ﬁ%&ﬁ %@é’,‘%‘?‘éﬁ%ﬂﬁﬂgycﬁﬁ%"s
Cyanocobal ar ni n. Pr ot @IGT ofl) to help fieet the Gp&idl digesfiveEndeds of Pleftiaelire infa®)

hi gh- bi ol ogi c-val ue proteins: casein and soy. Sodi um and cal ci um casei nat es

85% Soy pretein isolaie  Higher levels of proteir “ifatlins #1d minerals P& lfOQ?Cﬁ&WsC_e I'S
a blend of three oils: high-oleic .saf?l ower, canol a, anda soy. High-oleic
saffl ower oil to extend dheputeitianal isypport initiated in-hospital. 30% Soy

oi | 30% The | evel of fat in ENSURE H GH PROTEI N
meets Anerican Heart 45  More‘calciumanidghoéphidA)s fotimisovedtboneThinefaligativons of
fat in ENSURE H GH PROTEI N represent 24% of the total calories, with 2.6%

of the fat being froningedientst edDf Cornsyapi sdtids mdnfat Bitk{ [aetose,lheyHratein at ed
fatty acids. These val ues ar.? \Mth'in t AHA gui del i nes of [er_r(] 30% of
total calories fYOBfifHiate. soy eilqughyolaic satflower ik fractionatadgagpautail (mediym-aci ds,

and [err] 18 0% OghatrPiilyceAA&), BCorut O, potassium citrate, calcium phosphate tribasic,
calcium carbonate, ascorbic acid, magnesium chloride, potassium chloride,
sodium chloride, taurine, ferrous sulfate, m-inositol, choline chloride, ascorbyl
palmitate, L-carnitine, alpha-tocopheryl acetate, zinc sulfate, niacinamide,
mixed tocopherols, sodium citrate, calcium pantothenate, cupric sulfate,
15 thiamine chloride hydrochloride, vitamin A palmitate, beta carotene, riboflavin,
pyridoxine hydrochloride, folic acid, manganese sulfate, phylloguinone, biotin,

sodium selenite, vitamin D; and cyanocobalamin.

G. Similac Natural Care Low-Iron Human Milk Fortifier Ready
To Use, 24 Cal/fl oz.

20 Usage: Designed to be mixed with human milk or to be fed alternatively
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,

25 magnesium chloride, sodium citrate, ascorbic acid, calcium carbonate, mono-
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
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TR T et e

20 pol yunsaturated fatty acids. Carbohydrate: ENSURE H GH PROTEI N
contains a conbination of maltodextrin and sucrose. The m|d sweetness and
flavor vari et vani |l a suprene, chocolate royal, wld berr na) ,
pl us VAR VPR3 err] Flavor Pacs in pecan, 25 cherréFT’gjérgsé@mﬁgéry, -
| emon, and orange, help to prevent flavor fatigue and aid in patient
conpliance. Vanilla and ot her nonchocol ate fl avors Sucrose

60% - 80- Mal t odextrin L 40% Chocol at e Sucrose
70% Mal t odext r i rhydrochloride, biotin, folic acid, mangarsseswfate, phyoguiseme; witamin DT
Usage: ENSURE LI GHI is,a. f Lk, f 00d designed for use as an oral
nutritional supﬁf’gwgh?el%‘{e%}q%ﬁ%lg#men Meal s. ENSURE LIGHT is |actose- and
gluten-free, and is i tab or .in pndj fi [, ' H@ w 10
chol esterol diets. Pa %Wb@;&ﬁ‘{ﬁ{@géﬂ&P%éméguﬁ%m?aﬁv\c/{e)lsgg @%{1‘8
overwei ght pati gpfant fitMmulieddsceibed abdvetant to ther iifat formulaekmownitd toseint ai ns
50% | ess fat and 20% fewer calories than ENSURE [err] For healthy adults

who don't 2at ri@h?ﬂand need extra nutrition 1 5 Features: [err] Low in
fat and saturated fat err]réOont ains 3 of total fat per serving and < 5
nmy chol esterol [Brr] NZ{JKIRI, Oy F AFEQNSxcel | ent source of cal ci um
and ot her essential vitamns and mnerals 20 [err] For

| ow- chol est erol di et sA] ENSJURE® ose-free, easily digested |ngredients:

Usage: ENSURE is a low-residue liquid food designed primarily as an
oral nutritional supplement to be used with or between meals or, in appropriate

10 amounts, as a meal replacement. ENSURE is lactose- and gluten-free, and is
suitable for use in modified diets, including low-cholesterol diets. Although it

is primarily an oral supplement, it can be fed by tube.

Patient Conditions:
e For pétients on modified diets
15 o For elderly patients at nutrition risk
» For patients with involuntary weight loss
¢ For patients recovering from illness or surgery
o For patients who need a low-residue diet

Ingredients:

20 ©-D Water, Sugar (Sucrose), Maltodextrin (Corn), Calcium and Sodium
Caseinates, High-Oleic Safflower Qil, Soy Protein Isolate, Soy Qil, Canola Qil,
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,

25 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_ Todide, Sodium Selenate,
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French Vanilla: [err]-D Water, Mltodextrin (Corn), Sugar (Sucrose),

Cal ci um Caseinate, Hgh-Oeic Safflower GI, Canola G|, Magnesium )
Chl ori de, Sodium 25 Citrate, PotassmmOtrate Pot assi oAt €
Di basi c, NAGP846T%h Phosphat e Di basic, Natural and Artificial Flavor,

Cal ci um Phosphate Tribasic, Celtulose Gel, Choline Chloride, Soy Lecithin,
Carrageenan, Salt (Sodium ChI oride), -81- Ascorbic Acid, Cellulose Gum
Ferrous Sul fate, Al pha-Tocopheryl Acetate, Zinc Sulfate, Ni acinam de,
Manganese Sul fate, Cal ci um Pantothenate, Cupric Sulfate, Thiam ne Chloride
Hydrochloride, Vitamn A Palmtate, Pyridoxine Hydrochloride, R boflavin,
Chr onmi um Chl ori de, FoB. CENSUREGBARSH 5 Mol ybdat e, Biotin, Potassium
| odi de, Sodi um Sel enat e, Phyl | oqui none, Vitam n D3 and Cyanocobal am n.
Protein: The protein snuge:eENSUREBmmmpiateebalﬁadedinutritipasfet nat e
100% 10 Fat The fat source is _[. H‘IQ t(i;ieaafflower
and canol a. Hi ghSeprieraentakyse eBPFw‘ el ypfg 'E:ﬁ 8‘30%81’

30% The | ewel of &ﬁ%&&&%%&k%mﬂm@swmﬂam FASEI08e/ e apid 15
(AHA) guidelines. The 3 granms of fat in ENSURE LI GAT represent 1 5% of the
total calories, Whoholatefddge Bromniedlavorissipten-gee. sﬁ'ﬂQﬂebI[(g’Gh% dlayer and
2.6% from pol yunsaturat q? tty acids. These values are V\Athl n the AHA
gui del i nes of [erCP g’@%‘b ?otal calories fromfat, < 1 0%of the calories
from sat urat ed f ?g a and [err] 1 0% of total calories from
pol yunsat ur at ed fét%? opgitionsy, Car bohydr at e ENSURE LI GHT contains a
conbi nati on of maltgodextrin gnd sycrose.. The chqcol.ate fl nt ains corn
syrup as wel | . THe Ep1RptsHisy S8 Falagies, PIRIFIRCYitamy @f‘l’c“ﬂ $11 a,
chocol ate suprene, strawberry swirl), plus VAR -FLAVO?S err]. Flavor Pacs in
pecan, chel@y, sto aspecially usefubfor papple »ho do not grkeip gnough caloriss gady ent
flavor fatigue an uu"ilénQS' n patient conpliance. Vanilla and ot her
nonchocol ate fl av/or

e For people who have the ability to chew and swallow

e Not to be used by anyone with a peanut allergy or any type of allergy to

nuts.
15 Ingredients:

Honey Graham Crunch -- High-Fructose Corn Syrup, Soy Protein
Isolate, Brown Sugar, Honey, Maltodextrin (Corn), Crisp Rice (Milled Rice,
Sugar [Sucrose}, Salt [Sodium Chloride] and Malt), Oat Bran, Partially
Hydrogenated Cottonseed and Soy Oils, Soy Polysaccharide, Glycerine, Whey
20 Protein Concentrate, Polydextrose, Fructose, Calcium Caseinate, Cocoa
Powder, Artificial Flafors, Canola Qil, High-Oleic Safflower Oil, Nonfat Dry
Milk, Whey Powder, Soy Lecithin and Corn Oil. Manufactured in a facility that

processes nuts.
Vitamins and Minerals:

25 Calcium Phosphate Tribasic, Potassium Phosphate Dibasic, Magnesium
Oxide, Salt (Sodium Chloride), Potassium Chloride, Ascorbic Acid, Ferric
Orthophosphate, Alpha-Tocopheryl Acetate, Niacinamide, Zinc Oxide, Calcium
Pantothenate, Copper Gluconate, Manganese Sulfate, Riboflavin, Beta-

Carotene, Pyridoxine Hydrochloride, Thiamine Mononitrate, Folic Acid, Biotin,
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Sucr ose 51% Mal t odextrin
49% - 82- Chocol at e Sucrose : 47. 0% Corn Syrup
26. 5% Mal t odextrin 26.5% 5 Vitam ns and -

M neral s WO #/M4676%; serving of ENSURE LI GHT provides at | e RGT/S%W{03126t he -
RDIs for 24 key vitamns and mnerals. Caffeine Chocolate flavor contains
2.1 ng caffeine/8 fl o0z. 10 E ENSURE PLUS[err] Usage: ENSURE PLUS is a
hi gh-calorie, lowresidue liquid food for use when extra calories and
nutrients, but &Chyommiwh ChivridenPotassivm Iafide) SodiemSelamate, SeditiardMolytbdats,
designed primari as .an otal nutritianal supplement to be used 15

with or between %QPQ“’B?‘PH%%%BF#&V@%H%@; as a neal replacenent.
ENSURE PLUS is |lactose- and gluten-free. Although it is primarily an oral
nutritional supHEO%®BE, it can be fed by tube. Patient Conditions: [err]
For patients who require extra calories and nutrients, but a nornal 20
concentration of Hpneyt Graham Eranch niThe protein sovece is g bjendf spyprotgin isolgtey need

to gain orsmai ntﬁi.d'}n.{ffg‘low}fs wei ght Features [err] Rich, creany taste [err]
Good source of essentl vitamins and minerals 25 I ngredi ents Vanill a:

[err]-D Water, Corn ?ég&bt%ﬁsbﬁgext rin (Corn), Cor.ﬂ.,/p' |, Sodi um and
u u

Cal ci um Casei nat es, Crose), Soy Protein Isolate, Magnesium
Chl ori de, -83- Milk proteins 26%

Fat:

Honey Graham Crunch - The fat source is a blend of partially
10 hydrogenated cottonseed and soybean, canola, high oleic safflower, and corn

oils, and soy lecithin.

Partially hydrogenated cottonseed and soybean oil 76%

Canola oil 8%
High-oleic safflower oil 8%
15 Com oil 4%
Soy lecithin 4%
Carbohydrate:

Honey Graham Crunch - The carbohydrate source is a combination of

high-fructose corn syrup, brown sugar, maltodextrin, honey, crisp rice,

20 glycerine, soy polysaccharide, and oat bran.
High-fructose corn syrup 24%
Brown sugar 21%
Maltodextrin 12%
Honey 11%

25 Crisp rice 9%
Glycerine 9%
Soy polysaccharide 7%
Oat bran 7%\
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Potassium Citrate, Cal cium Phosphate Tribasic, Soy Lecithin, Natural and h

Artificial Flavor, Sodium Citrate, Potassium Chloride, Choline Chloride,

Ascor bic Acid
Acet at e, WPLBETr de, Cal ci um Pant ot henate, Manganese Sul fate, pric
Sul fate, Thiam
Ri bofl avin, Vit

Cyanocobal ani n and ViG-2FNSUBE® HIGH PRQTEIN

rrageenan, Zinc Sulfate, Ferrous Sulfate, AL 807 E28P

ne Chl ori de Hydrochl oride, Pyridoxine Hydrochloride,

N

her yl
5

amn A Palmtate, Folic Acid, Biotin, Chrom um Chloride,
Sodi um Mol ybdat e, Pot assi um | odi de, Sodi um Sel eni te, Phyl | oqui none,

bl end of two hi gh-bi ol ogi c-val ue lgrot eins: casein and saqy. Sodi um and

cal ci um casei nates Usage:SENSERE

The fat source ii.s cotrn.qil.. n_oi . - . .. 100%
Car bohydr at e EN%@%E?J@"%%%&%&& iec‘gpr%feﬂgfrf 3%d18?nar1r§?lt°88séff°rtflr‘1‘ > and
sucrose. The mi lyitafmiyeshmbminedislintheiy diets/ it tai be sedas b aral nltritiohalt e,
strawberry. cof

20 . can, and eggnog), plus VARl - FLAVORS
Fl avor Pacs in pupRlamentyuith or eé‘f’?%éﬁ? 9‘."14%&1?“%%%‘“8&5?@@? B to
prevent f1avor iyghjhlifennENSURE HIGRROTERPRNAARCEnd Hafthliidt, i awber
co

butter

pecan, a

Mal t odextrin

23% Chocol ate a
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10

15

20

25

f ee, bugfer pe

n
suitable for use by people recog@ingJnem gereral surgery or hip fractures and

19, 5% FhAH a6 LicRd, UP 36%

34%

Patient Conditions

s 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-

¢ Low in saturated fat

Contains 6 g of total fat and < 5 mg of cholesterol per serving

Rich, creamy taste

Excellent source of protein, calcium, and other essential vitamins and

minerals

o For low-cholesterol diets

e 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,
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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ee avors Corn Syrup 39% 25



Sucr ose 30% Vitam ns and Mnerals An 8-fl-oz
serving of ENSURE PLUS provides at |east 15%of the RDIs 5 for 25 key
Vitam ns and minerals. Caffeine Chocolate flavor contains 3.1 Caf f ei ne/
fl oz. CofWO&BM6MJor contains a trace amount of caffeine. 1§CT/US98O7I26 [ -
ENSURE PLUS[ err] HN Usage: ENSURE PLUS HN is a nutritionally conplete
hi gh-cal orie, high-nitrogen liquid food designed for people wth higher
calorie and protein needs or limted volune tolerance. It nay be used for
a rN al s :Jp pl enent amgaﬂ?ﬁh, mrolAgaa,asod]gmﬁ Mdthv)lsaapd, cmuacgmd Cmpriaa,mogﬁNSURE_ PLUS
Is lactose- and gl uten ) ree. tient jtions, * For patients
with increased c%maﬁsmmepﬁe‘é@mﬁqlré@&?ﬁ%l 1QBe,{ t@!mrﬁa agd; gery or
injury [err] ForC{?ﬁfol:waﬁ'nﬂth limted volunme tolerance and early satiety
20 Features {err]| For supplenental or total nutrition [err] For oral
or tube feeding {,le‘{téib.l. 5 CavnlL [err] High nitrogen 25 * Calorically
dense Ingredients -85 °~ Vanilla: [err]-D Water, Maltodextrin (Corn),

Sodi um and.Cal ci ' . ] 0] in

| sol at e, I\/agnesi %@%@é P(gfe'?eslﬁgt%gsnsa Ml &h@&éﬁ{él? &&qﬂ%&sﬁ%%ﬁg{nﬁri basi c,
Soy Lecithin, Naggycal and Artificial Flavor, Sodium Ctrate, Choline

Chl oride, Ascorbic Acid, Taurine, L-Carnitine, 5 Zinc Sul fate, Ferrous
Sul f at e, Al pha- TocophgsdiimAadicalciam Sdsgightegm de, Cargssgeenan, Cal ci um

Pant ot henat e, Manganese Sul fate, Cupric Sulfate, Thiam ne Chloride

Hydrochl ori de, Pyri doghpgrotdiflisefebd Or i de, Ri boflavi njse,

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 bherry, 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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Vitamn A Palmtate, Folic Acid, Biotin, Chrom um Chloride, Sodium

Mol ybdat e, Pot assi um | odi de, Sodi um Sel enite, Phyll oqui none, 10

Cyanocobal amin and Vitamn Derr]. G ENSURE[ err] POADER Usa,ige: ENSURE -
POMDER (r e®sh®467%% ed with water) is a |owresidue |iquid foba yEE Yty
primarily as an oral nutritional supplenent to be used wth 15 or

bet ween neals. ENSURE POADER is | actose- and gluten-free, and is suitable
for use in nodified diets, including | owchol esterol diets. Patient
Conditions: [err] For Matodextrin on nodified diets [ed0% For el derly patients

at nutrition risk 20 [err] For patients recovering from
il ness/surgery [CHoeblab®r patients who need a | owresidue diet Features
[err] Convenient, easy to mx [err] Low in saturated fat 25 [err]

Contains 9 g of total Sugtos&nd < 5 ng of chol esterol 7p¢4 serving [err] High
invitamns and mnerals [err] For | owcholesterol diets [err]
Lactose-free, easily Qyfesdeldin- 86- I ngredients: [3g85]-D Corn Syrup,

Mal t odextrin (Corn), Sugar (Sucrose), Corn O l, Sodium and Cal ci um

Casei nates,¢ Soy Protein Isolate, Artificial Flavor, PotassiumCitrate,
Magnesi um Chl ori de, Sodium Citrate, Calcium Phosphate Tribasic, Potassium

Chl oride, Soy Lecithi As 'ﬁFA@i oline Chloride, 5 Zi nc
Sul fate, Ferrous Sulfat'e, %ﬁ%‘e{ ocg‘gﬁe}ﬂ;ﬂ Acet ate, Ni acinam de, Calcium
Pant ot henat e, Mangane Sul JThi ani.ne | or t.de. Hydr echl oni.de [ic
Sul fate, Pyridoxine I-Iystgﬁﬂg%hfigﬁm bt@gjgfﬁ %\glr‘]"ﬁ?atbﬂ\“gﬁﬂé eswoﬂeﬂif%a‘%sg%lg%l iC
AC} d, Bioti R I FOdﬁﬂ%Mﬂi@li\i;dﬂip@lenﬁ%E miaﬁbéﬂg}eeﬁ ntéals. QBDTSHEE @IGHAUsde, Sodi um
Sel enat e, Phyl | oqui none, Vitanjn rr].and_Cyanpocobal amip. 10 . rotein
The protein sour dectose zhd gluta-fose. lswpgﬂzlﬁqué@irbmeﬁlﬁaé djsts, inglyding loxge

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

» For healthy adults who don't eat right and need extra nutrition
15 Features:

e Low in fat and saturated fat

¢ Contains 3 g of total fat per serving and < 5 mg cholesterol

¢ Rich, creamy taste

o Excellent 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 Oil, 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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and soy. Sodi um and cal ci um casei nat es 84% Soy protein isolate

16% 1 5 Fat The fat source is corn oil. Corn oil

100% Car bohydr at e ENSURE POWDER cont ai ns a conbi nati on of corn

mal t odext rWR98461@3sucrose. The mild sweetness of ENSURE PQ/\BEWU 1"91 25
VARI - FLAVCRS Fl avor Pacs in pecan, cherry, strawberry, |enon, and orange,
hel ps to prevent flavor fatigue and aid in patient conpliance. Vanilla Corn

Syrup 35% 25 Mal t odextrin

35% Sucr ose Ascorbic Acid, Cellulose Gum, Fexroﬂ@%lfa%i -Alpha-T\6tdpherd Akstate,

PCTI US98/ 07126 H ENSU err| PUDDI NG Usa ENSURE PUDDI NG i s_a
nutrient - dense sé#si fié, Manganese lfﬁﬁtgﬂlf’}“&hp?‘ﬁoﬁe%ﬁlqwcd form

to be used with 1&@7&%&@1}&«' FI){drﬁclﬂ&@Jé) 1ﬂaﬁﬁﬁf\uﬂimrta e, P}Eﬁdoxme

consi st ency- nodi f led diets g pur ee I qui
for people with $ydtdchloridg, Rlubp amm&mgmmmdemmldssqﬂIMen free.

cof t purodd. or My pE. Bl PB@hyHs3iaf ok SoGRe dBiflbufonr, Viamia °
| mpai rment s Feat Mi@ad OYanocobdlamid. R ch and creany, good taste [err] Good
source of essential vitamns and mnerals Convenient-needs no refrigeration

[err] Quten-fre@rbleid:i ent Profile per 5 oz: Calories 250, Protein 10.9%
Total Fat 34.9% 15 Car bohydrate 54.2%

The protein source is calcium caseinate,
Calcium caseinate 100%
10 Fat
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
15 (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.

20 Carbohydrate

ENSURE LIGHT contains a combination of maltodextrin and sucrose.
The chocolate flavor contains corn syrup as well. The mild sweetness and
flavor variety (French vanilla, chocolate supreme, strawberry swirl), plus
VARI-FLAVORS® Flavor Pacs in pecan, cherry, strawberry, lcmori, 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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Ingredients: Vanilla: [err]-D Nonfat M|k, Water, Sugar (Sucrose),
Partially Hydrogenated Soybean G|, Modified Food Starch, Magnesium )
Sul f at e. i earoyl Lactyl ate, Sodi um Phosphat e Di basi & hd16é al

Fl avor, Asgg%rb@:;gggAci d, Zinc 20 Sul fate, Ferrous Sulfat gf:rﬁfsbb/fl‘h%

Al pha- Tocopheryl Acetate, Choline Chloride, N acinam de, Manganese Sul f ate,
Cal ci um Pant ot henate, FD&C Yel |l ow #5, Potassium Citrate, Cupric Sulfate,
Vitamn A Pal mtate, Thiam ne Chloride Hydrochl oride, Pyridoxine

Hydr ochl ori de, RCBeeolatei n  FD&C Yel | ow #6, Folic Acid, Biotin,

Phyl I oqui none, Vitam n D3 and Cyanocobal am n. 25 Protein The protein
source is nonfat nil kSue®fat nilk 47.0% 100% - 88-

Fat The fat source is hydrogenated soybean oil. Hydrogenated soybean oil
100% Car bohydrate 5 ComSyrup ENSURE PUDDI NG cont a?ﬁ-g%a conbi nation of

sucrose and nodified food starch. The mld sweetness and flavor variety
(vani |l a, chocol ate, Mdtodexdint ch, and tapi oca) hel p6Pevent fl avor

fatigue. The product contains 9.2 grans of |actose per serving. Vanilla and
ot her noncllocol aVitaiiay end Mifierals Sucr ose

56% Lact ose 27% Modi fied food starch

17% Chocol at e Sucr ose An 8-fl-oz serving of ENSURE LIGHT providésafi lzast 25% of the

Lact ose . 26% Modi fied food starch :

16% I . ENSURE RIS for2rtdiey: vitamips. ang quipgsgisyy TH FI BER i s a fi ber- cont ai ni ng,

nutritionally 20 . conplete liquid food designed for people who can
benefit from i nciGafieine

Chocolate flavor contains 2.1 mg caffeine/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 a normal concentration of protein, are
needed. It is designed primarily as an oral nutritional supplement to be used

15 with or between meals or, in appropriate amounts, as a meal replacement.
ENSURE PLUS is lactose- and glhten—free. Although it is primarily an oral
nutritional supplement, it can be fed by tube.

Patient Conditions:

e 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
e Rich, creamy taste
e Good source of essential vitamins and minerals
25 Ingredients

Vanilla: ®-D Water, Corn Syrup, Maltodextrin (Corn), Cor 0Oil, Sodium and

Calcium Caseinates, Sugar (Sucrose), Soy Protein Isolate, Magnesium Chloride,
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dietary fiber and nutrients. ENSURE WTH FIBER i s suitable for people who
do not require a lowresidue diet. It can be fed orally or by tube, and can

be used as a nutritional supplenent to a regular diet or, i j.ate
anounts, MWOARSMEEE repl acement. ENSURE WTH FIBER i s | act 033’&2‘%’%“22

gluten-free, and is 25 suitable for use in nodified diets, including
| ow- chol esterol diets. Patient Conditions [err] For patients who can
benefit fromincreased dietary fiber and nutrients -89- Features [err]

New advanced f orpotassiuvkmGittate, Calcimra Phdsphate, TritiagiccSoy hecithim Natrakand ni neral s

[err] Contains 6 g,.0f t al t a < .0f ol.ester rving [err]
R ch, creany tas@‘g‘f@al Flavar, %35’6“ @g@g%g’oﬁs%@fﬂo?gq,@O&%gﬂ%‘%? * source of
essential Vvitani Agoftid ARid) Cattagecntil, Aind Sklfdte) Feflons Salfsté,AlpHa-Tosopteryl]
Lactose- and gluten-free I'ngredients 10 Vanilla: [err]-D Water,

Mal t odextrin ( Cohestateigeinamisies Calcium Pepsathanate,Mangapese ilielss CURBE s, (at
Fi ber, High-Q ei ' l@ﬂﬂﬂiﬁ!éa %E:fg ' : , Corn G 1,
Sloye_lr:i belr gECal g: %%égﬂggjgﬁpgeﬁqrbam C, gfindgélﬁﬁﬂr% ol?* g!,:ﬁg%?égsi umr "

Citrate, Cell ul oRiboflavin, BitymireA Palmitate, Rodia decid; Biéting GhiternbmbChletide, Sodi um
Citrate, Natural apd Artjfici Fl avo. ol.i n Lord.de. 1.

Magnesi um Phosph%?‘gfm,&éefﬂ;’gﬁ‘tﬁ’aﬂmm@qu%%%m&(}&nﬁ&%{L@Ioﬂ%%&m’ori de,

Car r ageenan, Ferc9&§,c§bgl;,ﬁﬁlemdﬁwimﬁnmgopheryl Acetate, Zinc Sulfate,

Ni aci nam de, Manganese Sul fate, Cal ci um Pantothenate, Cupric Sulfate,

Vitam n A Pal mt ptgeinlhi am ne Chloride Hydrochloride, Pyridoxine

Hydrochl oride, Ri oﬂ avin, Folic Acid, Chromum Chloride, Biotin, Sodium 20
Mol ybdat e, 4Pot assi um ' i ' i Htfro b 'bﬁ%‘rk!’ L_.0A0E proéih® Faskin3 and
Q/anocoballgrri n. Prot e#ﬁ%‘%ﬁ“‘%?@?ﬁ??é@hr ce s aélﬁnen of tV\B '

hi gh- bi ol ogi c- vabhmtesqgy: ot ei ns- casein and soy.

Sodium and calcium caseinates 84%
Soy protein isolate 16%
Fat
15 The faf source is corn oil.
Corn oil | 100%
Carbohydrate

ENSURE PLUS contains a combination of maltodextrin and sucrose.
The mild sweetness and flavor variety (vanilla, chocolate, strawberry. coffee,
20 buffer pecan, and eggnog), plus VARI-FLAVORS® Flavor Pacs in pecan,
cherry, sttawberry. lemon, and orange, help to prevent flavor fatigue and aid in

patient compliance.

Vanilla, strawberry, butter pecan, and coffee flavors

Corn Syrup 39%
25 Maltodextrin 38%
Sucrose 23%

Chocolate and eggnog flavors

Corn Syrup 36%

-84-



25 Sodi um and cal ci um casei nat es 80% Soy protein isolate

20% - 90- Fat The fat source is a blend of three oils: high-oleic
saf f| over, w40 and corn. High-oleic safflower oil % 5
Canol a oi | Aefss 40% Corn oi | rerusostHiag

20% The level of fat in ENSURE WTH FI BER neets Anerican Heart Associ ation
(AHA) guidelines. The 6 granms of fat in ENSURE W TH FI BER represent 22% of
the total calories, with 2.01 %of the fat being fromsaturated 10

fatty acids and 6. 7% Malpdexdny unsaturated fatty aci 4% These val ues are

wi thin the AHA guidelines of [err] 30%of total calories fromfat, <1 0%
of the calories from 8ugraseated fatty acids, and [erBP%l 0% of total
calories from pol yunsaturated fatty acids. Carbohydrate 15

ENSURE W TH FI BER%/@minaMél\ﬁnmlbi nation of maltodextrin and sucrose. The
ml|ld sweetness and flavor variety (vanilla, chocolate, and butter pecan),

pl us VARl - FLAVORS| er r Anf8-Bxozsefvingsofi ENSUREPL S pravides at leasttdsP4 of the RDBIs, and

orange, helsp to pr nt «f.l avor fatique and aid in patient conpliance.
Vani [l a and ot he?orﬁéﬁgﬁy&%ﬂl 3 ’39‘%?935'20 Mal t odextrin
66% Sucr ose 25% Cat Fi ber

7% Soy Fi ber Caffeine 2% Chocol ate 25
Mal t odextrin . 55% Sucrase
36% Oat Fi ber Chocolate flavor contains 3.1 mgCaffeine/8 fl oz. Coffee flavor

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 pratein
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:

e For patients with increased calorie and protein needs, such as following

surgery or injury
e For patients with limited volume tolerance and early satiety

20 Features
e For supplemental or total nutrition
e For oral or tube feeding
e 1.5CaVmL
e High nitrogen
25 e Calorically dense

Ingredients
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Soy Fi ber 2% Fi ber The fiber blend used in
ENSURE W TH FI BER consi sts of oat fiber and soy pol ysaccharide. This bl end

results in a roxmately4grams of total dietary 5 fi | -0z
can. The W‘é‘?g@ 4633 i nsol ubl e to soluble fiber is 95:5. The Vg‘réfrgﬁk:sﬁmﬁzfs
nutritional supplenents described above and known to others of skill in the
art can be substituted and/or supplemented with the PUFAs of this

i nvention. J. Oxepa[err] Nutritional Product 10 Oxepa is

| ow car bohydr at eVamﬂhoM—D(thyr, Mdaitodexsrin éCaim), Sadium and Salcpim §aseinyles;i gned

ini que. corbi nat | SR e (R0, SBY Brofkih fegbhe Mtadrlfihl Chiofle Pordsiudf®
]E:ont aLni ng ei CF)S@mfﬁaﬁﬁlnﬁ)lhﬁ P&gspﬁa(eﬁﬂﬂvaﬁmmﬁlaﬁtlhhi K\Daéuryl-dxidnﬂcn:itaiﬁciat_t acid (GA
rom bor age oi and_el ev ant i oxi eve . ) oLi C...

Di stri but ?on [ eFlayor, S Odlemé\"?@ GL 3 &ﬂPed?nﬁg*i c Acd, '&%‘F}'}'FLL ‘53%31"&&1/8 il
0z), to m gim Z @P%uYﬁie“PﬁrJtﬁcﬂﬁ!ﬁﬁdAiﬂlaﬂﬁﬁBpﬁé_Fﬂ&é’et&?Qdﬁcmﬁﬂidd, The

di stribution of orires 1n Oxepa 1S shown i abl e Caloric

Di stribution of Curesgeepan, Caldidm FantothengterManganese Sulfate, CupgigSulfate, Cal ori es
355

93. 7 ‘huggmf Chlopide, {;igpg)tcgb(x&?,q;ynﬁggme Hydrochloride, ﬁ%??agm,

28.1 Protein (Q)thammAPahﬁltﬁe, Folic Acid, Bloﬁﬂ, CGhromium Chloride, Sddiuth Wat er ( Q)
186 --- [err] Oxepa contains

22.2 g of fat peM@Y‘?datﬁ‘@?"@éﬁ*WH@dl(19§°‘ﬁ“’§) Eilen‘[“'elpﬁ"}’n%@“‘?n&t source is a oil
bl end of 315 8% C?P%&oﬂ%ﬁmn@% W pchain triglycerides (MCTs), 20%
an 0

borage oil, 20% soy | ecithin. The typical fatty acid
profile of Oxepa is shown in Table 8. -92-

G. ENSURE® POWDER

Usage: ENSURE POWDER (reconstituted with water) is a low-residue
liquid food designed primarily as an oral nutritional supplement to be used with
15 or between meals. ENSURE POWDER is lactose- and gluten-free, and is

suitable for use in modified diets, including low-cholestero! diets.

Patient Conditions:
¢ For patients on modified diets
e For elderly patients at nutrition risk
20 ¢ For patients recovering from illness/surgery

e For patients who need a low-residue diet

Features
o Convenient, easy to mix
e Low in saturated fat
25 o Contains 9 g of total fat and < 5 mg of cholesterol per serving
e High in vitamins and minerals
o For low-cholesterol diets
e Lactose-free, easily digested
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[err] Oxepa provides a bal anced anount of pol yunsaturated, nobnounsaturated,
and saturated fatty acids, as shown in Table 10. [err] Medi umchai n _
trigyl cer mipos/deh3Ts) -- 25% of the fat blend - aid gastric el;qit pgcause
they are absorbed by the intestinal tract without 5 |cat|on by
bile acids. The various fatty acid conponents of Oxepa[err] nutritional
product can be substituted and/or supplenented with the PUFAs of this

i nvention. Tabl t [ r fiJ % ot al tt 8 fl
o7+ fng&fgl-%g g?;‘béﬂ%: 995@ é\ﬂﬂ? -5 é ar(guchse), Com O}y 4
0. 18 Caprylic (8odiuym and CalcxuﬁﬁCﬁ;Qmates, Soy Protem fsolate, Artificial Flavor, 13. 07
Capric (10:0) Cl 9.87 Palnitic
(16: 0) 5 Patgssium Citrate, Magn@nm Chlonde, Sodlum Citratg, Ggloiym Phesphatec
(16:1n-7) 1.82

1 aa Tnbam% Potassium @hl%ﬁde, Soy Leg th’& Ascorﬂvfglg? g@mn% dlﬁgng% 44
5.16 5 Zinc Sulfate; FerrpusoSulfate, (Allpka-Toedpheryl A’béta% Niacinamide, 3.44

(o7 1] Li nol eni ¢ CPUHME RaRBthEga Matigintse Sulfate, Thigging Chloride Hydrochlorideyg

Ei cosapent aenoi Cuﬁﬂ@SEHate, Iiyribeme I-Iydrochloride.O Riboflavin, Vitamin A Péim'i‘é e3)
n- 3- Docosapent aen0| o 12 0.49 (22:5n-3)

Docosahexaenoi ¢ (:ngAgl,ql, Bptgxy Sodium MolybdategChg)mmm Chloride, Potassmnﬂlz:d@e, Qt hers

7.55 d I
approxi mately 959/d E?lsgecl)%naﬁte’? h?'noqlua%?ne gﬂé:{ﬁ %4 7 t%f’g&'gs .quﬁ)aof t ot al

cal ories {fyrom fﬁ_om 55. 2 Pol yunsat ur at ed fatty aci ds

31.44 g/L Monounsat Ur at ed fatty aC| ds 25.53 g/L Saturated
fatty acids
1.75:1

The protein sour%e is blgncl' of two hxgh-bxoelogxc-vapue proteins: casein
and soy.

Sodium and calcium caseinates 84%
Soy protein isolate 16%
15 Fat
The fat source is com oil.
Corn oil 100%
Carbohydrate

ENSURE POWDER contains a combination of corn syrup,
20 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
Corn Syrup 35%
25 Maltodextrin 35%
Sucrose 30%
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Chol est er ol 9.49 ny/8 fl oz 40.1 ng/L 10 -93-

Car bohydrate: [err] The carbohydrate content is 25.0 g per 8-fl-0z serving

(105.5 ¢/ The carbohydrate sources are 45% nal t ode i onpl ex
car bohydrge%‘)’gl'gsz%# 55% sucrose (a sinple sugar), both of whi ?ﬁé&é’&e}gﬁi ly ~

di gested and 5 absorbed. * The high-fat_and | ow carbohydrate content
of Oxepa is designed to mnimze carbon dioxide (CJerr]) production. Hi gh
CJerr] levels can conplicate weaning in ventil ator-dependent patients. The
| ow | evel of car bohydi-atem%ml’ﬁgmw ul for those patients who have
devel oped stress-induced 10 hypergl ycem a. [err] Oxepa is

| act ose-free. Dietar W&am:bﬁﬂﬁﬂmﬁHJBDHEGain‘hmmu’fmnt-dsns‘ersupplpmmqimvidmgd t he

gl ycerol noiety e nverted to, glucase w.thin the . bogy.

Thr oughout this bg.fragée@@tﬁﬁﬂkﬂncaaﬁog%ﬁggr@%h g%ﬁ? e %"%We‘a’r xEfgz‘l}§'ef-%é'°épendent
ti ssues (such asppropriate folsonsishtypmodifiedaliéts (/8] SuTt, puceed st fall tigdidyer | s) are
nmet. However, a diet freg of (r‘ar,bohydr,at es can lead to _ketosis, excessive
cat abol i sm of tifg"sQFQPIﬁ‘ﬁ’tdé?‘N?l o¥ying ippairments. | ENJUREPUDDINGGs gluten-frepese

effects can be prevented by daily ingestion of 50 to 100 g of digestible
car bohydrate, ifPatignbCopditignsxce i s adequate. The carbohydrate level in
Oxepa is also sufficient to mnimze gluconeogenesis, if 20 ener gy
needs are bei ng *meFor matientsion copsisteicyamedified dietsfergs, soft, purgedyfor fulbliguid) per
8-fl-0z serving (62.5 g/L). [err] The total calorie/nitrogen ratio (150:1)
meets the need of Eormsientd with swallosving imipajmienepa provi des enough protein to
pronot e anabol i sm and t he mai nt enance 25 of | ean body nmass w t hout
precipitating r aeatimsory problens. Hi gh protein intakes are a concern in
patients with respiratory insufficiency. Al though protein has little effect

on CJ errjpproduct RfWh and chdadly, o @kte diet will increase ventilatory drive.

o 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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-94- [err] The protein sources of Oxepa are 86. 8% sodi um casei nate and
13. 2% cal cium casei nate. [err] As denonstrated in Table 11, the am no acid
profil e of tein systemin Oxepa neets or surpasses the stan f or
hi gh qual iY&%’r“%‘% n set by 5 t heNati onal Acadeny of Scrg'ﬁﬁjégé’(%)g%pa
is gluten-free. Al publications and patent applications nentioned in this
specification are indicative of the level of skill of those skilled in the
art to which this 10 i nvention pertains. Al publications and patent
appl i cations areFf#erein incorporated by reference to the same extent as if
each individual publication or patent application was specifically and

i ndi vi dual | 'y i ndi cat etihe fat paurceisdiydmeganated saybeart eilence. The i nvention now
being fully described, it will be apparent to one of 15 ordi nary skill
in the art that nmany Hydeogesatedwsoybeat dil cati ons can H60%ade t hereto without
departing fromthe spirit or scope of the appended clains. -95- SEQUENCE
LI STI NG 5 CavboBytieatel. | NFORMATI ON: (i) APPLI CANT: KNUTZON, DEBORAH
MURKERJI, PRADI P HUANG, YUNG SHENG 10 THURMOND,

JENNI FER CHAUDHARY, SENSURE PUDNBRNG Advitdibi’a ombinatidn-6f sderdsblhdiodifiedVETHODS
AND COVPOSI TI ONS, F LONG CHAIN

SYNTHESI S. 15 O OF
POLY- wsmummnf@%@%&ﬁﬁsﬂgﬁi SWeetnesomnsk flayorqradietnanillagehacplate,
CCRRESPCNDENCE bl 8tch, and tapioca) help prevent flavor fatigue. The product contains 9.2

grams of lactose per serving.

Vanilla and other nonchocolate flavors

10 Sucrose 56%
Lactose 27%
Modified food starch 17%

Chocolate
Sucrose 58%
15 - Lactose 26%
Modified food starch 16%

L 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-éholesterol diets.

Patient Conditions

» For patients who can benefit from increased dietary fiber and nutrients
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20 (A) ADDRESSEE: LIMBACH AND LI MBACH LLP (B) STREET: 2001

FERRY BUI LDING (C) C TY: SAN FRANCI SCO (D) STATE: CA (E) COUNTRY: USA 25

(F) ZIP: 94111 (v) COVPUTER READABLE FORM (A) MEDI UM TYPE: Flo di sk (B)
COVPUTER: WB98/48g5 onpat i bl e 30 (C) OPERATI Nécwg%ﬁm "

PC- DOS/ M5- DOS (D) SOFTWARE: M crosoft Wrd (vi) CURRENT APPLI CATI ON DATA:
(A) APPLI CATI ON NUMBER: 35 "(B) (B) FILING DATE: (QO)

CLASSI FI CATI ON: (viii) ATTORNEY/ AGENT | NFORVATI ON: (A) NAVE: WARD, M CHAEL

R 40 Features ( B) REG STRATI ON NUMBER: 38, 651 (C) REFERENCE/ DOCKET
NUMBER: CGAB- 210 (| x) TELECOMMUNI CATI ON | NFORVATI ON: (A) TELEPHONE: (415)

433- 4150 45 B T Aatirdd $7ih GithiRins Bl EnerdlsA (2
| NFORMATI ON' FOR SENPSNEsd fg')o"m(ﬁu) SéésJaENCEé)é?-ltélA CTERI STICS (A) vy

T et e T W
AGTQJ o TI%!SE%ID !&1 CGACAGC'(I)'CC'EI;G:I'CCTTCTTCT CACCCGTCCT

5 Good source of fiber
¢ Excellent source of essential vitamins and minerals
e For low-cholesterol diets |
o Lactose- and gluten-free
Ingredients

10 Vanilla: ©-D Water, Maltodextrin (Corn), Sugar (Sucrose), Sodium and
Calcium Caseinates, Oat Fiber, High-Oleic Safflower Oil, 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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WD 98/ 46763

PCT/ US98/ 07126 ACAACAAACC ATGGCTGCTG CTCCCAGTGT GAGGACGTTT ACTCGGGCCG
AGGTTTTGAA 0 TGCCGAGGCT CTGAATGAGG GCAAGAAGGA TGCCGAGGCA CCCTTCTTGA
TGATCATCGAYO 93’4675180 5 CAACAAGGTG TACGATGICC GCGAGTTCGT CCCTRGIVUSIB/07126
CCCGGTGGAA GTGTGATTCT 240" CACGCACGTT GGCAAGGACG GCACTGACGT CTTTGACACT
TTTCACCCCG AGGCTGCTTG 300 10 GGAGACTCTT GCCAACTTTT ACGTTGGTGA
TATTGACGAG AGCGACCGCG ATATCAAGAA 360 TGATGACTTT GCGGCCGAGG
TCCGCAAGCT GCGTABRTTG TTCCAGTCTC TTGGTTACTA 420 CGATTCTTCC AAGGCATACT
ACGCCTTCAA GGTCTCGTTC AACCTCTGCA TCTGGGGTTT 480 15 GTCGACGGTC
ATTGTGGCCA AGT GGGGCCAT K fat ot GE aBIEdBEAReE ol SSRIEHFoleie safflower, Badla] @hdSCTTTTG
GGTCTGTTCT GGCAGCAGTG CGGATGGTTG GCTCACGACT TTTTGCATCA 600 20
CCAGGTCTTC CAGGA®ESTT TCTGGGGTGA TCTTTTCGGC GCCTTCTTGG GAGGTGICTG 660
CCAGGGCTTC TCGTCCTCGT. m CAAC ACTCACCACG CCGCCCCCAA 720
25 CGTCCACGRC GAl CAC CCACCCTCT#I™WTGACCTGGA GTGAGCATGC
780 GTTGGAGATG TTCTCGGATG TCCCAGATGA GGAGCTGACC CGCATGTGGT CGCGTTTCAT

840 GGTCCTHAAC CAGACCHameta qit TACTTCOC CATTCTCTCG TTT40%CGTC TCTCCTGGTG

900 30 CCTCCAGTCC ATTCTCTTTG TGCTGCCTAA CGGTCAGGCC CACAAGCCCT
CGGGCGCGCG 960 Gen@iCCATC TCGTTGGTCG AGCAGCTGR%GCTTGCGATG CACTGGACCT
GGTACCTCGC 1020 CACCATGTTC CTGTTCATCA AGGATCCCGT CAACATGCTG GTGTACTTTT
TGGTGTCGCA 1080 35Tiedeadnéfain BYSURE WITH HIBER KEeHE Aehnding

e o 31 LS G AR

GTTCACGGGT GGAT Trepvdsehnt ATGATARE Al cméﬁﬁmmf@e?lﬁﬁéﬁﬂgﬁéﬁ satardd {SCGCCA
CAACTTTTCA AAGATCCAGC CTGCTGICGA 1320 ACA ATGTCCGATA

CCACACCACE) GaT ATty ecids\and . A¥rinem polyumsaturatedfanysanids. TThesevalgeca@Avithin

GITTTTTTTC COCAQTOELF EPEPFRRES TPARP R coris Refpral 00 St fellicer o™

AGCGTTTCTG GAAAGHA GBumaGI BRE@sids,aiiGAT 09 dF totCEAloridsom polythtinated CGCT CA

TATCTCATTC ATTT %TA TTAAACAACT TGITCCCCCC TTCACCG 1617 (2)
| NFORMATI ON FOR 55 ‘NO. 2:
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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(1) SEQUENCE CHARACTERI STICS: (A) LENGTH: 457 amino acids (B) TYPE: am no
acid (C) STRANDEDNESS: not relevant 60 (D) TOPOLOGY:
linear (ii) MOLECULE TYPE: peptide 65 -97- (xi) SEQUENCE DESCRI PTI ON:-
SEQ I D NGy ogttesAl @ Ala Ala Pro Ser Val Arg Thr Phe Thr ARCTASSEYIZ6Val
Leu 1 5 ] 10 15 5 Asn Al a
GQu Ala Leu Asn Qu Ay Lys Lys Asp Ala Qu Ala Pro Phe 20

25 30 Leu Met Ile Ile Asp Asn Lys Val Tyr Asp Val Arg
@ u Phe Vval Pro 10 . 35 20 40

45 Asp His Pro Ay aSPYERTA 11e Leu Thr His val 28y Lys Asp @y 50

55 . 60 15 Thr Asp Val Phe Asp Thr Phe H's Pro
Gu Ala Ala Trp B8P Thr Leu 65 :

70 75
0o " T VT Yoty it o by ot VTR R st ot LG 8 g

Thr Leu Phe G n (J0Qslysaccharide. This blendf3ults ina{proximatel}zf 4 gramd 3ok dictRy Gy
Tyr Tyr Asp Ser Ser Lys Ala Tyr Tyr Ala Phe Lys Val 25

115 5 fiber per18f-oz can. The ratio of insolubfestoselublenfbends93:8. Cys Ile Trp
Ay Leu Ser Thr Vval Ile Val Ala Lys 130 135
140 30 Tr pI'H@ variGhsndititionsd supfilements destibedaboveiind knovdete Al a Al a

Oy Lou Pho Tr p s of skilbinthed oap be sbstinged andlor aupl@nented withythe PUFAs %

of this invention.
J. Oxepa™ Nutritional Product

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 levels.
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 0z per liter % of Cal
Calories 355 1,500 -
{ Fat (g) 222 93.7 55.2
_(_:arbohydrate (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).

o The fat source is a oil blend of 31.8% canola oil, 25% medium-chain
triglycerides (MCTs), 20% borage oil, 20% fish oil, and 3.2 % soy lecithin. The
typical fatty acid profile of Oxepa is shown in Table 8.
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165
Arg
190
195
Pro
220
Au
Phe
250
Leu
Trp
275
Al a
300
Met
Leu
325
Leu
350
360
Pro
Phe

Phe
Leu

Asn
45
Met
Ser

Ser
Cys

Arg
60

Phe 3

Phe

Al a
Asn

Ay
Thr

170 175 35 Hs dn Val Phe A n Asp
Trp Ay Asp Leu Phe Ay Al a Phe 180 185
Gy @y Val Cys An Ay Phe Ser Ser Ser Trp Trp Lys Asp Lys 40 -
WO 98/46763 200 205 Hi s Asn Thr HPCTAII98/07126 Al a -
Val Hs Ay Gu Asp Pro Asp 210 215
Ile Asp Thr His Pro Leu Leua Thr Trp Ser Qu H's Ala Leu
225 230 235 240

Asp Val Pr (b;égg g%ﬁe%tbﬂ%}gﬁue{ef@stg’f%wg’ @ﬁ%@g“?“%ﬁ%’ Pro lle

Phe Al a 2gDsaturated fatty acids, as sho®@Hn Table 10. 270 Arg Leu Ser
Leu Gdn Ser Ile Leu Phe Val Leu Pro Asn Ay 55

¢ Medififi-chain tngylcendes (MCT938525§‘6 '&fﬁieafaﬂlénd#%lfg@trﬁer Ay
Val Pro Ile Ser, Leu Val Qu

empiying kagause they-are AP%methg intestinghfract bethm Leu Al a Thr

0 don by b 315 320
It Lys Hmulsification by pilgleigs. | va Tyr Phe Leu Val Ser

RO "amuxsfmwﬂd cg)xgpone%ﬁs5 ﬁﬁpé‘l@m}ﬁ%o& progugt A{.‘éﬁ n Leu

e Val Phe Ser Leu

Gy Met be subgtitutdd andfersupplemehted Glith thé PUFAL of\ithis ventidap Phe 355
365 5 Phe Thr Lys An Ile lle Thr Ay Arg Asp Val H s

Leu Phe 370 375 380 Ala Asn Trp

Gy Ay Leu Asn Tyr An lle Qu H's H s Leu

“Table 8. Typical Fatty Acid Profile
% Total Fatty g/8 fl oz* g/L*
Acids
Caproic (6:0) 0.2 0.04 0.18
Caprylic (8:0) 14.69 3.1 13.07
Capric (10:0) 11.06 233 9.87
Palmitic (16:0) 5.59 1.18 4,98
Palmitoleic (16:1n-7) 1.82 0.38 1.62
Stearic (18:0) 1.84 0.39 1.64
Oleic (18:1n-9) 2444 5.16 21,75
Linoleic (18:2n-6) 16.28 3.44 14.49
«-Linolenic (18:3n-3) 3.47 0.73 3.09
y-Linolenic (18:3n-6) 4.82 1.02 4,29
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 7.55 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/L
Monounsaturated fatty acids 25.53 g/L
Saturated fatty acids 32.38 g/L.
n-6 to n-3 ratio 1.75:1
Cholesterol 9.49 mg/8 fl oz
40.1 mg/L

10
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10 385 390 395

400 Phe Pro Ser Met Pro Arg His Asn Phe Ser Lys Ile @dn Pro Ala Val 405

410 415 15 G u Thr Leu Cys Lys Lys Tyr Asn Val.
Arg Tyr Higoldsiaedddr Gy Met 420 425 PCT/USI8/07126 30
lle Gu @y Thr Ala Au Val Phe Ser Arg Leu Asn Gu Val Ser Lys 435

440 445 20 Ala Ala Ser Lys Met Ay Lys Ala A n 450

455 (2) I NFORVATION FOR SEQ ID NO 3: 25 (i) SEQUENCE CHARACTERI STICS: (A
LENGTH: 1488 bas%@gg r}F%OTYPE: nucleic acid (C) STRANDEDNESS: single 30
(D) TOPOLOGY: 'E’i'q ECULE TYPE: DNA (genomic) 35 (xi) SEQUENCE
DESCRI PTION: SEQ I D_NG 3. GICCCCTGIC GCTGICGGECA CACCCCATCC TCCCTCGECTC
CCTCTGOGTT TGTCCPTCEEE carbohydragsraptentis A58 pard- ez servitr (1 05 SEANGACGA
CTGCAACTGT AATCAGGAAC CGACAAATAC 120 ACGATTTCIT TTTACTCAGC ACCAACTCAA
AATCCTCAAC CGCAAECCCThe cattiobadiateTsgurces are 4580 maliodextrin (aR0aqIBOaTHoORE) ATCGA
TGCCGGTTTG ACCCA ATAT AGCCTGCCTT
CGAGCGCAAC TACCA %%Mfwm a@dﬁ*“ﬁ@%ﬁ%&%@?‘* GCATCCCTGC
CCACTGCTTT 5GACCCbédebed ST CTCCGTGG TCTCTGCCAC 360 50 GITGCCATCG
ATCTGACTTG GECGTCCCTC TTGITCCTGG CTGCGACCCA GATCGACAAG 420 TTTGAGAATC
CCTTGATCCG CTATTEGC ke 55
T CTaCAC TGO aoe: B Gl low Sorbub sl bodtit SEOMADe is designod ) 540
AAGACCCTCA A@Acmmzqu@eﬁmwoﬁemmva@wm&m 600
660

720 may be useful for those patients who have developed stress-induced

10 hyperglycemia.
e 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:
» 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.

» Oxepa provides enough protein to promote anabolism and the maintenance
25 of lean body mass without precipitating respiratory problems. High protein
intakes are a concem 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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GCCGTTCAGG AGGAGGACAT GTCCGTGCAC CTGGATGAGG AGGCTCCCAT TGTGACTTTG 780
65 TTCTGGATGG TGATCCAGIT CTTGTTCGGA TGEOCOGCGT ACCTGATTAT GAACGCCTCT
840 -99- GGCCAAGACT ACGGCCGCTG GACCTCGCAC TTCCACACGT ACTCGCCCAT
CTTTGAGCCWO 98/46763 900 CGCAACTTTT TCGACATTAT TATCTCGGAC CTCRENTPS{07126
TGGCTGCCCT CGGTGCCCTG 960 5 ATCTATGCCT CCATGCAGTT GICGCTCTTG
ACCGTCACCA AGTACTATAT TGTCCCCTAC 1020 CTCTTTGTCA ACTTTTGGIT GGTCCTGATC
ACCTTCTTGC AGCACACCGA TCCCAAGCTG 1080 CCCCATTACC GCGAGGGTGC CTGGAATTTC
CACCGTGGAG CTCT TTGEP&QpEK&InI@é&G@fof Ox 4k é@s%@ﬁﬁm&@ﬁﬁﬂi@%
CCATATGTTC CACGGCATTG TCCACACCCA T 1200 CACTTGITCT CGCAAATGCC
GITCTACCAT GCTGAaRRmG caseiv@ts ATCA TCTCAAGAAA 1260 15 CTGCTGGGAG
AGTACTATGT GTACGACCCA TCCCCGATCG TCGTTGCGGT CTGGAGGTCG 1320 TTCCGTGAGT
GCCGATTCGT wammmmmmmﬁnmmf the firo@in sysAGACAAT

N s s TR AR i a9 20

1488 (2) | NFORVAREhidraRASEdent b eidhices S (i) SEQUENCE
CHARACTERI STICS: (A) LENGTH. 399 am no acids (B) TYPE: amno acid (C
STRANDEDNESS: no} %ﬁ%&]@ﬁ%@&@ Li near 30 (ii) MOLECULE TYPE:
peptide 35 (xi) SE TION:. SEQ ID NO 4: Met Ala Pro Pro Asn Thr
Ile Asp Ala Gy Leu Thr An Arg Hs Ile 1 5

10 15 40 Ser Thr Ser Ala Pro Asn Ser Ala Lys Pro Al a Phe
Gu Arg Asn Tyr 20 Pro

Gy phe Thr 116 Lys cllmblications pad potéR applicafions mentioned in thi¥ spetifichfoh

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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45 | 35 40 45 Hi s Oys
Phe Qu Arg Ser Ay Leu Arg Ay Leu Cys His Val Ala Ile 50

55 60 50 Asp Leu Thr Trp Ala Ser Leu Leu Phe
Leu Ala Apddeisrés N Il e Asp 65 70 PCT/US98/07126 75 -
80 Lys Phe Qu Asn Pro Leu Ile"Arg Tyr Leu Ala Trp Pro Val Tyr Trp 85

90 95 Ile Mot An @y Ile-Val Cys Thr Ay Val Trp Val Leu
Ala Hs du 100 105 110 Cys Gy Hs dAn
Ser Phe Ser Thr Ser Lys Thr Leu Asn Asn Thr Val 60 115
120 125 dy Trp Ile Leu H's Ser Met Leu Leu Val Pro Tyr
Hs Ser Trp Ar 135 140 65

Ile Ser Hi s SerQ%;?‘gE FEHF s Lys Ala Thr Ay H's Met Thr Lys Asp 145

150 155 160 -100- Adn Val Phe Val Pro
Lys Thr Arg Sefl) (GENEREE| INEPRMATION: Pro Pro Lys 165 170

175 5 . a gy Val G n Gu Gu Asp Met Ser Val
H's Leu 180 Qb appliohit :ﬁ%ﬁ:ﬁ,%imp 190 Asp Gu Gu Ala Pro
Ile Val Thr Leu Phe Trp Met \auknd,| enGhsaEN@he 195 200

205 10 MBu Phe Gy Trp Pro ABUNYND SENNETER \et Asn Ala Ser Ay G n Asp 210
215 220 Tyr GNP oA QiR Thr Ser His Phe H's Thr Tyr Ser
Pro lle Phe Au 15 225 230 235
240 Pro Arg Asn Phig¢) BiIeLEASH) IRVESTIONe METHODSAND ASHPOBTNIONG HORV/SINTHRSAS Al a 245

250 15 XF5LONG CHAIN POLY-UNSAJQRATRDoRRTEY WCWRSa Leu Ile Tyr Ala Ser
Met G n Leu Ser Lay,Lgieehdr difeces: a0 265 270

Val Thr Lys Tyr Tyr Ile Val Pro Tyr Leu Phe Val Asn Phe Trp Leu
{iv) CORRESPONDENCE ADDRESS:

20 (A) ADDRESSEE: LIMBACH AND LIMBACH LLP
(B) STREET: 2001 FERRY BUILDING
(C) CITY: SAN FRANCISCO
(D) STATE: CA
(E) COUNTRY: USA

25 (F) 2IP: 94111

(v) COMPUTER READABLE FORM:
(A) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
30 (C) OPERATING SYSTEM: PC-DOS/MS-DOS
{D) SOFTWARE: Microsoft Word

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER:
35 (B) (B) FILING DATE:
{C} CLASSIFICATION:

{(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: WARD, MICHAEL R.
40 {B) REGISTRATION NUMBER: 38,651
(C} REFERENCE/DOCKET NUMBER: CGAB-210

{ix) TELECOMMOUNICATION INFORMATION:
(A) TELEPHONE: (415) 433-4150

45 (B) TELEFAX: (415) 433-8716
{C) TELEX: N/A

(2) INFORMATION FOR SEQ ID NO:1:

50
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1617 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
55 (D) TOPOLOGY: lineaxr
(ii) MOLECULE TYPE: other nucleic acid
60

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:

CGACACTCCT TCCTTCTTCT CACCCGTCCT AGTCCCCTTC AACCCCCCTC TTTGACAAAG 60
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275 280 285 25 Val Leu Ile Thr Phe Leu

G@n Hs Thr Asp Pro Lys Leu Pro H's Tyr 290 295

300 Arg Gu Ay Ala Trp Asn Phe A n Arg Gy Ala Leu Cys Thr Val Asp 30

305 WO 98/46763 310 315 PCT/US2807A2G Ser -
Phe Gy Lys Phe Leu Asp Hs Met- Phe Hs Ay Ile Val H's 325

330 335 35 Thr Hs Val Ala Hs H's Leu Phe Ser
G@n Met Pro Phe Tyr His Ala 340 _ 345 350
Gu Qu Ala Thr Tyr H's Leu Lys Lys Leu Leu Ay Gu Tyr Tyr Val 355

360 ACAACARARCCIEISGRUGCTIR/ c'roﬁsps'r@r @A&CG’EE oncrtaschi@ addatrréhra Vaholrp Arg
Ser Phe Arg Qu 370 TGRAATGA GEA, TGECGRGGCH CCHETCTTGA TGATCATCGQIS Artp Phe
Val G u fsp GWCﬁ“ﬁGcﬁs?}% SFa PP %é’ 57899} 45 &85 1

390 caacaaceTcItzcATG cd bEdaRMbdT QibrchlitaPRidctddctiR ErcrédnrcSEQUENCE
CHARACTERI STI CS: 50 (A) LENGTH 355 amino acids (B) TYPE:

ami no aci d ( C)CPSTRARISERIPASEACE BEACTRACEY LAT TREICT TRIPEACCESE AGGCTREATE 55 300
(i) 'VQ-@CULE cEXEerceich&@rP0 acerreeren TAT%&M%%N&E PeARGEAT CNZ‘SOSEQ I D

NGO 5: du Val Arg Lys Leu Arg Thr Leu Phe n Ser Leu Gy Tyr Tyr
5 TGATGACTTT] GCGGCCGAGG TCCGCAAGCT GCGTALESITESITCCAGTCTC TTGGT‘JSG‘I‘A Ser 42gys Al a
|1 e 20 25
B 10nye * TrEaelincinadd fodtiaf tatptbote ufttonaon TeT06RT, 1490, Thy
35 GTCGACGGTCANITGTGGCCA AGTGGGGCCA GACCTEBACC CTCGCCAACG TGCTCTCGGC 540
TGCGCTTTTG GGTCTGTTCT GGCAGCAGTG CGGATGGTTG GCTCACGACT TTTTGCATCA 600
20 CCAGGTCTTC CAGGACCGTT TCTGGGGTGA TCTTTTCGGC GCCTTCTTGG GAGGTGTCIC 660
CCAGGGCTTC TCGTCCTCGT GGTGGAAGGA CAAGCACAAC ACTCACCACG CCGCCCCCAA 720
5 CGTCCACGGC GAGGATCCCG ACATTGACAC CCACCCTCTG TTGACCTGGA GTGAGCATGC 780
2 GTTGGAGATG TTCTCGGATG TCCCAGATGA GGAGCTGACC CGCATGTGGT CGCGTTTCAT 840
GGTCCTGAAC CAGACCTGGT TTTACTTCCC CATTCTCTCG TTTGCCCGTC TCTCCTGGTG 300
30 CCTCCAGTCC ATTCTCTTTG TGCTGCCTAA CGGTCAGGCC CACAAGCCCT CGGGCGCGCG 960

TGTGCCCATC TCGTTGGTCG AGCAGCTGTC GCTTGCGATG CACTGGACCT GGTACCTCGC 1020

CACCATGTTC CTGTTCATCA AGGATCCCGT CARCATGCTG GTGTACTTTT TGGTGTCGCA 1080

3 GGCGGTGTGC GGAAACTTGT TGGCGATCGT GTTCTCGCTC AACCACAACG GTATGCCTGT . 1140
GATCTCGAAG GAGGAGGCGG TCGATATGGA TTTCTTCACG AAGCAGATCA TCACGGGTCG 1200
40 TGATGTCCAC CCGGGTCTAT TTGCCAACTG GTTCACGGGT GGATTGAACT ATCAGATCGA 1260
GCACCACTTG TTCCCTTCGA TGCCTCGCCA CAACTTTTCA AAGATCCAGC CTGCTGTCGA 1320
45 GACCCTGTGC AAAAAGTACA ATGTCCGATA CCACACCACC GGTATGATCG AGGGAACTGC 1380
AGAGGTCTTT AGCCGTCTGA ACGAGGTCTC CAAGGCTGCC TCCAAGATGG GTAAGGCGCA 1440
GTARAARAAA ARACAAGGAC GTTTTTTTTC GCCAGTGCCT GTGCCTGTGC CTGCTTCCCT 1500
50 TGTCAAGTCG AGCGTTTCTG GAAAGGATCG TTCAGTGCAG TATCATCATT CTCCTTTTAC 1560
CCCCCGCTCA TATCTCATTC ATTTCTCTTA TTAAACAACT TGTTCCCCCC TTCACCG 1617
55 (2) INFORMATION FOR SEQ ID NO:2:
(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 457 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: not relevant
60 (D} TOPOLOGY: linear
(ii) MOLECULE TYPE: peptide
65
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5 Leu Ala Asn Val Leu Ser Ala Ala Leu Leu Ay Leu Phe Trp G n

A@n 50 55 60 Cys Ay Trp Leu Ala Hi s
Asp Phe Leu Hs Hs Adn Val Phe G n Asp 65 70 -
75 WO 98/46763 80 10 Arg Phe Trp Gy Asp Leu Phe d ypgrarspie7izéu G
Gy Val Cys dn 85 ' 90 95 Ay Phe Ser
Ser Ser Trp Trp Lys Asp Lys H's Asn Thr Hs-H s Ala 15

100 105 110 Ala Pro Asn Val Hs Ay Gu
Asp Pro Asp Ile ' . . 120

125 20 %ﬁeg@ﬁ%%%&%gﬁud PRI L @y het Phe Ser Asp Val
Pro Asp 130 Met Ala Ala Ala B®GSer Val Arg Thr Phe Thr Ar§OAl@ Giu(Fa} keau Thr Arg
Met Trp Ser Arg Phe Met Val Leéu Asn G n Thr Y45 15 150

155 asn AlOBLARITER: BiCalyE1yPNR EsOndpl 1ol 6th 26T plofheAl @ Arg Leu
Ser Trp Cys Leu 165 20 173 25 30175 An Ser Ile

Leu Phe Vval Leu Pro Asn d Adn Ala H s L¥s Pro Ser 30

180 Leu Mggile Ile Asp Asn Lys Yal Tyri®® lyAm EUAFS Vil PFro 11e Ser
Leu Val (bl u @n Leu Ser leu Ala Met 195 _ 200
205 35 akp aisTep ¢y ey perly4l RULA ehrlhis Dt cBheys eep e [l e Lys
Asp Pro 210 50 215 55 #20 Val Asn Met Leu Val
Tyr Phe;deu Val S gnAiI Val s_3dvy. Asn 5 230
1 e a gh & S end ¥id Piv Ala Ala Trp Glu Thr Le
235 65 T 40" LT gu NERTERA -,?he *sef” Leu lngl(,“l—h s Asn Ay
Met Pro Val |le 245 : 250 255 Ser Lys GQu
Gu Ala Val Asp MBia AspERhaviPHel Fhr AtsySieGhep Fluesed dsmbrg Asp Ile Lys
260 2, 265 27 Thr Ay Arg Ap Val Hs Pro
Gy Leu"Phe Al a Agbh Atp aBend Ria Wy 62/ Pal arg Lys Leu Arg Thr L&BPhe Gln
285 50 Gy Leu Asm Tyr An llei@®u H s Hs Lemdhe Pro Ser Met
Pro Arg 290 295 300
Ser Leu Gly Tyr Tyr Asp Ser Ser Lys Ala Tyr Tyr Ala Phe Lys Val
25 115 120 125
Ser Phe Asn Leu Cys Ile Trp Gly Leu Ser Thr Val Ile Val Ala Lys
130 135 140 -
30 Trp Gly Gln Thr Ser Thr Leu Ala Asn Val Leu Ser Ala Ala Leu Leu
145 150 155 160
Gly Leu Phe Trp Gln Gln Cys Gly Trp Leu Ala His Asp Phe Leu His
165 170 175
35
His Gln Val Phe Gln Asp Arg Phe Trp Gly Asp lLeu Phe Gly Ala Phe
180 185 190
Leu Gly Gly Val Cys Gln Gly Phe Ser Ser Ser Trp Trp Lys Asp Lys
40 195 200 205
His Asn Thr His His Ala Ala Pro Asn Val His Gly Glu Asp Pro Asp
210 215 220
45 Ile Asp Thr His Pro Leu Leu Thr Trp Ser Glu His Ala Leu Glu Met
225 230 235 240
Phe Ser Asp Val Pro Asp Glu Glu Leu Thr Arg Met Trp Ser Arg Phe
2435 250 255
50
Met Val Leu Asn Gln Thr Trp Phe Tyr Phe Pro Ile Leu Ser Phe Ala
260 265 270
Arg Leu Ser Trp Cys Leu Gln Ser Ile Leu Phe Val Leu Pro Asn Gly
55 275 280 285
Gln Ala His Lys Pro Ser Gly Ala Arg Val Pro Ile Ser Leu Val Glu
290 295 300
60 Gln Leu Ser Leu Ala Met His Trp Thr Trp Tyr Leu Ala Thr Met Phe
305 310 315 320
Leu Phe Ile Lys Asp Pro Val Asn Met Leu Val Tyr Phe Leu Val Ser
65 325 330 335

Gln Ala Val Cys Gly Asn Leu Leu Ala Ile Val Phe Ser Leu Asn His
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H s Asn Phe Ser

310

Thr Ay Mt

335 Val
340

| NFORVATI ON FOR SEQ | D NQO 6:

315

345

-102-

Lys Ile G@n Pro Ala Val

Ser

G u Thr

320 Tyr Asn Val
lle Qu Gy Thr Ala A u 325
PhWO38M6783 g Leu Asn G u Val

Leu Cys Lys Lys 305

330

Arg Tyr

H s Thr

Lys Ala Ala Ser Lys PW(”%’”)W%@

350 Lys Ala A n 355 65
(i) SEQUENCE CHARACTERI STI Cs:

LENGTH:. 104 anmino acids (B) TYPE: am no acid (C) STRANDEDNESS:

5

(D) TOPORREY:

SEQUENCE DESCRI PTI ON: SEQ I D NO 6: Val

Al a Asn Ser Leu Q¥n\EY
15

10
Adn

Ile Ala 20

Phe Thr Lys Gln IleZfie Thr Gly Arg Asp Val His3fro2@y Leu Fhe

Thr Leu

Pro Val Ile Ser Lys Glu Glu
eu Tyr dy Val

Tyr Thr
la Val

Leu
p Met Asp

Leu Ala Cys Pro Ser Val

Ay Leu Leu Ay Leu L@G Trplle An B8 Ala Tyr 118y Xaa 35

40

Asn Xaa ghe 50 185
Ser Gy Asn Cys Leu Thr Gy

75

Leu Asp Tyr
95 Ay Hgo Asn LeuUgid thrHien ¢ys€Ly3r Oys Tyr Asn val Arg Tyr His Thr Thr Gly Met

20

25

30

35

40

45

50

35

60

63

Ala ASA 'fa‘%pP e{hr%

Ile Glu Gly Thr Ala Glu Val Phe Ser Arg Leu Asn Glu Val Ser Lys

420

435

I'le

85t

425

440

Ala Ala Ser Lys Met Gly Lys Ala Gln
450

455

(2) INFORMATION FOR SEQ ID NO:3:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 1488 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

{ii) MOLECULE TYPE: DNA (genomic)

(xi) SEQUENCE DESCRIPTION:

GTCCCCTGTC
CCACCGTCTC
ACGATTTCTT
GCACCTCCCA
AACTCGGCCA
ATCCGAGAGT
GITGCCATCG

TTTGAGAATC

. GTCTGCACCG

AAGACCCTCA

TCCTGGAGAA

GTCTTTGTGC

GCCGTTCAGG

TTCTGGATGG

GCTGTCGGCA

TCCTCCACCC

TTTACTCAGC

ACACTATCGA

AGCCTGCCTT

GCATCCCTGC

ATCTGACTTG

CCTTGATCCG

GTGTCTGGGT

ACARCACAGT

TCTCGCACTC

CCAAGACCCG

AGGAGGACAT

TGATCCAGTT

CACCCCATCC
TCCGAGACGA
ACCAACTCAA
TGCCGGTTTG
CGAGCGCAAC
CCACTGCTTT
GGCGTCGCTC
CTATTTGGCC
GCTGGCTCAC
TGGTTGGATC
GAAGCRCCAC
CTCCCAGGTT
GTCCGTGCAC

CTTGTTCGGA

SEQ ID NO:3:

TCCCTCGCTC
CTGCAACTGT
AATCCTCAAC
ACCCAGCGTC
TACCAGCTCC
GAGCGCTCCG
TTGTTCCTGG
TGGCCTGTTT
GAGTGTGGTC
TTGCACTCGA
AAGGCCACTG
GGCTTGCCTC
CTGGATGAGG

TGGCCCGCGT

-99.

>§ HySLexyl{sn\@r éllnelllgeélusﬁr

Ile Ala Trp Trp
Phe BO ﬁ_eysmﬁrggﬂ‘ﬁg HissAsAs

395
65

430

445

CCTCTGCGTT
AATCAGGAAC
CGCARCCCTT
ATATCAGCAC
CCGAGTTCAC
GTCTCCGTGG
CTGCGACCCA
ACTGGATCAT
ATCAGTCCTT
TGCTCTTGGT
GCCATATGAC
CCAAGGAGAA
AGGCTCCCAT

ACCTGATTAT

TGTCCTTGGC
CGACAAATAC
TTTCAGGATG
CTCGGCCCCA
CATCAARGGAG
TCTCTGCCAC
GATCGACAAG
GCAGGGTATT
CTCGACCTCC
CCCCTACCAC
CARGGACCAG
CGCTGCTGCT
TGTGACTTTG

GAACGCCTCT

(A
rel evant
l'i near (ii34sMOLECULE TYPBSOpept ide 10 (xi)
hhe Val Al a

Xaa Pro H's

BSNLduyYS Ser Asn
Al'a {don Leu Leu

70

fheafes MesThg @B Ha V”(’:ys Asn Ser

60
120
180
240
300
360
420
480
540
600
660
720
780
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100 35 (2) | NFORMATI ON FOR SEQ ID NO 7: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 252 amno acids (B) TYPE: am no acid 40 (O
STRANDEDNESS: not relevant (D) TOPOLOGY: linear (ii) MOLECULE TYPE: peptide
45 (xi) SkkdphdereIESCRI PTION: SEQ I D NG 7: 50 A PCUAISIs/ER 26Ty
Gy Val Leu Ala Cys Thr Ser Val' Phe Ala Hs Gn 1 5

10 15 1le Ala Ala Ala Leu Leu Ay Leu Leu Trp Ile @ n Ser
Ala Tyr Ile 20 25 30 55 Ay H's Asp Ser

Ay Hi s Tyr Vakedch@:ablircdoRbcons eatotecdder rrévdcaddNacidcecear crrreasece 9040
45 Arg Phe Ala G n Leu Leu Ser Ay Asn Cys Leu Thr Ay Ile Ser Ile 60

50 CGCAACTTTE, §CGACATTAT TATCTCGGAC CTCGQIGTGN| RECFFGSCET SOGRFECCEFy THISO Hi s
Asn Ala Kis Hi ﬁfré‘rﬂ&bc@‘zl %cz@éém‘l\? Rrefrctre ACCGTCACCA AGTACTATAT TéfbcccTac 1020
75 Leu Asp Tyr Asp Pro Asp Leu Gn Hi's

Ile Pro Val Pheromn"ggrmmcﬂemcag GGTCCTGATC ACCTTCTTGC AGIACACCGA 'rccczmscm 108095
;L(%83- lOThr Lchca'pl'%c EGA§8£TG§ %[I'Géﬁﬁ"rw-gh&c;&errfi@ gr ek eati qnﬁ‘s%gphg Sq&";upr o
Val Ala Arg Phecdmmcklnlmﬁ&mré&y rccﬁmsﬂcscnléb@m"ﬁi;r rdchbaccea Tereeeccar 1200120
125 Tyr Tyr Pro Val Asn Phe G'ré |le Asn Leu Phe Ile @ n Thr 130
135 CACTTGTTCT £ ?Fcﬁr?é'T feAT ?PTE%?&%‘éT“gE‘F“TE??W@G’@u VH®Pr o

Asp Arg Al a Ledr%Escac AGTACTATGT GTACGACCCA TCCCCGATCG TCGTTGCGGT CTGGAGGTCG 1320
TTCCGTGAGT GCCGATTCGT GGAGGATCAG GGAGACGTGG TCTTTTTCAA GAAGTAAAAA 1380

AAAAGACAAT GGACCACACA CAACCTTGTC TCTACAGACC TACGTATCAT GTAGCCATAC 1440

20
CACTTCATARA AAGARCATGA GCTCTAGAGG CGTGTCATTC GCGCCTCC 1488
(2) INFORMATION FOR SEQ ID NO:4:
25 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 399 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:4:
Met Ala Pro Pro Asn Thr Ile Asp Ala Gly Leu Thr Gln Arg His Ile
1 5 10 15
40
Ser Thr Ser Ala Pro Asn Ser Ala Lys Pro Ala Phe Glu Arg Asn Tyr
20 25 30
Gln Leu Pro Glu Phe Thr Ile Lys Glu Ile Arg Glu Cys Ile Pro Ala
45 35 40 45
His Cys Phe Glu Arg Ser Gly Leu Arg Gly Leu Cys His Val Ala Ile
50 55 60
50 Asp Leu Thr Trp Ala Ser Leu Leu Phe Leu Ala Ala Thr Gln Ile Asp
65 70 75 80
Lys Phe Glu Asn Pro Leu Ile Arg Tyr Leu Ala Trp Pro Val Tyr Trp
85 90 95
55
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 Ser Thr Ser Lys Thr Leu Asn Asn Thr Val
60 115 120 125
Gly Trp Ile Leu His Ser Met Leu Leu Val Pro Tyr His Ser Trp Arg
130 135 140
65 Ile Ser His Ser Lys His His Lys Ala Thr Gly His Met Thr Lys Asp
145 ~ 150 155 160

-100-



145 150 155 160 Phe Al a

Gy Ile Leu Val Phe Trp Thr Trp Phe Pro Leu Leu Val Ser 15

165 170 175 Cys Leu Pro Asn Trp Pro G u

Arg Phe PYEOPH@763| Phe Thr Ser Phe 180 18P CT/USIBNT126 -

190 20 Thr Val Thr Ata Leu A n His Ile @n Phe Thr Leu Asn Hi s

Phe Al a 195 200 ' 205 Ala Asp Val Tyr Val

Gy Pro Pro Thr Ay Ser Asp Trp Phe Qu Lys. 210 215

22025GnAIaAIaGI‘yThrIIeAs]PIIeSer.Q/sAr Ser Tyr Met Asp Trp 225

230 Gln aéSije Val Pro Lys Thr Arg Sezmn Byelay g,:oq_r’\g ¥Wf, A n Phe
: : 165 170

Gn Leu u Hs Hs 30 245

250 (2) BNFORVATI @duFGRr BEQihANGIA: vali ¢1nSHQUENGEpGHARN TRRI GEl (o 35

(A) LENGTH:. 125 amino aci dst8B) TYPE: am n®Sacid (C) STRANDEDNESS: not

rel evant (D) TOP i1l d I (1) TYPE: peptide 45
(xi) SEQUENCE DEE’E*%?EG%P&EE‘%&Q‘%M% RS %NS’GES?SEP 12 IR e Leu
Val Phel®rp Thr Trp Phe Pro 1 5 10

| 5 50 ey g_lh%LFl\VaT‘PS%ﬁ" Iéysgiu;ekﬁupﬂe Me& ATy Blapfer €3vuSWy BsPPhe Xaa
Phe Val 20 25 Phe Thr @y Phe Thr

Val Thr Ala Leu GHyrHiy ddgerdgl thePe Hilr pHeCiks3Mr Tyr ser Pro Ile phe G140
45 Asn HiPs Phe Al @228l a Asp Val Ty23oval Gy Pro P33 Thr Gy Ser Zsp 50

ggr Oys Arg Ser 60?::0 ArEgSOAs-rl;ereP % gpuIlLeyIsleGIlre] SpélraAsél I?erg‘GJYy ‘-Iraqr L<-:!uI ElaAsp e
75 80 Tyr Met Asp Trp Phe P?'usg Cys Ay Leu asn Phe A n Leu

Gu Hs2Pis 85 Ala Leu Gly Ala Leu D@ Tyr Ala Ser Met Gln Leu S&@SLénSLeu Thr : Leu
Phe Pro Arg Leu Pro Arg Cys*®is Leu Arg Ly%5Vval Ser Pro \aio

Val Thr Lys Tyr Tyr Ile Val Pro Tyr Leu Phe Val Asn Phe Trp Leu

275 280 285
25
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
30 305 310 315 320
Arg Ser Phe Gly Lys Phe Leu Asp His Met Phe His Gly Ile Val His
325 330 335
35 Thr His Val Ala His His Leu Phe Ser Gln Met Pro Phe Tyr His Ala
340 345 350
Glu Glu Ala Thr Tyr His Leu Lys Lys Leu Leu Gly Glu Tyr Tyr Val
355 360 365
40
Tyr Asp Pro Ser Pro Ile Val Val Ala Val Trp Arg Ser Phe Arg Glu
370 375 380
Cys Arg Phe Val Glu Asp Gln Gly Asp Val Val Phe Phe Lys Lys
45 385 390 395

(2) INFORMATION FOR SEQ ID NO:5:

(i) SEQUENCE CHARACTERISTICS:
50 (A) LENGTH: 355 amino acids
(B} TYPE: amino acid
(C) STRANDEDNESS: not relevant
{D) TOPOLOGY: linear

55 (ii) MOLECULE TYPE: peptide
60 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:5:
Glu Val Arg Lys Leu Arg Thr Leu Phe Gln Ser Leu Gly Tyr Tyr Asp
1 5 10 15
65 Ser Ser Lys Ala Tyr Tyr Ala Phe Lys Val Ser Phe Asn Leu Cys Ile
20 25 30
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100 105 110 -104- dy @n Arg dy Phe

G@n Arg Lys Xaa Asn Leu Ser Xaa 115 120

125 5 (2) I NFORVATION FOR SEQ I D NO 9: (i) SEQUENCE CHARACTERI STI CS:
(A LENGTWo $8B%763ni no acids (B) TYPE: amino acid 10 PCT/US98/07136C) -
STRANDEDNESS: not relevant (D) "TOPOLOGY: linear (ii) MOLECULE TYPE: peptide
15 (xi) SEQUENCE DESCRI PTION. SEQ ID NO 9: 20 Pro Ala Thr GQu
Val Ay Ay Leu Ala Trp Met Ile Thr Phe Tyr Val 1 5

10 - 15 Arg Phe Phe Leu Thr Tyr Val Pro Leu Leu Ay Leu Lys
Al a Phe Leu 20 Trp Gly Leu Ser Thr VaQ Ile Val Ala Lys Trp Gly G Ty @}:y'rq_reu Phe Phe
Ile Val Arg Phe Leu A u Ber Asn Trp Phe!®al Trp 35 45 40

45 Val Thr G n MetifisfiaHiss vahereRrga-Mab Adasteh!l Ru Sy tiuSeRSPrp 6t 6N 30
50 5065 55 60 Met Asp Trp Val Ser Thr A n
Leu G@n Ala Thr Cys Asn Val_ Hi s Lys

'S 65 o 70
75 2‘5’3 Yy TB Leu Ala 20 Asp e Ilﬂ“a"‘ﬁh%sA‘élﬁ‘ Yodn oy f')l“Pﬁ? Ser Ay
Hs Leuipsn Phe An lle Gu 85 90 95
H's Hs Leu Phe PraxgTite NptGlFrispAtey PiesGlisalaTire kuscladl Wil Aysaci00

105 110 40 Pr® Leu Val dn Leu Cys Ala Bys His Ay Ile
GQu Tyr Gn Ser 11é|.y Phe Ser Ser Ser Trp T:%Z)Q,s Asp Lys His Asn Thr Hizlszﬁié-Xf‘a Pro Leu
15 100 105 110
Ala Pro Asn Val His Gly Glu Asp Pro Asp Ile Asp Thr His Pro Leu
115 120 125
20 Leu Thr Trp Ser Glu His Ala Leu Glu Met Phe Ser Asp Val Pro Asp
130 135 140
Glu Glu Leu Thr Arg Met Trp Ser Arg Phe Met Val Leu Asn Gin Thr
145 150 155 160
25
Trp Phe Tyr Phe Pro Ile Leu Ser Phe Ala Arg Leu Ser Trp Cys Leu
165 170 175
Gln Ser Ile Leu Phe Val Leu Pro Asn Gly Gln Ala His Lys Pro Ser
30 180 185 ) 190
Gly Ala Arg Val Pro Ile Ser Leu Val Glu Gln Leu Ser Leu Ala Met
195 200 205
35 His Trp Thr Trp Tyr Leu Ala Thr Met Phe Leu Phe Ile Lys Asp Pro
210 215 220
Val Asn Met lLeu Val Tyr Phe Leu Val Ser Gln Ala Val Cys Gly Asn
225 230 235 240
40
Leu Leu Ala Ile Val Phe Ser Leu Asn His Asn Gly Met Pro Val Ile
245 250 255
Ser Lys Glu Glu Ala Val asp Met Asp Phe Phe Thr Lys Gln Ile Ile
45 260 265 270
Thr Gly Arg Asp Val His Pro Gly Leu Phe Ala Asn Trp Phe Thr Gly
275 280 2895
50 Gly Leu Asn Tyr GIn lIle Glu His His Leu Phe Pro Ser Met Pro Arg
290 295 300
His Asn Phe Ser Lys Ile Gln Pro Ala Val Glu Thr Leu Cys Lys Lys
305 310 315 320
55
Tyr Asn Val Arg Tyr His Thr Thr Gly Met Ile Glu Gly Thr Ala Glu
325 330 335
Val Phe Ser Arg Leu Asn Glu Val Ser Lys Ala Ala Ser Lys Met Gly
60 340 345 150
Lys Ala Gln
355
65 {2) INFORMATION FOR SEQ ID NO:6:
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45 130 (2) | NFORMATI ON FOR SEQ I D NO 10: (i) SEQUENCE

CHARACTERI STI CS: 50 (A) LENGTH: 87 amino acids (B) TYPE:

am no acid (C) STRANDEDNESS: not relevant (D) TOPOLOGY: |in %{P"

(i) MOLEWOYSMEMBE: peptide 60 (xi) SEQUENCE DES %‘EQ 1)
NG 10: Cys Ser Pro Lys Ser Ser 'Pro Thr Arg Asn Met Thr Pro Ser Pro Phe 1

5 10 15 65 Ile Asp Trp Leu
Trp Ay Ay Leu Asn Tyr An lle Qu H's H's Leu 20 25

30 -105- Phe Pri digueddet cHRRACTERIITIRSS Asn Leu Asn Arg Cys Met Lys Tyr Val
35 A{h) LENGTH: 104 a.mino acidsgg5 g Lys Gu Trp Q/S

Ala Gu ssn sn teu o8 TIECBENS aso, bsn. Tyr 50
60 Phe Mal Ay Tyr AsrmL-mmﬁ&m heseadd N G n Leu Lys Asn Met Ala Qu 65

70 80 10 Leu Val An Ala Lys Ala Ala
85 (2) | NFORVATI (W-’FE%ESEQ TSENGeR®Ee 15 (| ) SEQUENCE CHARACTERI STICS: (A)
LENGTH. 143 am no acids (B) TYPE: am no acid (C) STRANDEDNESS:. not rel evant
20 10 (D) TOPOLOGY: linear (ii) MOLECULE TYPE: peptide 25

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:

Val Thr Leu Tyr Thr Leu Ala Phe Val Ala Ala Asn Ser Leu Gly Val

15 1 5 10 15
Leu Tyr Gly Val Leu Ala Cys Pro Ser Val Xaa Pro His Gln Ile Ala
20 25 30
20 Ala Gly Leu Leu Gly Leu Leu Trp Ile Gln Ser Ala Tyr Ile Gly Xaa
35 40 45
Asp Ser Gly His Tyr Val Ile Met Ser Asn Lys Ser Asn Asn Xaa Phe
50 55 60
25
Ala Gln Leu Leu Ser Gly Asn Cys Leu Thr Gly Ile Ile Ala Trxp Trp
65 70 15 80
Lys Trp Thr His Asn Ala His His Leu Ala Cys Asn Ser Leu Asp Tyr
30 85 90 95
Gly Pro Asn Leu Gln His Ile Pro
100
35 (2) INFORMATION FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 252 amino acids
(B} TYPE: amino acid
40 {C) STRANDEDNESS: not relevant
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: peptide

45
{x1i) SEQUENCE DESCRIPTION: SEQ ID NO:7:
50 Gly Val Leu Tyr Gly Val Leu Ala Cys Thr Ser Val Phe Ala His Gln
1 5 10 15
Ile Ala Ala Ala Leu Leu Gly Leu Leu Trp Ile Gln Ser Ala Tyr Ile
20 25 30
55
Gly His Asp Ser Gly His Tyr Val Ile Met Ser Asn Lys Ser Tyr Asn
35 40 45
Arg Phe Ala Gln Leu Leu Ser Gly Asn Cys Leu Thr Gly Ile Ser Ile
60 50 55 60
Ala Trp Trp Lys Trp Thr His Asn Ala His His Leu Ala Cys Asn Ser
65 70 15 80
65 Leu Asp Tyr Asp Pro Asp Leu Gln His Ile Pro Val Phe Ala Val Ser
85 90 95
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(xi) SEQUENCE DESCRI PTION: SEQ ID NO 11: Arg HIS Gu Ala Ala Arg Gly Gly

Thr Arg Leu Ala Tyr Met Leu Val 30 1

10 15 Cys Met A n Trp Thr Asp Leu Leu Trp Al a AI a Ser Phe
Tyr Ser Arwo26/46763 25 30 35 pcr/US9sTI26PhE .
Phe Leu Ser Tyr Ser Pro Phe Tyr Ay Ala Thr Gy Thr Leu Leu 35

40 45 Leu Phe Val Ala Val Arg Val Leu Qu Ser H's Trp Phe
Val Trp Ile 50 55 60 40 Thr A n Met Asn
Hs lle ProLys Qulle Ay Hs GQu Lys Hs Arg 65 70

75 Thr B ARPehE BerAbdk %{Tﬁeéerq{b blrfY fsPhdy TN Q’S Asn Val
Gu Pro Ser 45 100 110

100
EigSLeu Prge Ile Asp Trg Phe §re°rVa(“iI XlaHlAr:Sg IEE%“@ZE“EE% gyrgc;égl]gxqag#e H| s Ao s
Asn Tyr Arg Xaa Val Ala Pro 115 120 125
Leu Val Lys Al a Ph’&!% AdcavdlyasnHEyws SleyclyebrgHize Ay Léd whe/ale &80 Thr

135 55 (2) | NFORMATI ON FOR SEQM® NO. 12: (i) SEQUENCE
CHARACTERI STI CS: (A LENGHieu3Bhdd85EL h§ eROver oo asp Azg M1 L @ﬁa{YF’EZ
nucleic acid (O SiI'BANDEDNESeS Si ngp ﬁa ¥ cioi%?, I n’égar T ECULE
TYPE: other nucleic acid 65 106- (XI) SEQUENCE DESCRI PTI O\I SEQ ID
NO 12: Hs CCANCCFPCTYCEAGEHCERCTFTTPTTFTIIR FIRTTI0 Leu Leu Val Ser
35
Cys Leu Pro Asn Trp Pro Glu Arg Phe Phe Phe Val Phe Thr Ser Phe
180 185 ) 190
20 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.
25 210 215 220
Gln Ala Ala Gly Thr Ile Asp Ile Ser Cys Arg Ser Tyr Met Asp Trp
225 230 235 240
Phe Phe Gly Gly Leu Gln Phe Gln Leu Glu His His
30 245 250

(2) INFORMATION FOR SEQ ID NO:8:

(i) SEQUENCE CHARACTERISTICS:
35 (A) LENGTH: 125 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: not relevant
(D) TOPOLOGY: linear

40 (ii) MOLECULE TYPE: peptide
45 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:8:
Gly Xaa Xaa Asn Phe Ala Gly Ile Leu Val Phe Trp Thr Trp Phe Pro
1 5 10 15
50 Leu Leu Val Ser Cys Leu Pro Asn Trp Pro Glu Arg Phe Xaa Phe Val
20 25 30
Phe Thr Gly Phe Thr Val Thr Ala Leu Gln His Ile Gln Phe Thr Leu
35 40 45
55
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
60 65 70 75 80
Tyr Met Asp Trp Phe Phe Cys Gly Leu Gln Phe Gln Leu Glu His His
85 90 95
65 Leu Phe Pro Axrg Leu Pro Arg Cys His Leu Arg Lys Val Ser Pro Val
100 105 110
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(2) I'NFORMATION FOR SEQ I'D NO 13: (i) SEQUENCE CHARACTERISTICS: 10

(A) LENGTH: 33 base pairs (B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D) TOPOLOGY: linear 15 (ii) MOLECULE TYPE: other nucleic acid 20
(xi) SEQUMY@ESMEIEYRI PTI ON: SEQ | D NO 13: CUACUACUAC UAGGAGT BETNSPRBHE GTT -
TTG ' 33 (2) | NFORVATION FOR SEQ I D

NO 14: 25 (i) SEQUENCE CHARACTERI STICS: (A) LENGTH: 33 base pairs (B) TYPE
nucleic acid (C) STRANDEDNESS: single 30 (D) TOPOLOGY:
linear (ii) MOLECULE TYPE: other nucleic acid 35 (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO 14: CAUCAYCRBIR=ALFAY GRY (BT BANGETRRA/RPCTC Ser Xaa

33 40 (2) | NFORVATION F 5SEQ | D NO 15: 2’(°i) SEQUENCE CF%RACTER_I STICS: (A
LENGTH: 89 base)pfiroma4fon FOR SEQ ID NO:9: (B) TYPE: nucleic acid (0O _
STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: other nucleic
acid 50 (xi) SE@W@?@@%MM&BSW 15: 55 TACCAACTCG AGAAAATGGEC

TGCTGCTCCC AGTGTGAGG (5 1ypE: amino acid 39 (2) I NFORVATI ON FOR
SEQ I D M@ 16: 60 (c) STRANDEDNESEQREINGE <GHARACTERI STICS: (A) LENGTH 39
base pairs (D) TOPOLOGY: linear _

(ii) MOLECULE TYPE: peptide

15
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
20 Pro Ala Thr Glu Val Gly Gly Leu Ala Trp Met Ile Thr Phe Tyr Val
1 - 10 15
Arg Phe Phe Leu Thr Tyr Val Pro Leu Leu Gly Leu Lys Ala Phe Leu
20 25 30
25
Gly Leu Phe Phe Ile Val Arg Phe Leu Glu Ser Asn Trp Phe Val Trp
35 40 45
Val Thr Gln Met Asn His Ile Pro Met His Ile Asp His Asp Arg Asn
30 50 55 60
Met Asp Trp Val Ser Thr Gln Leu Gln Ala Thr Cys Asn Val His Lys
65 70 15 80
35 Ser Ala Phe Asn Asp Trp Phe Ser Gly His Leu Asn Phe Gln Ile Glu
85 90 95
His His Leu Phe Pro Thr Met Pro Arg His Asn Tyr His Xaa Val Ala
100 105 110
40

Pro Leu Val Gln Ser Leu Cys Ala Lys His Gly Ile Glu Tyr Gln Ser
115 120 125

Lys Pro Leu
45 130

(2) INFORMATION FOR SEQ ID NO:10:

(1) SEQUENCE CHARACTERISTICS:
50 (A} LENGTH: 87 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: not relevant
(D) TOPOLOGY: linear

55 (ii) MOLECULE TYPE: peptide
60 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
Cys Ser Pro Lys Ser Ser Pro Thr Arg Asn Met Thr Pro Ser Pro Phe
1 5 10 15
65 Ile Asp Trp Leu Trp Gly Gly Leu Asn Tyr Gln Ile Glu His His Leu
20 25 30
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(B) TYPE: nucleic acid (C) STRANDEDNESS: single 65 (D)

TOPOLOGY: linear (ii) MOLECULE TYPE: other nucleic acid -107- 5

(xi) SEQUENCE DESCRI PTI ON: SEQ I D NO 16: AACTGATCTA GATTACTGCG CCTTACCCAT
CTTGGAGECwO 98/46763 39 (2) | NFORVATI ON FORUSBEDTIES -
NGO 17: 10 (i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 39 base pairs (B) TYPE:
nucl eic acid (C) STRANDEDNESS:. single 15 - (D) TOPOLOGY:
linear (ii) MOLECULE TYPE: other nucleic acid 20 (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO 17: TACCAACTCG AGAAAATGEC ACCTCCCAAC ACTATCGAT

39 25 (2) | NFORVATHN doCR SRR 0 NG &8: adhi Deu SEQURNGE sGRARAGSTRRI GILI CS:  (A)

LENGTH. 39 base pairs 3035 40 (B) TYPE: nu&eic acid (O
STRANDEDNESS: sin D), TOPOL e P nucl ei c
Seid 55 Pn) . seouAReE R pEr e Bl gy s Bycied var Mg e hleT
GATTACTTCT TGAAAAAGAC CACGTCTCC 39 (2)

| NFORVATI ON FOR SEDe| BINSy1Dyr ¥sn) LESEQBEP@B;WEWS%nG@t e Glu
(A LEN%H: 746 nutl ei ¢ aci ds

Leu Val Gln Ala Lys Ala Ala

85
(2) INFORMATION FOR SEQ ID NO:1l1l:
15
{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 143 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: not relevant
20 (D) TOPOLOGY: linear
{ii) MOLECULE TYPE: peptide
25
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1l1l:
Arg His Glu Ala Ala Arg Gly Gly Thr Arg Leu Ala Tyr Met Leu Val
30 1 5 10 15
Cys Met Gln Trp Thr Asp Leu Leu Trp Ala Ala Ser Phe Tyr Ser Arg
20 25 30
35 Phe Phe Leu Ser Tyr Ser Pro Phe Tyr Gly Ala Thr Gly Thr Leu Leu
35 40 45
Leu Phe Val Ala Val Arg Val Leu Glu Ser His Trp Phe Val Trp Ile
50 55 60
40
Thr Gln Met Asn His Ile Pro Lys Glu Ile Gly His Glu Lys His Arg
65 70 75 80
Asp Trp Ala Ser Ser Gln Leu Ala Ala Thr Cys Asn Val Glu Pro Ser
45 85 90 95
Leu Phe Ile Asp Trp Phe Ser Gly His Leu Asn Phe Gln Ile Glu His
100 105 110
50 His Leu Phe Pro Thr Met Thr Arg His Asn Tyr Arg Xaa Val Ala Pro
115 120 125
Leu Val Lys Ala Phe Cys Ala Lys His Gly Leu His Tyr Glu Val
130 135 140
55

(2) INFORMATION FOR SEQ ID NO:12:

(i) SEQUENCE CHARACTERISTICS:
(2) LENGTH: 35 base pairs
60 (B) TYPE: nucleic acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear

65 (ii) MOLECULE TYPE: other nucleic acid
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(B) TYPE: nucleic acid (C) STRANDEDNESS: not relevant (D) TOPOLOGY: |inear
50 (ii) MOLECULE TYPE: nucleic acid (xi) SEQUENCE DESCRI PTI ON:
SEQ I D NO 19: CGTATGTCAC TCCATTCCAA ACTCGTTCAT GGTATCATAA ATATCAACAC -
ATTTACGCTYO 98/467635 5 CACTCCTCTA TGGTATTTAC ACACTCAAAT REBEPMHTER6 -
AGATTGGGAA GCTTTTGTAA 120 AGGATGGTAA AAATGGTGCA ATTCGTGTTA GTGTCGCCAC
AAATTTCGAT AAGGCCGCTT 180 ACGTCATTGG TAAATTGTCT TTTGITTTCT TCCGTTTCAT
CCTTCCACTC CGTTATCATA 240 GCTTTACAGA TTTAATTTGT TATTTCCTCA TTGCTGAATT
CGTCTTTGGT TGGTATCTCA 300 CAATTAATTT CCAAGTTAGT CATGTCGCTG AAGATCTCAA
ATTCTTTGCT ACCCCT TGA ACCATCTCAA ATCAATGAAG
ATTGGGCAAT CCTTCA%A%EXK%%%D%%%“I%%%%GG TCATGGTTCA CTCCTTTGTA
CCTTTTTTAG TGCIFGEHTAr ACHCATRANGTTT 8 TeF TCATCA TTTATTCCCA TBAATTGCTC
AAGATTTCTA CCCACAACTT GTACCAATTG. 540 TAAAAGAAGT TTGTAAAGAA CATAACATTA
CTTACCACAT TAAACCREREAFIAETGARGIC Mo : CTATTATGTC ACACATTAAT TACCTTTACA

AAATGGGTAA TGATCCAGATsEROGE TehAdTER 186£L56 5 AACCATTAGC CTCAAAAGAT
GATTAAATGA AATAACTTAA MAACSFNT T/ BaSEAGEIS TG 720 - 108- ACAAACAGTA
ATATTAATAA ATACAA (B) TYPE: nucleic acid 746 (2)

| NFORMATI ON FOR SEQ | B} NG eathock] s GEXRCE CHARACTERI STICS: (A) LENGTH: 227
am no acids (B) TYPE: amno acid (C) STRANDEDNESS: not rel evant 10

(D) TOPABOGY: |i nésin YILEFULEONEDUEhSEYRELeigeptinde 15 (xi) SEQUENCE
DESCRI PTION: SEQ I D NO 20: Tyr Val Thr Pro Phe A n Thr Arg Ser Trp Tyr His
Lys Tyr Gn 1 5 10 15
Hs Ile Tyr Ala Pro Leu Leu Tyr Ay Ile Tyr Thr Leu Lys Tyr 20
.25 20 (xi) SEQQENCB(PESCRIPTIQN: (SEQHED M&:m3:Asp Trp A u Al a Phe Val Lys
Asp Gy Lys ASB,@¥cuac uaceasrcer cTAcceTeTT TTG 33
” (2) INFORMATION FOR SEQ ID NO:14:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
30 (D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid
35
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:
40 CAUCAUCAUC AUATGATGCT CAAGCTGAAA CTG 33

{2) INFORMATION FOR SEQ ID NO:15:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 39 base pairs
45 (B} TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid

50
55 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:15:
TACCAACTCG AGAAAATGGC TGCTGCTCCC AGTGTGAGG 39
(2) INFORMATION FOR SEQ ID NO:16:
60 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 39 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
65 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid
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35 ” | 40 45 Ala Ile Arg Val Ser Val A a

Thr Asn Phe Asp Lys Ala Ala Tyr 50 55 60
Val Ile Ay Lys Leu Ser Phe Val Phe Phe Arg Phe Ile Leu Pro 25

65 YVO98146763 70 75 Leu Arg Tyr HlmsﬂﬁléﬁThr
Asp Leu Ile Cys Tyr Phe Leu Ile 80 85 90
Ala Qu Phe Val Phe Ay Trp Tyr Leu Thr Ile-Asn Phe G n Val 95

100 105 30 Ser H's Val Ala G u Asp Leu Lys Phe Phe
Ala Thr Pro u Arg 110 115 : 120 Pro Asp
AQu Pro Ser Gn lle Asn Qu Asp Trp Ala Ile Leu A n 125

130 135 Leu Lys Thr Thr @ n Asp Tyr Ay Hs Ay Ser Leu
Leu Cys Thr 35 145

150 Phe Phe Ser QWM SERYFEH REREIS "G s’}"?’i%l %M Hs Hs Leu Phe 155

160 mcrc;mcrzl&hﬁt@c&&:trﬁcecml err@necdAsp Phe Tyr Pro d n LeasVal
Pro Ile Val 180 40 Lys Qu
Val Cys Jovs G dZ’HiI§F°A§‘fTI?‘1 EORTfiFQ ?W“Hﬂs Ile Lys Pro 185

190 (1) SRR e rddieridsy Ala |le Met Ser His Ile Asn Tyr
Leu Tyr Lys 200 (A) LENGTH: 39 R4}B pairs 210 Met Gy Asn Asp
Pro Asp Tyr Val Lys Ly@)P?Y@ELeeFlAF%aSG’f Lys 45 215
220 T@ 3% singds ! NFORVATI ON FOR SEQ I D NO 21: 50
(i) SEQUENCE CHARACTER AMTBRGTH 494 nucl eic acids (B) TYPE
nucleic acid (Q SIRAMEEWESS'pznatnaremewamtacB& (D)

TOPOLOGY: linear (ii) MOLECULE TYPE: nucleic acid (xi) SEQUENCE
DESCRI P{ON: SEQ I D NO 21:

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:

TACCAACTCG AGARAATGGC ACCTCCCAAC ACTATCGAT 39
25
(2) INFORMATION FOR SEQ ID NO:18:

(1) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 39 base pairs
30 (B) TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid

35

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:

40 AACTGATCTA GATTACTTCT TGAAAAAGAC CACGTCTCC 39

(2) INFORMATION FOR SEQ ID NO:19:

{i) SEQUENCE CHARACTERISTICS:
45 (A) LENGTH: 746 nucleic acids
(B) TYPE: nucleic acid
{C) STRANDEDNESS: not relevant
(D) TOPOLOGY: linear

50 (ii) MOLECULE TYPE: nucleic acid
(xi} SEQUENCE DESCRIPTION: SEQ ID NO:19:

CGTATGTCAC TCCATTCCAAR ACTCGTTCAT GGTATCATAA ATATCAACAC ATTTACGCTC 60
55 CACTCCTCTA TGGTATTTAC ACACTCAAAT ATCGTACTCA AGATTGGGAA GCTTTTGTAA 120
AGGATGGTAA AAATGGTGCA ATTCGTGTTA GTGTCGCCAC AAATTTCGAT AAGGCCGCTT 180
ACGTCATTGG TAAATTGTCT TTIGTTTTCT TCCGTTTCAT CCTTCCACTC CGITATCATA 240
GCTTTACAGA TTTAATTTGT TATTTCCTCA TTGCTGAATT CGTCTTTGGT TGGTATCTCA 300
CAATTAATTT CCAAGTTAGT CATGTCGCIG AAGATCTCAA ATTCTTTGCT ACCCCTGARA 360
60 GACCAGATGA ACCATCTCAA ATCAATGAAG ATTGGGCAAT CCTTCAACTT AAAACTACTC 420
AAGATTATGG TCATGGTTCA CTCCTITGTA CCITTTTTAG TGGTTCTTTIA AATCATCAARG 480
TTGTTCATCA TTTATTCCCA TCAATTGCTC AAGATTTCTA CCCACAACTT GTACCAATTG 540
TAAAAGAAGT TTGTAAAGAA CATAACATTA CTTACCACAT TAAACCAAAC TTCACTGAAG 600
CTATTATGTC ACACATTAAT TACCTTTACA AAATGGGTAA TGATCCAGAT TATGTTAAARA 660
65 AACCATTAGC CTCAAARGAT GATTAAATGA AATAACTTAA AAACCAATTA TTTACTITTG 720
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60 TTTTGGAAGG NTCCAAGTITN ACCACGGANT NGGCAAGITN ACGGGGCGGA AANCGGITTT 60
CCCCCCAACC CTTTTGICGA CTGGTTCTGI GGTGECTTCC AGTACCAAGT CGACCACCAC 120
TTATTCCCCA GCCTGCCCCG ACACAATCTG GCCAAGACAC ACGCACTGGT CGAATCGITC 180 65
TGCAAGGAGNOIBAETETCCA GTACCACGAA GCCGACCTCG TGGACGGGAC CATCRANUS8/0712640 -
TTGCACCATT TGGEGCAGCGT GGCCGECGAA TTCGTCGIGG ATTTTGTACG CGACGGACCC 300
-109- GCCATGTAAT CGTCGITCGT GACGATGCAA GGGTTCACGC ACATCTACAC ACACTCACTC
360 ACACAACTAG TGTAACTCGI ATAGAATTCG GIGICGACCT GGACCTTGIT TGACTGGITG 420
GCGATAGGGT AGREAKACAESE WMAOSG\ICCCC(IBG AATTCTGIGA CCGGTACCTG4se 480
GCCCGCGTNA AAGT 494 5

2) | NFORMATI (i) SEQUENCE
(CH?ARACTE_RI STI %%%N%% am no-aci ds (B) TYPE: amno acid (O

STRANDEDNESS: not (L elsetmRtE CORATEREITOE: |inear 15 (ii) MOLECULE TYPE:
peptide (xi) SEQJENCE‘DE%QF‘F‘TPQ\IGNSEQCILE}* NO 22: 20 Phe Trp Lys Xxx

i
Pro Ser Xxx Pro Arg %&ﬁ, d><x 5
10 10 Xi‘% %m%é %;el%e Pro Pro Lys Pro Phe Val Asp Trp
Phe Cys 20 30 Ay Gy Phe dn Tyr An

Val Asp His His Léd F"HEEOPF%T% RePEides 35

40 ety AQERES ofclrbrdn/Sth o fo? LyS Thr H s Ala Leu Val @ u
Ser Phel$0 0 Cys Lys u Trp dy Vval
An Tyr His GyrAaa mpPrlgelhg\ﬁah PR pAtgSSer Trp Tyr His Lys Tyr Gl Nadyd
u
75 30 G:X Tl\ﬁ Alg;I IH:oVLaél Leu HI S HI1§ 'I'Ly(il'l'l‘hc::;‘I IYeuSEJs 'X(ér:l a y
20 25 30
20 Arg Thr Gln Asp Trp Glu Ala Phe Val Lys Asp Gly Lys Asn Gly
35 40 45
Ala Ile Arg Val Ser Val Ala Thr Asn Phe Asp Lys Ala Ala Tyr
50 55 60
Val Ile Gly Lys Leu Ser Phe Val Phe Phe Arg Phe Ile Leu Pro
25 65 70 75
Leu Arg Tyr His Ser Phe Thr Asp Leu Ile Cys Tyr Phe Leu Ile
80 85 90
Ala Glu Phe Val Phe Gly Trp Tyr Leu Thr Ile Asn Phe Gln Val
95 100 ' 105
30 Ser His Val Ala Glu Asp Leu Lys Phe Phe Ala Thr Pro Glu Arg
110 115 120
Pro Asp Glu Pro Ser Gln Ile Asn Glu Asp Trp Ala Ile Leu Gln
125 130 135
Leu Lys Thr Thr Gln Asp Tyr Gly His Gly Ser Leu Leu Cys Thr
35 140 145 150
Phe Phe Ser Gly Ser Leu Asn His Gln Val Val His His Leu Phe
155 160 165
Pro Ser Ile Ala Gln Asp Phe Tyr Pro Gln Leu Val Pro Ile Val
170 175 180
40 Lys Glu Val Cys Lys Glu His Asn Ile Thr Tyr His Ile Lys Pro
185 190 195
Asn Phe Thr Glu Ala Ile Met Ser His Ile Asn Tyr Leu Tyr Lys
200 205 210
Met Gly Asn Asp Pro Asp Tyr Val Lys Lys Pro Leu Ala Ser Lys
45 215 220 225
Asp Asp ***

50 {2) INFORMATION FOR SEQ ID NO 21:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 494 nucleic acids
(B) TYPE: nucleic acid
(C) STRANDEDNESS: not relevant
55 (D) TOPOLOGY: linear

(ii) MOLECULE TYPE: nucleic acid

60 (xi) SEQUENCE DESCRIPTION:SEQ ID NO:21:

TTTTGGAAGG NTCCAAGTTN ACCACGGANT NGGCAAGTTN ACGGGGCGGA AANCGGTTTT 60
CCCCCCARGC CTTTTGTCGA CTGGTTCTGT GGTGGCTTCC AGTACCAAGT CGACCACCAC 120
TTATTCCCCA GCCTGCCCCG ACACAATCTG GCCAAGACAC ACGCACTGGT CGAATCGTTC 180
65 TGCAAGGAGT GGGGTGTCCA GTACCACGAA GCCGACCTCG TGGACGGGAC CATGGAAGTC 240
TTGCACCATT TGGGCAGCGT GGCCGGCGAA TTCGTCGTGG ATTTTGTACG CGACGGACCC 300
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75 Phe Val Val Asp Phe Val Arg Asp

65 70
Gy Pro Ala Met 80 85 35 40 (2) | NFORVATI ON FOR SEQ
ID NO 23: (i) SEQUENCE CHARACTERI STICS: (A) LENGTH 520 nucleic acids (B)

TYPE: am meo 8s/s6t63t5 (C) STRANDEDNESS: not rBCBUSH07126)
TOPOLOGY: linear (ii) MOLECULE TYPE: nucleic acid 50 (xi)
SEQUENCE DESCRI PTI ON: SEQ | D NO 23: GGATGGAGTT CGTCTGGATC GCTGTGCGCT
ACGCGACGTG GTTTAAGCGT CATGGGTGCG 60 CTTGGGTACA CGCCGGGGCA GTCGTTGGGC
ATGTACTTGI GCGgedhbdtamr etddnrdat @acearédld &farrcacec AbhrETARA REAcTEAdsd CCA6T T
CGCCGTAAGT CACAGREATRG TGDGCEREARAQANBCOAGAGACCT] BEACENTTAGCADES AT T GHOT CGA
GTACGCGCGG ACCACTRIATSET GEATASGICAACCRARTCAFIGINEICCEED ARF TEIST 4 CFERACATF CCATG
TCGAACCTGA ACT FFERERTA ARBAGCACCAC CTTTTCCCCA 300 CGGCGCCCCA GTTCUBTTTC

AAGGAGAT GCCCGCGCGT CGAGGCCCTC TTCAAGCGCC 360 ACGGICTCCC TTACTACGAC

ATGCCCTACA CGAGCGCCGI CTCCACCACC TTTGCCAACC 420 60 TCTACTCCGT

CGGCCATTCC GTCCACEREIBMERIANEPRSEQN I PRFZCTCTT TTCCTAGACC 480 TTAATTCCCC

ACCCCACCRE ATGTTCTGl,CodoeteE Qaaiierentsrics: 520 (2)

| NFORVATI ON FOR SEQ | Dy EXGTH: 687 Grhino SEEEAENCE CHARACTERI STICS: -110- (A
not rel evant

LENGTH: 153 amino aci d$8)('BPET¥RE0 smidno acid (C) STRANDEDNESS:
(D) TOPOLOGY: i near 5§ ’i%m%el’;z?‘f%"aﬁept i de (xi) SEQUENCE
DESCRI PT{$ON\:  SEQ | D NO 24!

{ii) MOLECULE TYPE: peptide

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:

20 Phe Trp Lys XxX Pro Ser Xxx Pro Arg Xxx Xxx Gln Val Xxx Gly
1 5 10 15
Ala Glu Xxx Gly Phe Pro Pro Lys Pro Phe Val Asp Trp Phe Cys
20 25 30
Gly Gly Phe Gln Tyr Gln Val Asp His His Leu Phe Pro Ser Leu
25 35 40 45
Pro Arg His Asn Leu Ala Lys Thr His Ala Leu Val Glu Ser Phe
50 55 60
Cys Lys Glu Trp Gly Val Gln Tyr His Glu Ala Asp Leu Val Asp _
65 70 15
30 Gly Thr Met Glu Val Leu His His Leu Gly Ser Val Ala Gly Glu
65 70 15
Phe Val Val Asp Phe Val Arg Asp Gly Pro Ala Met
80 85
35
40 (2) INFORMATION FOR SEQ ID NO:23:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 520 nucleic acids
(B) TYPE: amino acid
45 (C) STRANDEDNESS: not relevant
(D) TOPOLOGY: linear

(ii) MOLECULE TYPE: nucleic acid

50 {xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:
GGATGGAGTT CGTCTGGATC GCTGTGCGCT ACGCGACGTG GTTTAAGCGT CATGGGTGCG 60
CTTGGGTACA CGCCGGGGCA GTCGTTGGGC ATGTACTTGT GCGCCTTTGG TCTCGGCTGC 120
55 ATTTACATTT TTCTGCAGTT CGCCGTAAGT CACACCCATT TGCCCGTGAG CAACCCGGAG 180
GATCAGCTGC ATTGGCTCGA GTACGCGCGG ACCACACTGT GAACATCAGC ACCAAGTCGT 240
GGTTTGTCAC ATGGTGGATG TCGAACCTCA ACTTTCAGAT CGAGCACCAC CTTTTCCCCA 300
CGGCGCCCCA GTTCCGTTTC AAGGAGATCA GCCCGCGCGT CGAGGCCCTC TTCAAGCGCC 360
ACGGTCTCCC TTACTACGAC ATGCCCTACA CGAGCGCCGT CTCCACCACC TTTGCCAARCC 420
60 TCTACTCCGT CGGCCATTCC GTCGGCGACG CCRAGCGCGA CTAGCCTCTT TTCCTAGACC 480
TTAATTCCCC ACCCCACCCC ATGTTCTGTC TTCCTCCCGC 520
6 (2) INFORMATION FOR SEQ ID NO:24:

(i) SEQUENCE CHARACTERISTICS:
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10 Met G u Phe Val Trp Ile Al a Val

Arg Tyr Ala Thr Trp Phe Lys 1

Hi s

5 10 15 Arg Hs Ay Cys Ala Trp Val

Ala Ay Ala Val Val dy Hs 20 25 0-15
Val Leu VawoAs@eé1sau Trp Ser Arg Leu His Leu Hi s Phe Ser Al aPoF/US98/07126 -
40 45 Val Arg Arg Lys Ser HIS Pro Phe Ala Arg Au dn Pro
Gy Ay 50 55 60 Ser Ala Ala Leu Ala
Arg Val Arg Ala Asp His Thr Val Asn Ile 20 65

70 7(3) SencThhrishyeideesciisp Phe Val Thr Trp Trp Met Ser Asn
Leu Asn 80 (B) TYPE: @Wino acid 90 Phe @ n lle Au His
H's Leu Phe Pro Thr Al C;g; Fggpg;}gé EE@ gh o goigBene 100

105 25 5 Phe Lys ulle Ser Pro Arg Val Gu Ala Leu Phe Lys Arg His
110 (ii) MOLBCULE TYPE: pepude 120 Gy Leu Pro Tyr Tyr Asp Met
Pro Tyr Thr Ser Al a Val Ser Thr 130

135 Thr Phe Al a ASH BT %8?”%&“ AP IO val Gy Asp Ala 30

140 10 145 150 Lys Arg Asp 35 (2)

| NFORVATI ON FOﬁe-sag m KO 28 1{4 )uasmmammm 86 68 (A LENGTH. 420

nucl ei ¢ aci ds g)
not rel evant (

Bcel S % e Riebctieven i

J(50) STRANDEDNESS:
SHutf%eic acid 45

(xi) SEQSENCE I}ESQ?J PSEJ oDy LaERP BeNRE Den ALLLal GXdohEACRSGTCC GCCGCGAGCA

ACTCATCAAG GAAGGCTACT TTGACECCTC
GATTGITGIT CTCTH’CGH?G@!WWC‘S%;K GEro P AkpArg
CCCTCCCCCT CCCELT 5 AL % QO%&

TAATGCADRGBA GATGGGCCAT GGGTC&rT GT CAo
GCGAGTTCTT TTAMTFYW@&WVWW%

60 GCTOCCGCAC ATGACGT#CC GCGIGGTCGA

Glu GECTTAF: CAGICTTCAC
nisl ok VEARGT TGCGECTGCEG
240 TTGECTT#AC GACCGGITGT

Met3G€xr Asn Leu Asn

90
Phe Gln Ile Glu His His Leu Phe Pro Thr Ala Pro Gln Phe Arg
95 100 105
25 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
125 130 135
Thr Phe Ala Asn Leu Tyr Ser Val Gly His Ser Val Gly Asp Ala
30 140 145 150
Lys Arg Asp
35 (2) INFORMATION FOR SEQ ID NO:25:
(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 420 nucleic acids
{B) TYPE: nucleic acid
40 (C) STRANDEDNESS: not relevant
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: nucleic acid
45 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:
ACGCGTCCGC CCACGCGTCC GCCGCGAGCA ACTCATCAAG GAAGGCTACT TTGACCCCTC 60
GCTCCCGCAC ATGACGTACC GCGTGGTCGA GATTGTTGTT CTCTTCGTGC TTTCCTTTTG 120
50 GCTGATGGGT CAGTCTTCAC CCCTCGCGCT CGCTCTCGGC ATTGTCGTCA GCGGCATCTC 180
TCAGGGTCGC TGCGGCTGGG TAATGCATGA GATGGGCCAT GGGTCGTTCA CTGGTGTCAT 240
TTGGCTTGAC GACCGGTTGT GCGAGTTCTT TTACGGCGTT GGTTGTGGCA TGAGCGGTCA 300
TTACTGGAAA AACCAGCACA GCABACACCA CGCAGCGCCA AACCGGCTCG AGCACGATGT 360
55 AGATCTCAAC ACCTTGCCAT TGGTGGCCTT CAACGAGCGC GTCGTGCGCA AGGTCCGACC 420
(2) INFORMATION FOR SEQ ID NO:26:
60 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 125 amino acids
{(B) TYPE: amino acid
(C) STRANDEDNESS: not relevant
65 {D) TOPOLOGY: linear

{ii) MOLECULE TYPE: peptide
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TTACTGGAAA AACCAGCACA GCAAACACCA CGCAGCGCCA AACCGGCTCG AGCACGATGT 360
AGATCTCAAC ACCTTGCCAT TGGTGGCCTT CAACGAGCGC GTCGTGOGCA AGGTCCGACC 420 (2)
| NFORMATI ON FOR SEQ | D NO 26: 60 (i) SEQUENCE CHARACTER S%I cS:
(A) LENGRwo 98@676armi no acids (B) TYPE: amino acid (C) STRANDEBYSSY07IA%: -

rel evant (D) TOPOLOGY: |inear 65 (ii) MOLECULE TYPE: peptide -111- (xi)
SEQUENCE DESCRI PTION: SEQ I D NO 26: 5 ‘Arg Val Arg Pro Arg Val Arg Arg
Gu dn Leulle Lys Qu @y 1 5

15 Tyr Phe Asp Pro Ser Leu Pro H's Met Thr T¥.r Arg Val val Au 20

25 (xi) SEQUSNGE BESGRIPTIAN: SERI°PYRi2873] Leu Ser Phe Trp Leu Met
Ay dn Ser 10 35 40

45 Ser P50 Lelashlwalley pdbarhodl Gry arh eivahin Yah 1SemwySeyulche Ser 50

55 1 60 4 A GIyAng C@/s &y Trp Val MetldHis Au Met Ay
Hs d y Ser 65F¥Yr Phe Asp Pro Sgg Leu Efe is Met Thg Tyr Arg Val Va%g;gﬁ Phe Thr
Ay Val lle Trj LaY AShefHie Aal 1le€lbeb)ihe Gﬁb‘ 1B @ePhBy Ghn ser 70
75 Tyr @y Val Gy Cys Ay3bkt Ser Gy H g0Tyr Trp Lys Ash G n 80
85 Ser Pro Leuggathed AdarlepyyHle Vet SehiseT Al PRFSPsn Arg Leu Gu
H's Asp Val 20 > 9% . oy 100
P Glnﬁ% l?_rceg Cys Gly Trp Val Met Hi Qlu Met Gly His Gly Sex
105 Asp Leu Asn 4 uPragsLeu Val Ala Phe Asn u Arg val Val 110
115 15 Phe Thr GlirZ&lArlg TrpsleValisp Arsg ARg J.ed Tys Glu Phe Phe
6 - 10 75
Tyr Gly Val Gly Cys Gly Met Ser Gly His Tyr Trp Lys Asn Gln
BO 85 90
His Ser Lys His His Ala Ala Pro Asn Arg Leu Glu His Asp Val
20 95 100 105
Asp Leu Asn Thr Leu Pro Leu Val Ala Phe Asn Glu Arg Val Val
110 115 120
Arg Lys Val Arg Pro
125
25
(2} INFORMATION FOR SEQ ID NO:27:
(i) SEQUENCE CHARACTERISTICS:
(A} LENGTH: 1219 base pairs
30 {B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: other nucleic acid (Edited Contig 2692004)
35
(xi) SEQUENCE DESCRIPTION: SEQ ID NQ:27:
40 GCACGCCGAC CGGCGCCGGG AGATCCTGGC AARGTATCCA GAGATAAAGT CCTTGATGAA 60
ACCTGATCCC AATTTGATAT GGATTATAAT TATGATGGTT CTCACCCAGT TGGGTGCATT 120
4 TTACATAGTA AAAGACTTGG ACTGGAARATG GGTCATATTT GGGGCCTATG CGTTTGGCAG 180
S
TTGCATTAAC CACTCAATGA CTCTGGCTAT TCATGAGATT GCCCACAATG CTGCCTTTGG 240
'CAACTGCAAR GCAATGTGGA ATCGCTGGTT TGGAATGTTT GCTAATCTTC CTATTGGGAT 300
50 TCCATATTCA ATTTCCTTTA AGAGGTATCA CATGGATCAT CATCGGTACC TTGGAGCTGA 360
TGGCGTCGAT'GTAGAIATTC CTACCGATTT TGAGGGCTGG TTCTTCTGTA CCGCTTTCAG 420
55 ADAAGTTTATA TGGGTTATTC TTCAGCCTCT CTTTTATGCC TTTCGACCTC TGTTCATCAA 480
CCCCAAARCCA ATTACGTATC TGGAAGTTAT CAATACCGTG GCACAGGTCA CTTTTGACAT 540
TTTAATTTAT TACTTTTTGG GRATTAAATC CTTAGTCTAC ATGTTGGCAG CATCTTTACT 600
60 TGGCCTGGGT TTGCACCCAA TTTCTGGACA TTTTATAGCT GAGCATTACA TGTTCTTAAA 660
GGGTCATGAA ACTTACTCAT ATTATGGGCC TCTGAATTTA CTTACCTTCA ATGTGGGTTA 720
65 TCATAATGAA CATCATGATT TCCCCAACAT TCCTGGAARAA AGTCTTCCAC TGGTGAGGAA 780
AATAGCAGCT GAATACTATG ACAACCTCCC TCACTACAAT TCCTGGATAA AAGTACTGTA B840
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25 (2) I NFORVATION FOR SEQ I D NO 27: (i) SEQUENCE CHARACTERI STICS: (A |
LENGTH. 1219 base pairs 30

(B) TYPE:

nucleic acid (C

STRANDEDNESS: single (D) TOPOLOGY: linear (ii) MOLECULE TYPE: other nucleic
aci d ( Edi wehs@er3i g 2692004) 35 (xi) SEQUENCE DESCRI PTI ON: FRGERAUSISOWI627: 40
GCACGCCGAC CGGOGCCGGG AGATCCTGGC AAAGTATCCA GAGATAAAGT CCTTGATGAA 60
ACCTGATCCC AATTTGATAT GGATTATAAT TATGATGGTT CTCACCCAGT TGGGTGCATT 120
TTACATAGTA AAAGACTTGG ACTGGAAATG GGTCATATTT GGGGCCTATG CGTTTGGCAG 180 45
TTGCATTAAC CACTCAATGA CTCTGGCTAT TCATGAGATT GCCCACAATG CTGCCTTTGG 240
CAACTGCAAA GCEATETORA AAKBRATSCRT RGEA TG TAAGCASARGERICAGRATRRGEGAT0 300 50
TCCATATTCA ATTTOCTTTA AGAGGTATCA CATCGATCAT CATOOGTACC A‘ﬁr%%:i%%m%o 360
TGGCGTCGAT GTABEFAFTC B RERA T MM BRSSP ETETA CAG® 420
AAAGTTTATA TGeatddhTE cAdhoffrct THotateAAnt T EAEACCAGT T6AeAéTCAé addatdéold CAdeo 480 55
CCCCAAACCA ATTACGTATC TGGAAGTTAT CAATACCGTG GCACAGGTCA CTTTTGACAT 540
TTTAATTTAT TAGSCRIPRTESS CRRRETAASA SrTCACTREGIRCIGARITT EIPTEXSCATS TERPREPPT ARTEC 600 60
TGECCT TTEHALGON IdrheTEPAGE ThEAh AR cha kR K ALIALA rdfakTArbd Ao 660
GGGTCA ACTTACTCAT ATTATGGGCC TCTGAATTTA CTTACCTTCA ATGTGGGTTA 720
TCATAATGAA CAT@AT@ATA TFOXICEALQATT CTCEPCRAMAARGRITTAINS ARBGITIAGGAA0 780 65
AATAGCAGCT GAATACTAT CCC TCACTACAAT TCCTGGATAA AAGTACT 840
-112- {5 T@T%ﬁf%A CAATAAGTCC CTACTCAAGA ATGAAGAGGCC;IA GG

900 AGAGATGGTG CTGGAGTAAA TATCATTAGI GCCAAAGGGA TTCTTCTCCA AAACTTTAGA
5 TGATAAAATG GRATRFPREABIONFIAFFAARBOTZBEGAGACCAG TGATGCTCAG AAGCTCCCCT 1020

{i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 655 base pairs
(B} TYPE: nucleic acid
{C} STRANDEDNESS: single
(D} TOPOLOGY: linear

20

25

30

35

40

45

30

35

60

65

(ii) MOLECULE TYPE: other nucleic acid (Edited Contig 2153526)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:

TTACCTTCTA

GGGCCTTTTC

GAACCATATT

CCAGGCCACA

CTTCCAGATT

TCCCCTGGTG

GTCAGCCTTC

CTATCTTCAC

GGAGCCAAGG

GTTGGGTTTG

GTTCTAAGAC

CGTCCGCTTC TTCCTCACTT ATGTGCCACT ATTGGGGCTG AAAGCTTCCT
TTCATAGTCA GGTTCCTGGA AAGCAACTGG TTTGTGTGGG TGACACAGAT
CCCATGCACA TTGATCATGA CCGGAACA&G GACTGGGTTT CCACCCAGCT
TGCAATGTCC ACAAGTCTGC CTTCAATGAC TGGTTCAGTG GACACCTCAA
GAGCACCATC TTTTTCCCAC GATGCCTCGA CACAATTACC ACARAGTGGC
CAGTCCTTGT GTGCCAAGCA TGGCATAGAG TACCAGTCCA AGCCCCTGCT
GCCGACATCA TCCACTCACT AAAGGAGTCA GGGCAGCTCT GGCTAGATGC
CAATAACAAC AGCCACCCTG CCCAGTCTGG AAGAAGAGGA GGAAGACTCT
CAGAGGGGAG CTTGAGGGAC AATGCCACTA TAGTTTAATA CTCAGAGGGG
GGGACATAAA GCCTCTGACT CAAACTCCTC CCTTTTATCT TCTAGCCACA

CCAAAGTGGG GGGTGGACAC AGAAGTCCCT AGGAGGGAAG GAGCT

(2) INFORMATION FOR SEQ ID NO:29:

{i) SEQUENCE CHARACTERISTICS:

(A}
(B)
{C)
(D)

LENGTH: 304 base pairs
TYPE: nucleic acid
STRANDEDNESS: single
TOPOLOGY: linear

(ii) MOLECULE TYPE: other nucleic acid {Edited Contig 3506132)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29:

GTCTTTTACT TTGGCAATGG CTGGATTCCT ACCCTCATCA CGGCCTTTGT CCTTGCTACC
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120
180
240
300
360
420
480
540
600

655

60
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GGCACAATTT CAGAGTAAGA CCTCGGTGAT ACCAAGAAGT GAATCTGECT TTTAAACAGI 1080 10

CAGCCTGACT CTGTACTGCT CAGITTCACT CACAGGAAAC TTGTGACTTG TGTATTATCG 1140
TCATTGAGGA TGITTCACTC ATGTICTGICA TTTTATAAGC ATATCATTTA AAAAGCTTCT 1200 -
AAAAACCT AW 987587637 CG PCT/US98/071261219 -
15 (2) | NFORVATION FOR SEQ I D NO 28: (i) SEQUENCE CHARACTERI STICS: 20

(A) LENGTH. 655 base pairs (B) TYPE: nucleic-acid (C) STRANDEDNESS:. single
(D) TOPOLOGY: linear 25 (i1i) MOLECULE TYPE: other nucleic acid
(Edited Contig 2153526) (xi) SEQUENCE DESCRI PTION: SEQ ID NO 28: 30
TTACCTTCTA CGldeédctdde AnbicbArCddrctrcliSchiercctd hckidrbrds ARNMGRAARCC20 60

GGGCCTTTTC TTCATAGICA GGITCCTGGA AAGCAACTGG TTTGIGTGGEG TGACACAGAT 120 35
GAACCATAJT CCCATHSARSR ACFACTEITER CERRINATATIFCCAGTTIARNGE TSCRRSEEXGCRee 180
CCAGGCCACA T 65 AANGEET LM GACNETIICATES GACATGRON 1, 240
CTTCCAGATT GAGCACCATC TTTTTCCCAC GATGCCTCGA CACAATTACC ACAAAGT 300 40
TCCCCTGGTG CAGTCENFHR BROTEAGCCH CTRGA TAGACSARNCEARETA2A A@RBOSFCCRo0 360
GTCA C GII&%&ATCA TCCACTCACT AAAGGAGTCA GGGCAGCTCT GGCTAGAT 04 420 45
CTATCTTCAC CAATAACAAC AGCCACCCTG CCCAGTCTGG AAGAAGAGCGA GGAAGACT 480
GGAGCCAAGG CAGAGGGGAG CTTGAGGGAC AATGCCACTA TAGITTAATA CTCAGAGGEG 540
GTTCGGTTTG GCGRCATFEAFMATOE TROF GECTIDGIAAGTCCTC CCTTTTATCT TCTAGCCACA 600 50
GTTCTAAGAC CX:AV\A«ETC%EE? [CCCT AGGAGGGAAG GAGCT 655
(2) 1| NFORVATI ON FOR é@&%ﬁ”@%ﬁ}s SEQUENCE CHARACTERI STI CS: (A)
LENGTH: 304 base pai r g8y Byeel ¥REleinucli@i c acid (C) STRANDEDNESS: single 60

(D) TOPOLOGY: |inear (IFi PTRHPEDREYSE SE¥RE: ot her nucleic acid (Edited Contig
(D) ‘TOPOLOGY: linear
3506132}
(ii) MOLECULE TYPE: other nucleic acid (Edited Contig 3854933)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:
25 CAGGGACCTA CCCCGCGCTA CTTCACCTGG GACGAGGTGG CCCAGCGCTC AGGGTGCGAG 60
GAGCGGTGGC TAGTGATCGA CCGTAAGGTG TACAACATCA GCGAGTTCAC CCGCCGGCAT 120
30 CCAGGGGGCT CCCGGGTCAT CAGCCACTAC GCCGGGCAGG ATGCCACGGA TCCCTTTGTG 180
GCCTTCCACA TCAACAAGGG CCTTGTGAAG AAGTATATGA ACTCTCTCCT GATTGGAGAR ~ 240
CTGTCTCCAG AGCAGCCCAG CTTTGAGCCC ACCAAGAATA AAGAGCTGAC AGATGAGTIC 300
35 CGGGAGCTGC GGGCCACAGT GGAGCGGATG GGGCTCATGA AGGCCAACCA TGTCTTCTTC 360
CTGCTGTACC TGCTGCACAT CTTGCTGCTG GATGGTGCAG CCTGGCTCAC CCTTTGGGTC 420
40 TTTGGGACGT CCTTTTTGCC CTTCCTCCTC TGTGCGGTGC TGCTCAGTGC AGTTCAGGCC — 480
CAGGCTGGCT GGCTGCAGCA TGACTTTGGG CACCTGTCGG TCTTCAGCAC CTCARAGTGG 540
AACCATCTGC TACATCATTT TGTGATTGGC CACCTGAAGG GGGCCCCCGC CAGTTGGTGE 600
45 AACCACATGC ACTTCCAGCA CCATGCCAAG CCCARCTGCT TCCGCAAAGA CCCAGACATC 660
RACATGCATC CCTTCTTCTT TGCCTTGGGG AAGATCCTCT CTGTGGAGCT TGGGRAACAG 720
50 AAGARARAAT ATATGCCGTA CAACCACCAG CACARATACT TCTTCCTAAT TGGGCCCCCA 780
GCCTTGCTGC CTCTCTACTT CCAGTGGTAT ATTTTCTATT TTGTTATCCA GCGAAAGAAG 840
TGGGTGGACT TGGCCTGGAT CAGCAAACAG GAATACGATG AAGCCGGGCT TCCATTGTCC 900
55 ACCGCAAATG CTTCTAAA 918
(2) INFORMATION FOR SEQ ID NO:31:
60 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1686 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
65 (D) TOPOLOGY: linear

(ii)} MOLECULE TYPE: other nucleic acid (Edited Contig 2511785)
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(xi) SEQUENCE DESCRI PTION: SEQ I D NG 29: 65.GWCTTTTACT TTGGECAATGG

CTGGATTCCT ACCCTCATCA CGGCCTTTGI CCTTGCTACC 60 -113- TCTCAGGCCC
AAGCTGGATG GCTGCAACAT GATTATGGCC ACCTGICTGT CTACAGAAAA 120 )
ACCACCTTGWOCBAMEPATTC GTCATTGGCC ACTTAAAGGG TGCCTCTGeC  188CEU GGA ~
ATCATCGCCA CTTCCAGCAC CACGCCAAGC CTAACATCTT CCACAAGGAT 240 CCCGATGIGA
ACATGCTGCA CGIGTTTGIT CTGGGCGAAT GGCAGCCCAT CGAGTACGGEC 300 10 AAGA
304 (2) | NFORVATION FOR SEQ I D NO 30: 15 (i) SEQUENCE

CHARACTERI STICS: (A) LENGTH: 918 base pairs (B) TYPE: nucleic acid (0O
STRANDEDNESS: si rigl)e SEQUFNCECPEGERIBHEON} SRR P NP03:i i) MOLECULE TYPE: ot her

nucleic acid (Edited Contig 3854933) (xi) SEQUENCE DESCRI PTION. SEQ I D
NO 30:

cecrefAshRebridtc & EchhedEd Chadanédm Gt éaceédnCAGEECTC
AGGGTGCGAG 60 GAGCGGTGEC TAGTGATCGA CCGTAAGGTG TACAACATCA GCGAGTTCAC
COGOCGGCAT 29T EIRT TRACKICAT FARCCER T GTE NGRS R T GEENCGGA
TCCCTTTGTG ACAA TGLGAMG AAGTATAIGA AT CTCTCCT
GATTGGAGAA SR IR e R R A A T lac
AGATGAGTTC  30@aBECTT CTTCCIGBEGAGETGSCRITGNCAGTAREABICCATBCGEECT 2AT GA
AGGCCAACCA TGTCTTCTTC 360 CTGCTGTACC TGCTGGACAT CTTGCIGCTG GATGGTGCAG
CCTGGCTCAC CCTERISAE C"Ti“fﬁ‘“l"ﬁ“é&'i&%‘;%iﬁ‘%ﬁ TE ch&?fF%"% cC

TCCTCAGIESC AGhEfxdckdre crréiiCactOrdcAfdacTiOréTheédoh CofdeAsct (@cdrirteddc GRECT GTCGG
TCTTCAGCAC CTCAAAGTGG 540 AACCATCTGC TACATCATTT TGTGATTGGC CACCTGAAGG

GGGCCCCOGC CAGFHAGTAAE CACERIGCUES CACAGCCACTA BRRTARIRTECCIEFARE AT TCRAT CAEAAG

CCCAACTCCT TCQELARAGER Lrrdei e desccr@Ed ereacreetr

CAGTAGCCAG CTGACAGCCA 480
20 CCTGCARCGT GGAGCAGTCC TTCTTCAACG ACTGGTTCAG TGGACACCTT AACTTCCAGA 540
TTGAGCACCA CCTCTTCCCC ACCATGCCCC GGCACAACTT ACACAAGATC GCCCCGCTGE 600
25 TGAAGTCTCT ATGTGCCAAG CATGGCATTG AATACCAGGA GAAGCCGCTA CTGAGGGCCC 660
TGCTGGACAT CATCAGGTCC CTGAAGAAGT CTGGGAAGCT GTGGCTGGAC GCCTACCTIC 720
ACARATGAAG CCACAGCCCC CGGGACACCG TGGGGAAGGG GTGCAGGTGG GGTGATGGCC 780
30 AGAGGAATGA TGGGCTTTTG TTCTGAGGGG TGTCCGAGAG GCTGGTGTAT GCACTGCTCA 840
CGGACCCCAT GTTGGATCTT TCTCCCTTTC TCCTCTCCTT TTTCTCTTCA CATCTCCCCC 900
35 ATAGCACCCT GCCCTCATGG GACCTGCCCT CCCTCAGCCG TCAGCCATCA GCCATGGCCC 960
TCCCAGTGCC TCCTAGCCCC TTCTTCCAAG GAGCAGAGAG GTGGCCACCG GGGGTGGCTC 1020
40 TGTCCTACCT CCACTCTCTG CCCCTAAAGA TGGGAGGAGA CCAGCGGTCC ATGGGTCTGG 1080
CCTGTGAGTC TCCCCTTGCA GCCTGGTCAC TAGGCATCAC CCCCGCTTTG GTTCTTCAGA 1140
TGCTCTTGEG GTTCATAGGG GCAGGTCCTA GTCGGGCAGG GCCCCTGACC CTCCCGGCCT 1200
45 GGCTTCACTC TCCCTGACGG CTGCCATTGG TCCACCCTTT CATAGAGAGG CCTGCTTTGT 1260
TACAAAGCTC GGGTCTCCCT CCTGCAGCTC GGTTAAGTAC CCGAGGCCTC TCTTAAGATG 1320
50 TCCAGGGCCC CAGGCCCGCG GGCACAGCCA GCCCAAACCT TGGGCCCTGG AAGAGTCCTC 1380
CACCCCATCA CTAGAGTGCT CTGACCCTGG GCTTTCACGG GCCCCATTCC ACCGCCTCCC 1440
CAACTTGAGC CTGTGACCTT GGGACCAAAG GGGGAGTCCC TCGTCTCTTG TGACTCAGCA 1500
55 GAGGCAGTGG CCACGTTCAG GGAGGGGCCG GCTGGCCTGG AGGCTCAGCC CACCCTCCAG 1560
CTTTTCCTCA GGGTGTCCTG AGGTCCAAGA TTCTGGAGCA ATCTGACCCT TCTCCRAAAGG 1620
60 CTCTGTTATC AGCTGGGCAG TGCCAGCCAA TCCCTGGCCA TTTGGCCCCA GGGGACGTGG 1680
GCCCTG 1686
65 (2) INFORMATION FOR SEQ ID NO:32:

(i) SEQUENCE CHARACTERISTICS:
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AACATGCATC CCTTCTTCIT TGCCTTGEEG AAGATCCTCT CTGIGGAGCT TGGGAAACAG 720
AAGAAAAAAT ATATGCCGTA CAACCACCAG CACARATACT TCTTCCTAAT TGGGECCCCCA 780 50
GCCTTGCTGC CTCTCTACTT CCAGTGGTAT ATTTTCTATT TTGITATCCA GCGAAAGAAG 840 -

TGGGT GGAGHOTSSBBEGGAT CAGCAAACAG GAATACGATG AAGCCGGGCT TCCRERA{98/0712§00 55
ACCGCAAATG CTTCTAAA 918

(2) I NFORMVATI ON FOR SEQ I D NO 31: 60 -
CHARACTERI STICS: (A) LENGITH. 1686 base pairs (B) TYPE: nucleic acid (C
STRANDEDNESS: si ngl e () rehehO{&ey bakd Reas 65 (ii) MOLECULE TYPE: ot her

nucl eic acid (Edited Gontyeg: 36de¥85¢id 114- (xi) SEQUENCE DESCRI PTI ON:
SEQ ID NO 31: 5 BRRIESECESTEEETCT GCCAACTGGT GGAATCATCG CCACTTCCAG

(i) SEQUENCE

CACCA 60 AGCCTAALRT-ETTAERRAAG GATCCCGATG TGAACATGCT GCACGTGTTT
GITCT 120 (AAT (6828638 voisl CaneT AMe1 SFCAATARGHY IAGEEHAAATA CCTGCCCTAC
AATCACCAGC 180 10 ACGAATACTT CTTCCTGATT GGGCCGCCGC TGCTCATCCC CATGTATTTC
CAGTACCAGA 240 (FOATENTREECPESERTERINGBe GRTIMBINACT GGGTGGACCT GGOCTGGGCC
GTCAGCT 300 15 ACATCCGGTT CTTCATCACC TACATCCCTT TCTACGGCAT
CCTGCAA CTQedtht143¢ TreSRRTcECARGATICAT ACRTEAT T CEEECTREBAGCTACTASGT TE6GTGT G

GGTCACACAG ATGAATCACA 420 TCGTCATGGA GATTGACCAG GAGGCCTACC GTGACTGGTT
CAGTAGCCAG CTGATHREESK ARCHRSSATS)SEETACHCRIEAPSSAEAAETRELICTTERASANAG ACYGGTTCAG
TGGACACIA T AAGEILnéaR Acch&T%%@%cM%E@%MT@@%@GCA%ACT T
ACACAAGATC GCCCOGCTGG TGAAGTCTCT ATGTGCCAAG CATGGCATTG
AATACCAGGA GAAGBCIGGIEGA m&mccam CATGCTRGA GAFABIIT ACIATIBCERTT GRAGAAGT

CTESNCCT ISP AR om0 AL AR LA

25

30

35

40

45

50

35

60

65

AAGAAGAAGC
CCGCCGCTGC
AAGAACTGGG
ATCCCTTTCT
AGCCACTGGT
GCCTACCGTG
TTCAACGACT
ATGCCCCGGC
GGCATTGAAT
AAGAAGTCTG
GACACCGTGG
TGAGGGGTGT
CCCTTTCTCC
CTGCCCTCCC
TTCCAAGGAG
CTARAGATGG
TGGTCACTAG
GGTCCTAGTC
CCATTGGTCC
GCAGCTCGGT
ACAGCCAGCC
ACCCTGGGCT

ACCARAGGGG

TGAAATACCT
TCATCCCCAT
TGGACCTGGC
ACGGCATCCT
TTGTGTGGGT
ACTGGTTCAG
GGTTCAGTGG
ACAACITACA
ACCAGGAGAA
GGAAGCTGTG
GGAAGGGGTG
CCGAGAGGCT
TCTCCTTTTT
TCAGCCGTCA
CAGAGAGGTG
GAGGAGACCA
GCATCACCCC
GGGCAGGGCC
ACCCTTTCAT
TAAGTACCCG
CAAACCTTGG
TTCACGGGCC

GAGTCCCTCG

GCCCTACAAT
GTATTTCCAG
CTGGGCCGTC
GGGAGCCCTC
CACACAGATG
TAGCCAGCTG
ACACCTTAAC
CARGATCGCC
GCCGCTACTG
GCTGGACGCC
CAGGTGGGGT
GGTGTATGCA
CTCTTCACAT
GCCATCAGCC
GCCACCGGGG
GCGGTCCATG
CGCTTTGGTT
CCTGACCCTC
AGAGAGGCCT
AGGCCTCTCT
GCCCTGGARG
CCATTCCACC

TCTCTTGTGA

CACCAGCACG
TACCAGATCA
AGCTACTACA
CTTTTCCTCA
AATCACATCG
ACAGCCACCT
TTCCAGATTG
CCGCTGGTGA
AGGGCCCTGC
TACCTTCACA
GATGGCCAGA
CTGCTCACGG
CTCCCCCATA
ATGGCCCTCC
GTGGCTCTGT
GGTCTGGCCT
CTTCAGATGC
CCGGCCTGGC
GCTTTGTTAC
TAAGATGTCC
AGTCCTCCAC
GCCTCCCCAA

CTCAGCAGAG
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AATACTTCTT
TCATGACCAT
TCCGGTTCTT
ACTTCATCAG
TCATGGAGAT
GCAACGTGGA
AGCACCACCT
AGTCTCTATG
TGGACATCAT
AATGAAGCCA
GGAATGATGG
ACCCCATGTT
GCACCCTGCC
CAGTGCCTCC
CCTACCTCCA
GTGAGTCTCC
TCTTGGGGTT
TTCACTCTCC
AADGCTCGGG
AGGGCCCCAG
CCCATCACTA
CTTGAGCCTG

GCAGTGGCCA

CCTGATTGGG
GATCGTCCAT
CATCACCTAC
GTTCCTGGAG
TGACCAGGAG
GCAGTCCTTC
CTTCCCCACC
TGCCAAGCAT
CAGGTCCCTG
CAGCCCCCGG
GCTTTTGTTC
GGATCTTTCT
CTCATGGGAC
TAGCCCCTTC
CTCTCTGCCC
CCTTGCAGCC
CATAGGGGCA
CTGACGGCTG
TCTCCCTCCT
GCCCGCGGGC
GAGTGCTCTG
TGACCTTGGG

CGTTCAGGGA

420
480
540
600
660
720
780
840
%800
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620

1680



AGAGGAATGA TGGGCTTTTG TTCTGAGGGG TGTCCGAGAG GCTGGTGTAT GCACTGCTCA 840
CGGACCCCAT GTTGGATCTT TCTCCCTTTC TCCTCTCCTT TTTCTCTTCA CATCTCCCCC 900 35
ATAGCACCCT GCCCTCATGG GACCTGCCCT CCCTCAGCCG TCAGCCATCA GCCATGGCCC 960 -
TCCCAGTGCOVOESIAREECCC TTCTTCCAAG GAGCAGAGAG GTGGCCACCG 8/074%50

TGTCCTACCT CCACTCTCTG CCCCTAAAGA TGGGAGGAGA CCAGCGGTCC ATGGGTCTGG 1080
CCTGTGAGTC TCCCCTTGCA GCCTGGTCAC TAGGCATCAC OCCCGCTTTG GTTCTTCAGA 1140
TGCTCTTGGG GTTCATAGGG GCAGGTCCTA GTCGGGCAGG GOCCCTGACC CTCCCGGCCT 1200
GGCTTCACTC TCRGECGAGES CHCRLATT CrraECRACRCTIChc @A TINGARAGE: CETECEREd GT7401260
TACAAAGCTC GGGTCTCCCT CCTGCAGCTC GGTTAAGTAC CCGAGGCCTC TCTTAAGATG 1320
TCCAGGGCCC CACEEMSAENS ESSPFRRECER PRAFCTSIIERILALS ARRSARSEEETE80% 380
CACCCCATEA CTAGAGRRRE SataneT e aeaohE AERac@eCa@ATTCC ACCGOCTCOgs431440
CAACTTGAGC CTGTGACCTT GGGACCAAAG GGGGAGTCCC TCGTCTCTTG TGACTCAGCA 1500
GAGGCAGTGG CCACGTTCAG. GGAGEGGECCG GCTGGECCTGG AGGCTCAGCC CACCCTCCAG 1560
CTTTTCCTCA GGGTGTCET A TR ATEAI ¥ PEGAGCA ATCTGACCCT TCTCCAAAGG 1620
CTCTGTTATC AGCTGCGLAGEHERGACEGAArEREEGESGCCA TTTGGCCCCA GGGGACGTGG 1680 60

40 -

45

50

55

GCCCTG (R) LENGTH 2257 base pairs 1686
(2) 1 NFORVATI ON FOR SE?Q IT °1°65°1 SEQUENCE CHARACTERI STICS: - 115-
(A) LENGTH 1843 base ,al.r[, cleic acid (C) STRANDEDNESS: single

(D TOPTROGY: |inear I\/C]_ECULE TYPE ot her

(| 1) nucleic acid (Contig 2535)

(xi) SEQUENCE DESGRI PPLEJNLE SEEB:| ShROn8reid Qe (HAEEINACIntId GEHRICE

CTCGATTCCT ACCCT T A G DRI REeeel. S 2550133 90
20 CAGGGACCTA CCCCGCGCTA CITCACCTGG GACGAGGTGG CCCAGCGCTC AGGGTGCGAG 60
GAGCGGTGGC TAGTGATCGA CCGTAAGGTG TACAACATCA GCGAGTTCAC CCGCCGGCAT 120
5 CCAGGGGGCT CCCGGGTCAT CAGCCACTAC GCCGGGCAGG ATGCCACGGA TCCCTTTGTG 180
2 GCCTTCCACA TCAACAARGGG CCTTGTGAAG AAGTATATGA ACTCTCTCCT GATTGGAGAA 240
CTGTCTCCAG AGCAGCCCAG CTTTGAGCCC ACCAAGAATA AAGAGCTGAC AGATGAGTTC 300
. 30 CGGGAGCTGC GGGCCACAGT GGAGCGGATG GGGCTCATGA AGGCCAACCA TGTCTTCTTC 360
CTGCTGTACC TGCTGCACAT CTTGCTGCTG GATGGTGCAG CCTGGCTCAC CCTTTGGGTC 420
35 TTTGGGACGT CCTTTTTGCC CTTCCTCCTC TGTGCGGTGC TGCTCAGTGC AGTTCAGCAG 480
GCCCAAGCTG GATGGCTGCA ACATGATTAT GGCCACCTGT CTGTCTACAG AAAACCCAAG 540
TGGARCCACC TTGTCCACAA ATTCGTCATT GGCCACTTAA AGGGTGCCTC TGCCAACTGG 600
40 TGGAATCATC GCCACTTCCA GCACCACGCC AAGCCTAACA TCTTCCACAA GGATCCCGAT 660
GTGAACATGC TGCACGTGTT TGTTCTGGGC GAATGGCAGC CCATCGAGTA CGGCAAGAAG 720
45 AAGCTGAAAT ACCTGCCCTA CAATCACCAG CACGAATACT TCTTCCTGAT TGGGCCGCCG 780
CTGCTCATCC CCATGTATTT CCAGTACCAG ATCATCATGA CCATGATCGT CCATAAGAAC 840
TGGGTGGACC TGGCCTGGGC CGTCAGCTAC TACATCCGGT TCTTCATCAC CTACATCCCT 900
50 TTCTACGGCA TCCTGGGAGC CCTCCTTTTC CTCAACTTCA TCAGGTTCCT GGAGAGCCAC 960
TGGTTTGTGT GGGTCACACA GATGAATCAC ATCGTCATGG AGATTGACCA GGAGGCCTAC 1020
55 CGTGACTGGT TCAGTAGCCA GCTGACAGCC ACCTGCAACG TGGAGCAGTC CTTCTTCAAC 1080
GACTGGTTCA GTGGACACCT TAACTTCCAG ATTGAGCACC ACCTCTTCCC CACCATGCCC 1140
CGGCACAACT TACACAAGAT CGCCCCGCTG GTGAAGTCTC TATGTGCCAA GCATGGCATT 1200
60 GARATACCAGG AGRAGCCGCT ACTGAGGGCC CTGCTGGACA TCATCAGGTC CCTGAAGAAG 1260
TCTGGGAAGC TGTGGCTGGA CGCCTACCTT CACAAATGAA GCCACAGCCC CCGGGACACC 1320
65 GTGGGGAAGG GGTGCAGGTG GGGTGATGGC CAGAGGAATG ATGGGCTTTT GTTCTGAGGG 1380
GTGTCCGAGA GGCTGGTGTA TGCACTGCTC ACGGACCCCA TGTTGGATCT TTCTCCCTTT 1440
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TCTCAGGOCC AAGCTGGATG GCTGCAACAT GATTATGGCC ACCTGTCTGT CTACAGAAAA 120 15

CCCAAGTGGA ACCACCTTGT CCACAAATTC GTCATTGGCC ACTTAAAGGG TGCCTCTGCC 180
AACTGGTGGA ATCATCGCCA CTTCCAGCAC CACGCCAAGC CTAACATCTT CCACAAGGAT 240
CCCGATGT GAyd9didé7ed GCA CGTGTTTGIT CTGGGCGAAT GGCAGCCCAT CGAGRATIAIS98/071260
AAGAAGAAGC TGAAATACCT GCCCTACAAT CACCAGCACG AATACTTCTT CCTGATTGGG 360
CCGCCGCTGC TCATCCCCAT GTATTTCCAG TACCAGATCA TCATGACCAT GATCGTCCAT 420
AAGAACTGGEG TGGACCTGGEC CTGGEGRCCGTC AGCTACTACA TCCGGTTCTT CATCACCTAC 480
ATCCCTTTCT ACGGCATCCT GGGAGCCCTC CTTTTCCTCA ACTTCATCAG GITCCTGGAG 540
AGCCACTGGT TTGhH Rt fahediofie IarAfrted CATAIEAcEEATECEACATG EEACERCEATS00 600
GCCTACCGTG ACTGGI TCAG TAGCCAGCTG ACAGCCACCT GCAACGTGGA GCAGTCCTTC 660
TTCAACGACT GGTTRCHCATIS FRCARICATIGAACSCATRICA GATTAFTRGCYRCETEEIC ETFEERSAACESS? 720
GGCATTGAAT A%%%E% %ACTG Am%%%%% 1c;:AGGT 840
AAGAAGTCTG COANGEHIGIG RCAGGARCCTGEAOTT RCAGRCHE TCIACTITAC @ﬂmso 900
FRAEERIE? COARRR (R RO G e
TGA COCHEAAT TP THSTESFA r‘t*ﬁ' %020
CCCTTTCTCC TCT4dpddctda 6XCINCACATTdcTESCEGEATMCAITACICCTISRE: GEReTBBGATs001080
CTGCCCTCCC TCAGCCGTCA GCCATCAGCC ATGGCCCTCC CAGTGCCTCC TAGCCCCTTC. 1140
TTCCAAGGAG CACRRCARSSTTS B npACh S TEF I TP BTIRSETEELC EFEFERSECE® % 200
CTAAAGA CAGLAMNGER, CEdeheldeb Eredehaldat QabbabobetAéakbddebe @edchEhetcCla20l 260
TGGTCACTAG GCATCACCCC CGCTTTGGIT CITCAGATGC TCTTGGGGIT CATAGGGGCA 1320
GGTCCTAGTC GGEGSACIASS CSRCICTE FAABETIST CPACKSCATRCACTRGRATES (TFISACERICT 3980 380

GCACCTOAT TARSHAEERS REEET 1o PR R LA, R 500

ACAGCCAGCC CAAéécGanEets WWWMMAMWAA GAGRESICT@10d560

AT T T T OO, A T A ST CACECTS, TRAQETTECG, (1620
ACCAAAGEGG GAGTREESEES REFETSET GRA CFEABCHERE “BARTEEECK 680
-116- ATTCTGGAGC AATCTGACCC TTCTCCAAAG GCTCTGTTAT CAGCTGGGCA GTGCCAGCCA 2220
ATCCCTGGCC ATTTGGCCCC AGGGGACGTG GGCCCTG 2257
30

(2) INFORMATION FOR SEQ ID NO:34:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 411 amino acids
35 (B) TYPE: amino acid
(C} STRANDEDNESS: single
(D) TOPOLOGY: linear

40 (ii) MOLECULE TYPE: amino acid (Translation of Contig 2692004)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:34:

His Ala Asp Arg Arg Arg Glu Ile Leu Ala Lys Tyr Pro Glu Ile
45 1 5 10 15
Lys Ser Leu Met Lys Pro Asp Pro Asn Leu Ile Trp Ile Ile Ile
20 25 30
Met Met Val Leu Thr Gln Leu Gly Ala Phe Tyr Ile Val Lys Asp
35 40 45
50 Leu Asp Trp Lys Trp Val Ile Phe Gly Ala Tyr Ala Phe Gly Ser
50 55 60
Cys Ile Asn His Ser Met Thr Leu Ala Ile His Glu Ile Ala His
65 70 75
Asn Ala Ala Phe Gly Asn Cys Lys Ala Met Trp Asn Arg Trp Phe
55 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
110 115 120
60 Gly Val Asp Val Asp Ile Pro Thr Asp Phe Glu Gly Txrp Phe Phe
125 130 135
Cys Thr Ala Phe Arg Lys Phe Ile Trp Val Ile Leu Gln Pro Leu
140 145 150
Phe Tyr Ala Phe Arg Pro Leu Phe Ile Asn Pro Lys Pro Ile Thr
65 155 160 165
Tyr Leu Glu Val Ile Asn Thr Val Ala Gln Val Thr Phe Asp Ile
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GGEEGECCEECT GECCTGGAGG CTCAGCCCAC CCTCCAGCTT TTCCTCAGSG TGICCTGAGG 1740
TCCAAGATTC TGGAGCAATC TGACCCTTCT CCAAAGCCTC TGITATCAGC TGGGCAGIGC 1800 5.
CAGCCAATCC CTGGCCATTT GGCCCCAGGG GACGTGEECC CTG

843
(2) | NFORNIYBBASTSEOR SEQ | D NO 33: 10 (i) SEQJEN(%CT,US”IMI”l

CHARACTERI STICS: (A) LENGTH 2257 base pairs (B) TYPE: nucleic acid (C
STRANDEDNESS: single (D) TOPOLOGY: linear 15 (ii) MOLECULE TYPE: ot her

nucleic acid (Edited Contig 253538a) (xi) SEQUENCE DESCRI PTION: SEQ I D
NO 33: 20 CAGGGACCT #70CCCCGCGCTA CTIBACCTGCG GACGAGEEG CCCAGCGCTC
AGGGTGCGAG  La0ICAGECERGRE FTAGFEATEGAY CEST AMGETIGTTARRNEAT CA GCGAGITCAC

CCGOCGGCAT 120, CCA C GG ATGCCACGGA
TOCCTTTGTG i@oh%S%@%@X@%ﬁm AAGIATATGA ACTCTCTCCT
GATTGGA 240 1 (ST RICEGCAG AGCABOREAGe C1IT GACBOCNOTAAGRATA AAGAGCTGAC
AGATGAGITC 300 30 2BG0GAGCTGC. GOGEERCAGT SORE #% GGECTCATGA
AGGCCAACCA TGRETTCTTE Glieg P &Wﬂt&e%&ﬂéﬁ ¢ TG GATGGTGCAG
CCTGGCRGAC CCLILTRGECEG nidtdbls Y SACSRsOe1d bId GUF 169 BeEkeTC TGTGOGGTGC

TGCTCAGIGC AGITCAGCAG 485 35 GCCCAAGCT@SGATGGCTGCA ACARSBATTAT GGCCACCTGT

CTGTCTACAG AARACOSARG. ArGAgs meggéimm il TT GGCCACTTAA
AGGGTGCCTC T CcT 6 cae GCACCACGCC
AAGCCTAACA T oS é&%g';:% s g GredAC e TG%IAEGE T TGTTCTGGGC
GAATGGCAGC CCATC@AGTRe GEEEAAGMGer A7E e AAGEFEAMNAT ACCFEGELTA CAATCACCAG
CACGAATACT TCTTCCTGAT. TGGRTGOCG 78
ATCATCATGA CCATGHTOEY CEATAAGAACT® 840t QT COAEL CGTCAGCTAC
TACATCGEGT TCEICAICAG: GIAGA] GelLys M0%16(he Leu nid HGFAGEGEEA TCCTGGGAGC
CCTCCTTTTC CTCAACTTCA TCAGETTCCT GGAGAGC@AE 960 TGGITTBYGT GGGTCACACA
GATGAATCAC ATCGTEAR G %%%%&1@@&%5 Al2(28 RSTEA TCAGTAGCCA
GCTGACACLC A%@@: TSk Tgh c%%@ LA E a1 CA GTGGACACCT
TAACTTCEAG AT CC ACCHeg TCCC CACCATGABE 1140 360

Ser Leu Thr Leu Tyr Cys Ser Val Ser Leu Thr Gly Asn Leu ***

365 370 375
Leu Val Tyr Tyr BRxg His *** Gly Cys Phe Thr His Val Cys His
380 ags 390
30 Phe Ile Ser Ile Ser Phe Lys Lys Leu Leu Lys Ser Tyr Phe Ala
400 405 410
Arg
{(2) INFORMATION FOR SEQ ID NO:35:
35 .
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 21B amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: single
40 (D) TOPOLOGY: linear
{ii) MOLECULE TYPE: amino acid (Translation of Contig 2153526)
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:35:
45
Tyr Leu Leu Arg Pro Leu Leu Pro His Leu Cys Ala Thr Ile Gly
1 5 10 15
Ala Glu Ser Phe Leu Gly Leu Phe Phe Ile Val Arg Phe Leu Glu
50 : 20 25 30
Ser Asn Trp Phe Val Trp Val Thr Gln Met Asn His Ile Pro Met
35 40 45
His Ile Asp His Asp Arg Asn Met Asp Trp Val Ser Thr Gln Leu
50 55 60
55 Gln Ala Thr Cys Asn Val His Lys Ser Ala Phe Asn Asp Trp Phe
65 70 15
Ser Gly His Leu Asn Phe Gln Ile Glu His His Leu Phe Pro Thr
a0 . 85 90
Met Pro Arg His Asn Tyr His Lys Val Ala Pro Leu Val Gln Ser
60 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
65 Leu Trp Leu Asp Ala Tyx Leu His Gln *** Gln Gln Pro Pro Cys
140 145 150
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CGGCACAACT TACACAAGAT CGCCCCGCTG GTGAAGTCTC TATGTGCCAA GCATGGCATT 1200 60
GAATACCAGG AGAAGCCGCT ACTGAGGGCC CTGCTGGACA TCATCAGGTC CCTGAAGAAG 1260
TCTGGGAAGC TGTGGCTGGA CGCCTACCTT CACAAATGAA GCCACAGCCC CCGGGACACC  1320-65
GTGGEGAAG®D SBHEERACGTG GGGTGATGEC CAGAGGAATG ATGGCGCTTTT GITRCTASH7138€30
GTGTCCGAGA GGCTGGTGTA TGCACTGCTC ACGGACCCCA TGTTGGATCT TTCTCCCTTT 1440
-117- CTCCTCTCCT TTTTCTCTTC ACATCTCCCC CATAGCACCC TGCCCTCATG GGACCTGCCC
1500 TCCCTCAGCC GTCAGCCATC AGCCATGGCC CTCCCAGTGC CTCCTAGCCC CTTCTTCCAA

1560 5 @w%%lww ELGELCIACH I QeI CTCT GCCCCTAAAG
1620 ATGGGAGGAG ACCA $CA G GCLAGTGAGT CTOCCCLé8C AGCCTGGTCA
1680 10 GIITNGCENT WY @g@@@@%ﬁe@sﬂ‘wﬂﬁm@mﬁ@m@ﬁ@@ GGTTCATAGG
GGCAGGT 1740 ' GAC, T CT CTCCCTGACG
GCTGCCATTG 1 %G@r% %&8 %“’r"r % CGGGTCTCCC
TCCTGCAGCT 1860 pidb « GGETT AAGHe COORACEEC Ty CT6T EAAGAT red @RAGGGCC CCAGGCCCGC
GBGRCACAGCC 1920 AGCCCAAAG TTGGGOCCTG GAMGAGTCCT CCACC@EMTC ACTAGAGTGC
TCTGA G 18BpVpPro Arg A FENEES GGOCCCATTC CACCGCCTCC CCAACTTGAG
CCTGT TGGGACCAAA  2040° GBGGGAGTCC CTCGTCTCTT GTGACTCAGC AGAGGCAGTG
GOCACGTTCA GGGAGGGGOC 2100 GGBCTGGOCTG GAGGCTCAGC CCACCCTCCA GCTTTTCCTC
AGGGTGTCCT GAGGTCCAAG 2160 25 ATTCTGGAGC AATCTGACCC TTCTCCAAAG GCTCTGTTAT
CAGCTGGGCA GTEECAERRTIIL I ATCERTERE ATTTGGEOCCC AGGGEGACGTG GGOCCTG

2257 30 7(2) | NFORMATbémiceRsmia@rkidsi@s34: (i) SEQUENCE CHARACTERI STICS: (A)
LENGTH: 411 amino aci tg BHGTH: 86 amino acids (B) TYPE: anmino acid (C)

STRANDEDNESS: si ngl e )TY?ED@{%ESEY_?Cigi near (ii) MOLECULE TYPE: amino acid
(Translgyion of Conti if) 2R4BIg) 10"

(ii) MOLECULE TYPE: amino acid (Translation of Contig 3506132)

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:36:

25
Val Phe Tyr Phe Gly Asn Gly Trp Ile Pro Thr Leu Ile Thr Ala
1 5 10 15
30 Phe Val Leu Ala Thr Ser Gln Ala Gln Ala Gly Trp Leu Gln His
20 25 30
Asp Tyr Gly His Leu Ser Val Tyr Arg Lys Pro Lys Trp Asn His
35 40 45
Leu Val His Lys Phe Val Ile Gly His Leu Lys Gly Ala Ser Ala
35 50 55 60
Asn Trp Trp Asn His Arg His Phe Gln His His Ala Lys Pro Asn
65 70 75
Leu Gly Glu Trp Gln Pro Ile Glu Tyr Gly Lys Xxx
80 85
40
(2) INFORMATION FOR SEQ ID NO:37:
45 (i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 306 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
{D) TOPOLOGY: linear
50
(ii) MOLECULE TYPE: amino acid (Translation of Contig 3854933}
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:37:
55
Gln 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
60 Tyr Asn Ile Ser Glu Phe Thr Arg Arg His Pro Gly Gly Ser Arg
35 40 45
Val Ile Ser His Tyr Ala Gly Gln Asp Ala Thr Asp Pro Phe Val
50 585 60
Ala Phe His Ile Asn Lys Gly Leu Val Lys Lys Tyr Met Asn Ser
65 65 70 75

Leu Leu Ile Gly Glu Leu Ser Pro Glu Gln Pro Ser Phe Glu Pro

-120-



(xi) SEQUENCE DESCRI PTION: SEQ ID NO 34: His Ala Asp Arg Arg Arg Gu IIe

Leu Ala Lys Tyr Pro Qu Ile 45 1

10 15 Lys Ser Leu Met Lys Pro Asp Pro Tr p
Ile Ile IWQ 9846763 25 30 Nei{blkllg%d\%?zﬁLeu
Thr A n Leu Ay Ala Phe Tyr Ile Val Lys Asp 35 40

45 50 Leu Asp Trp Lys Trp Val Ile Phe Gy Ala Tyr Ala Phe Ay Ser 50
55 GOQ/sIIeAanlsSer Met Thr LeuAIaIIeHlsGuIIe
Ala His 65 80 70 5 Asn %8l a Ala Phe Ay
Asn Cys Lys ATEF gt P &Yi\s?@“ﬂqeg Tfmsprr:éusﬁ; Axg Glu Led Azy hle 80

85 iz va1 G190 Gt AYplreBNReAlyd A3 hshitsRid tiecetid y 1€ Pro Tyr
Ser Ile Ser 95 110 100 115 10512%he Lys Arg Tyr

Hi s Met Asp HilsuHjes TXF gaetr%\é g Xeylep| I&uﬂ% Asp(Fly Ala Ala Trp 115

120 60 al e P R, y Trp Phe Phe
125 le TX: LeAgl'%p s EAEFEI&( the de? P %égu #o éh% Eé,&l &ophe Arg Lys Phe

Ile Trpl&al |lslmee V@lrLeE’rIGuL&Bu M4(Val Gin Ala Gln Ala Gly TzfbLeu

150 Phe Tyr Ala Phe Ar ‘(i gu Phe lle Pro,Lys Pro }4% Thr 65

155 in cly by £ 175185 T Tet*d3} Val 11e Asn Thr
Val Ala A n ValsnHig IBbQ.e&Sﬂ. I#ie phd1B Tle @1401is Leu Lys Gly Rla 175

180 Leul¥le Tyr Tyr Phe Lexs@y lle Lys S0 Leu Val Tyr M$t Leu 185

190 Pro Rla SeydlspArg ’N“a*“Se”I‘e“L’é‘G -l Bis| Rip y¥eu Hs Prolle

Ser d y Hi's 5 Pro Asn Cys Phe Arg Lys Asp Pé%qgkp Ile Asn Met His Pro P 05
210 Phe Ile Ala Qu H's TynsMet Phe Leu Ly Ay Hs Gu 4w Tyr 215

220 20 Phe Phe Al@2Ipu Gly Lys Ile Leu Ser Val Glu Leu Gly Lys Gln
230 235 240
Lys Lys Lys Tyr Met Pro Tyr Asn His Gln His Xxx Tyr Phe Phe
245 250 255
Leu Ile Gly Pro Pro Ala Leu Leu Pro Leu Tyr Phe Gln Trp Tyr
25 260 265 270
Ile Phe Tyr Phe Val Ile Gln Arg Lys Lys Trp Val Asp Leu Ala
275 280 285
Trp Ile Ser Lys Gln Glu Tyr Asp Glu Ala Gly Leu Pro Leu Ser
250 295 300
30 Thr Ala Asn Ala Ser Lys
305

(2) INFORMATION FOR SEQ ID NO:38:

35
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 566 amino acids
(B) TYPE: amino acid
{C) STRANDEDNESS: single
40 {D) TOPOLOGY: linear
(ii) MOLECULE TYPE: amino acid (Translation of Contig 2511785)
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:38:
45
His Leu Lys Gly Ala Ser Ala Asn Trp Trp Asn His Arg His Phe
1 5 10 . 15
Gln His His Ala Lys Pro Asn Ile Phe His Lys Asp Pro Asp Val
50 20 25 30
Asn Met Leu His Val Phe Val Leu Gly Glu Trp Gln Pro Ile Glu
35 40 15
Tyr Gly Lys Lys Lys Leu Lys Tyr Leu Pro Tyr Asn His Gln His
50 55 60
55 Glu Tyr Phe Phe Leu Ile Gly Pro Pro Leu Leu Ile Pro Met Tyr
65 70 75
Phe Gln Tyr Gln Ile Ile Met Thr Met Ile Val His Lys Asn Trp
80 85 90
Val Asp Leu Ala Trp Ala Val Ser Tyxr Tyr Ile Arg Phe Phe Ile
60 .95 100 105
Thr Tyr Ile Pro Phe Tyr Gly Ile Leu Gly Ala Leu Leu Phe Leu
110 115 120
Asn Phe Ile Arg Phe Leu Glu Ser His Trp Phe Val Trp Val Thr
125 130 135
65 Gln Met Asn His Ile Val Met Glu Ile Asp Gln Glu Ala Tyr Arg
140 145 150
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Ser Tyr Tyr Ay Pro Leu Asn Leu Leu Thr Phe Asn Val dy Tyr 230
235 240 10 Hs Asn Qu Hs Hs Asp Phe Pro Asn Ile
Pro Gy Lys Ser Leu 245 250 255 Pro Leu

Val Arg Lwo dsie7édl a Ala G u Tyr Tyr Asp Asn Leu Pro 260 PCT/US98/07126 )5
270 H's Tyr Asn Ser Trp Ile Lys Val Leu Tyr Asp Phe Val Met Asp 15

275 280 295 Asp Thr Ile Ser Pro Tyr Ser
Arg Met Lys Arg His G n Lys Ay 290 295

300 G u Met Val, by pfd Wet 5ir Gl nSent Qs YR cf¥ Asd Ya1 Gy dphe Phe 305

310 315 285 Ser Lygédhr Leu Asp AggsLys Met d u Phe
Leu His Tyr *®Ser FPhe P @sn Asp Trp Phe Ser Gly Hds Leu Asn Phe Giln Ile 330 *** Asp
Gn *** Lys S 2elho b8! o) FalleD gg A5 335 Lys 340
345 Lys 5g/er %Eu g‘r ﬁ} e Prgs Ar gTSer ° Puo AQ%H Pheu*** 1‘§1;1r Val 25

350 Ile Ala P8&%Heu val Lys Ser Leu Cys gggsmysems [Gaw fIhrGlh_eu Tyr Cys Ser
Val Ser Leu **x 36

375 Leygal TWr ‘fy%/ ﬁsr}'yﬁ g0 Aeu Iy 5““&“ 25e ""r‘h“shne% P 2@5 H's 380

385 Ser Leu LyBQ.Qs 3@: Gly Lys PBe Tkp E.evs%p lahe r9erLePhasLys Lys Leu Leu
Lys Ser Tyr Phe Al a 400 230 240 410 Arg (2)

| NFORMATI ON F&re SEQSFD“P«DS§§ PRI AP §E€y}j§g}é@ CPARALTRRIZSTI CS: (A) LENGTH:

218 ampo aci 43, GB) afyREy calak@ a3k indp (8 RéLNQEDNES%lya;amgI e 40
(D TOPOLOGY: linear (ii) 260LECULE TYPE: 2a&si no acid (Trasl ati on of Contig
2153526) (xi) SSEQUERECE LDEJERIMPTPONLSES: [TH: REe 5o M45 Leu Asp
Leu Ser Pro Phe Leu Leu Ser ‘Phe Phe Ser Ser His Leu Pro His
20 290 295 300
Ser Thr Leu Pro Ser Trp Asp Leu Pro Ser Leu Ser Arg Gln Pro
305 310 315
Ser Ala Met Ala Leu Pro Val Pro Pro Ser Pro Phe Phe Gln Gly
320 325 330
25 Ala Glu Arg Trp Pro Pro Gly Val Ala Leu Ser Tyr Leu His Ser
335 340 345
Leu Pro Leu Lys Met Gly Gly Asp Gln Arg Ser Met Gly Leu Ala
350 355 360
Cys Glu Ser Pro Leu Ala Ala Trp Ser Leu Gly Ile Thx Pro Ala
30 365 370 375
Leu Val Leu Gln Met Leu Leu Gly Phe Ile Gly Ala Gly Pro Ser
380 385 390
Arg Ala Gly Pro Leu Thr Leu Pro Ala Trp Leu His Ser Pro ***
400 405 410
35 Arg Leu Pro Leu Val His Pro Phe Ile Glu Arg Pro Ala Leu Leu
415 420 425
Gln Ser Ser Gly Leu Pro Pro Ala Ala Arg Leu Ser Thr Arg Gly
430 435 440
Leu Ser *** Asp Val Gln Gly Pro Arg Pro Ala Gly Thr Ala Ser
40 445 450 455
Pro Asn Leu Gly Pro Trp Lys Ser Pro Pro Pro His His *** Ser
460 465 470
Ala Leu Thr Leu Gly Phe His Gly Pro His Ser Thr Ala Ser Pro
475 480 485
45 Thr *** Ala Cys Asp Leu Gly Thr Lys Gly Gly Val Pro Arg Leu
490 495 500
Leu *** Leu Ser Aryg Gly Ser Gly His Vval Gln Gly Gly Ala Gly
505 510 515
Trp Pro Gly Gly Ser Ala His Pro Pro Ala Phe Pro Gln Gly Val
50 520 525 530
Leu Arg Ser Lys lle 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
55 Pro Gly Asp Val Gly Pro Xxx
565

(2) INFORMATION FOR SEQ ID NO:39:

60
(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 619 amino acids
(B) TYPE: amino acid
(C) STRANDEDNESS: single
65 (D) TOPOLOGY: linear
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Tyr
5
Phe
25
Pro
Asn

Leu
Ile

Met
Met

60 55

70

Pro
H s
100
Pro
Asp
135
140
Arg
165
175
Lys
* % %
205
215

Thr
Lys

Leu
Il e
65

Arg
Ay

Leu
Pro

(2)

Leu Arg Pro Leu Leu
10
Val gﬂ Phe Leu Gu
WO ?9 30 Ser
35
Asp Trp Val Ser Thr
G@n Ala Thr Cys

80

Pro Hs Leu Cys Ala Thr

50

40

d n Leu 50

Asn Val

15 Ala G u Ser

Asn Trp Phe Val

Trp Val

lle Ay 1

Phe Leu Gy Leu Phe

20

Thr

55

PCT/US98/07126 -
An Met Asn Hs Ile

45 H's Ile Asp H's Asp Arg

H s Lys Ser Ala Phe Asn Asp Trp Phe 65
(ii) WRBEGHE TCPE: Rimo| snid ATranPraticl 19f |optig ¢F3k s Hi s Leu Phe
90 Met Pro Arg Hi's Asn Tyr

Val Ala pit L EETOSE BRGRERION; R0 10 10:3s:

95

5 105LeuQIsAIaLys Hs Ay Ile Au Tyr An Ser Lys
A§er Al a Phe Al a
130

Leu

10

Lys Thhsh 8w @ltva Hibg ée‘Aﬁgr

Ala % Gy %(@%t@?

&h TEF g\rg_

! l:‘i&' éf G116
y Les

129 -119-
s Pro Lys Trp Asn His

Ig& yag,rr)u

[l e HI %a]sgllze %P\x_eygl?lxﬁp §é¥ T@ >;lt“i’éo JI_E% Leu Ile T%r
L@k L1 LL\ﬂdlaA@Qf: ALA cTy 14 &n HLS 6B Prp “Tou GiR HG:‘L n Pro Pro Cys

Pro3wal Trp

1Seu Pr asPlrep I8H Asn His Arg HJ.s Phe Gln 136 His Ala Lys Pro
Va|’% As

G n Phe ***

Protys

f1e e B0 gurshee Yip
| NFO?M%I\L N, E;@R'l@ﬁ@llll RBrd@18G1u Tyr Gly

Tyr Leu Pro Tyr Asn

110
Pro Pro Leu Leu Ile Pro
125
25 Thr Met Ile Val His Lys
140
Ser Tyr Tyr Ile Arg Phe
155
Ile Leu Gly Ala Leu Leu
30 170
Ser His Trp Phe Val Trp
185
Glu Ile Asp Gln Glu Ala
200
35 Thr Ala Thr Cys Asn Val
215
Sér Gly His Leu Asn Phe
230
Met Pro Arg His Asn Leu
40 245
Leu Cys Ala Lys His Gly
260
Arg Ala Leu Leu Asp Ile
275
45 Leu Trp Leu Asp Ala Tyr
290
Asp Thr Val Gly Lys Gly
305
Asp Gly Leu Leu Fhe ***
50 320
Leu Leu Thr Asp Pro Met
335
Phe Phe Ser Ser His Leu
350
55 Leu Pro Ser Leu Ser Arg
365
Pro Pro Ser Pro Phe Phe
380
Val Ala Leu Ser Tyr Leu
60 400
Asp Gln Arg Ser Met Gly
415
Trp Ser Leu Gly Ile Thr
430
65 Gly Phe Ile Gly Ala Gly
445

g

Met
Asn
Phe
Phe
Val
TYyTr
Glu
Gln
His
Ile
Ile
Leu
Cys
Gly
Leu
Pro
Gln
Gln
His
Leu
Pro

Pro

His Gln His

Tyr
Trp
Ile
Leu
Thr
Axrg
Gln
Ile
Lys
Glu
Arg
His
Arg
Val
Asp
His
Pro
Gly
Ser
Ala
Ala

Ser

Glu
Phe
Val
Thr
Asn
Gln
Asp
Ser
Glu
Ile
Tyr
Ser
Lys
Trp
Ser
Leu
Ser
Ser
Ala
Leu
Cys
Leu

Axg

Shengn Acg

100
Tyr
115
Gln
130
Asp
145
Tyr
160
Phe
175
Met
190
Trp
205
Phe
220
His
235
Ala
250
Gln
265
Leu
280
L 2 X ]
295
Gly
310
Glu
325
Ser
340
Thr
355
Ala
370
Glu
385
Pro
405
Glu
420
Val
435
Ala
450

AIE;Vaglége

Lys Lys Lys Leu

Phe
Tyr
Leu
Ile
Ile
Asn
Phe
Phe
His
Pro
Glu
Lys
Serx
Asp
Arg
Pro
Leu
Met
Arg
Leu
Ser
Leu

Gly
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Phe
Gln
Ala
Pro
Arg
His
Ser
Asn
Leu
Leu
Lys
Lys
His
Gly
Leu
Phe
Pro
Ala
Trp
Lys
Pro
Gln

Pro

Leu
Ile
Txp
Phe
Phe
Ile
Ser
Asp
Phe
val
Pro
Ser
Sex
Gln
val
Leu
Ser
Leu
Pro
Met
Leu
Met

Leu

Ile
Ile
Ala
Tyr
Leu
Val
Gln
Trp
Pro
Lys
Leu
Gly
Pro
Arg
Tyr
Leu
Trp
Pro
Pro
Gly
Ala
Leu

Thr

Ser
Asn
75

\"/
£9
Lys
105
Gly
120
Met
135
Val
150
Gly
165
Glu
180
Met
195
Leu
210
Phe
225
Thr
240
Ser
255
Leu
270
Lys
285
Arg
300
Asn
315
Ala
330
Ser
345
Asp
360
val
375
Gly
390
Gly
410
Ala
425
Leu
440
Leu
455

160

g‘rgr Qﬂf 170

Leu *
195

Lys Lys

Leu
Il e Phe



15 (i) SEQUENCE CHARACTERI STICS: (A) LENGTH. 86 am no acids (B) TYPE: am no
acid (C) STRANDEDNESS: single 20 (D) TOPOLOGY: linear (i)

MOLECULE %I;%no acid (Translation of Contig 3506132) ( ora¥esRdEE

DESCRI PTI D NO 36: 25 Val Phe Tyr Phe Gy Asn Ay Trp Ile Pro Thr
Leu Ile Thr Ala 1 ) 5 10

15 30 Phe Val Leu Ala Thr SerGInAIaGInAIaGIyTrpLeuGInHls 20
25 30 Asp Tyr Gy His Leu Ser Val Tyr Arg Lys Pro Lys Trp
Asn H s 35 Pro Ala Trp Leu Hig Seg Pro *** Arg Leu Pro Leu Vad I'E.éul’tgm H s Lys Phe
Val Ile Ay Hi r 50

55 - fhe 14 G243 gg AA%rgpL%'?'rLﬁe\lA%ﬁ ddzsseﬁrsglyl-ﬁeg Plgﬁeigél n Hs Hs Al a

Lys Pro #sn 65nla Ala Arg Leu Ser Thr Arg(Gly Leu Ser *** Asp Val GliSelyeu Gy G u Trp

An Prolle Gu Tyr Ay Ly¥0xx 495 5§?@(2)|NFOR|\/AT|O|\|
FOR SEQ | D No ¥?: ’}1‘35"“ Alattly T £ e ¢i o sEORCE GRRACTER 811 CS: (A) LENGTH:

306 am no aci dsr(Bh FréFE. Mk Me aelgLr(ﬁ)a b RANDERNES Shesisgl € (D) TOPOLOGY:
linear 30 (ii) MOLECULE TY#B: am no aci d §2Fransl ati on of53onti g 3854933)

(xi) SEQUENCE BESERI P BR [hSE0 BNGedhr gzg HerCye 3PP JHr Pro Arg Tyr Phe

Thr Tr p Asp d 'ervﬂ)s é! aGlg lll?ro Arg Leu Leu *** Leu ér Arg Gly Ser 10
15 Arg Ser dy Cy au Glussérg Trp Leu Vasssl | e Asp Krg Lyss Val
15 Gly Hls val Gln Gly Gly Ala Gly Trp Pro Gly Gly Ser Ala His
565 570 515
Pro Pro Ala Phe Pro Gln Gly Val Leu Arg Ser Lys Ile Leu Glu
580 585 590
Gln Ser Asp Pro Ser Pro Lys Ala Leu Leu Ser Ala Gly Gln Cys
20 595 600 605
Gln Pro Ile Pro Gly His Leu Ala Pro Gly Asp Val Gly Pro Xxx
610 615 620

25
' (2) INFORMATION FOR SEQ ID NO:40:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 757 amino acids
30 {B) TYPE: amino acid
(C) STRANDEDNESS: single
{D} TOPOLOGY: linear

35 {(ii) MOLECULE TYPE: amino acid (Translation of Contig 253538a)

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:40:

Gln Gly Pro Thr Pro Arg Tyr Phe Thxr Trp Asp Glu Val Ala Gln

40 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

35 40 45

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 Ser

65 70 75

Leu Leu Ile Gly Glu Leu Ser Pro Glu Gln Pro Ser Phe Glu Pro

50 80 85 90
Thr Lys Asn Lys Glu Leu Thr Asp Glu Phe Arg Glu Leu Arg Ala

95 100 105

Thr Val Glu Axrg Met Gly Leu Met Lys Ala Asn His Val Phe Phe

110 115 120

55 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

60 155 160 165
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

65 Ala Ser Ala Asn Trp Trp Asn His Arg His Phe Gln His His Ala
200 205 210
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20 25 30 60 Tyr Asn lle Ser Gu
Phe Thr Arg Arg HHs Pro Ay Ay Ser Arg 35

45 Val 1le Ser Hs Tyr Ala Gy G n Asp Ala Thr AspProPhe )
55 WO 98/46763 y60 Ala Phe His Ile Asn Lys Gy Leu VaI €+ 5Em'mfyr Met
Asn Ser 65 | 65 i

75 Leu Leu Ile Ay Qu Leu Ser Pro Au G@n Pro Ser Phe Glu Pro -120- 80
85 90 Thr Lys Asn Lys Qu Leu Thr Asp Gu Phe Arg Qu Leu

Arg Al a 95 Lys Pro Asn Ile Phe 1H{3® Lys Asp Pro Asp Val Asn Meb IehHi¥al G u Ar g Met

Ay Leu Met L Hi&3Val 225 110
11% ou 3(,531'%&2\/2??‘26'5% 2 'E mf%é;gecduﬁ% F¥éVEgsLeu Leu Asp Ay

Ala Alaslrp 129s reu Lys Tyr Leu Pro Tyi:&Qn His Gln His Glu Tyr Phd FRe LeU Thr Leu Trp

Val Phe Ay Thr Ser Phe Le45Pro Phe Leu L2506 140 255 145

150 10 Cy8 TAP SV LFED B FeBeT e ATa JRITVE R A T fIA a Ay Trp Leu
155 Ile Ile Me;.LGLQr Met Ile Val His Lys As %Qaﬂ P!Elbsbee‘%Qa Phe Gy Hi's Leu
Ser Val 1Phe Ser Thr. Ser LymsTrp 1

180 Asn H's Leup(Me Ve Sekiyx e Mgl Axy] @xe@g ll-lipsl‘htellrrLi}s 1’@by Ala 15

185 ro, Al Trp Trp Asn Hi s
Vet Hi s Phe Phelj"l Gﬁyglq Le Glg lbla Leu Leu gtlxgjl.eu AsnOPhe Ig

210 Prol#Asn CyseRle s&ngselnyasﬁus:p HRle (VaAStrpl Ya@ TAS rG1lVRMet Hise di’so Phe 215
220 5 &30 Phe Phe328la Leu Ay LyS0Ile Leu Ser Val
Gu Leu Gy Lylg.e dah Mzgcflu %g Asp Gln Glu AlaT'rggBl\rg Asp Trp Phe Ser 240 Lys Lys

345

Lys Tyr Met Pra:Taih 1A8MroEiAaG@n dyisSaskVa113ih dIEseP e 24@ asn
250 20 255 350 355 360
Asp Trp Phe Ser Gly His Leu Asn Phe Gln Ile Glu His His Leu

365 370 375

Phe Pro Thr Met Pro Arg His Asn Leu His Lys Ile Ala Pro Leu

380 385 390

25 Val Lys Ser Leu Cys Ala Lys His Gly Ile Glu Tyr Gln Glu Lys
-400 405 410

Pro Leu Leu Arg Ala Leu Leu Asp Ile Ile Arg Ser Leu Lys Lys

415 420 425

Ser Gly Lys Leu Trp Leu Asp Ala Tyr Leu His Lys *** Ser His

30 430 435 440
Sexr 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

35 Val Tyr Ala Leu Leu Thr Asp Pro Met Leu Asp Leu Ser Pro Phe
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

40 505 510 515
Leu Pro Val Pro Pro Ser Pro Phe Phe Gin 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

45 Met Gly Gly Asp Gln Arg Ser Met Gly Leu Ala Cys Glu Ser Pro
550 555 560

Leu Ala Ala Txp 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

50 580 585 590
Leu Thr Leu Pro Ala Trp Leu His Ser Pro *** Arg Leu Pro Leu

595 600 605

Val His Pro Phe Ile Glu Arg Pro Ala Leu Leu Gln Ser Ser Gly

610 615 620

55 Leu Pro Pro Ala Ala Arg Leu Ser Thr Arg Gly Leu Ser *** Asp
625 630 635

Val Gln Gly Pro Arg Pro Ala Gly Thr Ala Ser Pro Asn Leu Gly

640 645 650

Pro Trp Lys Ser Pro Pro Pro His His *** Ser Ala Leu Thr Leu

60 655 660 665
Gly Phe His Gly Pro His Ser Thr Ala Ser Pro Thr *** Ala Cys

670 675 680

Asp Leu Gly Thr Lys Gly Gly Val Pro Arg Leu Leu *** Leu Ser

685 690 695

65 Arg Gly Ser Gly His Val Gln Gly Gly Ala Gly Trp Pro Gly Gly
700 705 710
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Leu Ile Gy Pro Pro Ala Leu Leu Pro Leu Tyr Phe @ n Trp Tyr 25

260 265 270 Il e Phe Tyr Phe Val Ile G n
Arg Lys Lys, . | Asp Leu Ala 275 280 PCT/US98/0712 )
285 Trp II@%JeS?“%s Gn Qu Tyr Asp Gu Ala Gy Leu Pro Leu Ser 5293/8 6

295 300 30 " Thr Ala Asn Ala Ser Lys 305 (2)

| NFORVATI ON FOR SEQ I D NO 38: 35 (i) SEQUENCE CHARACTERI STICS: (A) LENGTH:
566 am no acids (B) TYPE: am no acid (C) STRANDEDNESS: single 40
(D) TOPOLOGY: |3enede HisjBroNgzp Pdpy Bhe TRrpSin Hiy Vol deb hrg BeardyBat i on of Contig

2511785) (xi) SEQUENCH.DESGILRL, QN SEQuH, N0 3%.,40.Hes iU Lys Ay Al

Ser Ala Asn Trp Trp Asn H s;38rg H's 735 740

10 5 Gly Gln Y5 Gohrerbi ReHirs AyaHikyisuPne pasrely|rspPhe His Lys Asp Pro
Asp Val 50 745 20 750 7155

30 Asn Met Leu B¥s9af**Phe Val Leu Gy Gu Trp Gn Pro Ile Gu 35

40 45 Tyr Gy Lys Lys Lys Leu Lys Tyr Leu Pro Tyr Asn Hi s
G@n Hs 50 55 60 55 G u Tyr Phe
Phe Leu Ile Ay Pro Pro Leu Leu Ile Pro Met Tyr 65 .70

75 Phe An Tyr An lle Ile Met Thr Met ILe Val Hs Lys Asn Trp 80

85 90 Val Asp Leu Ala Trp Ala Val Ser Tyr Tyr Ile Arg Phe
Phe Ile 60 95 100

105 Thr Tyr Ile Pro Phe Tyr Ay Ile Leu Ay Ala Leu Leu Phe Leu 110

115 120 Asn Phe Ile Arg Phe Leu Qu Ser H's Trp Phe Val
Trp Val Thr .
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125
Val

150
155
Ser
180
190

Pro
220
Tyr
Ser
255
260
Leu
285
290
Leu
315
325
Ser
Leu
355

'Gdy Hs Leu Asn Phe G n I1e 170 \\W
5 Au Hs Hs Leu Phe Pro

130 135 65. .. Gn Met Asn His Ile
Met Au lle Asp An Qu Ala Tyr .Arg 140" 145 .

121 o odiidss’ " P 528 ser ser GT&S %&e%tg;hﬁeeﬁ‘kaplﬁm Cys Aspciesosdimzdd n

Phe Phe Asn Asp Trp Phe
175
g Hs Asn Leu H's Lys 185

195 Ile Ala Pro Leu Val Lys Ser Leu Cys Ala Lys His

|le G u 20Whatis claimed is: 205 210 Tyr dn Qu Lys
Leu Leu Arg Ala Leu Leu Asp Ile Ile Arg 10 215
225 Ser Leu Lys Lys Ser Gy Lys Leu Trp Leu Asp Al a
Leu H's 230 235 240 Lys *** Ser His
Pro Arg Asp, Thr AWdsoldted nholeic @tid cOynprising: 245 250
15 Trp Ay Asp Gy G@n Arg Asn Asp Gy Leu Leu Phe *** 3@y Val
a nucleotid®Sequence depicted in SEQ IIPNO: $er SEQUDANG: Lu Val Tyr Al a
Leu Thr Asp Pro Met Leu Asp 275 280
Leu §er Pro Phe Leu Leu Ser Phe Phe Ser Ser His Leu Pro H's 20
295 300 Ser Thr Leu Pro Ser Trp Asp
Pro Ser Leg Ser aAidlyfdpiid€eodetdbby a nucleotide sequence actbflling to claim 1.
Ser Ala Met Ala Leu Pro Val Pro %’ro Ser Pro Phe Phe A n 3@y 320
330 25 Ala Gu Arg Trp Pro Pro Ay Val Ala Leu
Tyr Leu His Ser 335 340 345 Leu Pro

Lys Met Gy G yAWd'Brﬂo%té?ﬁolj}/ﬁépﬁ@e ¥orhfiisif} &n Antho acid sequence
depicted in SEQ ID NO: 2 or SEQ ID NO: 4.

10

4, An isolated nucleic acid encoding a polypeptide having an amino acid
sequence depicted in SEQ ID NO: 2 or SEQ ID NO: 4.

5. An isolated nucleic acid comprising a nucleotide sequence which encodes a

15 polypeptide which desaturates a fatty acid molecule at carbon 6 or 12 from the
carboxyl end of said polypeptide, wherein said nucleotide sequence has an average
A/T content of less than about 60%.

6. The isolated nucleic acid according to Claim 5, wherein said nucleic acid is

20 derived from a fungus.

7. The isolated nucleic acid according to Claim 6, wherein said fungus is of the

genus Mortierella.

25 8. The isolated nucleic acid according to Claim 7, wherein said fungus is of the

species Mortierella alpina.
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Cys
365
Ay
390
405
Arg
Ser
435
Thr
455
465
Al a
Al a
495
Ay
Ser
525
Pro
Ay
560

Au

Phe
Arg Al

Pro
Ay

Al a
Pro

Ser

Cys

Al a
Al a

Lys
adn
55

Ser Pro Leu Ala Ala Trp Ser Leu Ay Ile Thr Pro Ala 30

370 375 Leu Val Leu G n Met Leu Leu,
IIe a Ay Pro Ser 380 385
Ogsé“g’o Leu Thr Leu Pro Ala Trp Leu His Ser ProP’g"‘r’,*uszﬁ)lg-’126
410 35 " Arg Leu Prq Leu Val His Pro Phe Ile Qu
Al a Leu Leu 415 420 425 @ n Ser

Leu Pro Pro Ala Ala Arg Leu Ser Thr Arg Ay 430

9. Andspated oudeic actit; whengin\the n@leotideysequenceofsait mucdia G y
Ser 40_.,. . . 1 4 i 450
Asn Lefeigisdgpjctedrin SEQ 1D NQ: PR SBRIDAND B s hi s *+ Sor 460

470 Ala Leu Thr Leu Ay Phe Hs Ay Pro His Ser Thr
Pro 475 480 485 45 Thr **x
Asp Leu Gly Thr a Pro Ar eu 490 )

Angeniatd o plisied pplipeptise yhidhyisssivrates  frfcacidmoleenleat
@'y50§b612ﬁoth bek d of said polypeptid Gy
qy o Oarpcr)% or 12 from the carly nﬂ end of said polypeptide, whérein'dali F(fl?peﬁlﬁe

is aeuka:yossmlyeeptmegar&derwd fnonea pekarydtic pelypegtide. Asp Pro Ser
Al a 535 540 545 Leu Leu Ser Al a
Cys @n Prolle Pro Ay H's Leu Ala 550 555

Pro Ay Asp Val Ay Pro Xxx 565 (2) | NFORVATION FOR SEQ I D

NO: 39: 60 (i) $E®EmﬁExmﬂfﬂfﬂbﬁl&:yéﬁk)ple% adebftlingrioClaig 10)s ( B)

TYPE: ES ' 5 D) TOPOLOGY:
li near am no aci %e} tI eRlﬁ(aryo[t)i[él poﬁ{pe;satligegils %er?ved from a fungus. (D)

10
12. A nucleic acid comprising:

a fungal nucleotide sequence which is substantially identical to a sequence of at
least 50 nucleotides in SEQ ID NO: 1 or SEQ ID NO: 3 or is complementary to a
sequence of at least 50 nucleotides in SEQ ID NO: 1 or SEQ ID NO: 3.

15

13.  Anisolated nucleic acid having a nucleotide sequence with at least about
50% homology to SEQ ID NO: 1 or SEQ ID NO: 3.

14.  Anisolated nucleic acid having a nucleotide sequence with at least about
20 50% homology to sequence encoding an amino acid sequence depicted in SEQ ID
NO: 2 or SEQ ID NO: 4.

15.  The nucleic acid of claim 14, wherein said amino acid sequence depicted in
SEQ ID NO: 2 is selected from the group consisting of amino acid residues 50-53,
25 39-43, 172-176, 204-213, and 390-402.

This Sheet Has Been Replaced
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-122- (ii1) MOLECULE TYPE: am no_aci d Tr ansl ation of Contig 2535) (xi)

SEQUENCE DESCRI PTI ON: SEQ I D NO 39Tth“‘m mmiwﬁhe Ay Asn Ay Trp lle
Pro Thr r Ala 1 u 7126 )
15 Phe Vaf&’ggklﬁﬁgg Thr Ser An AI a u Leu Gn ﬁcg'/l%gsm

20

30 Asp Tyr Gly H s Leu Ser Val
Tyr Arg Lys Pro Lys Trp Asn Hi s 35
45 Leu Val His Lys Phe Val Ile Ay H's Leu Lys Gy AIa Ser Ala 50

55 aﬁtﬁbléldhde sequenéedepidtéd i'ﬁraFSEQ IDANO: PoESEQIDNG: Hinkdd S
Hs Ala Lys Proﬁzn 70 75 Il e Phe
Hs Lys Asp Prd° Abpterplpgomspugleic acidy i s val Phe val 80 85
90 Leu Gy Qu Trp A@n Pro Ile Au Tyr Ay Lys Lys Lys Leu Lys 20

95 100 105 Tyr Leu Pro Tyr Asn H's G n
Hs Qu Tyr Phe_Phe Leu Ile Gy 110 115

120 Pro Pro Led7Leu A pecleie geigiconstiuct eomepring: Tyr Gn Ile Ile Met 125

130 135 25 Thr Met Ile Val H's Lys Asn Trp Val Asp

Leu Ala rp A a Val angrleotide sequence depicted in45SEQ ID NO: 1 or SEQ ID NB(3 Ser Tyr
Ph [ P Ph
1ho ¢ A9 P opHBly defocliifa wth gh efiprelifon obtrol Ssgumine Toaktionsln eecrobial ar ¢

Phe Leu G u 30 cell. 170 _ 175

180 Ser His Trp Phe Val Trp Val Thr G n Met Asn His Ile Val Met 185

190 195 Gu Ile Asp Adn GQu Ala Tyr Arg Asp Trp Phe Ser
Ser @ n Leu 200 205 210

18.  The nucleic acid construct according to Claim 17, wherein said microbial

10 cell is a yeast cell.

19.  The nucleic acid construct according to Claim 17, wherein said nucleotide
sequence is derived from a fungus.

15 20.  The nucleic acid construct according to Claim 19, wherein said fungus is of
the genus Mortierella.

21.  The nucleic acid construct according to Claim 20, wherein said fungus is of

the species Mortierella alpina.

20
22. A nucleic acid construct comprising:

a fungal nucleotide sequence which encodes a polypeptide comprising an
amino acid sequence which corresponds to or is complementary to an amino acid
sequence depicted in SEQ ID NO: 2 or SEQ ID NO: 4, wherein said nucleic acid is

25 operably associated with an expression control sequence functional in a microbial
cell, wherein said nucleotide sequence encodes a functionally active polypeptide

which desaturates a fatty acid molecule at carbon 6 or 12 from the carboxyl end of a
fatty acid molecule.
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35

220
Phe
Asn
250
Pro

285
290
Arg
315
320
Asp
345
355
Met

Ser

385
Met

410
420
Met

Ile
450

Pro
Leu

Leu
Ile
45

Trp
Leu

Phe

Al a
Pro

Ay

Leu
Ay

R

Thr Ala Thr Cys Asn Val GI u GI n he Phe Asn Asp Trp Phe 215

225 Ser (HnySTHPta eGInIIeGIqus Hi s Leu
Thr 230 240 H s
H WOP4ST68 o Al o Pro Leu VebrisSatits 245 -
255 Leu Cys Ala Lys His Gly Ile AQu Tyr G@n Au Lys
Leu 260 265 270 Arg Ala Leu Leu
Ile Arg Ser Leu Lys Lys Ser Ay Lys 275 280
Leu Trp Leu Asp Ala Tyr Leu H s Lys *** Ser H's Ser Pro Arg
295 300 Asp Thr Val Gy Lys Ay Cys
Ay Asp3d y AGhueleie acidsonsifiot comprising: 310

Gy Leu Leu Phe *** @y Val Ser Au Arg Leu Val Tyr Ala 50

a niddleotide sequence having an ABBEortént of Pdés ﬂ&h ab&R 60%Pwhizh Leu
Ser Pro Phe Leu Leu Ser 335
Phe Seencodes pifunctionptlyrastivg A6Jssatumase iLaermgmmnaao aqidpeqmpceswbxch

I_Seu Pr 0°\9°‘°1P°§‘g‘§8 o complemélﬁgrypg ggygor elf Sé‘m%% E)f an gmmo 5{75% %ex{g élr g

Phe Phdegitted Gt ¥ SBQADONO: A GvhEtdin Biié nirtléotide sequ¥ce is operably

390 val Al,a_Leu Ser Tyr Leu H s Ser Leu Pro Leu Lys
dy 60 associated with a transcription contrphgequence functional in a yeast geit,
Gn Arg Ser Met Ay Leu Ala Cys Qu Ser Pro Leu Ala Ala 415

425 Trp Ser Leu Gy Ile Thr Pro Ala Leu Val Leu @ n

Leu 43 435 440 65 Ay Phe
Al a G ¢4pr o ASycleig acidicanstiugt camaprising: Thr Leu 445
455 -123-

10 a fungal nucleotide sequence which encodes a functionally active A12-
desaturase having an amino acid sequence which corresponds to or is
complementary to all of or a portion of an amino acid sequence depicted in 2 SEQ
ID NO: 4, wherein said nucleotide sequence is operably associated witha
transcription control sequence functional in a yeast cell.

15
25. A recombinant yeast cell comprising:

a nucleic acid construct according to Claim 23 or Claim 24.
26.  Therecombinant yeast cell according to Claim 25, wherein said yeast cell is

20 a Saccharomyces cell.

27. A recombinant yeast cell comprising:

at least one copy of a vector comprising a fungal nucleotide sequence which
encodes a polypeptide which converts 18:2 fatty acids to 18:3 fatty acids or 18:3
25 fatty acids to 18:4 fatty acids, wherein said yeast cell or an ancestor of said yeast cell
was transformed with said vector to produce said recombinant yeast cell, and

wherein said nucleotide sequence is operably associated with an expression control

sequence functional in said recombinant yeast cell.
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Pro Ala Trp Leu His Ser Pro *** Arg Leu-Pro Leu Val H's Pro 460

465 470 Phe Ile GI u Arg ProRA{ ggleu Leu A n Ser Ser Gly Leu
Leu Ser Thr Rrg &y Leu Ser *** 490

500 Pro Arg Pro Ala Gy Thr Al a Gly Pro Trp Lys 505

510 515 Ser Pro ro HIS Hs *** Ser Ala Leu Thr Leu
Ay Phe His 10 520 525

530 Ay Pro H's Ser Thr Ala Ser Pro Thr *** Ala Cys Asp Leu Gy 535

540 545 Thr Lys Ay Ay Val Pro Arg Leu Leu *** Leu Ser
Arg Ay Ser 550 The recombiy@st yeast cell accordmg to clatt8@71whereinsaidd y Hi s
Val Gn d Pro G s 565 570
575 Pro Prg ﬁﬁnﬁ%’ug Eeq&e'§°5\73¥ A?éﬁe%?fﬁ éfsseﬂ}’g’cfEU G u 580

585 590 A n Ser Asp Pro Ser Pro Lys Ala Leu Leu Ser Ala
dy Adn Cys 20 I 595 Val o 6())0(2 610

605 G n Pro Ile Pro s Leu Ala Pro a ro X

615 5 29‘6 Sfic??b}wmﬁq?&ﬁc%%nsmq?@q@ X¥therein ?a“;SEQJENCE
CHARACTERI STI %@g 0 B) TYPE:
am no acid (C)Q%g‘?'%}l\rlmh %ellé?%é’é?ﬂ&%yﬁj%%g%_&\{ linear (ii) MOLECULE

TYPE: amino acid (Translation of Contig 253538a) 35 (xi) SEQUENCE
DESCRI PTION:. SEQ ID NO40: dn dy Pro Thr Pro Arg Tyr Phe Thr Trp Asp G u

\1/? Ala Gn 40 301  The microbial cell accox%ing to Claim 27, wherein sai&%xpression

contro! sequence is provided in said expression vector.

10

31. A method for production of GLA in a yeast culture, said method

comprising:

growing a yeast culture having a plurality of recombinant yeast cells,
wherein said yeast cells or an ancestor of said yeast cells were transformed with a
15 vector comprising fungal DNA encoding a polypeptide which converts LA to GLA,
wherein said DNA is oper:ibly associated with an expression control sequence
functional in said yeast cells, under conditions whereby said DNA is expressed,

whereby GLA is produced from LA in said yeast culture.

20 32.  The method according to Claim 31, wherein said fungal DNA is
Mortierella DNA and said polypeptide is a A6 desaturase.

33.  The method according to Claim 32, wherein Mortierella is of the
species Mortierella alpina.

25

34.  The method according to Claim 31, wherein said LA is exogenously
supplied.
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Arg Ser Ay Cys Gu Gu Arg Trp Led Val T1e Asp Arg Lys Val 20
25 30 Tyr AsHyilkRet$RE5B&hRegPoe Thr Arg Arg Hs Pro Gy Gy

Ser Arg 35 40 45 45 er
Hs Tyr Al\go(gslym@n Asp Ala Thr Bﬂﬂ‘ﬁ“‘“ﬁ‘lﬂwl 50 Pc\f%sﬁ}o‘?xgg
60 Ala Phe Hs Ile Asn Lys Ay L S Tyr Met Asn Ser 65

70 75 Leu Leu Ile Ay Qu Leu Ser Pro Au G@n Pro Ser Phe
A u Pro 50 80 85

90 Thr Lys Asn Lys G5 Lelhefnethod pcogrdingtoeClaimy 3¢ whérein stidcoflditiodSare

100 ind 'blelOS Thr Val Qu Arg Met Ay Leu Met Lys Ala Asn Hi s
Val Phe Phe 110n¢uctvie. 115 120 55 Leu Leu
Tyr Leu Leu Hs Ile Leu Leu Leu Asp Gy Ala Ala Trp 125 130
135 Leu Thr Leu Trp Val Phe Gy Thr Ser Phe Leu Pro Phe Leu Leu 140

%42 dy Trp 60 3& 50 Bln?etffc\)lda fo}/gll'odlﬁgtt‘tjyngoefléteSa?iEioxﬁlc%ci\ﬁll ac;egﬁgulr&uél s%.idGI i

165 Leu Gin Hi smémpd dympifiidg:Hi s Leu Ser Val Tyr Arg Lys Pro Lys 170
175 188 Trp Asn His Leu Val His Lys Phe Val Ile Ay His

Leu Lys Gy 185 . . . Al a Ser
Al a A>s/n Trp Trp Asn gﬁiognn ragy elﬁlstsculi}ﬁ% I@th% %luﬁhgy %rgc%@iﬁaﬁ%east cells, 205

210 - 124- Lywherein saidyenstecibher dr ancester ofspidireastis]is Waie témsfoldned vith aHi s

21 220 . . 225 Val Phe Val Leu Qv LT

G ﬁ Pro lle G uvefgprr c@nyxgltlgg ﬁﬂggl Db encoding a p501ypaept1de vev§ con\?eli'ts a-}llngerlljlc P

240 5 Ly Sack®id skehPiddnic abidliwherin'sid BRA fHopefably ddbctidthd! withan CRfrebdich
10 control sequence functional in said yeast cells, under conditions whereby said DNA

is expressed, whereby stearidonic acid is produced from a-linolenic acid in said

yeast culture.

37.  The method according to Claim 36, wherein said fungal DNA is
15 Mortierella DNA and said polypeptide is a A6 desaturase.

38.  The method according to Claim 37, wherein Mortierella is of the

species Mortierella alpina.

20 39.  The method according to Claim 36, wherein said a-linolenic acid is

exogenously supplied.

40.  The method according to Claim 36, wherein said conditions are
inducible.

25

41. A method for production of linoleic acid in a yeast culture, said
method comprising:
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250 e e 255 Leu Ile Gy Pro Pro Leu Leu

Pro Met Tyr Phe G n Tyr G sRéOHas Been Replaced )
Ile | hr Met Ile Va rp Val Asp Lelpcﬁel,@ggwlzs -

&89%6; 280 l‘!@@“‘“ \“ﬁm 5 Trp Al a Val Ser Tyr Tyr lle
Phe Phe Ile Thr Tyr Ile Pr 95

Phe Tyr Ay Ile Leu Gy Ala Leu Leu Phe Leu Asn Phe Ile Arg 305
315 15 Phe Leu Gu Ser His Trp Phe Val Trp Val

A n Met Asn Hi grd3dog ayeast culture having a phaality of recombinant yeast cedlg8p || e Val
Gu lle Asp An u yr _Ar Phe, Ser 335

Whereinsaid et I alop R of Sl Y Ry VoRE ropfp g d P A s
Phe Asn 2Qector comprising fungal DNA encodiﬁé)a polypeptide which convertSbkic acid to
Asp Trp Phe Ser (g H's Leu Asn Phe A n lle Qu Hs Hs Leu 365

linoleic acnérélemsw DN is qperably asspgigtedwithanexpeagsiop sontial | | ¢
Prod.eu

Leu SLQ/S ?&ufnce ﬂnctw&al xrﬁ s1a1d ﬁ%ﬁﬁ”ﬁl?, uader c&ndltE)nS whgﬁ:%? sfid DNAis Val Lys

expressed wné.}etﬁr lindleio atidiis progugddfrdam toldxeamd\npsaud yeast enlttrey Ser

Lys Lys 415 420 425 Ser Ay Lys Leu

Leu Asp Ala Tyr Leu H's Lys *** Ser H s 30 430
440 Ser Pro Arg Asp Thr Val Ay Lys Gy Cys Arg Trp

Asp Gy 445 42 The method ac¢dflling to Claim 41, wherein sdidFusgah DNAisAsn Asp

Leu Leu Phe *** Val Ser Gu Arg Leu 460 465

35 Mqrtmgeﬂa NMA|2ad saidpolypeptidass prAd 2iesaturase. Asp Leu Ser Pro Phe
480 485 Leu Leu Ser Phe Phe Ser Ser

Leul®Pro His Ser Thr Leu Pro 490 495

Ser Trp Asp Leu Pro Ser Leu Ser Arg G n Pro Ser Ala Met Ala 40

15

20

25

g T

43. 51(The method according to Claihb42, wherein Mortierella is of the

species Mortierella alpina.

44, The method according to Claim 41, wherein said conditions are

inducible.

45.  Anisolated or purified polypeptide which desaturates a fatty acid
molecule at carbon 12 from the carboxyl end of said polypeptide, wherein said

polypeptide is a fungal polypeptide or is derived from a fungal polypeptide.

46.  The isolated or purified polypeptide according to Claim 46, wherein
said polypeptide is a Mortierrella alpina A12 desaturase.

47.  Anisolated or purified polypeptide which desaturates a fatty acid
molecule at carbon 6 from the carboxyl end of said polypeptide, wherein said

polypeptide is a fungal polypeptide or is derived from a fungal polypeptide.
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Leu
525
Pro

555
Val

Phe
585
Leu
I'le
620
625

650
655
Thr
680
690
Ay
Ser
720
Leu

Cys

Pro

Pro

Thr
Pro

Al a
Asp

Trp
Al a

Ser
dn

Val Pro Pro Ser Pro Phe Phe G n G.y--Aka~@u Arg Trp 520
530 Pro Pro @y Val Ala Leu Ser Tyr Leu H's Ser Leu

L Sheet Has Been Replaced 5 4 dy
Gxi°§\$’§"§3er Met Ay Leu AI%Q r o] 550 PeTossanhial
: 560 Leu Al'a a%‘m GIyIIeThr Pro Ala Leu
A n 565 575 Met Leu Leu Gy
Gy Ala Ay Pro Ser Arg Ala Ay Pro 50 580
48590 The isoldted drapurified pdlypeptide dceordﬂlgstoflélanﬁm& whieteid\ g
Leu 59 600 605 Val His Pro Phe
Arg Pr @mﬂmalmeaﬂd_eéaa@@emr dy 610 615
Leu Pro Pro Ala Ala Arg Leu Ser Thr Arg Ay Leu Ser *** Asp
630 635 Val dn Ay Pro Arg Pro Al a
Ala Ser Pro Asn Leu Gy 640 645
Trp Lys Ser 49r o Pmdsolnated Hueleld acid-encoding aglodypeptiderancotding ©(Claim
47 1 ‘& 665 Gy Phe HHs Ay Pro H s Ser
éer Pro -PﬁFalm* Ala Cys 670 675
Leu Gy Thr Lys Ay Ay Val Pro Arg Leu Leu *** Leu Ser 685
69565 ArgGIySerGIy Hs Val n dy Ay Al a
Pro Ay Gy 710,-125-
H s pro proShia Ale welsicacid an§tr%|a°1°éﬁmartg Clgi 33, ¥herein said

3 (?onion of ahamihd &cid %h}z%éb §apittedtin SWIIBTNO?%E:SE‘?HS&SV&& a Leu

Ala 7 Ay dn

Pro || ecidsd tlslough#t§7.L.eu Ala Pro Ay Asp Val

10

51. A host cell comprising:
a nucleic acid construct according to any one of Claims 22 to 24.
52. A host cell comprising:

15 a vector which includes a nucleic acid which encodes a fatty acid desaturase
derived from Mortierella alpina, wherein said desaturase has an amino acid
sequence represented by SEQ ID NO:2, and wherein said nucleotide sequence is
operably linked to a promoter.

20 53.  The host cell according to Claim 52, wherein said host cell is a
eukaryotic cell.

54.  The host cell according to Claim 53, wherein said eukaryotic cell is
selected from the group consisting of a mammalian cell, a plant cell, an insect cell, a
25 fungal cell, an avian cell and an algal cell.

55.  The host cell according to Claim 54, wherein said host cell is a fungal
cell.
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745 750 755 Ay Pro Xxx -126-

REPLACEMENT SHEET Clains: 1. A purified or isolated pol ypeptide which is.

capabl e o rating a fatty acid nol ecyl carbon 6 oOpciRIShE/@Ré he .
car boxyl é’ﬁ’gﬁ%?%éai d fatty aci dhisSkee (?ac?éde havi ng anpg?:ri r?g acid
sequence which has at | east 60% I e 457 am no acid sequence of
SEQ ID NGO 2 or the 399 am no aci SEQ ID NO 4. 2. A pol ypeptide
according to claim1 having an amno acid sequence which has at | east 80%
honol ogy to the 457 ami no acid sequence of SEQ ID NGO 2. 3. A polypeptide
according to claim1 having an am no acid sequence which has at |east 80%
honol ogy to the 3996 nbhelwstcedbofi@laine 2b,f wisiréin|shidromotes is ékogehaushpt | de
according to cl aigépl hayi ng an am no aci d sequence which has at |east 90%
honol ogy to t PR tz&’rFia'rﬁ’loh“gﬂ"’ti}''sequence of SEQID NO2. - 127 - 5. A

pol ypeptide according to claim1l having an am no acid sequence has at | east
90% honol ogy to the 399 amino acid sequence of SEQID NGO 4. 6. A

pol ypepti de according to claim 1, or 4 wherejn said polypeptide includes

2
an aninodSacid moti f5%el ebimethed forproductipmeisteasidonistacidyingseukariotig sell 50- 53,
39-43, 172-176 04- 2. - .of SEQID NG 2. 7. A polypeptide
according to cﬁ%ﬁ%’éé\g}h%%eﬁg&n&g%% )l ypepti de conprises residues 50-53,
39-43, 172-176, 204-213 and ,390-402.0f, SEQ |.D NO,2. ,.8. ol.vpept i de
according to any on@OSfng# Sykapyepicesll cH!mrg(h)Symg a@&%?%’sqfr%ﬁg@ég NO 2. 9.
An isol at ed nuglkatyotid €N, Whefin Sd feconibiRapéikdeyotie cdR$ br@ftestorsifyaidne of

clainms 1 to 8. 10. An isolated cleic acjd according to claim 9 which
conpri ses SEQ HegpIRpinant eykarypts cebls\werg transformed with a vector comprising fungal

10 DNA encoding a polypeptide which converts a-linolenic acid to stearidonic acid,

wherein said DNA is operably associated with an expression control sequence
functional in said recombinant eukaryotic cells, under conditions whereby said DNA
is expressed, whereby stearidonic acid is produced from a-linolenic acid in said

eukaryotic cell culture.
15

58. A method for production of linoleic acid in a eukaryotic cell

culture, said method comprising:

growing a eukaryotic cell culture having a plurality of recombinant
eukaruyotic cells, wherein said recombinant eukaryotic cells or ancestors of said
20 recombinant eukaryotic cells were transformed with a vector comprising fungal
DNA encoding a polypeptide which converts oleic acid to linoleic acid, wherein said
DNA is operably associated with an expression control sequence functional in said
recombinant eukaryotic cells, under conditions whereby said DNA is expressed,

whereby linoleic acid is produced from oleic acid in said eukaryotic cell culture.
25

59.  The method according to Claim 57 or Claim 58, wherein said

eukaryotic cells are selected from the group consisting of mammalian cells, plant
cells, insect cells, fungal cells, avian cells and algal cells.
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11. A nucleic acid construct conpiising a nucleic acid as defined in claim
9 or 10 operably linked to a (piQiDiBE BechRepled10St Cell transformed with the

constructwggsﬁd.,@g m11. -128- i @[“Umel | accordi ng tprTebseseTIRE Whi ch

is a mcrobial host cell. 14, cording to claim13 which is a
yeast cell. 15. A nmethod for t of the fatty acid gamm
| i nol enic acid which nethod conprises: growing a culture of host cells of

claim 12, 13 or 14 which cells produce a delta 6 desaturase in the presence
of linoleic acid, 6RdEe methed accordingsElaim S9awhersin spid fingalpells preyead ganma

| i nol eni c aci K ' t he pol ypeptide of said desaturase; and
G RSO

recovering th ganma olenic acid fromthe culture. 16. A
nmet hod for the production of the fatty acid linoleic acid which nethod
conprises: growing a culture of host cells of claim12, 13 or 14 which
cells produce a del6ia 12 desat raSﬁs‘i_ép?the. resence of oleic acid, under

condi ti ons wher ei n%d=A*geComognt yeas WHPHEEPE i nol eic acid by the

el d 1 Mol el G aci c ' ot DHS VG OB Bieloly 1A LA BRIR g D 2R JBfE of
clainms 15 or 16 which further conprises fornul ating the fa(t:t id. into a
product sel ected from t & ﬁﬁ?ﬁ?b‘?m’c‘l c acid gopstEchacceriing i '@ivﬂ*rggy‘”‘on
conprising said oil and aﬂl?k'ﬁr ﬁﬁbl&ic%idabgléﬁv&&%@o%ﬁg(i@ddi@rz&a

nutritional formula;, an infant tTornula; a dietary supplenent;

62. A recombinant yeast cell comprising:

10 at least one nucleic acid construct comprising a nucleotide sequence which
encodes a functionally active A6 desaturase having an amino acid sequence which
corresponds to or is complementary to all or a portion of an amino acid sequence
depicted in SEQ ID NO: 2, and at least one nucleic acid construct comprising a
nucleotide sequence which encodes a functionally active A12 desaturase having an

15 amino acid sequence which corresponds to or is complementary to all or a portion of
an amino acid sequence depicted in SEQ ID NO: 4, wherein said nucleic acid
constructs are operably associated with transcription control sequences functional in

a yeast cell.

20 63. A method of making GLA, said method comprising:

growing a recombinant yeast cell according to Claim 62 under conditions
whereby said nucleotide sequences are expressed , whereby GLA is produced in said

yeast cell.

25 64. A method of making GLA, said method comprising:

growing a recombinant yeast cell according to Claim 61 under conditions
whereby the nucleotide sequences in said nucleic acid constructs are expressed ,

whereby GLA is produced in said yeast cell.
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a dietary substitute; a cosnetic: and an—amimal feed. 18. A nmethod
according to claim 17 wherein said Infant forEuI a, dietary supplenent or _

dietary substitute is in the formigfsbeeita acef solid. 1 b9
accor di ng™OP¥H3m 17 or 18 wherei ﬁﬁ H al gc]rlﬁfsﬂﬁ?
formula, dietary supplenent or "diet

formul a, 1ntrant
contains at |east one
macronutrient selected fromthe group consisting of coconut oil, soy oil,
canola oil, nono- and di-glycerides, glucose, edible |actose,

el ectrodi al ysed whegs. el Acnethdd fdryobeaining ialtesed long ¢haimpoéliunsamyated fagtyacik ei n,
and other protein d,rolr\ﬁsa.t.es. 20. A yrethod according to claim19 wherein
said nutritionf camprisipg the stepsAf o di etary suppl ement or dietary
substitute contains at | east agne,vit el ected fromthe groug’éceggs' sting

mn,
of vitamns A C, DFowingaplantiavinesells ahich-gontain one onmors transggne d
fromthe grou 1S4 - | i ' sdgnganese,
sodi um pot asgtl.r %Q%Sﬁ%‘?raﬁgf%?&@@%ﬁﬁﬁ&ghﬁgﬁ%& 1’0 #ﬁ%@?g?dgﬁmuén?and I ron.
21. The fise ofdesatnratesaiatty abidgnoleailé atof carbayi selectd ftamdhe group consisting of

production of a fat cid. The use agcaondin claim2l for.the

bt oduct | on of Gt ecbon, 7 omfe iR foR 2Ra SF Bla kot Bofeinle Whtieh,

sel ected from éaitPorty GriiorearanBérieS RCaeratiiy hsseciarRdSiith aexppessionofigolsai d oi |
and a pharnmaceutically acceptable carrier; a nutritional fornula; an infant

formila; a di eteapsncs Hisierpenditions whestbyrspidons.rimere dransgepes ifskpiessednd an
ani mal feed. -Jgdreby long chain polyunsaturated fatty acid biosynthesis in said cells is altered.

10

66.  The method according to claim 65, wherein said long chain
polyunsaturated fatty acid is selected from the group consisting of 18:1w9, LA,
GLA, SDA and ALA.

15 67. A microbial oil or fraction thereof produced according to the method

of claim 65.

68. A method of treating or preventing malnutrition comprising
administering said microbial oil of claim 67 to a patient in need of said treatment or

20 prevention in an amount sufficient to effect said treatment or prevention.

69. A pharmaceutical composition comprising said microbial oil or

fraction of claim 67 and a pharmaceutically acceptable carrier.

25 70.  The pharmaceutical composition of claim 69, wherein said

pharmaceutical composition is in the form of a solid or a liquid.

71.  The pharmaceutical composition of claim 70, wherein said

pharmaceutical composition is in a capsule or tablet form.
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72.  The pharmaceutical composition of claim 69 further comprising at

PCT/US98/07126

least one nutrient selected from the group consisting of a vitamin, a mineral, a
carbohydrate, a sugar, an amino acid, a free fatty acid, a phospholipid, an

antioxidant, and a phenolic compound.

73. A nutritional formula comprising said microbial oil or fraction
thereof of claim 67.

74.  The nutritional formula of claim 73, wherein said nutritional formula

is selected from the group consisting of an infant formula, a dietary supplement, and
a dietary substitute.

75.  The nutritional formula of claim 74, wherein said infant formula,
dietary supplement or dietary supplement is in the form of a liquid or a solid.

76.  Aninfant formula comprising said microbial oil or fraction thereof of
claim 67.

77.  The infant formula of claim 76 further comprising at least one
macronutrient selected from the group consisting of coconut oil, soy oil, canola oil,
mono- and diglycerides, glucose, edible lactose, electrodialysed whey,

electrodialysed skim milk, milk whey, soy protein, and other protein hydrolysates.

78.  The infant formula of claim 77 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.
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79. A dietary supplement comprising said microbial oil or fraction
thereof of claim 67.

80.  The dietary supplement of claim 79 further comprising at least one
macronutrient selected from the group consisting of coconut oil, soy oil, canola oil,
mono- and diglycerides, glucose, edible lactose, electrodialysed whey,

electrodialysed skim milk, milk whey, soy protein, and other protein hydrolysates.

81.  The dietary supplement of claim 80 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.

82.  The dietary supplement of claim 79 or claim 81, wherein said dietary
supplement is administered to a human or an animal.

83. A dietary substitute comprising said microbial oil or fraction thereof
of claim 67.

84. The dietary substitute of claim 83 further comprising at least one
macronutrient selected from the group consisting of coconut oil, soy oil, canola oil,
mono- and diglycerides, glucose, edible lactose, electrodialysed whey,

electrodialysed skim milk, milk whey, soy protein, and other protein hydrolysates.

85.  The dietary substitute of claim 84 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,
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zinc, manganese, sodium, potassium, phosphorus, copper, chloride, iodine,

selenium, and iron.

86.  The dietary substitute of claim 83 or claim 85, wherein said dietary
substitute is administered to a human or animal.

87. A method of treating a patient having a condition caused by
insuffient intake or production of polyunsaturated fatty acids comprising
administering to said patient said dietary substitute of claim 83 or said dietary

supplement of claim 79 in an amount sufficient to effect said treatment.

88.  The method of claim 87, wherein said dietary substitute or said
dietary supplement is administered enterally or parenterally.

89. A cosmetic comprising said microbial oil or fraction thereof of claim
67.

90. The cosmetic of claim 88, wherein said cosmetic is applied topically.

91.  The pharmaceutical composition of claim 69, wherein said

pharmaceutical composition is administered to a human or an animal.

92.  Ananimal feed comprising said microbial oil or fraction thereof of
claim 67.

93.  The method of claim 20 wherein said fungus is Mortierella species.
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94,  The method of claim 93 wherein said fungus is Mortierella alpina.

95.  Anisolated peptide sequence selected from the group consisting of
SEQ ID NO:34 - SEQ ID NO:40.

96.  Anisolated peptide sequence selected from the group consisting of
SEQ ID NO:20, SEQ ID NO:22, SEQ ID NO:25 and SEQ ID NO:26.

97. A method for production of gamma-linolenic acid in a eukaryotic cell

10 culture, said method comprising:

growing a eukaryotic cell culture having a plurality of recombinant

eukaryotic cells, wherein said recombinant eukaryotic cells or ancestors of said
recombinant eukaryotic cells were transformed with a vector comprising fungal
DNA encoding a polypeptide which converts linoleic acid to gamma-linolenic acid,

15 wherein said DNA is operably associated with an expression control sequence
functional in said recombinant eukaryotic cells, under conditions whereby said DNA
is expressed, whereby gamma-linolenic acid is produced from linoleic acid in said
eukaryotic cell culture.

20 98.  The method according to Claim 97 wherein said eukaryotic cells are
selected from the group consisting of mammalian cells, plant cells, insect cells,

fungal cells, avian cells and algal cells.
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