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" PRODUCTI ON OF A MONOCLONAL ANTI BODY BY A TRANSCENI C AVI AN' The S né
application clains the benefit of priority froma provisional a;ﬁ@ﬁk‘&' 8RS
filed February 02, 2001 and having U. S. Serial No. 60/266344. 5 Field of
the Invention The present invention relates generally to the production of
avi an eggswosp®sisi cally from chickens, having heter pt-paaysaant i bodi es
therein. Mire specifically, the invention relates to nethods of generating
a transgeni c avi an capabl e of producing an egg containing a nmammlian
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as tools for the detection of —ﬂmgggt enzynes, pathogens, cell specific
markers, arihe phéfidaiidoef a Aonidioran@gbsabpbdfio¥8ya Mifsle plibRaibatkehim, & | abel for

t he detec of a_cell, such as a cancer cell, within a patient, or
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fused with a myeloma cell. The immortalized hybridoma cell line may be propagated

15 indefinitely in vivo as ascites, or in vitro in tissue culture. The unique antibody synthesized
by a hybridoma culture is then purified from the culture medium or ascites fluid (Kohler &
Milstein, 1975, Nature 256: 495-497).

Monoclonal antibodies have proven of inestimable value in therapeutics, diagnostics,

and as research tools because of their high specificity for target antigens. In therapeutics,

20 monoclonal antibodies cross-linked to therapeutic agents have been targeted to specific cells.

This method is of particular use in cancer treatment with chemotherapeutic agents focused

against cancer cells rather than normal cells. Monoclonal antibodies are also useful for
targeting and neutralizing toxic proteins or other antigens produced by microbial pathogens.

In diagnostics, monoclonal antibodies prove invaluable as tools for the detection of

25  target enzymes, pathogens, cell specific markers, and the like. An immunoglobulin may be

attached to a label for the detection of a cell, such as a cancer cell, within a patient, or

alternately, form the essential component of a quantitative assay such as an enzyme-linked

immunoabsorbant assay (ELISA). Monoclonal antibodies are also useful for a myriad of



research applications, such as antigen detection and quantitation assays,

i ncl udi ng ELI SAs and i mmunohi st ochem stry procedures. The prodL@ti O@n@é
nonocl onal anti bodi es by traditional methods, however, is |abor- |‘#t' Qé
and costly. To produce sufficient antibody once the hybridoma is isolated
often 5 requires mpjor expenditures in tissue culture facilities or
breeding okomgess In the |atter case, cell transfer amcrasniias fluid

harvesting is expensive, and still nay not provide the quantities demanded
for nedical or industrial use. Various strategies have been proposed to
overcone the deficiencies in antibody yield, including engineering

si ngl e-chai n anti bodi es (scAb) conprising i munogl obulin heavy and 10
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anti bo ?/Igw‘?iog%ﬁn%f“@?%rfm‘{%@ﬁlsﬁ%ni cs was initially devel oped to understand
the acti on Vdrioas SiaRgie€have bR proPodell & SRR he QéficiGies R Ahibodyiig@! and the
phenomena .of gene activation, expression, 20 and interaction. This
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for the study of genetics, and the rstandi ng-of ‘genétlc nechani sns and
funct i eMMLISYOUSH MM AriugleiSrAsid exprogsioms pestr i and thehenpesseed , scAb@rasde nody Her ansgeni ¢
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secr et ¢ high yipld ofr thp Seiein dn an i@ Humywhile i®rporating post-translational

modifications, such as glycosylation, typically required for full functionality of the antibody.

The field of transgenics was initially developed to understand the action of a single

gene in the context of the whole animal and the phenomena of gene activation, expression,

20 and interaction. This technology has also been used to produce models for various diseases in
humans and other animals and is amongst the mast powerful tools available for the study of
genetics, and the understanding of genetic mechanisms and function. From an economic

- perspective, however, the use of transgenic technology to convert animals into “protein
factories” for the production of specific proteins or other substances of pharmaceutical

25 interest (Gordon et al., 1987, Biotechnology 5: 1183-1187; Wilmut et al, 1990,

Theriogenology 33: 113-123) offers significant advantages over more conventional methods
of protein production by gene expression.
In this context, heterologous nucleic acids have been engineered so that an expressed

protein may be joined to a protein or peptide that will aflow secretion of the transgenic




WO 02/ 063293 PCT/ US02/ 02454 expression product into mlk or urine, from
whi ch the protein nmay then be recovered. These procedures have 1@3 Ilﬁbb%d
success and nmay require lactating animals, with the attendant ¢ Wy

mai nt ai ni ng i ndividual animals or herds of |arge species, including cows,
sheep, or goats. 5 Historically, transgenic animls have been produced

al nost excwosinsgdy by mcroinjection of the fertili zegre@goasshe pronucl ei
of fertilized eggs are mcroinjected in vitro wth foreign, i.e.,
xenogenei ¢ or allogeneic, heterol ogous DNA or hybrid DNA nol ecul es. The

m croinjected fertilized eggs are then transferred to the genital tract of
a pseudopregnant female (e.g., Krinpenfort et al., in US. Pat. Nos.
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formation of a large yolk in the ovary of the hen. The unfertilized -3 19
July 2005 Genetic infotmation also has been transferred to embryos using retroviral vectors

(Jaenisch, R., 1976, Proc. Natl. Acad. Sci. USA 73: 1260-1264), but the technique suffers
from numerous drawbacks including that the resulting animals were mosaics with different

gene insertions in different tissues. (Jaenisch. R., 1980, Cel/ 19: 181-188).

20 An altemnative method for creating a transgenic animal is nuclear replacement of
fertilized ova. Totipotent, i.e., immature undifferentiated cells, are transfected in vitro by
~ techniques commonly known in the art. The transfected diploid nuclei are isolated by
micromanipulation and then transferred into a freshly fertilized egg, after which the “native”
male and female haploid pronuclei are removed by suction. The egg cell then proceeds with
25  embryonic development based on the transfected diploid nucleus that was moved into the
ovum. However, because extreme skill is required for the micromanipulation, the technique

is costly and has a low success rate.
One system that holds potential is the avian reproductive system. The production of

an avian egg begins with formation of a large yolk in the ovary of the hen. The unfertilized




WO 02/ 063293 PCT/ US02102454 oocyte or ovumis positioned on top of the yolk
sac. After ovulation, the ovum passes into the infundi bul um of %Pﬁ ﬁybgeﬁ§
where it is fertilized, if spermare present, and then noves iH oY Hie
magnum of the oviduct - lined with tubular gland cells. These cells secrete
the egg- white proteins, including oval bumn, |ysozyne, ovonucoid,

conal bum nwasghsgwonucin, into 5 the |unmen of the magpermisbels t hey are
deposited onto the avian enbryo and yol k. The hen oviduct offers

out standi ng potential as a protein bioreactor because of the high |evels
of protein production, the prom se of proper folding and post-translation
nodi fication of the target protein, the ease of product recovery, and the
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per cent age Ohe &in dvidnsoffons cutaddimg rporarial py 8 @RRdn bibRattoMIREduS of@si tive nal e
QO bi rc{lsé%h\{vas I(ﬁw and varied between 1% and approxi mately 8%, 6 Generally,
DNA i nj B8t 1DH | e OSW: BRdwhens HiePrayser g proger fodlippard gasttarsiation| e transgene

| Nt egr ahédimtaticsTthedarkR bickein, 1R&8e oMtbducRRRNEY, anPRY shokier &F1d@htand Naito et
al ., 1994, M. Reprod Dev. 37: 167-71). |h addition, the use of viral

vect or Pepekeshickess eemnagnddo etheringtentiabanisalispecipaeAs i rrstlt giferts havecbesii ze of t he

trasoehg ttmgeq@@ ol ' r t ential for

viral inf gcti oart1 0 S%%ﬁlg co?%g%p%s&ﬁk%}%?%gbﬁ%ﬁ%%%%otP(?F‘g%uﬁs emn‘lpaggchi ckens by

DNA  miof midreipjection ofiDWAPC B Pulilisation WO 97M#789)ci ent and ti me- consuni ng.

Transfer of,a _donor, ovu he, oVl f reci pient .hen could facilitate

genetic nafty SRaLE ) 1“@‘5&%&. O'Faﬁg'ég’g?“’g]?e??“(eﬂ@g or ‘Elt?“%%‘ﬂ%%d and

Fer ti | iréplicatibfQefedtd¥ tédral 1RBtoD @A pRApdEdMt 66m doY off An \ihinEdak@thitl | zat i on

(I'VF) an re;tngrned the fertilized ovumto the oviduct of a recipient hen to
€

conpl ettBPPReAEJUrieh doseiRes chimsrisreiqiens. whpss eelle eypaess geterlosapspredlath  suggest s
a usef whelspdal sé@bnct NeroReRd usd b@&nﬁ%e 3 @P§Qﬁ@nﬁe&§%rg‘%is(gmﬁ§ﬁg;% met hod

of fering prom se for genetic nmanipufation is t stection of
mal e g@pqiRTaebitive maleVGE bisdshrvs tidveiand varid Detveert d%aandespppiiantelyt 8%t i s. PCT
Publ i C%tellﬁ%llyy\BNH ﬁ'lje]cgon‘] Pnltc}/ avzignogggs has so far led to poor and unstable transgene
integration (Sang_& Perry, 1989, Mol. Reprod. Dev. 1: 98-106) and Naito et al., 1994, Mol
Reprod. Dev. 37: 167-71). In addition, the use of viral vectors poses limitations on the
20 technique, including the size of the transgene that can be incorporated into the vector and the
potential for viral infection of the offspring. The production of transgenic chickens by DNA
microinjection (supra) is both inefficient and time-consuming.
Transfer of a donor ovum to the oviduct of a recipient hen could facilitate genetic
manipulation in avians. Tanaka et al, (1994, J. Reprod and Fertility, 100: 447-449)
25  produced chicks by irn vitro fertilization (IVF) and returned the fertilized ovum to the oviduct
of a recipient hen to complete the egg and shell formation. This experimental approach
suggests a useful model for the production of transgenic avians.
Another method offering promise for genetic manipulation is the stable transfection of

male germ cells in vifro and their transfer to a recipient testis. PCT Publication WO



WD 02/ 063293 PCT/ 11502/ 02454 87/ 05325 di scl oses a nethod of transferring

organi c and/or inorganic nmaterial into spermor egg cells by usi
| i posones. Bachiller et al. (1991, M. Reprod. Devel op. 30: 193-%]%653’299&

Li pof ecti n-based |iposones to transfer DNA into mce sperm and provided
evidence that the |iposone transfected DNA was overwhel m ngly contai ned
wi thin thewepsospdos 5 nucl eus, although no transgenic pigesogedisd be produced
by this technique. Nakanishi & Iritani (1993, Ml . Reprod. Devel op. 36:
258-261) used Lipofectin-based |iposonmes to associate heterol ogous DNA
wi th chicken sperm which were in turn used to artificially insemnate
hens. Al though the heterol ogous DNA was detectable in many of the resultant

fertil iM3eg¢mlosememahwsftrwsfaﬁh§l&%NﬁﬁAc £id/08 &RAJhiE naltif0h8shan »f the
het er ol o Ou‘iﬁ DNA either 10Q in the -l i posone treated spermor in the

resul t af# € @k‘??“gH@PWF-OQ&EﬁM&W%M@é Rsprody Bevslopr 10ed94-24% sperm cel | s
by el ecise®DpbREHBsed IffoSies RO riRRP DNAr xi’\fllto rﬁ{&? GPeirh! %ﬁﬂ)r&?cfe Syiadyct e cell
menbrane of "[iving cells by exposing themto ™ a sequence STBFT ef

el ect ri tl thp lipswmeotransfeefpd INA avas tavemdyelmingTjh eonpaied swizktih ale gebh's t o take up

U 11 TR AR LR p R s St rocticed By S ol SR 7170 °°!
di scl odetinit Ei@9ljsyolofkemoécﬂémmp.r ag:i 08-260) udedtIipsietain-bhed erpeéoaﬁﬁu& DNA i nto
there was no

bovi ne sperm,subsequently ed to fertilize ova. However, tl

evi dencacsag’glia teihﬁtééoz(?ggﬁ @NAO’P"%ES ﬁg‘ﬂ?f’ SEF Mo pdic st N PseAde artificiale sperm

nucl eusnseiinaferheis) EARKGGLIEhS hetbroloBSus THEA W?ﬂﬁ%&tintr&nir of thk lrésﬁl?at.nhon by the
sperm Yet another nethod initially devel oped for 1 ntegrating heterol ogous

DNA i ntfertiljzed sges, here yagnasqvidence ph Eensmicanidzrationof the detprobogous N either sperm i s

resig i Gt i@ Mg ' ' rafi . M) (Shenesh et al., in VWO
99/ 42569) Nl ne Efaigifgg‘%g"w}ﬁggr’@sﬁiﬁpﬂ‘éé‘%ed froma plasmd DNA by
cutting t halletgrblagovis dDMAthayaalse b¢ riandféred it zyemn iRt by elb@bpdston,

i ve- ended DNA, together

si ngl e-.st cohesive ends.. The |ipear, . .cohe

Wit h tﬁ%%‘%gg“?ﬁ’éﬂ ’sﬂ‘”%fh‘ff? Ry 4 cqgmelagf&‘b"uf’cf é““f‘ﬁ&gﬂé SheFrYRE BHAEY s then

| nt r odacegheicatod biidfelctpics) @hisealf hiph Hyldataipi. ONRIRtd afbwbelid B dakddgs ONe
transf%cti n. The restriction enzyne is believed to cut the genom ¢ DNA at

si tes DFFROEBH AL Heh plf b oviilssnly sheblycompremisieaelt viabilityi tGagment chi ng
7550 7550 o ! RBEbL Seloh L Yl oo B s LR beattBBon R ot ei
expr es du@gdice bererplegous iDiNpingsohoine spetm subsepeendly skedud tbrthize praodiseederj N quantiti es
and begdf, 3y np Bidentd & ri'rﬁl:g%tfog Qﬁhe eléc?ro&ogratgﬂ)ﬁAzeRIQg in the sperm nucleus or
in the nucleus of the egg subsequent to fertilization by the sperm.
Yet another method initially developed for integrating heterologous DNA into yeast
20 and slime molds, and later adapted to avian sperm, is restriction enzyme mediated integration
(REMI) (Shemesh et al., in WO 99/42569), which utilizes a linear DNA derived from a
plasmid DNA by cutting that plasmid with a restriction enzyme that generates single-stranded
. cohesive ends. The linear, cohesive-ended DNA, together with the restriction enzyme used to
produce the cohesive ends, is then introduced into the target cells by electroporation or
25 liposome transfection. The restriction enzyme is believed to cut the genomic DNA at sites
that enable the heterologous DNA to integrate via its matching cohesive ends (Schiestl and
Petes, 1991, Proc. Natl. Acad. Sci. USA 88: 7585-7589).
 Once a transgenic animal line has been created, the protein expressed from the

-incorporated transgene should be produced in quantities and bear any post-translational




WO 02/ 063293 PCTI US02/ 02454 nodi fication, such as glycosyl ation, that may
be necessary for functionality. In the case of antibodies conpryj hng{§b05
| east two dissimlar polypeptides, the heavy and |ight chains H
folded to their correct tertiary conformations, cross-linked by cysteine
bridges and then interact to format |east one antigen-binding site.

Pr ef er abl ywobhe&sant i gen- bi ndi ng anti body 5 shoul d be pepdwesdsd n the white
of an avian egg fromwhich it may be readily purified. The economc
advant age of breeding flocks of transgenic birds |aying eggs expressing
active and functional nonocl onal antibodies would be significant when
conpared to nore traditional animals, such as the cow, producing a
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active antibody.

What is further needed are methods of generating a transgenic bird, preferably a
chicken, capable of expressing in the white of the egg of the transgenic bird an antibody
capable of selectively binding an antigen, or immunoglobulin polypeptides that may combine,
20  either in an egg or after isolation of the polypeptides therefrom, to form an active antibody.

Summary of the Invention

Briefly described, the present invention relates to novel methods of producing an
avian egg, preferably a chicken egg, having a heterologous antibody protein therein that is
capable of binding to an antigen. More specifically, the present invention relates to methods

25  of producing transgenic avians, preferably chickens, wherein the incorporated transgene is
expressed to give a constituent protein of the white of a hard-shell egg.

The transgene incorporated into the genomic DNA of a recipient bird encodes at least
one immunoglobulin polypeptide that may be an immunoglobulin heavy chain, a light chain

or the variable regions thereof. The nucleic acid encoding the immunoglobulin polypeptides




| WD 02/ 063293 PCT/ uS02/ 02454 may be operatively linked to a transcription
pronoter and a transcription termnator. The present |nvent|onft§ EE
relates to nucleic acid vectors and transgenes derived therefr 2005
i ncor porat e i munogl obul i n pol ypepti de-encodi ng regi ons, wherein a first
pol ypepti de-encoding region is operatively linked to a transcription
pronot er awdogless@®gond S5 pol ypepti de-encodi ng region i scpp@haddyel y |inked
to an Internal Ri bosone Entry Sequence (IRES). This nucleic acid
construct, when inserted into the genone of a bird and expressed therein,
wi || generate individual inmunoglobulin polypeptides that nmay be post-
translationally nodified and conbined in the white of a hard-shell bird egg
to for ”ﬂn?fb c?%ﬂl\ké@dh‘lkéﬂ%@ﬁ‘ﬁbz%crﬂ;tloybﬂaglbﬁganﬁq u@fscptioh #8finatbl. t €T Nati vely, the
expresse po ypeptides may b i solated froman avian egg and conbi ned
in vitro to Thepieheat myersion Sather mlateh boameleicTirid yaclomeand tiansgenes idetived] so rel at es

to met hlﬂgéfranl?zﬂfat Yxb SP&Q:r nggob%ﬁﬁkaﬁ{}/ﬁ?gﬁe-éﬂc&ﬁﬁ Liond) lvﬁ)%fan a §t9' n. The

transcriptiona pro ters t eln tissu ecrfic so that the
i munogiodypeptide-epoliing eggionde spetivelg didkddyto tahmnﬂmmoaqmrmmemmd tacesnday be
exprgesse

rotein constituent aof th i.te of an avian egg. 15 The
pr esentpo?yﬁ\})zlﬁ?'e%cﬁdlﬁg RO o?reéifuﬁ%iﬂélr*e totaﬂgntfrﬂ?l ng'Eﬁj&‘P? %Hmf h?qﬂ)‘ergg avi an
genome @HES)atThis@adéic 0 conktaRs §SaCinedRo thtd the @knochR@$ & bR end ¢xpreaR@! obul in
pol ypeptide. These nethods, jnclude spermnedi ated transfer, whereby

t r ansgefieig dHls saFat; ARt dmannosiabylin polieriides rthatpynay i Brosi9ies,

el ect rQi%ﬁfIﬁioh&lg mb & éuﬁt dopibineD 7Y MR WRE @@ﬁaru@ﬁeﬁ%faté Mo , and
simlar methods. The nodified spermmy then be returned to the testis of

a mal e #liady capable nﬁ@andm@i@ ap@ntigen. rrétterdatwpimheemb@md eolyneprideeinay gener at i ng
tr abeggg)'flaQe ff&ra%ﬁge%# a%d@&nl%‘lllh r\%f%fq ey glf‘lc 0 antﬁ) d)% he present invention,

t he sperm ma e used di réd |I|ze he female bird by
artifici aI Thesgrodentaiiention dsogrelaes i rethdda nitag @i ckprodsion prétong of Ving opr esent

|nvent| row des. net hods, f r further incor ratln trans ne into the
nucl eu§ da?f‘gé’%n iﬁe (t,réﬁlslc"@ﬁ’f“f rIpPteT Rersin gay é‘sﬂeég"?g@rﬁ"c E‘ ‘F nucl eus nay

t hen bemhiasasdben ngslypegédea Qn@bdéceb)t el S@sRRUGRR BBy 6€lekpresidieaepuc! eat ed
cell may be an_e Qéom c cell of a bird egg visual’ized through overlying

yol k orPrai§ia sqpgtitugnt P%UMP\%NWWGEEI aser scanning microscopy. Additional
obj gct s andT@ﬁ&Qﬁt%ﬂ@ﬁtl&ﬂ%{%@&@ﬂBdé ﬂé‘r"t‘ﬁ@hftr%hfcort htobaﬁ%‘?ﬂf‘f f€ oRPPAr ent

upon review of" the detall escription set bel ow en taken in
conj unet leas oné trimsgdne enading rap Eeasy iong) irimyneglebylinvivlypkptide.e These eddthpdedescri bed as
foll Ow?ncludz sple?m-‘gned%teg ggnSSfer, whereby transgenic genes are incorporated into avian sperm
by liposomes, electroporation, restriction enzyme mediated integration (REMI), and similar
methods. The modified sperm may then be returned to the testis of a male bird that may then
20  be mated with a female, thereby generating transgenic offspring. In an alternate embodiment
of the present invention, the-modified sperm may be used directly to fertilize the female bird
by artificial insemination to generate transgenic offspring.
The present invention provides methods for further incorporating a transgene into the
nucleus of an avian cell cultured in vitro. The transgenic cell nucleus may then be transferred
25  to a fertilized enucleated cell. The enucleated cell may be an embryonic cell of a bird egg
visualized through overlying yolk or tissue by using two photon laser scanning microscopy.
Additional objects and aspects of the present invention will become more apparent

upon review of the detailed description set forth below when taken in conjunction with the

accompanying figures, which are briefly described as follows.




WO 02/ 063293 PCT/ US02/ 02454 Brief Description of the Figures Fig. 1.

il lustrates human nonocl onal anti body expression by cultured qualidp 05}65665

cells. Cells were transfected with pCW-EG-P (negative control), :JLH

(L-chain), pl083 (H chain) or pl083 and pl1l086. pl1l086 and pl083 contai ned

the cytonegal ovirus (CW) 5 i medi ate early enhancer/ pronoter which

cont rol | edwexpssensi on of the antibody |ight chains apgrb@awMs<hai ns,

respectively. Sanples were assayed for |ight and heavy chain content by

ELI SA and FACS. Fig. 2. illustrates human nonocl onal anti body expression by

cul tured chicken whole enbryo fibroblasts (WEFs) transfected w th heavy

and light chain cDNAs. Cells were 10 transfected with pCW-EG-P (negative

control), pl086 (L-chain)BridDebckipdion oftheRaufty or co transfected with both

pl asmids carrying the |ight and heavy chains respectively. pl086 and pl1l083

cont ai ned t K& @\A%Uft%éma%m@mwal@ﬁ ¥ E¥Iressignnby evltupged il evidwstol | ed

expr essi.af I j 0 : L r tLyal anpl es were
def8 cAfs dedpCrrink@htd ﬁmbm#@%éég‘g{@hg@, lp?@&%%é ﬁk\é@) ¥ WES§

assayed using a fluorescence- activate I ng thod and by
ELI SA. (Bscheing or 81083 |ahd) 91 (861 epd 0§6uandrp 108 cmtained theasytanizgalyviex GEMY3i on by

cul ture j i br st.s. (MEFs) transfe d.wth an | RES
vgct%r Iglegep {a{é%\%@f Xe}ﬁ?'lrcgnr sr&g@%rég“% {%Hgg% -rﬁ%og‘%% rg,'%f’%el {fq\?gl\é\/‘cont rol),
cot r ansdnd dieavgl ciditsh repk0BGly( [Samblas mpreassdysd ¥8Rh( fkd ebai chpin codterdt bansf ect ed

with ei 1g.0r, 2 jig of pCW-L chain-1RES-H chain (L-1RES-H). pl086 and
p1083 |%§%8‘é‘g‘:‘%¢§e CW i mmedi ate early enhancer/pronoter which controlled

20 expressi oy, Dfillisheted ik nfdAddhaPintiBE Ve pe&in'by chHREREGH:dK¥E Wiole PCW- L
chai n-1 RES-H chain contained the CW i medi at e ear I%enhancer/ pr onot er

whi ch c8ipryoofibreliastsy (¥ ekss itgpslested twith hagwpond lghd ohpipeDNAsai Gellsawere singl e
trapscry .y 1 ey C : he |ight
chat CBelli A B Bl o B LA i Bt ence L.

| RES- H tvafisfectedawigh enth plosmidoearming ¢t lighpanddfeayyl chsing chsabivell pl RESndH #2:
contain of . .2 asm Sanpl es re.assaye ELI.SA. Detail ed
Descr | ;?ﬁ&c?ﬁcogtram?%glemé’?’fng‘gatﬁﬁﬂga‘li"ﬁ’%ﬁf@rﬁﬁeér“@'@é:oﬁtﬁﬁ’eaﬁmmsﬂgn made in
det ai | of ehelifghx dbsie SR ldayy dbiaf spe@ilel® MRARHIBRE Sastiiyed g 4 MYRReh®N, one or

nore exanpl es of which are illustrated in the acconpanying drawi ngs. Each
exanpl etivated ceJlsoriwg ACAarFted arddy Bt i on of the invention, not Iimitation

of fshe -8 1113 3 Wbt A0 Riman monoclonal antibody expression by cultured chicken whole
embryo fibroblasts (WEFs) transfected with an IRES vector. Cells were transfected with
pCMV-EGFP alone (negative control), cotransfected with p1086 (L-chain) and p1083 (H-
chain), or transfected with either lpg or 2 ug of pCMV-L chain-IRES-H chain (L-IRES-H).
p1086 and pl083 included the CMV immediate early enhancer/promoter which controlled

20  expression of the light chain or heavy chain, respectively. pCMV-L chain-IRES-H chain
contained the CMV immediate early enhancer/promoter which controlled expression of the
heavy and light chains as a single transcript, with an IRES element positioned downstream
from the light chain cDNA sequence and upstream from the heavy chain cDNA sequence. L-
IRES-H #1: transfection contained 1 pg of plasmid DNA; L-IRES-H #2: contained 2 pg of

25 plasmid DNA. Samples were assayed by ELISA.

Detailed Description of the Preferred Embodiments

Reference now will be made in detail to the presently preferred embodiments of the
. invention, one or more examples of which are illustrated in the accompanying drawings.

Each example is provided by way of explanation of the invention, not limitation of the




WO 02/ 063293 PCT/ US02/ 02454 invention. In fact, it will be apparent to
those skilled in the art that various nodifications, conbinatiqﬁi, 05
additions, deletions and variations can be nade in the present i éHbﬁ%g

wi t hout departing fromthe scope or spirit of the invention. For instance,
features illustrated or described as part of one enbodi nent can be used in
anot her empodient to yield a still 5 further enbodi mpeiwsebibizadss | Nt ended
that the present invention cover such nodifications, conbinations,
additions, deletions and variations as fall within the scope of the
appended clains and their equivalents. This description uses gene

nonmencl ature accepted by the Cucurbit CGenetics Cooperative as it appears

in the pusHeRI In FRRNEWICE: APARRT S HHoWESKRRAGH the b8 tRD vAridd Rbodifib/iogd,n 10
i ncor por ated by reference in its entirety. Using this gene nonenclature

genes afEbipiians| addiiony yeletionsi #1d 7 wiatiramn Pemade 90 ther pseabinapioBene i s
recessi yihduLde FI CI@?@H@J s&?p@%r st tie e RYEL For in eLilludnieq MUt ant gene

appear Inita case letters. Throug out I's application
var i ousorpigisribaiatsipan of ameeemlwﬁmreemaedbe uSedan diattet @sbndemem)to yltlﬁne§ellpubl i cations

are Do Sfiker AESERRNALE T Mool GECRE Sy Edon ST S Bl

appl escCri he "state of e arfﬁ%o which this

i nvent | @mbp@tidng ddditiofs) ﬂelettmveﬁtl efiations ae fillawithih erenopengt] thy gghended t he
speC|f|qat|o% exanples and appended clains are collected here.
Def i ni t§14Ms N hedr AWVt N el " as used herein refers to all vertebrate

ani mal s, i nghiydidGiphbiBRSs gt aBHerRlafufts acdefnte&'b?oﬂienGhblﬂlﬂﬁ Geeticldi vi dual
animal in all stages of developnent i ncl udi ng enbréonlc and fetal stages.

The t erGaoperativams ltaﬁp%@é@thﬁé?@#’ﬁ“l‘%ﬁ"é‘ﬁ%@@”dﬁ‘jﬁ %egeréﬂ% 5 (98bshkadines or race
of af 93RL e%fb tré}ﬁ‘reﬁ@‘rﬁﬂ?soé%gg? hRGg {eﬁe mma ehb'star@ét}hbhlliz@at ed to, such
, turkey, ck, “goose

specl es a , qua| Heasan parrots,
fi nchesy ltahm&d ,RomamMeranH amattant gepe isredessidiengthe sebrmabtblpe toni thamein®b cassowary.
The tern1|ncl %es vari ous traln tgf Gal lus gal lus, or chickens,

(for H?ﬂ‘eo Eeélﬁﬁlaﬂe?fmg%]&%ﬁd gﬁrh%sree Barred- Rock, Sussex, New

Hanpshire, megmoutl tﬁlls aﬂﬂma&ans&ilmlp@m&aud)& AR IERrendT e diSalbivieeroli @ G ay,
Italian Partidge-col ored), as well strains of turkeys, pheasants,

quai | s, theseipyblicabions arghrecdy anvarperied by f?é‘-‘fﬂneer i thed pRiRtS ubﬁh@dpplwatl%ldmr ci al
quafy i th&s full? desSribtUheVstafP8 e art to which this invention pertains.

For convenience, certain terms employed in the specification, examples, and appended
claims are collected here.
Definitions
The term “animal” as used herein refers to all vertebrate animals, including humans
20 and birds. It also includes an individual animal in all stages of development, including
embryonic and fetal stages.
The term “avian” as used herein refers to any species, subspecies or race of organism
-of the taxonomic class aves, such as, but not limited to, such species as chiéken, turkey, duck,
goose, quail, pheasants, parrots, finches, hawks, crows and ratites including ostrich, emu and
25  cassowary. The term includes the various known strains of Gallus gallus, or chickens, {for
example, White Leghorn, Brown Leghom, Barred-Rock, Sussex, New Hampshire, Rhode
Island, Ausstralorp, Minorca, Amrox, California Gray, Italian Partidge-colored), as well as
strains of turkeys, pheasants, guails, duck, ostriches and other poultry commonly bred in

commercial quantities.




WD 02/ 063293 PCT/ US02/ 02454 The term "nucleic acid" as used herein refers
to any natural and synthetic |inear and sequential arrays of nW%iSOFiESBS
and nucl eosi des, for exanple cDNA, genom c DNA, nmRNA, tRNA, uly

ol i gonucl eoti des, oligonucl eosi des and derivatives thereof. For ease of

di scussion, such nucleic acids may be collectively referred to herein as
"constructwo'tyispoasm ds,” or 5 "vectors." Representat pegusyeanl es of the
nucl eic acids of the present invention include bacterial plasm d vectors

i ncludi ng expression, cloning, cosmd and transformation vectors such as,
but not limted to, pBR322, animal viral vectors such as, but not limted
to, nodified adenovirus, influenza virus, adeno-associated virus, polio

Virus, pox YinE usm “h@lei@¥id” S usedherein6fers|th k@, naMR4 bRl §mihetd est dhom
bacterlophage nucl ei c acid, and synthetic oligonucleotides |ike 10

cheni cafehyenta} axrivs of pusteotiga aesh nucdkpridess fior examnls eI asnemig BNAs mRNA, her i ncl udes
modi f1 egnoy ohgcﬁxg&l&ﬂl{dkss gﬂ%u e[qéo%%s' aﬁsdeﬁvra@kvaq&ér&gs'p%ﬁéasé e Plsaﬁm ut not

limted to, genate eoti des such as only, 5-Dbronouracil
and deriwlanigsd agidc mep b cte&ec&wahre&sred)mhﬂmnIaabedremxctsnhmﬂasmtds des. The terns
"poI nugl ot I, ol i gonucl.eotd de" . . and ic acid eque e" are used
B ot o Bprosemlah 8 AR 10 mori Brids e ioeRf el tRAGE o3 1
sequencigsteridl plsyiiueet mﬂa{lﬁg) ex@fess’mg bleiuﬁg, 26éntld 84| HaBLeh&bn Weiteh ar e
transcri bed and translate i nto peptide in vitro_ ar in VIXO when

pl aced 4Rty but A Lowisd 1o PBRIZ2a313) ﬁ’ﬂ‘?l éfFCéor? 5t P Pt pitedde Moddied sequences) |

cont 1 ol oS RAHENERSerks vidhs; adehPRSdchil IRR péﬁo‘%’iﬂls 30eviddsORrGAHN AR thOT ONDt er
sequences, ribosone binding sites, pon adenyl ati on S|gnals transcription

fact or Iiiqenmct@gs ddriveds fromObarterigphegei rplplplgrﬁqde waﬁlp@qolgg@q@@n@@g likgipst r eam and
dOP t SRMRIYALILY pROTEy TRIIANGENS, odh! BRES naihddle o ke), and

atory s seéquiences ranscription factor(s)
bi nds ad%dv@hetd&ﬂﬁlebthi@s ami:imlebgtde@fsuca agéneha lipritedrat, halo@nmbrbmucbomdesi vely

Synt hetih b it Aoy, “Sorgbieial o5 P et et b tRBPUHET2S Tho' tor m

"i sol at/pdiestitied. i ¢ aci d" as used herein refers to a nuclelc acid wth a
structure &a) not identical to that of aqg natural Iy occurring nucleic
acid or (b) Thoemsd@alynuckotides, foliganugeotidengnds nugleie Avid squac st | y occurring

g€ ngan@}dﬁdnE%?glyaq{egms PR QB L R@Nndth i rlﬁﬁt q_e RAT @ddhg %@@E%es and incl udes

ivatives or variants thereo he 't ermcov
exanpl dpolfmyleatidEfsphonhictic heid sieneé) wdinbearo firaparibedodndaranslated aitd y occur ring
genom Cpolyi)é:]i)(f)idé:L zgn i)]izl‘il‘!) %r %9 91'?0 when placed under the control of appropriate regulatory or
control seguences), control sequences (e.g., translational start and stop codons, promoter
sequences, ribosome binding sites, polyadenylation signals, transcription factor binding sites,
20  transcription termination sequences, upstream and downstream regulatory domains,
enhancers, silencers, and the like), and regulatory sequences (DNA sequences to which a
transcription factor(s) binds and alters the activity of a gene’s promoter either positively
(induction) or negatively (repression)). No limitation as to length or synthetic origin are
suggested by the terms described herein,
25 The term “isolated nucleic acid” as used herein refers to a nucleic acid with a structure
(a) not identical to that of any naturally occurring nucleic acid or (b) not identical to that of
any fragment of a naturally occurring genomic nucleic acid spanning more than three separate

~ genes, and includes DNA, RNA, or derivatives or variants thereof. The term covers, for

example, (a) a DNA which has the sequence of part of a naturally occurring genomic

-10-




WO 02/ 063293 PCT/ US02/ 02454 nol ecul e but is not flanked by at |east one of
t he codi ng sequences that flank that part of the nolecule in tﬁi%aegfgﬁgg
the species in which it naturally occurs; (b) a nucleic acid

into a vector or into the genomc nucleic acid of a prokaryote or eukaryote
in a manner such that the resulting nolecule is not identical to any
vector or wehtiedoky occurring 5 genomc DNA, (c) a sep@f/géeoid® ecul e such
as a cDNA, a genomic fragnent, a fragment produced by pol ynmerase chain

reaction (PCR), ligase chain reaction (LCR) or chem cal synthesis, or a
restriction fragnent; (d) a recombinant nucleotide sequence that is part of
a hybrid gene, i.e., a gene encoding a fusion protein, and (e) a

reconbi pgBtuid B et NEREHH &AGne AL cdifhg R&fubnced that ﬂambmuqaaﬁ%ﬂmence that is
not naturally occurring. 'lsolated nucleic acid 10 nol ecul'es of the present

i nvent | BAleedin m|a§we plothe spegiep | ie whicht i maturally loequrs (Wad nugieis a¢eid wel | as

I
nucl e CnBGhAaPHECES: IRl BHALERI 5 AR RIDBRT L 000,
still eszmatiuel thyt thﬂmetdm xaoieculermua;toq;«inm:uuka amy oecta@r or aatualh octchlemgof As used
hereLn the i n" refer.to a ner of am no
15" ot i ciehpieThiR (e DF SobBRE milrors ith ¥ NTh efoba el BIRARES i ougn

pept i deprbdudels by ﬂil?mér@srenﬂha PeAc L PRARIE ligds) Chaitd eRctRMOLERNSr chdndéati N
fragments, protein anal ogues, oligopeptides and the |I|i1ke. The term
" pol ypeBrihess: °‘b¥)f?ﬁ‘é‘ﬁ‘tﬂ“aff"’§§‘elﬁo(d§/6é‘i99?18‘é%‘“§§°1‘ﬂ’§f‘? Fradesh B PR O &r e encoded

by  nuclyglifedaeidS a s @ALARE a HiRIA 'ﬂﬂ)lﬂel Qﬁzp('gjad @ﬁﬂxblﬁaﬁﬁﬁ@l%tfagl(eq_r&ﬁé’ lated from

an appropriate source such as a rd, are synt hesi zed term
" pol ypetpati igi grart fof rat hlsé'ndcseweeth&tlembmtgrplepmcaemg Zeplated destsinedd above t hat

' ncidj de (ﬁc ﬁnygilal]n ttmve]na% %nmm@ ?or%)gan%rlerﬁ%nloallg‘lcq.\%nan soa}éaleﬁ ngl y or

noncova el'l ng |gan erm ragnen as used

herein xtuolelbeﬁ@cl maecmlesumbdaﬁ &l agi ducledtide ,delelidNg) itserfiionsS iheersdhns, |osol at ed
portion of t.he squtgct nucl eic aci d cpnstru ted art|f|C| aII % -

cheni calbSUBGRTSHBICH dhat fhe gesultipg apelpg agidnmplgpely il serertially spEPIRLPR | pl e p| eces,

usi ng riggtuhdgidbuldordy844 GRM6t eases or. mechani cal shearing, or a portion of
a nucleic aclid synthesized by PCR  DNA pol ynerase or any ot her

pol yneri zi n§s uesdHhsreiu e ygsmp “mhmﬁﬂlqenm%@r@ﬁﬂ wifer dx proolygeriof; aming host cel |
g?’t ffghgﬁé Q@Q}ﬁf Bl?lﬁl)rg'aﬁmt%ca'cﬂs Ineacs*é Y 1Mk 't}u&%ﬁggp&d‘é’ PS’J&? Phe gih!! 1N the

ment™ as use rél n er to an 1sol ated
por t i orfpafpeptiqed Ii:y:pﬂest prdwms,vplr:ﬁuefmgmetntseplpmmtandngmﬁ diibepepiley preiphe de 1S

eavedd " AP G Bolyheptioe coicimiaes FBepdR IR berea ovP el entddef oy 11 19 JUlY
nucleic acids, produced through recombinant technology, isolated from an appropriate source
such as a bird, or are synthesized. The term “polypeptide” further contemplates polypeptides.
20  as defined above that include chemically modified amino acids or amino acids covalently or
noncovalently linked to labeling ligands,

The term “fragment” as used herein to refer to a nucleic acid (e.g., cDNA) refers to an
isolated portion of the subject nucleic acid constructed artificially (e.g., by chemical
synthesis) or by cleaving a natural product into multiple pieces, using restriction

- 25 endonucleases or mechanical shearing, or a portion of a nucleic acid synthesized by PCR,
DNA polymerase or any other polymerizing techniciue well known in the art, or expressed in

a host cell by recombinant nucleic acid technology well known to one of skill in the art. The

© term “fragment” as used herein may also refer to an isolated portion of a polypeptide, wherein

the portion of the polypeptide is cleaved from a naturally occurring polypeptide by proteolytic

-11-




WO 02/ 063293 PCTI US02/ 02454 cl eavage by at | east one protease, or is a
portion of the naturally occurring pol ypeptide synthesized by 1 ga

nmet hods well known to one of skill in the art. The term "gene" g:g)emU&]éQOS
as used herein refers to nucleic acid sequences (including both RNA or
DNA) that encode genetic information for the synthesis of a whole RNA, a 5
whol e protwobnzosens any portion of such whol e RNA or whpdeudseha n. Genes
that are not naturally part of a particular organisms genone are referred
to as "foreign genes”, "heterologous genes" or "exogenous genes" and genes
that are naturally a part of a particular organisms genone are referred
to as "endogenous genes." The term "gene product” refers to RNAs or

pr ot ei neledviat byastcleBN oM pidtelly, bNie NfdiGon ofF BE Q@AY VBRI QYpESide ar e RNA or

pr ot ei ns %O_encoded,b forei gn genes and "endogenous gene products” are RNA
or prot®¥f ?‘@ﬁébﬁf@ﬁl‘l%&“eﬂéﬂﬁw kowe Qeseéskilt indhetlo| ogous gene products” are
RNAS “or _pr O Rm 860U dehiis b0 Biein 1161 R7ALIBAAUS sARBLBERLRGOUS genes
and, therefore, are not haturally expressed in the ce?l. The term

"expr eskydt RNy or It} teisineerde garsti sdeintatiorefon theetyrthesistaf at Wiwle RMAszri ption from
a n ' clel ' I . ea I tary in part
to géerga]{logeng{g%%b%g%rg% %fﬁgél&} \?\Vg&%uc e?lgwé@? g;oéetmr'aﬁi segglgptaﬁg% gene. The
term " enapralyspatt’ obra petiquiae Ssgaoizth’sagenome chrd eeferred &l 80 “foedigr gerked’, t he

transl ation fromthe RNA nucleic,acid nolecule to yield.a projein or

pol y peptF BRICBPSEERES; P GOSHGS ES5PS” g enpihhav gl ipa PEAPASB at or y
sequenCcaganisiSs %ﬂ@ﬁle e feirdd fork edndodefoud BeneS OTHE Grm SLRGY FRABRS’ rtfRAko ar e
associated with a gene nucleic aclid sequence and that regulate the 20

t r anscriipbs Fmeteinsdpr ewsnereddy thareng efercigrgene pradyris ers VA BFPIetEigul at or y
S CANPNCRSodedBY o @gés%&delﬂsgnm%a{;g%ﬁ&@% RN @ pYRGhUncdidf bl ¢ acid to

enabl e regul ated Transcription in propriate cell's of portions of the
vect or eBipgenchh genes.r Gletarolpgovs gane produetss asrRNAvapeaisshcodadily foresgnede, but are
not linmted to e region of a.nucleic acid sequence.that .is in the region
5 of | Ol oay sy e EnloB e dhel i mG B AR B T SRS B elscr 1 bt i nt o
MRNA. 25 Tr Tnstefin fekpresiad” of egkplestionr ¥s Bed el eferéiathaatasripgonl fagsd ed wWithin a
protein coding regjon, in  regions of a gene that are identified as

"i nt r orBeng 18§ A8 RNy nuglsle apid mofecylp g lgpskcogiplemsateriie padtiod e fiidhte that are

in fhe Fagi R0 ndéleil UGk Sirsad @6t e gk THE feth “6QfHsRE” bLkRBssioRSaiaed herein
refers to a continuous |inear arrangenment of nucleotides that may be
t rans| dewsin alsatrefers tqhe transkationfiery the RN pckeiccasiil mejeouledd pialdiaprateinps| at ed i nt o

1219 pt])h'zbéﬁtlgeo(g% portion thereof.

The term “transcription regulatory sequences” as used herein refers to nucleotide
sequences that are associated with a gene nucleic acid sequence and that regulate the
20  transcriptional expression of the gene. The “transcription regulatory sequences” may be
isolated and incorporated into a vector nucleic acid to enable regulated transcription in
appropriate cells of portions of the vector DNA. The “transcription regulatory sequences”
may precede, but are not limited to, the region of a nucleic acid sequence that is in the region
5" of the end of a protein coding sequence that may be transcribed into mRNA.
25  Transcriptional regulatory sequences may also be located within a protein coding region, in
regions of a gene that are identified as “intron™ regions, or may be in regions of nucleic acid

sequence that are in the region of nucleic acid.
The term “coding reéion” as used herein refers to a continuous linear arrangement of

nucleotides that may be translated into a protein. A full length coding region is translated into
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WO 02/ 063293 PCT/ US02/ 02454 a full length protein; that is, a conplete

pol ypeptide as would be translated in its natural state absent
post-translational nodifications. A full length coding region 'eyd 2005
i nclude any | eader protein sequence or any other region of the protein
that may be excised naturally from the translated protein. 5 The term
"cohesi ve wodin@msused herein refers to regions at thgctgéBiiss of nucleic
acid nolecules that can formspecific interactions with one another.
Cohesi ve ends of nucleic acids may be generated by restriction

endonucl ease cl eavage of a double strand nucleic acid. |In the specific

i nteractions, an adenine base within one strand of a nucleic acid can form
t wo hyﬂfquefgthqﬁmﬁ tmtwm&dw@t@ﬁoweﬁtmb@s R0l € BORMAIAEE InSilsGaifal Statet rand when
the two nucl éic acid 10 strands are in opposing polarities. Also in the
speci f i ®sihanyrastiiapyiagional medifiegties. paBd lengthitoding region sey alppingpdenpucl ei ¢ aci d
can fory leic acid
strand 3%&#5r i a%&% iC acgﬁhggggh§§b2@3w$kmgg%%§§ﬁ Igéﬁtles
COﬁpleﬂbﬂtaﬁ¥demeEIC acids as referred to herein may further conpri se
nodi fi ed bases mhe difiied . a e .may en bonds with a
thym ne or nBaiFT &E?Shvﬁﬁpﬁ,s u%ﬁgergﬁnﬁ%%s Org%onsfg&ﬁmgl{%é ¥ %¢6r m hydr ogen
bonds whélecults gup A peRifidiatbrhitRes GitRbhe @oththeChlesing eﬂdawﬂneﬂac acid vector"
or "vector used h%reln refer toQ a natural, or _ sy nthetlc single or

doubl e %id &ﬁ&lgﬁl ggenatef oy resirictign engionyelease pleavags of arﬁev%%mae pyslc ih be

transf qgtﬂﬁf&p&liﬁélheﬁaioag BR ddeh iRk Bask Slithid cﬁ@@kraﬁl@m fRleR dcdgPRRpAHeNs |y of , or
wi thin, the host cel genone. A circul ar double stranded plasm d can be

| i near |lwé1@g@yboudsearﬂhfbymmv\m¢m arecpnd sysisicorsid sred Whentthei e inogiciendd ne based on
t he; pug i id can be

i ns}adrqt eg%%gfgqﬁgﬁg%?%ﬁo?%ggsé lﬁh % lﬁéh%ti ﬁé cgic\ﬁﬁgrgér%m\}\ﬁ’ ?ﬁuaﬂlﬁg{b ?SIC g’t!tlﬂg'r?q%nzyrres and
|'i gat i ngaidnd apueeescid cgdbiethree Rjdeogan bdnds mtmcjmkmem:ﬁmﬁ secondmudigic RNA or DNA
The tern]"ﬁl‘ﬁ d" as us g herein refers to a sn@Jé & ular DNA vect or
capabl &igsstr Ef e W Tpalsis PEd SRS g (R iCRPOSING RelKtiGsy CRIYURY host cel | .

25 The @aélmamsmr@ﬁﬁém heRMmt iy Tufer USiBsish BloifiBd bREBkIFerdiPa fobiied ei ¢ aci d
vector that may further include at |east one regul atory seglgence oper abl y

| | nked adeping e foss thydeseichpndnwih adbuming of medifipd thyminentrdriv gio

pe zed in the art and may
be gsel 2@!{0 g‘e?&l’g ﬁ}& gJé%go %é&gfa:@gﬁ?)ﬁm\(lﬁﬁédhﬂegg?%wed nucl eot i de sequence
wi t hout undile expelrruieint &id watoByort hioser”sdsi dstdeterein refle toas tnatuds oused her ei n,

the terS{f?lﬂ'letl% %m%g?e grullg{xbl%os(i)rgnded plasmid or viral nucieic acid molecule that can be

transfected or transformed into cells and replicate independently of, or within, the host cell
genome. A circular double stranded plasmid can be linearized by treatment with an

20 - appropriate restriction enzyme based on the nucleotide sequence of the plasmid vector. A
nucleic acid can be inserted into a vector by cutting the vector with restﬁctfon enzymes and
ligating the pieces together. The nucleic acid molecule can be RNA or DNA.

The term “plasmid” as used herein refers to a small, circular DNA vector capable of
independent replication within a bacterial or yeast host cell.

25 The term “expression vector” as used herein refers to a nucleic acid vector that may
further include at least one regulatory sequence operably linked to a nucleotide sequence
coding for the an immunoglobulin polypeptide. Regulatory sequences are well recognized in
the art and may be selected to ensure good expression of the linked nucleotide sequence

~ without undue experimentation by those skilled in the art. As used herein, the term
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WO 02/ 063293 PCTI US02/ 02454 "regul atory sequences"” includes pronoters,
enhancers, and other elenents that nmay control expression. Staqgfﬁd

nol ecul ar bi ol ogy textbooks such as Sanbrook et al. eds "Ml ecul uly 2005
Cloning: A Laboratory Manual " 2nd ed. Cold Spring Harbor Press (1989) and
Lodish et al., eds., "Mlecular Cell Biology," Freeman (2000) and

i ncor por atwdohws®i N by reference in their 5 entiretiepgriyoddqQ consulted to
desi gn suitabl e expression vectors, pronoters, and other expression
control elenments. It should be recogni zed, however, that the choice of a
suitabl e expression vector depends upon nmultiple factors including the
choice of the host cell to be transforned and/or the type of protein to be

expr es seegulafdrp Sequéréstllincludés prarhbiers SenBieth, Gal o@BSelendn® thit Sfy@omedlect i ve
(i.e., tissye-specific) pronoters .e., pronoters from which expression 10

L
occurs PPEFuMemtpderd ndlecularbiplogystexthoqks sich @ Sarbreoked abeds iNelglar conpared to
one or AmRhifg:0k Eﬁ{?rat&r)y RERuaPionk led St Sﬁ[hgﬁ&ﬁg}?bﬁgsy(lﬁ‘}z%gll oARRSH & ¢ promoter

is a chickeh oviduct-specific pronoter I's nat y associated with

t he pr otdei fidoledulanCelhBiotagy” Wieerhas(200G) haddneogporayeal Horgimi by refedeycsdiz thmie, ovonucoi d,
conal bum.n..and ov i d,the |ike. ef.ul promters alsq include
exogbrottitel BB ousE uintfe ermusy BIOT B Ee 7 450 be

"t ur necexpreisidnrconied plemsis. t b slantdeeagepdrsl] yoveugpthatakt dgiea bl Dsuitable mul us, whi ch

is generally not an endogenqu tabol.ite or cytokine. EXx l es include an
ant | by cRPEshges Peh peapanne Sgieh ety Bt ettt b e pr omot er
a heat -gnchmiel|aRd/O REBHEEE prétein|td GO Exprddstd CAIRb GseRil @FRRRSus afplicAidn@ S er

i nduci bl e pronmoter. (e.g., Halloran et al., 2000, Devel opnent 127(9):
1953- 1960 tissgppiqctivs: (i) tissupameific) promotgrs, My pwemotert fiom WBClppxprasyion 81; 20 Rang

and, W | l.ei ijétﬁa . : -5 ' |, 1999,
Cbl}yv Fgﬁ%g%gﬁ?&ygﬂﬁfabggf ; cughgﬁggﬁng%%ﬁgﬁg?tE@ﬁéaﬁég¢%@Fg): 129- 37;
For st ertypeedf tisbue, Ah@8@yplarfisshespecificprdsiotReis a cliddieR pvidueB8pedific p@meitei u et al .,
1998, Bj ot.echni ques 24(4)..624-8, .630-2. (1998)., i.ncatporated. herein by
ref of el if ALY Aaierd with B PRI thefvis eppies RGO BIARI T bosoms
entry Sidogymedsvorfusld, Rena@iufhin B eVorhRinnd @@IiRA 25 of a nucleic acid, nost
typically an RNA nol ecul e, wherein eukaryotic initiation of protein

synt hesi s obsdlilpramptersrdypringlyds sreesrously éndgeible argmgters; {EeRAR PFIMMAEY| e. A 43S

prejai ti.at « ) I Sl f ] - &EP and
et R pRET RAEEtn RRRLC S | OdeBlinly stmp RGP b AN, ST e T 14 may
bi nd t @esemallyl RESH dndbgeness| naalitgoracytoki@ s Esaniplescinclode. anantiHid®ES" may be

used {0l 2 od! BRSPS B9 SR SRNRLY 2 - 24 19

light-inducible promoter, or a laser inducible promoter. (e.g., Halloran ef al, 2000,
Development 127(9). 1953-1960; Gemer et al., 2000, Int. J. Hyperthermia 16(2): 171-81;
20 Rang and Will, 2000, Nucleic Acids Res. 28(5): 1120-5; Hagihara et al, 1999, Cell
Transplant. 8(4): 4314; Huang et al., 1999, Mol. Med. 5(2): 129-37; Forster, et al., 1999,
Nucleic Acids Res. 27(2). 708-10; and Liu et al, 1998, Biotechniques 24(4): 624-8, 630-2

(1998), incorporated herein by reference in their entireties).
"The terms “IRES™ and “internal ribosome entry site” as used herein refer to a region
25  of a nucleic acid, most typically an RNA molecule, wherein eukaryotic initiation of protein
synthesis occurs far downstream of the 5° end of the RNA molecule. A 438 preinitiation
complex comprising the elf2 protein bound to GTP and Met-tRNAM®, the 408 ribosomal
subunit, and faction elf3 and elf!A may bind to an “IRES” before locating an AUG start

codon. An “IRES” may be used to initiate translation of a second coding region downstream
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WO 02/ 063293 PCT/ US02/ 02454 of a first coding region, wherein each coding
region is expressed individually, but under the initial control,of

single upstream pronoter. An "I RES" nay be located in a viral Rﬂ&fépﬁgZOOS
eukaryotic cellular mMRNA. The term "cytoplast” as used herein refers to a
chronosone-free recipient cell, 5 wherein chronosomal renoval is referred
to as enucweaime®s when the nucleus of a cell is renoyegupsndastroyed. The
terns "transformation" and "transfection” as used herein refer to the
process of inserting a nucleic acid into a host, preferably a cell. Mny
techni ques are well known to those skilled in the art to facilitate
transformation or transfection of a nucleic acid into a 10 prokaryotic or

eukar y obf £iQf @aik $¥lon [ WRSEn BRh BEHSE fegVPls\eRprssMBihdliolitalBf bk 8sd2PHAUES _
including, but not limted to, treating the cells with high concentrations
of sal tmgt@bwnggl,ofgﬁlpgiﬁgwstrm promgter. o4y ‘dREM 2y hedepatsd inmyimhRNA as el ectric
field, dg &g%glﬁularg{RNA_posone medi ated transfection, to render the host
cell conpefent tor the uptake of the nucleic acid nolecules, and by such
met hods as dpertemneioglesid asndedr kesein irefers do -aneludradsenieifne egipint oell, 15 The term

"recpnbj - rs.t |1 _that, has new conbi nat i gn. of nucl ei c
aci dg)s e’”g”ﬁ%%ﬁ gﬁrtg J?i‘lz)astomngee rcl’o'?f1 1%56\?}%% grtf% F%Qﬁ“%‘ﬁ‘ijgiéa th i ggcrﬁwg?%ék?a FH Rature. A new
conbi natemovedef desnmyetl.ei ¢ aci d segnents can be introduced into an organi sm

using a wde,array_ of nucleic acid . nanjpul afjon techni ques available to
t hose skill ibe e Fransfprmation” an oﬁ’ﬁ??fﬁ%‘r‘?gl &3‘1‘513‘I {&%‘Hn begeréo the; AEopess 0Zukar yotic
cel |, OfhseftinglavlcRichicRKAG YOS pfikdbly Déelld MBHMEhhighes G/ kell IRRmIECONDI nant

fe
cell 20 can_harbor a vector tﬁat is extragenom c. An extragenom c nucleic
aci d velbessrekillebd tpartity &silitate frapsfprmaiion o anséectiemehe nudleis edd i Aant cel | can
fur er m . 3 i . 14S.: | . mc. The
tor i RO bR Pbllid AR AL APl m R e RS BARERET i (T
t he r ectrbitiiamited e krbdtimg gereliewitiliigh toprantritions ofdait sechtaspnt heti onlyaei d" as used

herein refers to conbipations. qf .at |east ..25 two pucl eic. aci d sequences
et ar @B o e Y aatie Jeld- eigin, bt s Brdhle Gottrdohde T - The
nucl ei Gesiel the HOGURN CEBpdAY fdrNBd Usltke dTUke AlRINRId MbREdI&daddobysich ei ¢ aci d
vectors, gene expression reqgulatory elenments, origins of replication,

sequendBdiodhaxspicRediasiand seciqrnediated dxearsiiot i ¢ resi stance, and
Pof SO Gl SRS TRl 1 RO RBRRK S 5 o
is - 1Eaci;¢_lgcgmdn§s 20 8% not covalently linked to each other in nature. A new combination of .
nucleic acid segments can be introduced into an organism using a wide array of nucleic acid
manipulation techniques available to those skilled in the art. A recombinant cell can be a
single eukaryotic cell, or a single prokaryotic cell, or a mammalian cell. The recombinant cell
20 can harbor a vector that is extragenomic. An extragenomic nucleic acid vector does not insert
| into the cell’s genome. A recombinant cell can further harbor a vector or a portion thereof
that is intragenomic. The term “intragenomic™ defines a nucleic acid construct incorporated
within the recombinant cell’s genome.
The term “recombinant nucleic acid” as used herein refers to combinations of at least
25  two nucleic acid sequences that are not naturally found in a eukaryotic or prokaryotic cell.
- The nucleic acid sequences may include, but are not limited to nucleic acid vectors, gene
expression regulatory elements, origins of replication, sequences that when expressed confer
antibiotic resistance, and protein-encoding sequences. The term “recombinant polypeptide” is

meant to include a polypeptide produced by recombinant DNA techniques such that it is
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WO 02/ 063293 PCT/ US02/ 02454 distinct froma naturally occurring pol ypeptide

either inits location, purity or structure. Generally, such a jggopbj
pol ypeptide will be present in a cell in an anount different fr1£$l"ﬁg?66%t

normal |y observed in nature. As used herein, the term"epitope" refers to a
part of the protein that can specifically 5 bind to an antibody by fitting
into the awbibg®eseebi nding site of the anti body. The tepsri@anbiody” as used
herein refers to polyclonal and nonocl onal anti bodies and fragnents

t hereof, and i munol ogi ¢ bi ndi ng equi val ents thereof. The term "anti body"
refers to a honogeneous nol ecular entity, or a m xture such as a pol ycl onal
serum product nmade up of a plurality of different nolecular entities, and

may fur§hek & _rliaa‘i;ﬁal@né(cclﬁm% fpbl?}%ﬁl& QlhedBY i/ REAREApMAY bARIucluRer eof t hat

retains the ability to specitfically bind an epitope. A nonoclonal antibody

i s capaBtnerally, suehl erscomiehapt pilyngblidg Wi ba pressng ét a galk ingarpmepntedffargibe. The term

"I mmuno, lin I {de: as used herein refers to a pol ypeptide
derive 4n?g‘%ﬂgng%ﬁg¥%%ﬁ§%%}ﬂﬁ%'ypepti de of an antibody. An "imunol ogi cal

pol ypept i de'Asmmed hefem, the udrmi*spitopt” tefersite edart of thaprofeimiatchospedbdallheavy or
light chajn and. include.,a variable 15 region, .a diversity region,
j oi m ng™ ‘Je ia’b?]““ga%yhé[ ﬁg‘&ﬂ%‘ﬁ‘%ﬂ’f’ a?tégﬁ?'gﬁdlﬂg S‘§ﬁ§§'g PHati on, variant or
truncated fqpénethenmiBbdy” Bh QsedGeféin' efElUB QbR ElomR bndd@bideRpdl iatisiwdies ur t her

i ncl udes single-chain antibaodies conprised of, but not |i rtw_]'ateql to, an

i munodgine iagmentnibersst, edmmupelpgia pinding egyivglkents thereof b5 oBPId 1 i ght chai n
vari abl [ ' ; f?rea% ] ' ReLgin are

met hodsﬁ%@ﬁ@g%@mﬁ%ﬁgﬁ%ﬁoﬁ%ﬁ%éﬁg% ) glexﬂger g%c%?ﬁgﬁgﬂ i%g{j%eggpgapabl e 20 of
speci f i made luy of plomglity of differontandeculanengiticti Andanay furthat ¢ompsisgame swddiedr pat hway

' . and . h f _isolating f h [ id h
B PG R et a BuelRS RofSibe st MRl i RS PA"lccq 1o

I NCor pahéHoElohalir@ibedilE EHSHIOGT svlegively Bindihg anshrgatantipen ovepitdper s and used to
generate ani mals accordi n%tlt_o t he Er gsent inventigon. The Lysol ted nucleic
aci ds may allBotse (eeynqeiobpla: RAlYRFREY” s oWRd Bl Es &P IOVt he art to

gener atc&ﬁve%%&rﬁi&gyitﬁkﬂwolﬁbﬁidebfanaaﬁii%ay. ER%iminfiBolBgion oty feptiieOtag er um cel |'s
generating anti bodies to selectively bind to an antigen bearing epitopes,
var i ousbehbystis ot limétbd tonany inbeunplegios iheasa obight shaie endomayainelidet 4 eariable get
T e A
adj uvanhfcdi@folaethersdd Thoteinnimamasdlodidaepolyrkfiidt® fittey in2DBS single-chain
antibodies comprised of, but not limited ;0, an immunoglobulin heavy chain variable region,
an immunoglobulin light chain variable region and optionally a peptide linker.
Described herein are methods for the production of cells generating antibodies capable
20 of specifically recognizing one or more differentially expressed or pathway gene epitopes and
 methods of isolating from the cells nucleic acids that encode the native immunoglobulin
polypeptides and which may be used to incorporate into expression vectors, transfection
vectors and used to generate animals according to the present invention. The isolated nucleic
acids may also be used in techniques known to those skilled in the art to generate
25  recombinant nucleic acids.
For the production of serum cells generating antibodies fo selectively bind to an
antigen bearing epitopes, various host animals may be immunized by injection with the target

protein, or a portion thereof. Such host animals may include but are not limited to humans,

rabbits, mice, and rats, to name a few. Various adjuvants may be used to increase the
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WO 02/ 063293 PCT/ US02/ 02454 i mmunol ogi ¢ response, dependi ng on the host
species, including, but not limted to, Freund's (conplete and

i nconpl ete), mneral gels such as al um num hydroxi de, surface aélq \JHIy 2005
substances such as |ysolecithin, pluronic polyols, polyanions, peptides,
oi | emul sions, keyhole |inpet henocyanin, dinitrophenol, and potentially
useful humgoogedpigyants such as BCG 5 (bacille Cal net perfiagnisgy) and

Cor ynebact eri unparvum Pol ycl onal anti bodi es are het erogeneous popul ati ons
of antibody nol ecul es derived fromthe sera of animals i mmuni zed with an
antigen, such as a target gene product, or an antigenic functional
derivative thereof. Mpnoclonal antibodies, which are honbgeneous

popul at j,on%oBkic 3bdR0 AeRAdihPoRthP Abst bfetlt @ IncRBink, Mot TBYed®, AR ned by any
t echni q!ue tﬂggwlobpr 0\,.]%25' ?%r th eS pp%%{ducnfl oln’gof aol’tltl bgd nol ecul es by

cont i nu@ﬂlspletelandl inpromplite), cniteralrgels Sushsas alimiohm dydrogide, apEcheetiveimited to
t he hy ong of 7 6: 495-497,
R L Sy o S R A
(Kosbor Jipet albmocyﬂ.rﬁﬂinlmtrnpﬂ‘ldﬂm,l ogypolenddly wefull ﬁl;imzﬁ‘nhcbmants alch, as18B3, Proc.
Natl 0 and t he EBV- hybridoma technique (Cole et
519@§d11q951ﬁm%rfgﬂ16)ﬁ35 RXPT B‘Ef‘fﬂ’(%pai‘g‘mAnd Cancer Therapy," Alan R Liss,
| nC PP. 77 -P8R¢lonaBaitolids m@mlete@genaﬁislpsp@mnmf MEBOBIblE@ISs dadveil nuni zed
nmouse and fused with imortalizing cells nyel oma cells) to yield

ant i bodijem thschgrai of grimaks imnyaized witl Be P’H@ﬁ‘h@“é’aﬁﬁ aofé’g%tcﬁeé%ﬁ@ﬂuqt Mdhocheni cal | y
for theanug n%dg.g&ﬂoﬁa &iviR %réb@allxéevlslbﬁ?%ﬁ%déﬁ)%éﬁ g2/ HodofRaRki ve with the

ant i tion, techniques el oped for the productton of "chimeric
ant i boot»oeslanonﬂ@’f (aM:hodnes tma gertigtlar, anm%AmaPlbgcﬂbtaNad by apy teghniqweithat 81 :

6851- 6855 984 tu a et al.

198%9 Yﬁi g?%‘q%‘ gﬂé’fg%%an%ti?%%g'fﬂeﬁl}l}lﬁé)yt ‘%a"mg%“r%é% Pe(s)% %ﬂurlr%u?gggantl body

Lml ecul 1ﬁcl@cfebﬁﬂﬁfechlaf lnﬁit]ﬁl taﬂfcelhgﬁlmﬁ)@%hﬁqlﬁ |om?mma bvitktein] tmsg@mm L rom ad
uman anti body nol ecul e of appropriate biolo can be used. A

chi ner i ©6ad?s- B%d@?@% Paignt 1487 B’H]QAHP"C T %e‘ie@nw%’fiéﬁ’? '‘HFe derived

from dh(fl(fo?cfo?@talamﬂafmﬁzﬁﬁiagﬁ%daﬁﬁmﬂ asle LhOIS 89D PRRV N 4aq BEil &Rl € T egi on

derived Troma furine mAb human T nmrunogl obul i n constant  regi on.
Al t er na2026-8039, andrthd EB%mrldpmﬂteChme&ﬂﬁﬂ_ﬂuw B Menoglond Anfibadisaogl obul i n

o 0o S AR, BRSO Bg MR el i eoponch g
of si ngineinhizad avubdaddi @sedd stk rinthedalizing celsl fi.el dmybidma &0§5t0 yield
antibody-producing hybridomas. Hybridomas can be screened immunochemically for the
production of monoclonal antibodies specifically reactive with the antigen.
In addition, techniques developed for the production of “chimeric antibodies”
20  (Morrison ef al., 1984, Proc. Natl. Acad. Sci. 81: 6851-6855; Neuberger et al., 1984, Nature
312: 604-608; Takeda et al., 1985, Nature 314: 452-454) by splicing the genes from a mouse
antibody molecule of appropriate antigen specificity together with genes from a human
antibody molecule of appropriate biological activity can be used. A chimeric antibody is a
molecule in which different portions are derived from different animal species, such as those
25  having a variable region derived from a murine mAb and a human immunoglobulin constant
region. Alternatively, or in addition, the constant domains of an immunoglobulin variable
region from one species may be exchanged with the corresponding regions of a second
species.

Alternatively, techniques for the production of single chain antibodies desc_,ribed in,
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WD 02/ 063293 PCTI US02/ 02454 for exanple, U.S. Patent No. 4,946,778; Bird,
1988, Sci ence 242: 423-426; Huston et al., 1988, Proc. Natl. A gp. C}

85 5870.5883; and Ward et al .. 1089, Nature 334 544-546 can B AHBb?QQs
to produce differentially expressed or pathway gene-single chain

anti bodies. Single chain antibodies are fornmed by |inking the heavy and

| i ght chaiwobimgnents of the Fv 5 region via an am ngcggdoghdassd dge,
resulting in a single chain polypeptide. Once available, the cells may be
used to provide isolated nucleic acids encoding constituent polypeptides
of the antibody of interest and which nmay be obtained for insertion into
vectors. Suitable cloning techniques are described, for exanple, in

Sanbr 00k, @kanifle, 188SP "Wb%@ds@l‘/scﬁﬂmm SheleaT: a9 Y6, \amtddler g2nd ed. Col d
Spring Har b%@eprl'gss a%eil 0 Antibodi es may i ncl ude, but are not limted

to pol y&988nBioc.aYarh esdi @5 85h§§ﬁ?ré$3énﬁ1d Ward iebeldl 1989, Nerwig334: SHnitesinzed or
chi mer | fe Q&P{eﬁqg Ftuod 'dfefglleﬁn gpgekﬁeggf Bpgg%@sglnggngl& B Mhhoaksf.ab' ) 2

fragnents S produce n fibrary, anti-idiotypic
(anti -1 &)ghmhmrbmdxbahe;s arafmdn@irhytlmbmg lﬂlerhdwygmqi tighy whain Sagofentanftheffvt he above.

"CGe del t t text of th t hod f
spe'p ‘%5{0’:%{3?’/’% O{ﬁ‘oﬁélgﬁé‘{gg’fmg @‘é‘é?"’iaosé%ijehc ?lgp%lypeppfé(r:gnt gxseloect eg ggne? i i °

material, f ance&admme,,mwo&m B4y beelfxsfee(td ipoeidarstindd mkleici goldd eheodingf ect i ng

agent, for exanmp a cationjc_or_polycationic |jpi ch as pol ybrene.
The anotfptitet @Hmp%ﬁﬁ%‘h‘é Atibady qffimerpst gud,hich E‘alﬁ'%%h%még"rtlﬂséf“"f’he genetic

modi fi Cat RBrors b%uﬁib%@érﬁrf%t&éﬁﬁq@s abel &Eb?lgé@?dr‘ékhnﬁﬂ iR PRoR e &f e® Specific

speci es oOf cel Such optim zation requires no nore than
rout i ne“Molpmtar r@mtlwmrlaabcﬂf‘ﬁeryrl‘émuel”él‘ﬂdzﬂ Orid Spying Harkpr i Reesp (&%) preferably

choth, Lapgoh AR P LATRIEL AP SRR R bididespptibonc o on

transtfecting agent” as
used he(rne!tb”s) efheiigedt®@ chinefiopabbdiesingle chai tustibodiek] Eeb fragmantseF(qﬁ)aet ic

material for enhancing. th ke of. heterol a into a
eukar yotiigmepsy fFagmﬁ‘i’t%P #‘&5‘? by @%‘?géwr?ﬁm% é’rlary @Hgaﬂ%]i”&(aﬁ? i‘ﬁ%?%ﬁé} *a chi cken
germ Ce&ddepx?d%@b%@m RAARGR B Ry dfthe¥BaRUr €d relative to the uptake in the
absence of "t he transfectl ng agent. Exanples of transfecting agents include

adenovi r us- {‘Genssdeliver forgensfesiisnaixmes otpicenies of theaakods ohsheeles general |y
SUTED 5 5y B L I 5L AR LEAHE ol Spblpun U119
July 208fctivd@noRdt Q6B S BarRfedtingd e, Far4Sdnple, a cationic or polycationic lipid, such
as polybrene. The amount of each component of the mixture is chosen so that the genetic
modification, by transfection or transduction for example, of a specific species of cell is
optimized. Such optimization requires no more than routine experimentation. The ratio of
20 DNA to lipid is broad, preferably about 1:1, although other proportions can also be utilized
depending on the type of lipid transfecting agent used.
The term “transfecting agent” as used herein refers to a composition of matter added
to the genetic material for enhancing the uptake of heterologous DNA segment(s) into a
- eukaryotic cell, preferably an avian cell, and more preferably a chicken germ cell. The
| 25 enhancement is measured relative to the uptake in the absence of the transfecting agent.
Examples of transfecting agents include adenovirus-transferrin-polylysine-DNA complexes.
These complexes generally augment the uptake of DNA into the cell and reduce its
breakdown during its passage through the cytoplasm to the nucleus of the cell. These
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conpl exes can be targeted to the male germcells using specific |igands
that are recogni zed by receptors on the cell surface of the ger1:§ gel I2005
such as the c-kit ligand or nodifications thereof. her preferre uty
transfecting agents include but are not limted to |lipofectin,

| i pfectamne, DIMRIE C, Supeffect, and Effectin (Q agen), unifectin,

maxi fecti nwo¥ebdds 5 DOGS (Transfectam di octadecyl apggo@byas sper m ne),
DOPE (1, 2-di ol eoyl -sn-gl ycero-3- phosphoet hanol ani ne), DOTAP

(1, 2-di ol eoyl -3-trimet hyl anmoni um propane), DDAB (di net hyl

di oct adecyt ammoni um br om de), DHDEAB (N, N-di - n- hexadecyl - N, N-

di hydr oxyet hyl ammoni um brom de), HDEAB (N n- hexadecyl N, N-

di hydr Oxen@idiyd ARBPRIGHRY Rt thlederm RAISYIILE YReifiOlig RS i fchdtb@tiedbpe) (PElI) and
the Iike. 10 These non-viral aégeg]r:ts hav%gtfeﬂe allgdvant age th%?ithgy facilitate

st abl e Tesrpgr e thowll srfaeefdepeasing cellpieh asdbrekitlégend erepdificatiopp therspl at e genone,
W t hout siz St Ld.Cld Q{ETQ i RTERVERICH ived
transfecti ng)t%geé{%fggédTﬁg& gegr '%?éeﬂigggﬁ]b?eﬁﬁs'pwagaﬁgdeé&ag?%%n’ref ers to
sper nat lipfaan(ne, OIMRHRCeSupefifet, @) Eifectid (diege), opifetitahaxgfraioupOdMé\, t her eof . I n

fet ope ri.oprdial .germ.cell.s.a thought to arise fromthe
enb%oﬁ?@géc(ﬁgﬂgéq%&aﬁgg@?%? "g)gg(c%sengﬁm?% PﬁgE é(g’lz’tdhogﬁ(’?{f]sﬁiggﬁn erto'r%”é endoder nal
yoldkdsaiﬂwqmoéﬂlmﬁml&&irﬁ), a@le).na@gI Q[I]Z-Hfdﬁ’oﬁ-?ﬁlhi&ﬁthﬂlaﬂ fnaﬂl | iemt pEcpagh tlmmmn ndgut
endoderm to the genital rjdges. In.t exua ture nal e vertebrate
ani mal , (dimcdpk af%l%c?@sv%m{uy*pei&%mde)ce| At é{ﬁgﬁbﬁl-@e&aﬁe«g ALt

sper mat grapxydfd Whi GhmGidin Pe OBbflderal | yumedef | ed Nnindekadiypgnthe
primtive sperrmatogonial stemcells,” known as A0/ As, which'differentiate

i nto tyydRxpahydasemonivm Geniide), pphdrenat arerohieinidniningdi PEB raadtthealike. t 0 form

i al yTh%Pe%o”RﬁirQF%%xﬁ? havgﬁ'xg a&%%ée {fat t%%c(ﬂﬂgg %gﬂ?{n%%}aﬁmp&% efic during which
hontl ogous chronosones pal'r and®teconbi ne. ef ul “precursor cells at
sever al DM@ rspdvehdeg intathe denablanppeanhg lwithbetgie retriztiedssomeioslyiasgrinshabl e:

pr el ept ot ene 3£)er mat o% tes, |eptotene spernatocytes, zygotene

sper mat*BEiEsdenysd [ASEHIE 28Wr nat ocyt es, secondary, spermatocytes, and the

hapl oi d spefrfiBicif Smald B@m! @i A uitB UL eferR 1 eliRizod®E PRARE @ah&ed) changes
during spermat ogenesi s, includi 281 t he reshaping of their nucleus, the

f or mat ian# dgrelepsrengb riscursoryd thawafend Jetad fdeviiepmess. [primpilial feepm celsh@ifiges in t he

t i _ t [ e oY t of th
Spefﬁ,tﬂ&pjgﬁnto (dris€ ﬁ'*ug% %%@O%od%@é%?@ Ln%ctﬁst'sgen 19%&9%%4{%#&%{ @t O €

fena ror to erm “transgeni as used
her ei n enéfdemsal yalk savyat tha Efradage. fr@h deshey mipra@vireuph techidduintigde@®05 WO
02/ 0632&? 316 zgl;t/alur%?g%s{ OI%LttheAéexually mature male vertebrate animal, there are several types of
cells that are precursors of spermatozoa, and which can be genetically modified, including the
primitive spermatogonial stem cells, known as A0/As, which differentiate into type B
20  spermatogonia. The latter further differentiate to form primary spermatocytes, and enter a
prolonged meiotic prophase during which homologous chromosomes pair and recombine.
‘Useful precursor cells at several morphological/developmental stages are also distinguishable:
breleptotene spermatocytes, leptotene spermatocytes, zygotene spermatocytes, pachytene
spermatocytes, secondary, spermatocytes, and the haploid spermatids. The latter undergo
25  further morphological changes during spermatogenesis, including the reshaping of their
nucleus, the formation of aerosome, and assembly of the tail. The final changes in the
spermatozoon (i.e., male gamete) take place in the genital tract of the female, prior to
fertilization.

* The term “transgenic animal” as used herein refers to any animal, preferably an avian
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speci es, nost preferably a chicken, in which one or nore of the cells of
the bird contain heterologous nucleic acid introduced by way of n

i ntervention, such as by transgenic techniques well known in tﬂépiﬂﬁ(zggé
nucleic acid is introduced into a cell, directly or indirectly by
introduction into a precursor of the cell, by way of deliberate genetic 5
mani pul at iwos&eeh as by sperm nedi ated or restricti opcRipY R34 at ed
integration, mcroinjection or by infection with a reconbinant virus. The
term genetic mani pul ati on does not include classical cross-breeding, or in
vitro fertilization, but rather is directed to the introduction of a
reconbi nant DNA nol ecule. This nolecule may be integrated within a

chr oMDSQEEes, Rost! freftadly B&hRII GCRRRIBROIBhoY of 8R! Gl MO biMCondit the typi cal
transgenic 10 animal, the transgene causes cells to express a reconbi nant

f or m of hesgrolpgens nesifticotnd infrodysest Pipept pfhwman interventipra sechpas| by seapsgende t her eof .

Thg t er@&niqﬁ%ﬁ%{] v\%rﬁhr{ﬁel O'The HRIAL Geid 'y ngcladu [ SitoU> geclil\?\ﬂleré ?['y% to refer to
animalsin I'C e reconvi nant gene’ 1S FoumeE® O° ¢ Fen the

r econbi indirdetly Sy epodastadinion asgemrddtitof thotelpl By ey lof defibetdne gamticral . The term
"tissue-specific chinmeric anin%l" i ndi cat es that thg,%sne 15 is present
and ®xpt ORnsUSh S bY SErmdnediftrd plo fesichuy s mediafid HBIEBRIOM ¢ he t er m

"t 1 ans gaRfyinjdPEANG: b3 infetgibeivith @ EdeSnSiRMUERNE S ThEREPEHNRE mdniulatiGX@pl €, an

i mmunogl obul i n heavy chain, an inmunoglobulin |Iight chain or fragnments

t her eofnot dngide jclassical eogs-bigedingt ?rrféwtrm%rfémqsgbtusr?th@r. ig direqiesk Withn, to the

tr ansgep-Gauin ' 2donfbinant %N)Qtn?olé’gﬁlep h[1'1'ist mbl§culenﬁ1éxpgé"'fﬁ€e2rafe? lwithirPa hOUD ! ogous
to an endogenous gene of the transgenic aninal 20 or Ce Into which it is
i nt r odwbehosdmg, ontiindy bie Sxaebiogueshatlp rdpécating BiNtAe din tier typisalitmassgetied, i nto t he
ani ppl ' s. gen in such a way as to alter,.the.genqne .of the.cell into which
Tt R B ey causey o o SXurpE dbresimbp G DT AT RSO 11 om t hat
of the padipeptidt orgeaRar®polifeptiderlise@dol.i on results in a knockout). A transgene
can include_one or nore transcriptional regulatory sequences and any ot her
nucl ei ¢ aci dhe ErRsychimeng AR or “maspic appmal (7ae wed keseiiorelerip agigalsih  expr essi on
of 3 2miGPheCtAthiCARL & Bifdor if Which e Tooritillis AR f © uSed

i nt erchangeably hereih. Although onfy one ovumnmatures at a tine, an

ani mal nosalbeHnofithe dnireal f The tewn Tissespecdic chivmric imimall inditatspbatitesgensuch  as a

chi gken ovuh%éi heddi ng of an egg fromthe ovarian
u

1§ present ex%?és e\c'lmri %h itiss tshﬁuts otothe S
fol 1% cI"ePe5e AT EPRTEN" PRE "Birsy At pi ﬁ%tary gl and rel eases a | uteinizing
hor mone. Mapbiedfiedeln, tHe @@l ‘afaidganes tnidaks a mdliclRidldehyeneO@icodME) 02/ 063293
PCT/U802/0%454 . . . . o :

example, an immunoglobulin heavy chain, an immunoglobulin light chain or fragments

thereof, that is partly or entirely heterologous, i.e., foreign, to the transgenic animal or cell

into which it is introduced, or, is homologous to an endogenous gene of the transgenic animal

20 orcell into which it is introduced, but which is designed to be inserted, or is inserted, into the
- animal's genome in such a way as to alter the genome of the cell into which it is inserted (e.g.,

it is inserted at a location which differs from that of the natural gene or its insertion results in

a knockout). A transgene can include one or more transcriptional regulatory sequences and

any other nucleic acid, such as introns, that may be necessary for optimal expression of a

25  selected nucleic acid. _
The terms “ovum” and “oocyte” are used interchangeably herein. Although only one
ovum matures at a time, an animal is born with a finite number of ova. In avian species, such

as a chicken, ovulation, which is the shedding of an egg from the ovarian follicle, occurs

when the brain's pituitary gland releases a luteinizing hormone. Mature follicles form a stalk
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or pedicle of connective tissue and snooth nuscle. Imrediately after
ovulation the follicle becones a thin-walled sac, the post-ovulgiﬂr 2005
follicle. The mature ovumerupts fromits sac and starts its | &'

t hrough the oviduct. Eventually, the ovumenters the infundi bulum where
fertilization occurs. Fertilization nmust take place within 15 m nutes of
ovul ati on,wbob&bsnse the ovum becones covered by al bunpgagpudseids£g
fertilization, sperm (avians have polyspermc fertilization) penetrate the
bl ast odi sc. When the sperm | odges within this germnal disk, an enbryo
begins to formas a "blastoderm or "zygote." The term "donor cell" is used
herein to describe the source of the nuclear structure that is

transpl @rf}k&i@leto@ c&rms‘cnw@ﬁés% StsnBOH GhRAL CBnfetlaRB A8} ovublibn @Rlbificief nor mal
karyotype, 10 including enbryonic, fetal, and adult somatic cells, and

furt herchmttswdhmgvaﬂ@l fas, thenpagt-ayulatonciohicles (The matureegyup erupliciiamits @onor s. The

use of n SC S d by

Ci bel | |"‘m Stt allgjoq%géﬁrg@| tgﬁgg%gog%ﬁggﬂ%eg?we&&g%%lgﬁg@:';d[l)l?gnt cell" as
used hewlsire fertiifzaticn deours. h @emilizatibe atustdtakeepliqei wititin ¢ 8 Infinutesi efodvuldiiong but  not
lim enucl eat ed net an _epucl eat ed

unac% Sté"&oéﬁ%el%’“@o%?%es °8?"°r%fﬂ£)ye%ﬁ%@aﬁéﬂ’“ﬁrfo‘@@%\/‘&ts&fpﬂo 1a?seﬁj'a nucl eati on
may be paspimlc Shidatioy) §¢Hetr5té ithegblbdiatiscel Whemtha dp&ﬁn/ﬁﬁlgesbwﬂaﬁ phisat i ng t he

nmet aphase plate, pronucleus, or pronuclei; by irradiation; or by any means
known t&sBiRd disk, aéreﬂﬁbﬁ’albﬁgl%gl%?f"lrmfiﬁa thipstodsT” P AYEH ovi des a recipient cell

no longer caft ghfifdhof LuNetd QRRherBiH G ﬁé%EntQQE\@iduﬁe BR R mudlbar Wiidn@e F €MRI Ni NG
suitable for accepting donor genetic nmaterial. For exanple, one suitable

rreans fibat iereusplaated ity the rewpient 2oucieated reioplgstt Al palls f eeeral KemoRs i on i
QUI dd) h%&ﬁd% e§r§1 Eﬁ%dfe gﬂcli %cﬁx!lt%fi:hﬁﬁ c(:lls %Mﬁ-)e n\éﬂhﬁ% celfs?qg yléi%st?&'i useful to

nUc e term Tknock ers to an
ani mal st tmay e rrivelsar alosque ¢ The osemfcioa-lqmemtatellsyesqmelmelos@rs lhasalseem " knock-i n

ook s Bhei ot TORGte 18 BohnC et nods of T econbi nati on, such as

25 honol ogoyge Ee@ﬁo‘l‘ﬁt&;ﬁﬁaﬁlc@]ﬂ" asT QRdIRAATRIfMAL AR aNeBited @iplensesl, r epl aci ng
all or part of a gene of the aninmal by a functional hopol ogous gene or

gene senuding bt nojdistitad o aasnyplted mgjaphage kon H oogds at eugleatRhgRRIMKd sequence i s
2 e B I RERPEE: DEBNOAD AP e 00 v Aalohelbohge S, | 1 L
WO 02/ Gb3288 lﬂmaU*ﬁﬂzb)O zqﬁﬁtmg the metaphase plate, pronucleus, or pronuclei; by
jrradiation; or by any means known to one of ordinary skill in the art that provides a recipient
cell no longer containing functional nuclear genetic material while remaining suitable for
accepting donor genetic material. For example, one suitable means for enucleating a cell
20 according to the present invention is two-photon laser-mediated ablation (“TPLSM™), which
is further useful to guide mechanical enucleation.
The term “knock-in anima}” refers to an animal that carries a specific nucleic acid
sequence such as a “knock-in sequence” in a predetermined coding or noncoding region,
wherein the knock-in sequence is introduced through methods of recombination, such as
25  homologous recombination. The recombination event comprises replacing all or part of a
gene of the animal by a functional homologous gene or gene segment of another animal,
where the respective knock-in sequence is placed in the genomic sequence.
Abbreviations

Abbreviations used in the present specification include the following: aa, amino
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acid(s); bp, base pair(s); cDNA, DNA conplenentary to RNA, nmRNA, nessenger
RNA;  tRNA, transfer RNA; nt, nucleotide(s); SSC, sodiun1ch|oriﬂ§§ﬁopi26b5
citrate; DVMBO, dinmethyl sulfoxide; TPLSM two photon | aser sca

m croscopy; REM, restriction enzyne nediated integration; V region,

i mrunogl obulin variable region; D region, 5 immunoglobulin diversity

regi on; J wegyeszesi mmunogl obulin joining region; C regiRisoyodagirunogl obulin
constant region; mAb, nonocl onal antibody; WEFs, whole enbryo fibroblasts.
Reconbi nant i nmmunogl obul i n-derived nucl ei c aci ds and expressi on thereof
Nucl ei ¢ aci d nol ecul es encodi ng i nmunogl obul i n pol ypepti des of the present
10 invention can be incorporated into cells using conventional reconbinant

DNA t echiagbey,- baseT}sher(sI}%qm CDRE ic8mPRh&dH & RNAOHRMA, dksafder RAGY. or

f ragnent t her eof , be inserted Into _an expression systen1to mhlch t he
DNA nDI§€ﬁ$eﬁﬂ§ﬁhé@%ﬁoNoQ@ﬂ%ﬁ@ﬂ@eSSﬁoﬁm%wﬂﬁﬁhﬂ?¢%ﬁ@§bﬁ$ﬂe DBEY0:expr essi on
in het eﬁﬁie&gp's’lﬁfoﬁﬂ@t ePEsM! B ﬂﬁcﬁ{ Rbe? ARMRinENRicPRLd ??UREM'I SrebtRGiht €d i nto the
expression system or vector proper sensé orientation and correct reading
frame. @igeme aotdiated] Mtegoativsi Ns raghee, nmmbyhrelvem@m segfant I hregiemanscri pti on
and transl ati of the inserted GEeS Pat ent No.
4,237, Zﬁﬂmpgg gnmg%%w ove igh; ?'ﬁﬁléh I's %ﬁﬂLyg?ﬁggq%%réI%dH%§l ref erence
i n its minrhunoglbulin desistant b egiohh en Ay, adoiot lomih m:b@aiypr\EBm owho&ysmbws in the form
rghﬁgb$nant pl asm ds using restriction enzyne cl eavage and |igation
mnth #%e. 20 These reconbi nant plasnids are then introduced by nmeans

of t 1 angipmbMbs sl s Rl de Rl bkldibacidd dhg Blpheddidd thépdst Ur es i ncl udi ng
prokaryotic organi sms and eukaryotic cells grown in tissue culture.

Mor eover, i tNuelsiccenid éﬁzﬂ#rcake&cpnmnselwnﬁelﬁbtﬂrnep@!@eﬂél%fo tthe Pl ent _
: EVFT‘ t ' 910 okiQf czﬁ'n% inddrfo 3 iR Qs 8O gn&?ibcg:ﬂalaﬁre\éﬁﬁl%lﬁint m"\@c%@o%}gose of skill

e art suéh as V|ra vectors Ing viral expression Vectors. 25
Ant i bodiiherxeﬂc]aiceldtd muddcele enading asaqﬂneahmrsa fopmeld theveaf,imay bennsentadnutat ed vari ants

t her eof be intro s sych a va cini.a vir Met hods
P A s R e A S s e I T 8

I Munogi@ipresiiod @l haegbgols syletis, aRehetgsogdus DNAtmedmnhmedlumtmsed in US.
Pat ent Nos. 4, 603, 112; 4,769, 330; 5, 174, 99 ? 53 338, 683;

5, 494, 8WICS%°W§GYB2'8"CC‘P%|P§?PF¥ sense 0“‘3%’983“ 8&"“ g framg. Jhe vasigr ~ g3

11349- 11383 thedtecesshry HlifendORP the Y BrdtoR ggcpﬁanagtﬂnw Bsded protein-

coding sequences.

U.S. Patent No. 4,237,224 to Cohen and Boyer, which is hereby incorporated by

reference in its entirety, describes the production of expression systems in the form of
recombinant plasmids using restriction enzyme cleavage and ligation with DNA ligase.
20  These recombinant plasmids are then introduced by means of transformation and replicated in
| unicellular cultures including prokaryotic organisms and eukaryotic cells grown in tissue
“culture. Moreover, it is contemplated to be within the scope of the present invention for the
vector to be any suitable vector known to those of skill in the art such as viral vectors

~ including viral expression vectors.
25 Antibody-related nucleic acid sequences or derivative or truncated variants thereof,
| may be introduced into viruses such as Vaccinia virus. Methods for making a viral
recombinant vector useful for expressing an immunoglobulin polypeptide are analogous to
the methods disclosed in U.S. Patent Nos. 4,603,112; 4,769,330; 5,174,993; 5,505,941;
5,338,683; 5,494,807, 4,722,848, Paoletti, E., 1996, Proc. Natl. Acad. Sci. 93: 11349-11353;
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Moss, B., 1996, Proc. Nail. Acad. Sci. 93: 11341-11348; Roi zman, Proc.

Nat!|. Acad. Sci. 93: 11307-11302; Frolov et at, 1996, Proc. Natl g
Sci. 93: 11371-11377; Grunhaus et al., 1993, in Semnars in \fr l‘J fb/ D05
237-252 and U.S. Patent Nos. 5,591, 639; 5,589, 466; and 5,580,859 relating
to DNA expression vectors, inter alia; the contents of which are 5

i ncor por atwdohi@sesn by reference in their entireties. pRgg@sigyant viruses
can al so be generated by transfection of plasmds into cells infected with
virus. Suitable vectors include, but are not limted to, viral vectors such
as |anbda vector system Xgtl1ll, Xgt WES.tB, Charon 4, and plasm d vectors
such as pBR322, pBR325, pACYCl77, pACYCl84, puUC8, puUC9, puUC18, pUCL9,

PLG339, Mp280.1998KB3¢, N&DA@AﬁCSc@J% B\J4149L34931d;@@ﬁ;j>@& Nakl. BbdSci. 9nr KS +/- and
any derl vatives thereof., Reconb mol | es_can_be introduced into

cel I's vit B0 4HRs Bioloyeer g 19%?{?%”?‘!3146@# tgflaﬂ%d&%'{lr‘dﬁ'f? Grunhauseb ghon,
Tobi || 2884300 SeHfineR] FOVEMRGTIALI A2 R DNcRAUTSOREB! 58 Bt N0 the

vector using stand ar ning procedures in the art, as described by
Mani at i §,583,858] 1elatin® 80 DNy exptsssiopuvestorsCligeri ni the Lcamemtat@rvylumpmal Col d

Spri gsmltag&gtg&ﬁ) é‘nb;g%egen?é)hltl{éﬂﬁntmfepor 15 N Y., the contents of which is

hereby 1 nc erence Inits entirety. D|fferent genetic signals
and processmugorﬂaxmnt smusentamdalsor%genbrewélbs tcahsfqmnm oépkasrmssnm ceifse. g., DNA

transcription.and ne er tran n nscrlptlon of DNA
is depg‘ﬁ tw"?}p"d’f‘fs %&’?3[5’ e‘?&tﬁléén lfde "é) i?‘a"f"%g)t )V%l Vﬁc eaduence t hat
di rect smhiﬂ@a Ricid byyenoigt 1RM WES. wmlasma@d pligidekyoRr uEdsgBRIRYA synt hesi s,
20 Once the isol ated DNA nol ecul e g resent invention has_been cl oned

into anP 1&26{@%%\’%75%%%841 RUG%PU%%@VCE 1P RLEPAYPREAU PRAPD a host
cel g 51;1@@101 n§@a@q{sg1£es§@51§%k Peor €RHL hRPardUibrivivdsHEerdtR! RIS Of

transf ot mati on note dependi ng upon the vector/host cell system
Reconbi mahculﬂxpmeésnomdusﬁdt ot celbsn visetreisfimyatiod, berticularty Gapdestisn.on of t he

ggﬁ g? ??Eﬂnfugg%rg,? ¢ eorllln 3 E(!ng PE & Lfeﬁ:?gl}l a%tlgg e | [Bl\si se%zler%cgs are gigne8 o I F@%ec?o? npri se

Fession of "elther fusion
or non- figitgi Samdped odleninps proddtuas i) ghie Cat, ued&mnlie,d by Miﬁiﬁﬁﬂ’ enfl., 1982,na aci ds are

usually added to the expresse ene sequence .syuch a but not
i mi t edMolesrlarLIpning: &} fa Hx'g’éf"éfﬁléﬁ%@“"’?&%]"?‘{ r&gé&?}i??ﬁﬁ"ry’Ag%égP%F BO%¢| eavage

si t @5 may vf Uhd Qglentd 6 WIIEH 19 H44858 GncobraRRd BY feferdhd MBS @ntlr&? target recombi nant
protein and the fusion sequence. Additionally, a 23 19 July 2005 WO

02/ 063293 P@rﬁfeug@ pengeggnals and processing events control many levels of gene expression
{e.g., DNA transcription and messenger RNA (mRNA) translation). Transcription of DNA is

dependent upon the presence of a promoter that is a DNA sequence that directs the binding of
RNA polymerase and thereby promotes mRNA synthesis.

20 Once the isolated DNA molecule of the present invention has been cloned into an
expression system, it is ready to be incorporated into a host cell. Such incorporation can be
carried out by the various forms of transformation noted above, depending upon the
vector‘host cell system.

Recombinant expression vectors can be designed for the expression of the encoded

25  proteins in eukaryotic cells. Useful vectors may comprise constitutive or inducible promoters
to direct expression of either fusion or non-fusion proteins. With fusion vectors, a number of
amino acids are usually added to the expressed target gene sequence such as, but not limited
to, a protein sequence for thioredoxin. A proteolytic cleavage site may further be introduced

.at a site between the target recombinant protein and the fusion sequence. Additionally, a
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region of amno acids such as a polyneric histidine region may be
introduced to allow binding of the fusion protein to netallic i%pg Fug@ g§
ni ckel bonded to a solid support, and thereby allow purificati v 0
fusion protein. Once the fusion protein has been purified, the cleavage
site allows the target reconbinant protein to be separated fromthe fusion
5 sequencewoieyi®es suitable for use in cleaving the prpifgbNi C cl eavage
site include, but are not limted to, Factor Xa and thronbin. Fusion
expression vectors that may be useful in the present invention include
pGex (Anrad Corp., Melbourne, Australia), pRI T5 (Pharnmacia, Piscataway,

NJ) and pMAL (New Engl and Bi ol abs, Beverly, MA), that fuse gl utathione S

transf ee@s® of RinfoCicllls AuctOks mw@&ﬁ; EstRifedlefion BlaplRiirodi@8ReGlbwel Y, to the
target reconmbinant 10 protein. Expression of a forelgn gene can be

obt ai nekindirg @fghfemalanmtqnttorm%%lh%@m gick pepicked bepdedite a sobd pupported yse of
eukary }hﬁﬁ onal

nodi fi g%%rl h&aﬁo g{ﬂéngutsigghf Y, g?@cgggmgltg llt' grr?&gﬁﬁ tgééﬁﬂﬁk ﬂ‘%dor mat i on of
the rel th@/ahavagmtsm allqws the MgeaI@hlablnanﬂlpsmm itel e [sepachted Porargs fisionf vectors

bl cieilendy it bl i e BORSE0 oS Bhpstd SepBbe AR e HiPw EPORC

i ncor pafoatigtieder Bictor By andetheirdinc Fukion expsesdod var@tsythat angl be osefdircthal vect ors

f lrjggs? }%ﬁ%ﬂ%@%ﬁl g@ﬂ‘ &’Hﬁ%ge %&‘?“%‘%W@#‘ﬁt P%ﬁaé O%hacgaf?l Inucl eic

aci d engedi:Rgy, NIfaddl pMAE (NP Efkild BiblabsTBEVRAE MAY Imanﬁia@lgmemnb ges into a
cell is by use of a viral vector contalnlng nucleic acid, e.g. a cDNA,

encodi rignsferesegpratsinh orruraliose T biading grotes reseactieeliite e sargst respmbigd or has t he
adVﬁp ?g Bhat a large proportion of the targeted cells can receive the
nucl ei ¢ aci Addi tionally, nolecules encoded within the viral vector,
e.g., by a Eﬁlmssmonf aforeagh gere qatnbe ohyained|using eukaryotichost celiyruelsasauiaef f i ci ent | y
incells, th have Vi r vect or cleic Vi rus

vect or & ghdagﬁeﬁ% %i% EV%F:B%IC E‘pmg% éﬁ ?é“ﬁghgr3?$§%ﬁ£¢é?§tood to be
the rechsdXicandt sutleREhul abtion T g{ycswfdtleﬁrhﬁﬁ’or@l’(mbmuémf tlicheletaneinef-@f of

het er ol ogous. genes i n viyvo. $se vectoLf provi de, efflc é%fellvery of
genes i chaiidisulfidg hends. hExaerwéﬁ%g WIS IOB ProTetiTa theghick 4 i ntegrat ed
| nt g5 t Ne e ONRS PPESe PN P Ballifie oS 198 7ReR B N Nbo-b 8, iRVichidiks G&N be

constructed whereirn the retroviral codlng sequences (gag, pol, env for
exanpl eyhitkais éndomerated- prein] by gafdrgne@ @roBs eINEF1Y) 2810 GIRIECRCTYCISDSUCH 28 5.4

pYES2 (Invitrogen Corp., San Diego, CA),

Viral host cell transformation
A preferred approach for in vive introduction of nucleic acid encoding one of the

20  subject immunoglobulin polypeptides into a cell is by use of a viral vector containing nucleic
acid, e.g. a cDNA, encoding the gene product. Infection of cells with a viral vector has the
advantage that a large proportion of the targeted cells can receive the mucleic acid.
Additionally, molecules encoded within the viral vector, e.g., by a cDNA contained in the
viral vector, are expressed efficiently in cells that have taken up viral vector nucleic acid.

25 Retrovirus vectors and adeno-associated virus vectors are generally understood to be
the recombinant gene delivery system of choice for the transfer of heterologous genes in vivo.
These vectors provide efficient delivery of genes into cells, and the transferred nucleic acids
are stably integrated into the chromosomal DNA of the host. Recombinant retrovirus can be

constructed wherein the retroviral coding sequences (gag, pol, env for example) have been

-2 -




repl aced by nucleic acid encoding an i nmunogl obul i n pol ypepti de, thereby
rendering the retrovirus replication defective. Protocols for ﬁrogug}aﬁ
reconbi nant retroviruses and for infecting cells in vitro or i Y DR
such viruses can be found in standard nol ecul ar biology |aboratory nmanual s
such as Current Protocols in Ml ecular Biology, Ausubel et at, eds., 5
1989, G eewgofssidos shi ng Associ ates. Exanpl es of suit aptpudeebsivi ruses wel |
known to those skilled in the art include but are not limted to pLJ,

pZl P, pVE and pEM Exanples of suitable packaging virus lines for
preparing both ecotropic and anphotropic retroviral systens include, but
are not limted to, psiCrip, psiCre, psi2 and psi Am Furthernore, it is

possi bl gpladl ByhclelchRid kg Qmm&ﬁ%wmnqiolyﬁsﬁﬁag%éré@%n@mg the0 _
consequently of retroviral-based vectors, by nodifying the viral packaging
pr ot ei n&treyirus fieplicaiign fdpledtivef Prasecols; fprprogugingi reqombingrigetrgvpsea eathfiite,  PCT

publ i Cﬁi&aﬁ@@e%@ f%%ln%%?%%va\(@laggc‘ia/r‘@ﬁ%@an R R s%éalé'é%l%culér@?)g%?m ents of

whi ch I ncor porate erence In thelr entiret . For
i nst ancleborgbny ahangile suchgs Quirent Ryotpéalscimt Molacuddr Ridlegy, Abatbtli gl spdsct r um of

retrovi ect .hnclude, but are neot .limted to, caqupli ant i bodi es
ool T A e B e e SRl PR G vl B B! ooy o
al ., 1?;‘3cﬂletilﬂiﬂ£e. ariNatlide Ve ark. noSgiinited g&ﬁ‘ﬂ, pBW, pWE /d \;}EQB?Exaiﬁﬂle’smfet al ., )
1992, Virql. 73: 3251-3255; and Goud et at, 1983, Virol ogy 163: 251- 254);
or coupﬁuifﬁﬁe PaI<psing, VU Hoss; f9n REFpang batl egotiogic e\ AmRhGIRNG EMOKEla et al .,

1991,  JoystBhOneluddhe e n@ﬁﬁ?ne&ﬁﬁf}é?cﬂﬁ} %ﬁlﬁ)eﬁ fﬁf@aélﬁ ?_Elhﬁxﬂt s of which are

incorporated herein by reference in their ireties). Coupling can be in
t he form of Fuithermdrenit cialpossitds o |limik theginfictign speplrum of rretervirbehend 20 noi ety

(for, ex I ' ) | 1.Ng: . t . v protein to
1o © SRR Sn? U MG CRUDLIDR, 7 LRRIAE I3 ol ABERK Sldhcthh BV P

(si ngl esudtixai of that vitab ghgrtiela (sdey Soroexamplep PEIT nsublidationse Walm9B23234TAW@ t echni que,
whi | e f to, |.i.m of herwi se_direct. the.infecti,qon O certain tissue
oes, R0, bt IO Y34 Gh S B KB bl O pR R B E  seamhot 1 opl ¢
vect or . thdyPERIPNRSE), RS ehsBhce! Sitafe@iéh Fatl th Mid@ifiekeibh VLY iffedtioR 8pdctih gr enhanced
by the use of 25 tissue- or cell-specific transcripti ona1J requl atory

sequences Yo irtude. ke satdingied &, ceynting pibpdissererificdoreitl Guaty an
; mﬂﬁ‘o%ﬁgﬂk L nP 9t @ﬁfbx‘io%ﬁlt(ﬁgmi Heu ! ﬁ}SQPy)GE.qJJQINQ%QSC?., 39t fiLioy.ral gene

del 1very System usefu present 1nvention utilizes adenovirus-
der i ve®08Bdulan e alTHE9% dfirohy 30325432 %d end Govdig al.atP8BeVineogypiéBalded such t hat

7O o oS A RS B e kSRS M AT b 35
PCTI USQeM 22664 14143-14146)(the contents of which are incorporated herein by reference in their
entireties). Coupling can be in the form of the chemical cross-linking with a protein or other
- 20 moiety (for example, chemical coupling using lactose to convert the env protein to an a
sialoglycoprotein), as well as by generating fusion proteins (single-chain antibody/env fusion
proteins, for example). This technique, while useful to limit or otherwise direct the infection
to certain tissue types, can also be used to convert an ecotropic vector into an amphotropic
vector. Moreover, use of retroviral gene delivery can be further enhanced by the use of
25  tissue- or cell-specific transcriptional regulatory sequences that control expression of the
nucleic acid encoding an immunoglobulin polypeptide of the retroviral vector.
Another viral gene delivery system useful in the present invention utilizes adenovirus-
derived vectors. The genome of an adenovirus can be manipulated such that it encodes a

~ gene product of interest, but is inactivated in terms of its ability to replicate in a normal lytic
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viral life cycle (see, for exanple, Berkner et al., 1988, BioTechni ques 6:
616; Rosenfeld et al., 1991, Science 252: 43 1434; and Rosenfeldi&t aﬁ
1992, Cell 68: 143-155, incorporated herein by reference in t hé ly 2005
entireties. Suitable adenoviral vectors derived fromthe adenovirus strain
Ad type 5 d1324 or other strains of adenovirus (e.g., Ad2, Ada, Adz etc.)
are 5 wel lwkopwtee 0 those skilled in the art. The VvirpsSrpasbdsgl € 1S
relatively stable and anenable to purification and concentration, and as
above, can be nodified so as to affect the spectrumof infectivity.

Addi tionally, introduced adenoviral DNA (and foreign DNA contained therein)
is not integrated into the genone of a host cell but remains episonal,

t her ebyyiay akciylg (RO EMNixhRple, ;Q!é 8B, m@ B ARhRAGEY &: @fﬁ ﬁoieﬁfewl & of
insertional nmit agenesis I n si | OI’IS ere I ntroduced I0 DNA becones

i ntegr aﬂ_ed9?1n§@€ftch85%d§t14@eﬂ@d@%d§££ﬂué9%)¢ﬂfé3 1BMAY 55 lﬂVB@t’ra@épl i cation-
def ect Ne‘?en?qaﬁn{%i’&erné‘é ﬂ%ﬁroé 1regx\=!§ r eﬂl‘it%ﬂ%fe | aBendvith] %&?ﬁi‘cﬁe%@%d? r%rgﬁn @4‘” ed by the

present 1 nvention are or parts o and E3
genes badenovirisdtminagl tppechil 324 o8GRerairaindrd adeadweme(ﬂ g, a&ng&dﬂeﬁﬁ%etmm@r ial (see,

for gxa Jones et. 197 Cel | er et al supra; and

& anm B Glown i ERserki e R e i oI S v S fdmsrbiedy *“8097

\é0| .7, %L&iﬁcafiifan aﬂ@&n&eﬁt?at(olﬁibﬁﬂiﬂ Aflabold, ichrt @ modified.sh as whifed tl]?:rsﬁedtrﬁmmf por a’aed
erein by reference jn.t entireties. Expression o e inserte

nucl ei cinieidyeAdtipnaty: o ‘F‘Fﬁ‘ﬂji‘f%‘?"é‘ﬁ\m‘ﬁ (@Slf‘ifﬁ@b Néé"“t&‘ﬁ?ff B"ée‘ﬂ%‘der control

of , T Or,RYAERke intd AR gﬁiaﬁaegmmt @e,rn, buz RE B ENomaB ihereBY ARRER polchid?) and

associ at ed I'eader sequences, the E3 pronoter, exogenously added pr onot er
s equencmblermhat cathecc dg @ resaly ofmﬁermnelt thatagendsisan sipedions wherp datwdvagd ef ul f or

del jyernRfuooil i FEA0R 4& , RS Rh L (Gl BOAS 542,&0@1,1%@ Veot or s

i munog! obuln "po associ ate
cont ai ndefigtivesadenovirdl ereaars Bﬁlfbnhﬁaeusp and theeforeRAVbreiby the ppsak agedioand can

integrate. het imted to abo e kb. An AAV
vact o e B HRORE ol OF pretl el M Oual Bl Sad B wiks hirdpiin s mogBgokba g Be ot | et )
51 32514ddmRfal Gaktid Ratdff Psek, Q‘m' dxbmple Ueses NA, ll‘ﬂﬂQOCéIﬁid 683; gérkﬁer\éﬁill ety of
nucl ei ¢ aci ds "have been introduced into different cell pes usi ng AAV

vect or ssupras end, Grakam elyah i Methogsein dielequlap Biojgey, E. Py Murrangd ) | ] Ihcwd. > Sci ., 1984,
t t s 2081
( 19 ) %%Vﬁgid?zgf Lﬁa?'@g dl’? lslég whu%\i}[)%@ HIEW@I()rate% {em @ f%kerenée P fhék-

OCri no 2-39; Tratschin et
al ., 198d4retics. Es{pnesslion&f theGdstrt@ilOiclemradid Ehakding aenmlauqoglbbﬂﬁl powpeimdol Chem

268: 3781-379 i.n orat%%l in b refere eln entireties. -26
1o ul P B ek o R s e LS iy 1 G IGE plooler Be) 3
associated leader sequences, the E3 promoter, exogenously added promoter sequences, and

the like.

20 Yet another viral vector system useful for delivery of, for example, the subject nucleic
acid encoding an immunoglobulin polypeptide, is the adeno-associated virus (AAV). Vectors
containing as little as 300 base pairs of AAV can be packaged and can integrate. Space for
‘heterologous DNA is limited to about 4.5 kb. An AAV vector such as that described in
Tratschin ef al., 1985, Mol. Cell. Biol. 5: 3251-3260 can be used to introduce DNA into cells.

25 A variety of nucleic acids have been introduced into different cell types using AAV vectors
(see, for example, Hermonat et gl., Proc. Natl. Acad. Sci., 1984, 81: 6466-6470; Tratschin et
al., 1985, Mol. Cell. Biol. 4: 2072-2081 (1985); Wondisford et al., 1988, Mol. Endocrinol 2:
32-39; Tratschin et al., 1984, J. Virol 51: 611-619; and Flotte e al., 1993, J. Biol Chem. 268:

- 3781-3790), incorporated herein by reference in their entireties.
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O her viral vector systens that may have application in the nethods
according to the present invention have been derived from but 0
limted to, herpes virus, vaccinia virus, avian |leucosis virusﬂ?LﬁHR/5005
several RNA viruses. For exanple, herpes virus vector variants may provide
a unique strategy for persistence of a gene of interest expressed in cells
of the cenybatoeshs nervous system Non-viral expressi Opoweabehs Mst
non-viral methods of gene transfer rely on the usual nechanisns enpl oyed by
eukaryotic cells for the uptake and intracellular transport of
macronol ecul es. In alternate enbodinents, non-viral gene delivery systens
of the present invention rely on endocytosis 10 for the uptake of the

subj ect nuclothes vaglivect@g Sk tBat dhy BVELHRAIh @R iH2 sRAAMP 8REMRS thihe t he

targeted cell. Exenplary gene derlvery systems of this type include

| i posonRFschidpyeyden baks aved dggived,iony. bufare pet ligdied togharrss virgmepcaipieivitisi al i r al
envel op. - e0r, te gg?p { f : i ion, a
nucIeicﬁﬁﬁﬁﬁﬂg%?@g?ﬁ§§%ﬂﬁaﬁ%%§#og bggﬁﬁﬁhggﬁ?ggﬁ?@%géﬁghmﬁgﬁgﬁ%rapped in

| i posongrevigreaniqug sisaiedy tfonpersisieagegpd s gens of intarest expssedinf celieof(tles ayntyal | | pof ect i ns)
and gogkkgggﬁﬁ%% whi ch are tagged with anti bodi es agai nst cell surface
antigens o e target tissue (Mzuno et al., NO Shinkei Geka, 1992, 20:
547- 551Non-P@Texprestionoatrioron WO 91/ 06309; Japanese patent application 1047381

and Eur opean, pat ent uplication EP-A-43075, inpcorparated herein by
reference i ﬁ@r@iﬂf‘"f h@f%‘f Sbagns iy eﬂal?ﬂmaﬁamflnseﬂ@é%d _E& i very
Syst em guRiHptic S8k AR tRNIptRO N BEraceRllhr FSfoRACE madPmbiet@td Thhdbmits
cross-linked with a %ene bi ndi ng agent such as pol ylysine (see, for

exanpl embogigents, fopivirah sepmdeliyy ggtens 1f the mgyen apvepipaerely\go egdoeyiogs 6, WO

92/ JO748, 1@REaMD 2LARLBRINER BRSHEH HETE! T
entireti lZas) ) i;tl t wll a%o tgg cappreci atg‘gaftlél ’%}ﬁ%lt%éﬁll%ﬂfay%@t f?(gaelﬁi lj\l/létgry of the
subj ecttargeied edle Heemplap st ddivery\sysieme o fisotyperadtivdt digommdbdgrivedi s can  be

i mproved usi ng. agents. whi ch enhance escape of a gene fromthe endosona
structJ?%%ﬁ*&gyﬁ%WE?WQ@gﬁégﬁgaﬁgﬁgw*§8H%€P?US or fusogenic peptides of the
i nfluenza Hh gepesdptadciigibotiaitnt dfehdimrednEisvenadr, a @licléib acid eddodlifg yn system t o

i nduce efficient disruption of DNA-cqntaining. endosones (Milligan et al.,
1993, SEEREPLYlpPolpsEide paipesntrapedin lipospoigp bearinggsigiye chatggsion theihd Chiri st i ano
et al. s_u&&%%e.EP i) ﬁﬁ%%%ﬁdnﬁl rmhaarsqaf@@d GAth aBMboaRk BEANE Gell N their
entireties). 27 19 July 20 02/ 063293 PCT/ US02/ 0245
surface antigens of the target tissue (Mizuno et al., NO Shinkei Geka, 1992, 20: 547-551;
PCT publication WO 91/06309; Japanese patent application 1047381; and European patent
publication EP-A-43075, incorporated herein by reference in their entireties).
In similar fashion, the gene delivery system comprises an antibody or cell surface
20 - ligand that is cross-linked with a gene binding agent such as polylysine (see, for example,
PCT publications WO 93/04701, WO 92/22635, WO 92/20316, WO 92/19749, and WO
92/06180, incorporated herein by reference in their entireties). It will also be appreciated that
effective delivery of the subject nucleic acid constructs via receptor-mediated endocytosis can
be improved using agents which enhance escape of a gene from the endosomal structures.
25  For instance, whole adenovirus or fusogenic peptides of the influenza HA gene product can
be used as part of the delivery system to induce efficient disruption of DNA-containing
endosomes {(Mulligan er al., 1993, Science 260: 926; Wagner et al., 1992, PNAS 89: 7934;

. and Christiano e al., 1993, PNAS 90: 2122, incorporated herein by reference in their

entireties).
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Transgeni ¢ birds Anot her aspect of the present invention concerns
transgenic birds including, but not limted to, chickens havinqﬁgh bg @b
one transgene and that preferably (though optionally) express t u ? 5
nucl ei ¢ acid encodi ng an i nmunogl obul i n pol ypeptide in one or nore 5 cells
in the animal as, for exanple, the oviduct cells of the chicken. In

enbodi nentwoeiosshe present invention, therefore, thepewpsiesssson of the
transgene is restricted to specific subsets of <cells, tissues, or

devel opnmental stages utilizing, for exanple, cis-acting sequences that
control expression in the desired pattern. Toward this end,

ti ssue-specific regulatory sequences, tissue-specific pronoters, and

condi t i gambgene@itlisat ory sequences can be used to control 10 expression of
the transgene in certajn spatial patterns. Moreopver, tenporal patterns of
expr essi on c%wtfﬁéasa%e% @saﬁw} IV EHioR SRS ransgni b s o kB tnat i on

Syst ens EmREP 2 bMEkehs havindd 36t die | (RRGknd £ UhAtpRiritatie AHARE ptiordild t he | ke.
Condi tional transgenes can be"provi ded using prokaryotic pronoter sequences
that r BEsE iepubRE mydeir é°16ﬁm°éinﬁ§“t1@m5@g§lib%ln PRAYPERSSS iBRpT BsBRE t O

faci kit iR iPAPLERS] AMroPhaldiR, td BulfABIRSH e ABERALPLHARRIER tN
prokaryotic cells have been extensively characterized in vivo and in vitro
and canpiggent iswuiiidny thewfore tHeakpression optha tansgdne mréstricied yo posfi¢ subsetagdst r eam f rom

or wthin,.a gen St ard techni ques.. Such.operators conpri se pronoter
Feqi ons it SE iy A YRS ERR B e S ARG MalBRRY, 7o o o and
I epr essedpiessiéN i B degire® phtferd. NFoRpdrthis @hd, tisa@ispatifiel refullRorl @¥heges)le of E. sol i
to which the LgéA polypep%ide,binds. Q her exenpl ary 20 prokaryotic

regul at G1Y-PEG e REEEIEN #of Hfanditple SRUAMMNEF T eRTscaace Y iAOpFDkar yot i ¢

Pr ot @i Nepreddibh Of fe! RRGEnDI Bt syl pRiG@SNNRiotedvdy: Rmphaf pierldr 4, 833, 080.
Transgenic ani mal s can be created which harbor the subject transgene under
t r anscr ¢Xprassenadan & proriged bif, fox epamae consiitiopal recenbiapion sydtents, prokatyticappr eci abl y
activat . ' e] eeding of this transgenic animal wth
anotherE%%&%%ﬁﬁb%g¥8%¥g?@%ﬁ%béﬁﬁFl St t he correspondi ng prokaryotic trans
25 act i vat orConditionak tranisgenesCtan it provided fusinp @rakergdte @omctedsequenioditlig an

i mmunogl obul i ol.ypept.i de.. Mboreover, expressjpon of a conditijonal

{1 ans QoG OB AR By GRAUVPHEF SERrE RORBIEPERtH B8 descri bed
aboye) iheseRd. NOFrAR N SreRACIA JiokBrybiteelld 1S bRR biiMRIVEIR GhicRiiBédin vBeJ. A

reconbi nase or a prokaryotic protein, is delivered to the tissue and caused
to be esvfrewgeand caybe Feagidy manipplaied to plagy bem yeayriogtiomynsasam fgmg 019 July 2005

WO 02/ 0\@1@1%9,% ggrglyylstllﬁgn?c{ tga'lﬁﬁﬂes. Such operators comprise promoter regions and regions
that specifically bind proteins such as activators and repressors. One example is the operator
region of the lex4 gene of E. coli to which the LexA polypeptide binds. Other exemplary

20  prokaryotic regulatory sequences and the corresponding trans-activating prokaryotic proteins

are disclosed by Brent and Ptashne in U.S. Patent No. 4,833,080. Transgenic animals can be

created which harbor the subject transgene under transcriptional control of a prokaryotic
sequence that is not appreciably activated by eukaryotic proteins. Breeding of this transgenic
animal with another animal that is transgenic for the corresponding prokaryotic trans-
25  activator can permit activation of the nucleic acid encoding an immunoglobulin polypeptide.
Moreover, expression of a conditional transgene can be induced by gene therapy-like methods
(such as described above) wherein a gene encoding the trans-activating protein, e.g. a
recombinase or a prokaryotic protein, is delivered to the tissue and caused to be expressed,

such as in a celi-type specific manner.
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Addi tional ly, inducible pronoters can be enpl oyed according to the present

i nvention. Exanples of inducible pronoters include, but are not, Jinjt

to, the tet operator and the netallothionein pronoter which caﬂdoémyngﬁpéd
by treatnment with tetracycline and zinc ions, respectively (CGossen et al.,
1992, PNAS 89: 5547-5551 and Wal den et al., 1987, Cene 61: 5 317-327,

i ncor por atwdoh@t®s N by reference in their entireties) pcfdi@nedss,
Transgeni c-, and Knock-in Animals and Their Eggs Met hods of producing a

transgenic animal, as contenplated by the present invention, include
introducing a transgene to an animal using: a viral or a non-viral vector;
sperm nedi ated gene transfer; restriction enzyne-nedi ated i ntegration;

nucl ear tr angdd@ionallyliaduédid Gordflerd bbalbe amplbyed Ao RlingUs tha PrebepPinadbON
vi sual i zati on and | aser - nedi at ed. abl ati on; ovum.transfer; and

) optionally, )
the Ii kE?.camanStqféndélaég REPIQIPYS ARFiuds bub 2k 0k HpiteslyBu e HhRPRBIF n

pol ypeplieAe,tbndir¥meet WiaScaa e fedd thréatﬁﬁerﬂ LA SH8EcneHE bigt fongiCi d may be
secreted into the oviduct [unmen of the mature anirml and deposited as a

const i t wepectivelynfGosseme! alf, 1999 PHGE 893 1-6551 rrnd Waldes ef @b d 9%k Geteblanimal . It is
al so.co 791{59"6‘ - Wt : .0of the 15 present invention for
t he %et g}ré o’glguog&lra}tﬁqriu}%%&%gﬁ%@%cteE)kgﬁhéf)%gﬁ“g 's to be produced in the egg
yol k or Cloned- Heasganicrnaal Kaodknnasgening! Beir&pgs | n one enbodi ment cont enpl at ed

by the net f the,present inventi.on, | eak rompter. such as the CW
oY orter gt ob o BisE s skl Ee ep RrmaRRL o BRI g HEE, oF coci on o
t he trapsK@NRitrbduciiB Y wransdend @ adbdimalofsingt § @irdli @ SUeM-Oh] v tsgpamsgeni c avi an,

resulting in production of imunoglgbulin pal ypepi?iﬁrdes I1 n. 29 t he serum
Tr ans gempdated gean ansfesdaruciop gnayme-nsdiacd piegrafions neyclsar toster feldibge 1o | ay

€999y CRRA Bl Qzeiﬁi; %o-lrﬂﬂét@rla Qﬁtﬁeﬁi&eﬁﬂn h@ﬁ&;%ﬁ%&ﬁﬂ?,u Bisdmkifiel (ablatiod; NC! udi ng for

exanpl e, an I nmmunogrobulfin Tight or heavy chain, an antibody or variant
t her eof gvuamttattsfee, andkibe liket rlartbyease offmy dyian mthelowlagews immusoglplisyum of an

ani mal, according.to e present, lnventi . n ear. r via
t Wo- p ho{’ogwe?/tfdg l%l??l%lgp {i%ﬁ e'gcr? gedgbglﬁéet TG gér]%? ?‘X‘% gf {rJﬁJ%Frg{gé %R(g&lgdo nor
cont ai neviduct Risien @6 tHeahAio lanigal mdAdfositat asen canstittent temppaem of thesaggh as a DNA

encodi ng_at. | east one i nmunogl ohul in pol ypeptide. .One of ordipary skill in
the art "9 ntoggss bt by the "“P’érﬁ'gi ﬁ)}s Q&%Hﬁ"teﬂﬁfwgﬁ?i 6 ihin,the IS O{glei nsert the
deshﬁed e ANRAE0A6M FRHR ReBRolSRROMR b bNEn pBiyEdpBdds t6l@P@fodiell & theO 1 nj ection
of the %uclear donor into the recipient cytoplast, or prior to fusion of

t he nuctagaolkdermiothessiym @f ¢ fransgeniq addnpi larpne eabedimens condsaaplgieeby Wevect or t hat

cont ai nr%etho_d2 gf t]ig p‘;é'ézlar)f if%%gt%on, Magg/p%%?e%?’sumg H§Q§0[92p4§1ﬁoter, may be

operably linked to a transgene resulting in expression of the transgene in many, if not all, of

the tissues of the transgenic avian, resulting in production of immunoglobulin polypeptides in

20 the serum. Transgenic avians produced by the present invention will be able to lay eggs

contairﬁng one or more desired heterologous protein(s), including for example, an
immunoglobulin light or heavy chain, an antibody or variant thereof, and the like.

A transgene may be introduced into the ovum of an animal, according to the present

invention, by nuclear transfer via two-photon visualization and ablation, wherein the nuclear

25  donor contains a desired heterologous DNA sequence in its genome, such as a DNA encoding

“at least one immunoglobulin polypeptide. One of ordinary skill in the art will be abie to

readily adapt conventional methods to insert the desired transgene into the genome of the

nuclear donor prior to injection of the nuclear donor into the recipient cytoplast, or prior to

fusion of the nuclear donor cell with the recipient cell. For example, a vector that contains
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one or nore transgene(s) encoding at |east one pol ypeptide chain of an

anti body, may be delivered into the nuclear donor cell through bhs 5,55 8
a delivery vehicle. The transgene is then transferred al ong w {l 005
nucl ear donor into the recipient ovum Follow ng zygote reconstruction,
the ovumis transferred into the reproductive tract of a recipient hen. In
one 5 enboghiBRteef the present invention, the ovum i gefi@nsharred into the
i nfundi bul um of the recipient hen. After reconstruction, the enbryo

contai ning the transgene devel ops inside the recipient hen and travels

t hrough the oviduct thereof, where it is encapsul ated by natural egg white
proteins and a natural egg shell. The egg is laid and can be incubated and
hat ched r ol c chick wll
Carry. of s PG MEgeReh LAMBE R Buf ohe b R oL A ST ow g

mat ur at ddivered nto the andgedoror eellitimughethe sapf e dejiyenyhvahicle.c Bhet tzanseeamis or nor e
desired_ heterol o QUS, RLQt ap . be.easi h n anot her
enbodi r’rg'ﬁ L ?eﬁ% aon%é”e“ﬁtt |nvee;'i Elon%r m?o nuc % é%é lg}r{{%r% Qﬁﬁﬁe%g?tlrgansfect ed
"W th a weaismictiognist swustis trhr&ferrecbmtoahﬂ&padﬁdtlaﬂagmnéa epipdiley Atoneeast one

pol ypepti de, chain,of an .anti bo or avarlat or. t.r ed rmthereof.
ot b cL T BL AL PR SR ah o P, & et P e BPRSRRES ok Ron [ ¢ he
art andrdcmrehm&ﬁ AlBYr Estactidiy B8 RMBryo thiainiBE the trasgéne cawa@b invidethar s,
retrotransposons, adenoviruses,  adeno-associ ated viruses, naked DNA,

li pi d- n’ééliplﬁltélfﬂ apd wavels dlreyed the qviduetithesiobmdieredhis cppapsulatediby paiel 88 into t he

nucleus (od I d to avi ans,
are di sc osed t{ﬂ}a?mgosselféq‘:gg Heft. Fmé Q%égﬁ%mdl\ﬁlﬁ i wga%%%c)l A I%E&E%detg (PCT

Pu bl i capioduve MNaranigenie Q}MIOSG&) resmqgomemuc@ck Welt ey ONp Or HoBAlsiEd?) | Hughes

S, Pat ent 97, P No. WO
99/ 334 ‘)‘“Sgel% Arﬁ%&?““ ’ﬁaﬂ g%‘f‘? |alct>‘§“ R ‘%\ﬂiﬁ é‘??‘[“'f%@& ’ag%é#?@a‘( U.S. Patent
No. 5, OdohtaftBéhk or Mereidedired ﬁdtbrﬂogoﬁapmh(s)ﬂda&:anﬁeéﬁdﬁ}' léd@stahd 5, 656, 749), and
Si nki ss (PCT Publicatign No, WO 90/ 11355 i scl gsures .of which are
i ncor por at ed™ B’Er"“?eé]e@i’@ﬁ'@@“ﬁgﬂ’@ iPEPSET THVARHO %’ &hy ‘?nﬁécgﬁlﬁ(’ﬁa’?gﬁ”“f’r ansfer and
TPLSM 23: NN GdcRR Borstr@ fhhdonting P hs eh@e;feb&ﬁg di%aﬁfonéiiﬁﬂlfﬁbn@ BB &Sn Wherein
i ndi vi dual steps are comon to t fErocedures of enbryonic, fetal, and

adul t catitibodyl Q;m Yﬁg!aﬂtﬁiéslecaéﬂldép@l thatepfu didethods for wansfeptiom dfispmptiscretlo: a) .

pre r at i , 0 I C or)

[ soﬁ ti8if %1 it ?k&%"&nans amfl)nflﬁ& %n@’c&&m&%ug'%tdge #E%ﬁk%g%cqggt to produce
areco n&trbm‘sfpﬂﬁbns 3 @deh@wﬂmd:sy dde05ssoied 2%1&6&2 %kﬁC‘DNA], Stigidezdstedenbr yo.

eqan;[)Ir 3 Cn)al wafcg)%g delfécltrgl?o?atlon,tde o iri1jt=?c(t:iloxl1J Iclil 0 tﬂg nucf eus, an fhe ?I(e té]uch OQQJ%E ruct ed
particulatly as applied to avians, are disclosed in Bosselman (U.S. Patent No. 5,162,215),
 Etches (PCT Publication No. WO 99/10505), Hodgson (U.S. Patent No. 6,027,722), Hughes
20 (U.S. Patent No. 4,997,763), Ivarie ef al. (PCT Publication No. WO 99/19472), MacArthur
(PCT Publication No. WQ 97/47739), Perry (U.S. Patent No. 5,011,780, Petitte (U.S. Patent

Nos. 5,340,740 and 5,656,749), and Simkiss (PCT Publication No. WO 90/11355), the

disclosures of which are incorporated by reference herein in their entireties.
Nuclear Transfer and TPLSM
25 Nuclear transfer allows the cloning of animal species, wherein individual steps are
| common to the procedures of embryonic, fetal, and adult cell cloning. These steps include,
but are not limited to: a). preparation of a cytoplast, b). donor cell nucleus (nuclear donor)

isolation and ¢). transfer of the donor nucleus to the cytoplast to produce a reconstructed
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transfer of the reconstructed enbryo to a synchroni zed host animal. In one
enbodi nent of the present invention, the nuclear transfer approg uFeg bg
ani mal s enpl oys nucl ear visualization using a two-photon m crosc QulyrA@
animal used for 5 nuclear transfer may be an avian including, but not
limted to, chickens, ducks, turkeys, quails, pheasants and ratites. In
this nmethogloomeshesti|lized or unfertilized egg is renoyegudpsears an ani mal
and mani pul ated in vitro, wherein the genetic material of the egg is
visual i zed and renoved or ablated and the abl ated nucl eus replaced with a
donor nucleus. Optionally, the donor nucleus nmay be genetically nodified
with, for exanple, a transgene encodi ng an 10 i munogl obul i n pol ypepti de.

Two- phoén%}}gdu g(?ﬁfonaﬁﬁl,a@giti{agal by iRGGRRY. hRE SMhe MRYnshRddRbryotaAd ¥j. sual i ze the

nucl ear st res. ow ng visualization, the nucleus in the recipient
cel |, mansfar afshearedorstiucted endayadip a gynekronizddibpsi@niegy, is renoved or abl at ed,

optionally using visual]zatiQq ) I - phot on
excited fl ux? 82%%%%0211?‘33{ 3@?‘% ﬁafev?g}ﬁb’%n@t% g%e g‘%ﬁ%@@?@%ﬁ%ﬁ%ﬁgousl y with a
f | uor esgfndls empleswdear Thedlization nihge tvoephetog ymitrescagies Gihb animblusech for .

fl uorophore, inducing fluorescent emssjon.that i.s detegted by a
phot%mﬁ‘{c[eﬁfl fragysieg Hﬁ%%ﬁﬁﬁ a‘”@’bl’ﬂ?ﬁ'lgfngﬁgslt ﬁ’f’hﬁ’al“ﬁcrg‘r ff?;{f CPiges: %%ké3¥ Bquirrel | et
al ., 1998ils, gﬁéa%%aﬂlﬁfﬁﬁﬁhm%is méthod, 48atiilzed BeunfEtilided Becik readoved £@O9, Tr ends
Cell Biol. 9: 66-9, incorporated herein by refefence in their entireties.
TPLSM grsrrainesl end mapsppdaiedde vzl_frpwfﬁge,m @_E)E?Q?‘é‘f ’I“_?/t-e'éPé _H§ ?%lﬁﬁ‘ﬁwlé@ g, _prol onged
20 per| r%f?lﬁ ol or GbiARd W t]hc.eaﬂlfféd TeBCihiRGd W o dotbraficledst YoptibRHPMnut i | 1 zes

bi ol ogi ca Yy I nnocuous pul sed near-infrared |ight, usual lé at a wavel ength
of aboudon@0fuctees tray disogehetit@Omodificdwivitl Hor xpmplsl @ trapsgsem enceding adeep into

| i ght-scattering specinens., T ' such as a

modd? | OIEWOEFI%@EP p&ﬂ?aelptg&t &% Eé\}gwélg%g%% ‘3?é§<°gécfw @;P?%MP lrflﬁggf{éé? aser that

can bephisaie e nelvesengidys Foldwirnensuabiation, I@thuciausan theatnipi¢nt 2000 nm

dependi ng upon the 25 range, of eni ssipn the d used.. Far exanple, with

the usesusl appfrtiligetorpiedized %B‘ﬂiemﬁﬁggr, ﬁ’L"t‘?ﬂa%P@ét“ﬂn%Yls“fg@-“?% mis

preferrlﬁdrpng fl uorophores are being produced with different ranges of
and th

em ssi o e invention is not limted to the, Er esently ayail abl e dyes
and their rdEhsMtis based o swe-photanegrgited fluorgseenay i ywhich 2wp Hhotogs qoblidps3293

o e BT B 23806 ORI LIRS dgons e
pul se diiuoadphers, inducirgnioss@anenissimethati is detected by a photomultiplier tube and
converted into a digital image. See Squirrell ef al., 1999, Nature Biotechnol. 17: 763-7 and
Piston_ef al., 1999, Trends Cell Biol. 9: 66-9, incorporated herein by reference in their
entireties. TPLSM generates images of living, opticaily-dense structures for prolonged
20  periods of time while not affecting their viability. TPLSM utilizes biologically innocuous
pulsed near-infrared light, usually at a wavelength of about 700 nm to about 1000 nm, which
is able to penetrate deep into light-scattering.specimens. TPLSM may employ different
lasers, such as a mode-locked laser where the wavelength is fixed, or a tunable laser that can
be tuned to wavelengths between about 700 nm and about 1000 nm, depending upon the

25  range of emission of the dye used. For example, with the use of DAPI and Hoescht 33342 ~
dyes, a wavelength of 720-770 nm is preferred. New flucrophores are being produced with

different ranges of emission and the invention is not limited to the presently available dyes

and their respective emission ranges.
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presently preferred, since it is particularly suitable for visualization

w t hout harm ng the specinen. 5 TPLSM produces noni nvasi ve,

t hree-di nensional, real-tinme inages of the optically dense avi ai]rg \Jﬂly 2995
contrast to manmalian cells, visualization of the netaphase plate or
pronucl eus in the avian egg during nucl ear transfer has been hanpered or
prevent ed Yy oi/s203 | arge, opaque avi an yol k. Two- phot opcifd@shag W t h

fem osecond | asers operating in the near infrared, however, allows

vi sual i zati on of avian nucl ear structures w thout damaging cellular 10
constituents. In one enbodi nent of the present invention, specinens may be
i ncubated or injected with DNA-specific dyes, such as DAPI (4',

6' - di am di NEFuAndpRGBNAeRGdan TPVIM s belird i) inR ' forieftsifatand prddkécond

(bi s-benzimde) prior to TPLSM visualization, followed by renpval of the
al bunenlagesp s dhese darers pra distingnishedf byt their pylsendpsation. didskimigisecnnd fasergier mi nal  di sk
facing Reqm f.. b ol hlane) .o : ved from

t he top15 r(g)% nt]ti}ﬁgmfeﬁ ’ggireéminglpa%'i&gﬁﬂ) An agSggﬁ%wézgfl%}?%g%&ggg&l&aés@g?or exanpl e,
phosphaspecilperf.f ered saline (PBS) may be added to the dish or directly onto

the gvumto vent . drying of the aqvum. A cloning cylipder .. t hen be

bl acha ar ourHLs Mt cvalve, Ae Moty R Bel dnfats of B LonuPBY | e,

Al t er nadenseedwan egg. DAPLorBBS (6 @labiivialian cally, imalizaiiencéfate metaphatdhplateger m nal di sk
with a glass 20 pipette, whereupon the d enters the nucl ear structures.:

For | dy e Bt Mol 518 AMVGrop R st s et BBETE T reIge BBEsary wher eas
i nj ect i @ige Ghadibl &Vig yoll) ' BvdfhBtofl lirhdgingSwifhAehiobde@idasbers OpdritRig idds giyge of the

capsul e. ITmages of the inside of the early avian enbryo can be generated
t hr oughinfrayed, hewever, allopp| viwalizetion o pyigmeyclesr sragiusewibout damegige sl about 10 to

15 @n ihes | MG WAt Pi”% I a@@g i fter dye
inj gﬂct iLjégﬁ.&m%&trs'i Elg Vi subg I zaﬁ&g%%]&?ﬁéﬁagérﬁﬁﬁnﬁg? I gim%gb%]nacegﬁlfgder t he
m cr osciopeed byide t DNA-spaeifict gesprsociucdse APSt (4lc tolrdipmidinoc?-sheaylimbléde Wi t hi n t he

central, .area. t.he dj I relativel | aser .po S about 3-6
w11 wetveQogiLonmid) Hiad Tl piE it iy R B ety usi
hi gher kasal oftey\Eburtdh caitleand pladehignt of MR Gm Glh Bigllwitlyhe RS dissual i zat i on.
-32 19 July 2005_ WD 02/063293 PCT/ US02/ 02454 Nucl ear transfer techniques
requi r dagingathe)lopr Rempangnofahe sy 4apsple wy (theg e semoved frpm dhe top ghilie| eus before
a nygel eg%nigzgagg_ can be introduced into the oocyte cytoplast. Two-photon

An aqueous solution such as, for example, phosphate-buffered saline (PBS) may be
added to the dish or directly onto the ovum to prevent drying of the ovum. A cloning cylinder
may then be placed around the germinal disk and DAPI in PBS added to the cylinder.
Alternatively, a DAPI-PBS solution may be injected into the. germinal disk with a glass

20  pipette, whereupon the dye enters the nuclear structures. For dye injection, removal of the
albumen capsule is not necessary whereas injection of nuclei into the disk is facilitated in the
absence of the capsule.

Images of the inside of the early avian embryo can be generated through the use of
TPLSM. Visualization may be ﬁerfonned after about 10 to 15 minutes of incubation with the

25 dye or about 10 minutes after dye injection. During visualization, the germinal disk is placed
under the microscope objective and the pronuclear structures are searched within the central
area of the disk using relatively low laser powers of about 3-6 milliwatts. Once the structures
are found, they may be ablated by using higher laser power or mechanically removed guided

by TPLSM visualization.
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| aser - medi at ed abl ati on of nucl ear structures provides an alternative to
mcrosurgery to visualize the pronucleus lying about 25m beneatgjh&,\%
ovum s vitelline menbrane within the 5 germ nal disk. Hi gher s‘I 995
than those used for inmaging can be used for enucleation, wth mni rral
collateral damage to the cell. The wavel ength for abl ation generally ranges
from aboutw@@osses t o about 1000 nm at about 30 to abpufystPerddsd |1 watts.
TPLSM and two- photon | aser-nedi ated abl ation are nore efficient than
alternative nethods known in the art because they are |ess

oper at or - dependent and | ess invasive, resulting in inproved viability of

10 the recipient cell. A nucleus froma cultured somatic cell (nuclear

donor) may thhRRab@nk) @&inkfled REAre! HE desBMBh SR EhvAICEhRIcBIYn) e iepl ast. I n

one enbodi nent of the present invention, the nuclear donor™ is injected

usi ng aprMestessrbeivne gintielgap donen pan lt:edntrﬁ@sqdne}o gherppesiiotyifplast drvoapiigtos _
m cr O”aﬁkeﬂ’ﬁtegﬁ%g ablbfish §P R eal YEIAHS l%rﬁwtlé}t &Pﬂéu filafhvd {bt Bhick Srg%rﬂa‘ nal di sk

t hough gui I'njection using episcopic | m nat i on | i ght com ng
thr oughwsdmezerﬂmpmwbpelymbjamt Ripm be@catttothe hensavipllag membtaeerwahm the| y, a donor
met,hod nown in the

ceII f e recr t cell. usi ng

art, é“’m“ b‘y ?jfegtt%h%f”“’f’ ST hﬂ%t‘tser%‘ e %%ﬂ“sbe LSEng eéi“s%"’epagl PYet hyl ene

gl ycoI whly niiximal doliabraddaviapdl Rethe cﬂUctﬂheasax&em}alfor\Abraum gederallinraagegh el ectri cal
stimul ation, The reconstructed zygo e s aII transferred

to the BUmabRt /Ermmioabeyigl w@ab%%”ﬁ%%w@haatﬁa?rgﬂéw Y _

Al ter nagoygl ryser-t.ttsatédemnat Bk GrhoRe RSN Yitin HRMMANS e ldthbal 1@ wh th thb'fafto to permt
screening the embryo for proper devel opment prior to transfer into a

reci pi ebecauseEey arekameetor@mn@nbedul«rﬁe Hivashie, resdiingrie emeveql Mighitityi dn
contuerrpﬁlgte(g 1eﬁ ﬁurr ng the reconstructed enbryo for about 24 hours prior

Screenin subsequent surgical transfer into a recipient hen. 25 The
egg can be htanuckai&dnaﬁ:ulmredl sayativgeed rfolicleef doner) ay tlen hgyingebted imddihek, or

further incubated to rate oned .chi ck tional ly a .loned chick
that ha&®f %ba%%tf% eln ﬁ’ﬂ)“’a‘i"?%og'ﬂwmﬁﬂ@e(ﬂeﬁ??&ﬂw P‘&%w ée%gf’?oy a transgene
in all,jsmMg§éctedOrusidg f QWnﬂ(froménipuﬁﬁbﬂ) S unitMf WprtSIig@t&”ﬂﬁdnﬁﬂectéthma ransgenic
chick may l'ay eggs that contain one or nore desired, heterol ogous

pr ot ei NSYoMaRipHAEr nghadonannydsssis BapaeIdanigrhe srawel digh owshn@idsd to an

ant 'lgeniinogfolnatﬂln 0}3 éﬂ itl ;}{at AQPe., 1 ﬁ@&{uﬁ%ﬁﬁ%ﬁ xh}éﬁ%l Dofedive

i nmunog ptide at nma els ass ciated with another
i sol at emhto ﬂtcrmrptfgl Akmhatinelpel dppapell uiey bettheed githe lfeelpmtwgll asngantthaslsdy capabl e
of sel eCtlf VV\A nll3 Ithrédalnng gt Qy means of fusion-promoting chemicals, such as polyethylene
glycol; by inactivated viruses, such as Sendai virus; or through electrical stimulation. The
reconstructed zygote may then be surgically transferred to the oviduct of a recipient hen to
20 produce a hard shell egg. Alternatively, the reconstructed embryo may be cultured in vitro to
permit screening the embryo for proper development prior to transfer info a recipient. For
- example, one embodiment of the present invention contemplates culturing the reconstructed
embryo for about 24 hours prior to screening and subsequent surgical transfer into a recipient
hen.
25 The egg can be harvested after laying and before hatching of a chick, or further
incubated to generate a cloned chick, optionally a cloned chick that has been genetically
modified. The cloned chick may carry a transgene in all, most, or a few of its cells. After

maturation, the transgenic chick may lay eggs that contain one or more desired, heterologous

protein(s) including an antibody capable of selectively binding to an antigen, or an
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an antigen. The cloned chick may al so be a knock-in chick expressing an
alternative phenotype or capable of |aying eggs having an heteraql

protein therein. The 5 reconstructed egg may al so be cul tured té&iﬁ&ﬁgpﬁg
an ovo nmethod of culture. For exanple, the ex ovo culture nethod descri bed
by Perry et al. (supra) is contenplated to be within the scope of the

met hod of wWéeydsesent i nvention. Ovum Transfer Anot hepcpghoahssof the
present invention provides for a nmethod of producing a cloned 10 ani nal
conprising nuclear transfer in conbination with ovumtransfer. Two-photon
vi sual i zati on and abl ation may be used to perform nuclear transfer, as
descri bed above. Accordingly, the replacenent of the recipient cell's

nucl eusimininBelbthBn HRNPEHAS that SnapUS Rbifted TaBE WhshSatkd) vih! SMBS isbdel ed zygote.
I n one enbod%nent, pronucl ear Stage eggs are used as  recipient cytoplasts

al r eadyimaeunpglehulia pplypepbide; therebnforming ampntibpdyagapabls of seleptivelyiningdingde net aphase 1|

15 eggs o Ser I:Q t ! act i [ &g after

renucl e‘g‘??%ﬁ&ﬁltge g&ﬁéﬁ?%ﬁg&yﬁ%% a%ﬁlbf[éﬂi} e ]f/?[ggg%%#%g%és)%raggﬁmﬁer ein the ovum
cont ai nphegptypeeor expabist ofubayiog cepgdidng oin keteavlegons rmeatein othereinecilpe ent hen. The

ovumis_surgically transferred. into the oviduct h r.ecl pihent hen

ahord | e EPrE el seemt P E: S PP ottt DREN s £y SFARET 1
husbandby ex poeaRde mesod dastiites by Pary, et iah Gura) saopteraplatedh &t lehiitdy theee Tanaka et
al., supra). 20 Alée FativeLy, the ovum may be cultured to stage X prior to
t r ansf efFoRepf e grehg P{} GPESeIRYENMhr e specifically, reconstructed stage |
enbr yosgagenamyd ured for 24-48 hours to stage X.  This allows for

devel opmental ‘screening of the reconstructed enbryo prior to transfer.
Stage | enBngtber asneet of el nyesent inyeptinnprayiden for k methed oEprodupinga @oned n t hi s novel

proced t . i y=1A2 I i.ch € | ear donor
IS ﬁﬁjgé é%‘Qﬁ?§£§#gﬁgﬁ¥ﬁﬁﬁ§ﬁjg18@?&§@B¥3ﬂ?e§&§ﬁﬁ?¥§%%h§$%§%§ﬁ§e and

ger nm nailisudiizaioraamd abétiomimaydet iryd od pofong mubleart thansfkr, @adesgtikedi abovecont act wit h
the germ nal disk on top of .the.yol k. .Enbryos .devel op tqg,stage X at simlar
ot e Aeodingtye B arasr B & s EHERY SRLH RS e A BReAT BERS The ehbr o
I's trangdufts hes réconstriided %xgbté.ucm of¢ e@bdd@fidnR)i pRdtiuclBe tage 3dgs ke ddel s 2005 WO

02/ 063293 PCTI US02/ 02454 Once transferred, the enbryo devel ops_inside the

reci pi eRPipE Avepestscieass ectivetsd BY riliepfion. AlrraatpelygmagtivatehBataplive it is
enC?dOSLﬂﬁgé ﬁ% %e%%&gﬁém el &r;deacﬂéa%ﬂn'a&earaﬁe@emfeaﬂoaJ ®8gvunshel I . The
co al ni enous yo

egq, ng endo and an enoryo from another hen, is laid and
can ‘may be cultured via ovum transfer, wherein the ovum containing the reconstructed zygote is

transferred to a recipient hen. The ovum is surgically transferred into the oviduct of the

recipient hen shortly after oviposition. This is accomplished according to normal husbandry
procedures (oviposition, incubation, and hatching; see Tanaka ef al., supra).

- 20 Alternatively, the ovum may be cultured to stage X prior to transfer into a recipient

hen. More specifically, reconstructed stage | embryos are cultured for 24-48 hours to stage X.

This allows for developmental screeniﬁg of the reconstructed embryo prior to transfer. Stage

: .I embryos are enclosed within a thick albumen capsule. In this novel procedure, the albumen

capsule is removed, after which the nuciear donor is injected into the germinal disk.

25  Subsequently, the capsule and germinal disk are recombined by placing the thick capsule in

contact with the germinal disk on top of the yolk. Embryos develop to stage X at similar rates

 as those cultured with their capsules intact. At stage X, the embryo is transferred to the

oviduct of a recipient hen.
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t hen be incubated and hatched |ike a normal chick. The resulting chick may
carry a transgene 5 in all or nost of its cells. In one enbodi t, th
transgene is at least in the oviduct cells of the recipient cmrceix‘.mfy 5005
Fol l owi ng maturation, the cloned avian nmay express a desired phenotype or
may be able to lay eggs that contain one or nore desired, heterol ogous

pr ot ei n( s)wo ofaeersn medi ated i ntegrati on of heterol ogopsrideamegenes Detail ed
descriptions of nethods of sperm nedi ated transfer of nucleic acid suitable
10 for use in the present invention are described inter alia in PCT

Publ i cati on WD 00/ 697257; WD 99/42569; WO 00/09674; WD 01/19183; and in

U S. Patent No. 5,804,191 to Scofield, incorporated herein by reference in
their entir epigansR&, TRkhoFo AvelopCiRbRANALL B nt hlaﬁmrt&wm%xgﬁ@et ic

material into the genone of "an avian delivers a nucleic aci sing known
gene dedvidust of the/bancwhere i isqarapsuiasednhycraiural epgwhite profeins aifea pasgaliesg of t he nal e
avi an ( ] L0 Vi r i L ONa: ternatively, an
M vt r e e sprb ik eXBel b ARIGRL B uftho AERURMMEM S Mg LR T 0, Ve
genone thén Brinabatedand hetched dike 2 swinaltchiok) Thel resuljiag nhidehiyscarrgx tramsgaper a,

deliyering a pol ynucleotide thereto, and then returning.the transfected

ol 1% o b et S e eiedinienf e dpireptona iy 1 s Vbl il 55 e 1 n

Vi vo nehdedipaithREP Falodthel Mdturstin, thdlcibita aphemenixpieyeddsirdphendpipeys i nj ection
of the gene delivery mxture, preferably into the sem niferous tubules, or
into t e MEPeatipedaysaestip cofirigenegf mpwdatied: elsiolpepiraieislef f er ens or vasa

efferengﬂeﬁn_mb@&,gkgime%@ﬁm?mg@,log,gmﬁ,tm,,fg@;,';gi pette and a picopunp delivering a
preci se nmeasured volume under controlled amounts of pressure. A small
amount of aDstailedadsbasiptionsref methpds dfyppersarediated drduider of oualdieadibsetallel i very

m xture. (fl ui [ Y PSRRI RN
sen'is i ffglg%sﬁsm%lgte?eéé?ng Iﬁftahé‘{e?ee%ﬁ}’ésdﬁ%%&ggneti cgﬁ%agt% m)dl()?b?gé germcells
di f f er ewi 8142569 W 6d/09674nWdi (1/10183; Ridag&ns, Parentivd. §,804 ¢ 1kb Scefeid he nucl ei ¢

acid s integration ipnto jts germcells (transgeni¢c ani.mal s) are sel ected.
The sel'BYRY t%r efeity by cr&#‘iref“ﬁeﬁl B@Hnﬁ‘ftgﬁlfes'or %P%e‘?“?‘ﬁ%dpé’frﬁl °r19&d f or

i nsem NRfetdMhoN pdnBric tbfeRal fifhtd baRink AR ah Qvidh ALER 2 hikdibakd @sRer ati ons of
transgeni c progeny. -35 19 July 2005 WD 02/063293 PCT/ US02/ 02454 In vitro

met hod knawagena elvemysystanes toraels germ qells is sgeinriheciedtis of the walgByian (48dbor col | ect ed
L FE 15 R0 Bl oy T B D) b g
heterologous genetic material into the genome of an avian involves isolating male germ cells
ex corpora, delivering a polynucleotide thereto, and then returning the transfected cells to the
testes of a reciptent male bird.
In vivo method
20 One in vive method contemplated for use in the present invention employs injection of
the gene delivery mixture, preferably into the seminiferous tubules, or into the pete testis, and
most preferably into the vas efferens or vasa efferentia, using, for example, a micropipette and
a picopump delivering a precise measured volume under controlled amounts of pressure. A
small amount of a suitable, non-toxic dye can be added to the gene delivery mixture (fluid) to
25  confirm delivery and dissemination to the seminiferous tubules of the testis. The genetically
modified germ cells differentiate in their own milieu. Progeny animals exhibiting the nucleic
_acid's integration into its germ cells (transgenic animals) are selected. The selected progeny

can then be mated, or their sperm utilized for insemination or in vitro fertilization to produce

further generations of transgenic progeny.
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germcells are then exposed to a gene delivery mxture, preferably within
several hours, or 5 cryopreserved for later use. Wen the nmale gg{g1feéh§
are obtained fromthe donor vertebrate by transection of the t dly 5
cells can be incubated in an enzynme m xture known for gently breaking up
the tissue matri x and rel easi ng undanmaged cells such as, for exanple,
pancreati owobiépss N, col | agenase type |, pancreatic DpAsexebyra |, as well
as bovine serumal bumin and a nodified DVEM nedium After washing the
cells, they can be placed in an incubation 10 nedi um such as DVEM and t he
i ke, and plated on a culture dish for genetic nodification by exposure to
a gene delivery mxture. Wiether enployed in the in vivo nethod or in vitro
met hod, pthg aeme delivery mxture, once in contact with the male germ
cells, tfacilitates the uptake and transport of heterol ogous genetic

mat eri al i niman Heermpys mptﬁdadamlec@m c¢liscpaa PRFingdorr cpiiacied frgmi therdenet o t he 15
genone 1 on. n e k- 0 can be used
Por t netE bd R nwE HIRPL: by & BB Lt B e T e

i ncl udegenbutllsaarethro txpobedith @ gereadelivery madture,guefeonidy withipss@mbbours, or

el eciroporation,. Restrictjon Enzynme Medi at ed .l nt.egration M (di scussed
bl o) SRS pIE sk BbPHETREY e R S B HEPAL g ot

del i verny tfﬂléégtw’n%f?'fcey&ieﬁ,ahd géillmﬂﬁé inStﬁﬁte&ierﬂleﬁ@Idﬁ|nﬁﬁh1e¢ﬁm&ﬂﬁg@nﬂg tge desired
trait or product (for exa , .20 i nmunogl obul i n pol ypepti des), and a

Uit abl e B s S BE IR ﬁ@ﬁn&y}dwﬁeg Esliartpaness. iy exwglglf@n%iﬁ_é&i fic

pr omot %ﬁi&gbfil&c%g%e %Qi,tp&ﬁréaﬁ&ﬁm&ﬁypqu)aé WBs bvin @AM Abddiatnd HCr ease the

upt ake ri'se the polynucl €otide sequence, such as |iposomnes,
r et r ovi medifiedRMEMs medivion GMier atashingethe sells, thayietrobd pleced ém i iftcibitigene del i very

syst.ens nd_t e Or [ i of , truct,
i ncf[ﬁdi egd?uén Sgugggst]%)lﬁzégde (Cal(%lfe ﬁ{gg’ aﬁ%f;lg@@%%@ﬁﬁaﬁeﬁm@ﬁ@ gé‘éeﬁgﬂ{??]’g‘%%‘?ﬁg’?f or Geen 25
FI uor essxpatire s ogedk delivegmittuet her be added to the gene delivery mxture.

Targeting | ecul es, uch, as the c-kit 1igand an be add to the gene
del i very n?ﬁ#ﬁﬁ@'PBmgﬁﬁdﬂénghgwaQH??éy’6f””bgﬁ%Fgégﬁﬁ?§r¥§Ym¥nto the mal e
ger m ¢ &hikture \dndeNMLIAAEH RAMEHS nAG RER REIs, TdBHatdIhE MRARSHA fiaflspo@ lof a _
corticosteroid, nmay al so be added to the gene delivery mxture as known in

t he ar theterodgou egnglisy rpirgsl inaOte 2PpEBIES cHCiIcUBy 2fon fesetianyingi they number of
CONpeer ¢ E‘An{lely %ilgvehlle?sgln? H%&lﬁbfﬁi%lfl v r%éﬁk )ﬁE:lWeléfrg sR& U? gda f6:0me Whi ch the

polynué?eo coding a desire It or uct 1s tfurther adm xed. The
final pakeofiekicicacid sejuetcas mtoctbenzili Suchgméethels polule bot wototdieited, t hen be

T

(discussed below) and the like. In both the in vivo or in vitro method, a gene delivery mixture

typically comprises a polynucleotide encoding the desired trait or product (for example,

20  immunoglobulin polypeptides) and a suitable promoter sequence such as, for example, a
tissue-specific promoter, an IRES, and the like and, optionally, agents that increase the uptake

of or comprise the polynucleotide sequence, such as liposomes, retroviral vectors, adenoviral

| vectors, adenovirus enhanced gene delivery systems, and the like or combinations thereof. A
teporter construct, including a genetic selection marker such as the gene encoding for Green

25  Fluorescent Protein, can further be added to the gene delivery mixture. Targeting molecules,
 such as the c-kit ligand, can be added to the gene delivery mixture to enhance the transfer of
genetic material into the male germ cell. An immunosuppressing agent, such as cyclosporin

or a corticosteroid, may also be added to the gene delivery mixture as known in the art.
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5 of between about 33C to about 37C. After this period, the cells are

preferably placed at a |ower tenperature, of about 33 Cto abo
about 4 hours to about 20 hours, preferably about 16 to 18 hrsqtq ‘iﬂ‘cagéﬁé

and/ or selecting genetically transgenic germcells (and transgenic sonmatic
cells, and transgenic vertebrates) is by any suitable neans, such as but

not |im tegoufes2ed0 physi ol ogi cal and/ or nor phol ogi capcipippeisspes of
i nterest using any suitable nmeans, such as biochem cal, enzynmati c,

i mmunochem cal, histol ogic, electrophysiologic, bionetric or |ike nethods,
and anal ysis of cellular nucleic acids, as, for exanple, the presence or
absence of specific DNAs or RNAs of interest using conventional nolecul ar

bi ol ogi cal tagg Rl Gh@Ber of cHfmbtEhINTavANIM anaaéuvag rfiR@eY ShrShe WBEI1@I ¢ aci d
anplification including, but not limted pol yner ase chai n reaction,

transcrWiyeh Be-privanciotds enapsiing 3 degirpdotiit oreRredugicls Mﬁ%@dﬂilfﬁda‘%& finghdi at ed
l'i gase %}H %1 %ng%tﬁ t{u%'?:omgﬁe}eﬂ{g Qhe SREUESRR %%Bén%c%&ﬁ&&%ﬁtgih@%eus%@ met hod

conte e pre I nvention for 1solatl ng or sel ecti ng mal e germ
cel | p(ﬁﬂQWad ioontsracicfmmpeg@dsofdigwprnahogt Slpaisi th pleoubrll lmurgestmtenegicratgppul at i ons,

suche as ¢S I f i r.cells by
ot 1o BT REREE B ol Mb e BRR, B bR o iRl B0,
di gest ilower i¢inperatpes ofbdbogods &G tabont BEC, il abowg el nuesetol aboygddubaaits, ons, can be

isolated from e el | popul ati on by known nethods such as the
utili za‘:trf’tI bl?f)f'boéipw%gr% T sequence that is specifically or selectively

active in Cyglatifalir Qeledifg BedeticaBy %@E&ﬁ@k&mﬂﬁﬂﬁlﬁﬂ& tr@idBenicSiointaBlp! € pronoters
include B-Myb or a specific pronoter such as the c- k|t pronot er region,

C-r af - Iceliy, GRBEpsEenTIVPTiekTaleR) is- We RYngitetle ansans) SYsh ATORIE Mot Q‘Blt‘iﬂa@a pr onot er,
RB ;
o ol PAOSGRRP LA MbrBlokiod BRI i O BB BAORRRSL T )

pr onot dnqche:mcalFﬂWm(ti‘cr ommuBochginicel, Xlssﬂdga;) clprtopipselogenbiombtac lor like A sel ect ed
pr onot er i,nke Qnstruc ncl udi n for .exanple, a
Conot r TR A S 5 cHHE S Ridse T BaRA Y dSeiher BseieBoh " (or ' EcE)
Yel | ow sgédmf DNAE N Iemt 6f Miterddl Ueng-tdn0ERiSAL Moldblad eaomglca techfiqh&, Jul y 2005
WO 02/ 063293 PCT/ US02/ 02454 phycobiliprotein such as %eécoer%/t hrin or
phycocyaﬁwqmg @fbrlﬁlﬁ"}ﬂ%taﬂ@?s‘ﬁsﬁlﬁ‘ﬂﬁ? deidusrphifiation fnelidiag, byl gelimiedsin t abl e

WV | GORhRrG! ki eacdd, ERGATBSRLLS Mo b] RSO Lk Rpdch as

apoaequorin. The uni que pronoter sequences drive the
expressnadmtEdﬂlg@Shehaﬂqummletand/Qr@hsm‘QPh@wtlcotmhyUlwm ng specific stages of male

germ cel | d8r\{ee Im%{%ng contérr?plged’ b)M?xle lp?crsen tlﬂv%llltloh fgir9 %giating or selecting male

germ cell populations comprises ‘obtaining specific male germ cell populations, such as
spermatogonia, from a mixed population of testicular cells by extrusion of the cells from the
20 seminiferous tubules and enzyme digestion. The spermatogonia, or other male germ cell
populations, can be isolated from a mixed cell population by known methods such as the
utilization of a promoter sequence that is specifically or selectively active in cycling male
germ line stem cell populations. Suitable promoters include B-Myb or a specific promoter,
such as the c-kit promoter region, c-raf-1 promoter, ATM (ataxia-telangiectasia) promoter,
25  vasa promoter, RBM (ribosome binding motif) promoter, DAZ (deleted in azoospermia)
promoter, XRCC- 1 promoter, HSP 90 (heat shock gene) promoter, cyclin Al promoter, or
FRMI (from Fragile X site) promoter and the like. A selected promoter may be linked to a
reporter construct including, for example, a construct comprising a gene encoding Green -

Fluorescent Protein (or. EGFP), Yellow Fluorescent Protein, Blue Fluorescent Protein, a
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5J. Biol. Chem 276(16): 11220-28; Schrans-Stassen et al., 1999,

Endocri nol ogy 140: 5894- 5900, incorporated herein by reference t&e'#é
entireties). In the case of a fluorescent reporter construct, t1 JH 05
can be sorted with the aid of, for exanple, a FACS set at the appropriate
wavel engt h(s), or they can be selected by chem cal nethods. Male germcells
t hat have Whexdebdds nodi fied in the desired manner are pSRi@bedsor 10
selected, and transferred to the testis of a suitable recipient aninal.
Further selection can be attenpted after biopsy of one or both of the
recipient male's testes, or after exam nation of the animal's ejaculate
anplified by the polynerase chain reaction to confirm-that the desired

nucl ei cpl3ebiligtReiH SRARs PidocdRiRih dr PRREGAKIALR Bay oliRe p3RNEkiGAfdYestdi fied germ
cells isolated or sel ected as descrjbed above are 15 preferably

t r ansf ebideER suiable yevsrlpngthyt lighty ercenpndingta light-emiting prgteine sygh as licifgsaseken, t hat
can be, r i r rring the
geneti c%rlbgli%/oa??gﬁﬁgi gggn@ﬁgeéernéég%ﬂ g&'?odn? ﬁg@fégﬁzélﬁtmegﬁ% ,e?t he testes
of the voastivol et duciagisiseificisipgsp ofl malegerpicelbdidgemotis.g. Mailen et @l ,11899,t her eby

facilitatj.ng-the nj Lon pf the recipi tis, b ] enetically
nodi }fi e‘g gécg'r Cg’eg?élz'f@!@b%/ﬁgéfggggt%%%% 4fs Fg?%fr#"?%‘f’”ﬁ’@”ﬁ%%ﬁ%%’i rradiation,
by cheni%al in2@pdratephereinthy doferemainstheif entirétRe) | uthe a@RNdfSa Suaksc@8 Vi ruses, or
by autoi mune depletion or by conbjnations_ thereof. |1n _one enbodi nent of
Uhe pr CEBHTEL FAVEIE(BnSaL F HerFEWHS TAeisb phfcs AP e AT S FOUF ment |

conbi m@gmgﬁlm Whveleh@h(s br tBdy cﬁ:ﬂb@deié&b@&ﬂdﬁ&ni@ﬂ%{how.t h gamma i rrad! ation. Any
met hod known in the art for depopul ating the testis may be used in the
present i nMk geA cplisobatders N4 medifiekinche dagired manapn aressolared ovf t he gonad
Shoi’ﬂ d @the&?%gﬁjﬁﬁﬁfeﬂé’(ﬁg’thﬂgsﬁ's ogésﬁfaﬁggd ﬁeﬁpatnixx l.d PQIJB ont b& J .eat ”?“t :
For exanple, disruption of the semniferous tfubul es may |ead to inpaired

t r ans poattempied sfies biopaylofionesyp bothrobthelrecipol rhald'stestasf e aftérlekdnyinatioof thbioul d t he

L2 TS 3380 % e PRSI L B kY oy o @
pr eventiufigicbéie sdyQsice hallpdaitnsdgfoniigle system from destroying grafted foreign
sper mat ogoni a. -38 19 JU|1%/q:12005 WO 02/ 063293 PCTI US02/ 02454 In on

embodi ment  &be genstigaile dendified apam cplbnisolated vt Selestadcasadassribsd jaheyealient , such as
butis n Lim i f YIS i (s te),

chl {)Sr a%euf%:ﬂiaw Rr@‘%ﬁ@%?ﬁ%s&%"aﬁ%@p :ﬁ%thﬁlgiﬁg%: Qg'f ﬂ;ﬂ%@ﬁ%@ ’gdr%]'?c acid, or
the | i kieed not barils sawe dovor hnimalmieford transfdiriag the meneticallp enodidied miaktgemed i n ei t her

SequUentens t-gh[Ee I%Qi%leentognirha ,etht(;jl ltelé%é 8 g Qecfiat Js[:anabréddei[ntpp%lated of endogenous

germ cells, thereby facilitating the colonization of the recipient testis by the genetically

modified germ cells, by any suitable means, including by gamma irradiation, by chemical
20 treatment, by means of infectious agents such as viruses, or by autoimmune depletion or by
combinations thereof. In one embodiment of the present invention, the testis is depopulated

using a treatment combining administration of an alkylating agent with gamma irradiation.
Any method known in the art for depopulating the testis may be used in the present
invention provided that the basic rigid architecture of the gonad should not be destroyed, nor
25  significantly damaged by the treatment. For example, disruption of the seminiferous tubules
may lead to impaired transport of testicular sperm and result in infertility. Nor should the
treatment chosen irreversibly damage the sertoli cells, as they provide a base for development
of the germ cells during maturation, and for preventing the host immune defense system from

destroying grafted foreign spermatogonia.
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5 dose of gamma radiation are in an anmount sufficient to substantially
depopul ate the testis. The al kylating agent can be adninistereq b
pharmaceutically acceptabl e delivery system including, but not ﬁiﬁv®2%095,
intraperitoneal, intravenous, or intramuscular injection, _ intravenous
drip, inmplant, transdermal or transnucosal delivery systens. The isol ated
or sel ectegdogaasebi cally nodified germcells can be tramgiswidged i nto the 10
recipient testis by direct injection using a suitable mcropipette. Support
cells, such as Leydig or Sertoli cells, that can be unnodified or
genetically nodified can be transferred to a recipient testis along with
the nodified germcells. A union of male and fenale ganetes to forma

transgeni c 2y gpéfbddfmdal SUBNbreBOMentidh, a CpPlkid bikpBipf agbhSsubhscouand femal e
vertebrates of the sane species, or by in vitro or in vivo 15 artificial

means. B9t abimitedi cfoal biadfas o 4-twiseadich  dimethancedrbepritat icAgrambidl t he genone a

genetic i | i : i's

arti oursPPhSHLRE, AR QP RE SR S R B D 1 it
to, ar tirbdietion] toi hgsidmingsterédoin ithen sequence. THealoss dfi threaalkydating lagam) angniit or ot her
artificial reprod ive techn ' . L0k I L. Sperm

i nj e%:t i (!)0%6 f’f @n}a rlég%tbo%oarr\%fn %}lnés)ﬂléo%gen%ﬁcgﬁ %%ﬁ%? ??lﬁgr‘%@aﬁ] I atﬁggggﬁsa di ssection
(PZD) . BlesikyROngdghe camiet ddmitdsteral itang phattharaiticsilyaaockpabib dylvetyrspstist er, ¢l oni ng
and enbr¥o,splittin$hgand the |jke, can be enplpéed in the pethod of the
pr esent N§ R §ub ot Fiited 9y IY@AGTHONGE, MURYEROYS, (i JHEARSEUT YeR9% - be bred
by nat Un@dveRBab s impink, itfahsabdlal oritRS@LAA defvery PMterhd) Vi tro fertilization
(I'VF) and/or_ other ‘artificial reproductive technologies. = For exanple,

i nt racyt opl dberiselatsper salacief ceretieally mradibiey servicedlh cawdentrangfesredcipiooit asmi ¢ sperm
25 ihj ectl. : -&p&ﬁ% o ] 1.0 : L al zona

di sisgctr% Bx?lsé%'ﬂyg&%é%a t"Ctluse '?l %hlg)dg{é leﬂ[%?o;?l Eﬂehg#p ggﬁéelprshstu%aﬁgﬁg&flét ransgenic
pr ogenyor Skt eeltsh theh eangln edmadifiedt @rrgendticilly modifigi enal Yeytrinsfemed toda sol el y into

the germ.cells.of a_parent ibmal, it will ultimtely be present in the
germ cerF‘flgleIBfesﬁﬁl%ﬁ«gﬁEﬂ}?d’éor‘ii l'eéi\ﬁ‘fﬁfmscﬁ‘éssequent generations thereof. In

addi tion, thang@neiiak andBintild @Bl fainbordisgeplcesRM is bivugitlabsut 6 t he progeny
ot her than germcells, i.e., somatic cells. -39 19 July 2005 WO 02/063293
PCT1USC2Pugtios of thedpalq and; ferpaleworizhisten/lithe 620 SPRRISGPTYi ‘B ORENF Y¥rhe REM

T ) 3 RS R 0 iR D o
99/ 42568lectivd markectbatpoaxatessed nanadd gerbgellséf artionledy useful.t s entirety, conpri ses
in part an gggzglte%ttfﬁgigl n%an;[ Q}gluﬁ:ﬁ;{lﬂ are not limited to, artificial insemination, in vitro
fertilization (IVF) and/or other artificial reproductive technbiogies, such as infracytoplasmic
sperm injection (ICS]), subzonal insemination (SUZI), or partial zona dissection (PZD). Also
20  other methods, such as cloning and embryo transfer, cloning and embryo splitting, and the
like, can be employed in the method of the present invention.
The transgenic vertebrate progeny can, in turn, be bred by natural mating, artificial
insemination, by in vitro fertilization (IVF) and/or other artificial reproductive technologies.
For example, intracytoplasmic sperm injection (ICSI) and chicken intracytoplasmic sperm
25  injection (CHICSI™), subzonal insemination (SUZI), or partial zona dissection (PZD) can be
used to obtain further generations of transgenic progeny. Although the genetic material is
originally inserted solely into the germ cells of a parent animal, it will ultimately be present in
the germ cells of future progeny and subsequent generations thereof. In addition, the genetic

material may also be present in cells of the progeny other than germ cells, i.e., somatic cells.
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5 techni ques disclosed by Schiest and Petes (1991, PNAS USA. 88: 7585-7589)
and Kuspa and Loom s (1992, PNAS USA. 89: 8803-8807), both incqlrgogrs}ﬁﬁ 5
herein by reference in their entireties. The REM nethod is suit@a H p

i ntroduci ng heterol ogous DNA into the genone nucleic acid of sperm and
sperm precursor cells, or ovum enbryonic cell, or somatic cell of 10 an
ani mal , prebermbly an avian, nore preferably a chi ckeperddagedrat er ol ogous
nucleic acid to be integrated into, for exanple, the spermnuclear DNA is
converted to a linear double stranded DNA possessing singl e-stranded
cohesive ends by contacting the heterologous DNA with a type I
restriction enzyne that upon scission, generates such ends. The nucleic
aci d t opB@ Gk Efcphe-PRdidre8 Inkegitiioh (RBAMg) €1 ¢ acid, such as in a 15 plasmd or a
viral vector, or a linear nucleic acid that Bossesses at | east one

recogni t i on TAABEME method fpr siably ingrgratipgleetestlogone DY Arinie thsreepadieiPNAGEy 1 egi ons
critica : i 1 i d ic acid, and
no recoérﬁ%cﬁlégﬂgg%?c%%g F%%%T;ﬁ%% E]]P%: ﬁgwgﬁﬁt&?gha?f? tegg'? %%g%il ternatively
t he het meobaatediserddNby teferdnee inrtseghiraty cepmiprises in paet anpdeptation of @A REMUA can  be

prepare 1.cal / tohGal & i s toa

'l medr - BRRpERIRIOSg S Rl peRRTE PSSy AR BRERERET, 0.
Labor at baomisvHE9R IPNAZ S 4 dR9; 8803’80 Bpbatin (nedipoied héreilo by atference i'lChed Spri ng

Har bor, New York (1989) and incorporated herein by reference inits
entiret ™ he added cohesive ends nust be able to hybridize to the

cohesi ve engs REMAAGEA ik ShitBleObr MitrbdiGing insteRdgBusChNAVIEd thy géoiny pe | |
restriction endonucl ease. Alternatively, the cohesjve ends can be added by
combi ni RRgleicragid i sreEn snhspswy PreFrey FrRlls, or oV, epbryenic c¢ll BRsoBRYGHRE %ut ti ng and
chem cal i . carding to the present invention, a
het gal’ o?%ng%@gﬁ’%eﬁgeb?%&%gag’,rﬁ(gﬂ{éljg%l&ﬁg agitﬁal&g'ast one i mrmunogl obulin

pol ypept i de Thanheerblogovappeleipriidteby bgried inte foremapple, beaspee nitltar oduced into

sperm cgl.,s together or s entiall way. of.. far anpl

el ectr olggfs‘é“f ?0828%? ?(1 % @Eﬁe@ﬂﬁg Etrwgﬁqo%‘gé?s,ses%/‘ﬁ%ﬂweégr@ﬁ e)&icﬁﬁ\%éﬁ% Frg

cont enphyadcaticlidpahe Bétdrologsis DN &vith apeEd B réfrictisraasdae thah gpon-séBsid) July 2005
WO 02/ 063293 PCT/ 11S02/ 02454 het er ol ogous mat ?ri al_ i nt,(g1 sperm coul d be used
so | ongEeagatehwoh gdnilleiBUoieait 98 CifdR §ha Sreuly Auclen aatnsuhrasit f| j zat i on
fungs i ofSsmid S vital ¥etdi N aNBed lnh@8E aGP aiPodlebses RBeANIR rdcBprdi®inlanlii z€ t he

appropriate oocytes. It is understood that the heterol ogous nucleic acid
may be duiting giteoussids oftthe ganpreorgegulpingy tsions erisichl 3o thetdesies [post-dniedietigh g

sper mat ﬁgc%pn'] 8’1l thé neulcieic%rcid?anﬁ R lfquénﬁgﬁ Qﬁcﬁéuﬁﬁé Gited WEBHh the critical regions.

Alternatively the heterologous DNA to be integrated into the sperm nuclear DNA can

be prepared by chemically and/or enzymatically adding cohesive ends to a linear DNA (see,
20 for example Sambrook et al, Molecular Cloning: A Laboratory Manual, 2nd ed., Cold
Spring Harbor Laboratory, Cold Spring Harbor, New York (1989) and incorporated herein by
reference in its entirety). The added cohesive ends must be able to hybridize to the cohesive
ends characteristic of a nucleic acid cleaved by a type H restriction endonuclease.
Alternatively, the cohesive ends can be added by combining the methods based on type II

25  restriction enzyme cutting and chemical and/or enzymatic addition.
According to the present invention, a heterologous nucleic acid, encoding at least one
immunoglobulin polypeptide, and the appropriate restriction enzyme can be introduced into
sperm cells together or sequentially by way of, for example, electroporation or lipofection.

‘However, the present invention contemplates that any technique capable of transferring
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5 cell, for subsequent transfer to an enbryo or to the testicular materi al
of the recipient male animal, preferably a chicken. It is furt

understood that the heterol ogous nucleic acid may not be int egPlgEIH[x 2995
t he genone of the recipient cell (e.g., carried episomally). The

conbi nation of REM, as described in the present application, conbined with
a relativebyzéensgn nethod of transferring heterol ogpggusmbasd al into a
cell may result in 10 heterol ogous nucleic acid being stably integrated
into genom c DNA of a high fraction of the treated sperm while not

di mnishing to any great extent, the viability of the spermor their
ability to fertilize oocytes. Exanples of suitable nethods for the

i nt 1 0dUghd:QRecf mbhidBal idS §REn 6t B JIRAON 16 ths HRIEMNiq R REBREQEUOILNAY Ccel |'s, or
precuror spefrnmatogonial cells into a recipient avian, preferably a

chi ckenthe gpeem’s geridlizatdon fyectionsh seb thay the resultant srsrm avith baeldeitotfgrtilize et hi n t he
scope of the ty i i Eds: | j nogl obul i n
pol ypepﬁtpL P f?grslzftgé%gt%{] hlte{S ?Xn‘%%%gp’é{}g% Illérqéﬂ%t’ogdy%%‘%ﬁ cglglg ngdrqgggllrtﬁg%ég%w nol ecul es

f or med thbesmeine @fin récipidne calesick egla fpeomategoyiabeslltonlalspermpeginab pieeugsondi ng, f or
exanpl e, hyman, a use, a.rat, a_rabhit, a goat,.a_shee cow, a
hor s o?eﬂaf%bﬁ@aeﬂ“%%ém%ﬁ? i?ao%}’d?‘%lg?o gt ﬂf‘?&%ﬁ%&ﬂ%r rﬁ%&@@ of the 5P %ﬁlpl??'ulgr eof, may be
nonoc| ofghal aifelasiglia @Bickeh! Itiis fuktbidrtufésrstoddtthvit thetheerofpopauaéic adid hag pr esent

i nvention for the_ i munogl o&gl i n pol ygF@ti desFand a I bodi es derived

t her ef reybe Begatef iy iy gpome gf thesecippptecl! 5 8- sx W&P’ﬁ‘ay'egi ons within the

pol ypept i degpf EQiBinaABE o AENEzs 802658 $n 110 pre&éiiv hppRitAibk, comBin@with s 0m anot her
species. It Is further understood that an imunogl obulin polypeptide from

one ani wativelypbaiigasmathgd be transfetyingehttorilogoun materiphiniooy celb ity es8i W pept i de from
anot her, ani,nal cies. . . o i is a nethod
for E(?hehﬁfﬁa)}c’rr%o 7¢% ?‘g%moaﬁﬁgﬁﬁgﬁt%l gg%%gﬁntg%erfg@?calgﬁngﬁh% %}%Cr%lag Fﬁ{gﬂet he step of
cul t ur i trgted Bpedivj whileCrek Hintinishinf to ramp greati extenta theivisbtlitesfthe sginoar theiect or and,

optionally, a second expressiqn vectoy.: t expressi on, vect each havin
aIo tran@éﬁ)‘/? ki ifW‘%ﬁn?qcﬁEgn’ga?‘?‘Eﬁﬁgo . ﬁ@F%%ﬁ%&%re%éH%@“éwgo%{%S at Iea\sflt )
one | m@éﬁ&ﬁ!ﬂ@bilﬁbaiﬂed RRhnY, Rp&ta@Eoniad chllsA 88 Pretipbr HBrmfitoRomil klls medlaa

transcriptional termnator operatively linked to -41 19 July 2005 WO
02/ 0632edpiptTisorigsblsuchicken, ia et dstribebabo¥uence encoding at | east one

ant Fhody seldeeRTHIRR! RE A0S, BESPL B b froobl ipAIR] e B oThie

ody selective ng an antfgen. ustrative exanples of this
aspect ebodidgempuesgetulin pelgmrpiiden aad the pmmerogiobdlirgnlypeptidenantbeaiides | and 2

bel ow.. |1 O SMBPHLIRAL, She bR IR Sl $oRLREMn BY ek, the avian

a human, a mouse, a rat, a rabbit, a goat, a sheep, a cow, a horse or a bird. The antibodies, or

nucleic acids encoding thereof, may be monoclonal antibodies. It is further within the scope

20 of the present invention for the immunoglobulin polypeptides and antibodies derived

therefrom to be modified, for example, by exchanging regions within the polypeptides from

~ one animal species for equivalent regions from another specics. It is further understood thai

an immunoglobulin polypeptide from one animal species may be combined with an
immunoglobulin polypeptide from another animal species.

25 One aspect of the present invention is a method for the production of an antibody by

an avian cell comprising the step of culturing an avian cell transformed with a first expression

vector and, optionally, a second expression vector; the expression vectors each having a

transcription unit comprising a nucleotide sequence encoding at least one immunoglobulin

polypeptide, a transcription promoter, and a transcriptional terminator operatively linked to
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5 transformed with at | east one expression vector conprising a
transcription unit encoding at |east one i munogl obulin polypeﬂ%ij
sel ected froman i munogl obul i n heavy chain variable region, uly 2005
i mmunogl obul i n heavy chain conprising a variable region and a constant
region, an imunoglobulin |light chain variable region, an i mmunogl obulin
|'i ght chaiwoempes Sing a variable region and a constp@igdioeQn, and a
si ngl e-chain anti body conprising two |linked 10 inmunoglobulin variable
regions. In another enbodi mrent of the nmethod of the present invention, the
avian cell is transforned with an expression vector conprising a
transcription unit encoding a first inmunogl obulin polypeptide and a
second thevbdBHORhdnE: @b %edi"ldaﬁ%ne iurfoboBilindRHp&BaO Ml wichamiegl obul i n
pol ypepti des being sel ected from an i nmunogl obul'in_heavy chain variable 15
regi on, Culidred mﬁ PEIIAes 7D 3EBRAY seleraively biadips ansankgena INusirgtiye Pmplegi on and a
consta r egi on, an
[ mrunogffé%ﬁfgp%oﬂh egeﬂm n corrr):ﬂ!éss{ﬂlr?%;d }%&%ig:ﬁ?%qq%qrdgg?lgﬁmgnd a const ant
regi on, andhf wn¢ embodimerprdfsihe guethodi off the npresenti inpentio thetavian sielteis (| RES)
operati p e |IRES wi ||
al | o%lv Tﬂleléi%?'dqtﬁ%ﬁ Og? e?ﬁ%?@ﬁg%ﬂ&ﬁ?ﬁn%?%% &aguﬁ% l% yB‘g"? ngoag as an
i ndi vi demt ongdmynpeptobdé poRPetide slecled framah Iirﬂzrnureglbb.dmmeavty chdin tdriebleet hod of the
present i.nventi on, [EQ i.ndi vi dual lHﬁUQ@% b“|j”6§9 &Pe ti de nmay have
pept i dee¥¥h P ARmEpglobulindieayy; dhafp cemprisme@ripkleTegion gh & Fonse g8 uinogl obul i n
pol ype i ifighuAdslobuRr lighX Sl Ririalfle R@IoM inSflhéhfobBPlidté ShaliOdonipified RO t0o a Ni +-
contalnlngjcolunn I'n the embodi ments of the present inventjon cont enpl at ed
wi t hi n vafels givs 8¢ arestand Bgisncadmn singlerehwin Btbodytematsiathtweelinkedmy be a cel |
frog a ;i duck, a goose; a quail, a pheasant, a ratite,
an g1né%§%%§%QMhﬁdﬁﬁlg§%¥é§a b|rd nost preferably froma chicken. The
avi an cel | Imgmlﬁ@r ssbaionend| of rﬂwnmetlmt Oﬂ Ehenmseﬂtumenw tte, avianseshesi ¢ cel | such
as a flbr%b an ovwgpct &D 4 é%‘ F cell an g the.like or,
al t er ndreryme 5’ GEFRTTRG YE0UNY 6’%"”5‘“gtae SERAGT URiE ePCo0BB et &bl y from an
enbryo ﬁmﬁmﬁﬁldbulu@polﬂﬁptﬂié iafdig bec®R immundioblifin ﬁdljrp,épt&@ Othe fiMQAnd2£4368293
PCT/ USQ2/ 02454 |t is contenplated to be within the scope of the present
i nvent ilgRupeglobulin pelypsplides P%’H% seiFeled fpe angmpypeelnbalin hegyy H@tn Ys&able nited to,
V' rg \ff‘%&]o'éﬁ mnﬂﬁrﬁgl%ﬂm\{ﬁ%(%ﬁn chhPRAE SRR & 19&5611 3 YRGhAR r&pion0" the like
a combi nat 1 on t Rer eof he expression vecto? be any suitable viral
vect or ansmmfmmglobxizmiighechamrvatistilarsgion, an immunoglobulin llght chain comprising a

variable region and a constant region, and further comprising an internal ribosome entry site
(IRES) operatively linked to the second immunoglobulin polypeptide. The IRES will allow
for translation of the second immunoglobulin polypeptide as an individual polypeptide.

20 In still another embodiment of the method of the present invention, the individual
immunoglobulin polypeptide may have peptide regions that are suitable for the isolation of
the immunoglobulin polypeptide as, for example, a polyhistidine peptide for binding to a Ni'-
containing column.

In the embodiments of the present invention contemplated within the scope of the

25 present invention, the avian cell may be a cell from a chicken, a turkey, a duck, a goose, a
quail, a2 pheasant, a ratite, an ornamental bird or a feral bird, most preferably from a chicken.
The avian ceil may be selected from, but is not limited to, a somatic cell such as a fibroblast,
an oviduct cell, an embryonic cell and the like or, alternately, be a germ-line ovum or a

testicular cell, preferably from an embryonic cell, or an oviduct cell.
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5 leucosis virus vector, an adenoviral vector, a transferrin-polylysine
enhanced adenoviral vector, a human i munodefi ci ency virus vect®r3 &

| entiviral vector, a Ml oney nurine |eukem a virus-derived vect ryu r%ogﬁe
like or, alternately, virus-derived DNAs that facilitate polynucleotide
upt ake by, and release into, the cytoplasmof gerns cells. Transcriptional
pr onot er s whorgas@xpressi on vector of the present invepitmyiemys be a 10
constitutively active pronoter, such as the cytonegal oviral pronoter, or a
ti ssue-specific pronoter. For exanple, one enbodi nent of the present
invention contenplates the use of a tissue-specific pronoter operable in
ovi duct cells of an avian species including, but not limted to, the
pronot ers ofy it REuIGNRR t6BE WethiA GheD36apOM e presedtSNEN IR, foOMO X @bith
ovotransferrin Sconal bum n), ovonucin and the |ike. Optionally, the

t r anscrieppIsdnanclude.drb petrbe Hmted fo, yiraleveptpisplpsshd Vestors lingas pualec a6id equl at abl e
Prondt efecio kNG did1RPSEL doibl@fi@l mdr&Em nator of at | east one expression vector
may further’ conprise a region encoding a transcriptional term nator, such
as a bovi ne The expréssibim ventm anayr berany rshjirbleoriegl vedtasrasi feaexample, v @@ var i ous
enbodi nents of this a p .1 .0 I nogl obul i n
pol ypep RGN é’%so‘d’eﬁ & %P?(%ém@jﬁla&]%gorr i %)'? %%%Tﬁ Ear@??&%ef &%%&Q%gg%o{gﬁgguexpr essi on
vect or veBigr, kehairani immunodgficibreyi virub eastyr, ahiaitivirglovegpept Mbdonep mprringi ng a
variable region qQr,a, varia hereof, and may, f.ur ti.se a D region,
) oo fesyp et e e b s vy DS SRS but

pol ype%ﬁﬁcl&'ﬂﬁ@nﬂ%ﬁe@%aﬁ&h@le@*%ﬁé&,@ﬁdc@feﬁl@ﬂﬁbfgéﬂﬁstceﬁﬁ_ an expression vector
may al so "be an i mrunogl obulin Iight chain pol ypeptide conpri gl ng a vari abl e

regi on 25 ofragscyipfiqnalraromeiers ebin exprrasiopayecion el the preseshipysntien BaY 5% dgion and a C
regipn. 1S aal t L S _sdeli@c Pr esent

i nv!adrjlt icghgtlfdéi?e]?ﬁgtgﬁemgl 0 cglaiggh% Ee&gu?ge ?Oglggégﬁogﬂb%ér?\%gssg { %ﬁr% t%e sanme

ani mal sgacere For examaleninetembedimént oif the ipessent mytntidn pepteniplatesilet usef §, human,
nouse, rat, rabbit and chicken. .-43 19 July 2 ) 6329

T 1B RER TP e o B ol A SRt Gl B e

i munogimgiul ion MOlpyd@edd dE thenease enddling healbamins dysopiiepmabmumid, of at | east
one expression vector conprises an i mmunogl i)btl}gll in hea,vX chai n vari abl e

r egi on,ovarnsiemnAeARRIBHRN), AVerRygiRand H’éilﬁl"re-vgi’ti"gﬂ Vet Ggseptonal RPMQTef i i or

pepiq de b gl aliod Qe MEy R aSoiBlBrephdhdierant | body capabl e of sel ectively
bi nding an "5 antigen. ]
The transcriptional terminator of at least one expression vector may further comprise a

region encoding a transcriptional terminator, such as a bovine growth hormone transcriptional
terminator.

In the various embodiments of this aspect of the present invention, an

20  immunoglobulin polypeptide encoded by the transcriptional unit of at least one expression

vector may be an immunoglobulin heavy chain pelypeptide comprising a variable region or a

variant thereof, and may further comprise a D region, a J region, a C region, or a combination

thereof.. An immunoglobulin polypeptide encoded by the transcriptional unit of an expression

vector may also be an immunoglobulin light chain polypeptide comprising a variable region

25 or a variani thercof, and may further comprise a I region and a C region. It is also

c'ontemplated to be within the scope of the present invention for the immunoglobulin regions

“to be derived from the same animal species, or a mixture of species including, but not only,

human, mouse, rat, rabbit and chicken.
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Anot her aspect of the present invention provides a nmethod for the
production in an avian of an heterol ogous protein capable of f @finﬂlég 5
anti body suitable for selectively binding an antigen conprisina ﬂﬂ S 9
of producing a transgenic avian incorporating at | east one transgene,
wherein the transgene encodes at | east one heterol ogous pol ypeptide

sel ect ed 1Wohrmsean i mrunogl obul i n heavy chai n vari abbert@goas an

i mmunogl obul in heavy chain conprising a variable region and a constant
regi on, an immunoglobulin Iight chain variable region, an immunogl obulin
i ght chain conprising a variable region and a constant region, and a
singl e-chain anti body conprising two peptide-Ilinked i munogl obulin variabl e
regions.  Adgidiiep RaboEhENS oPthet feseiinb@foRfthd RemMpReRin jadlwaﬁ&d'eon i ncl ude
depositing the heterol ogous 15 polypeptide in the white of the devel opi ng
eggs of enchdedady dbe tuseyRtionsl npnit 96 %dﬁaat SPfe [CKPrEssion nveclol FeMPIES 35r oduced and
are har yeatf ollpmg:gglgdv?%eﬁﬁ bzﬁﬁbﬂ: Pe%ioﬁ?én%@%&%%ﬁlixpﬁﬂhw{%&%ﬂﬁol&ﬁﬁeb| e of

form ng an ant romthe harvested egg. It 15 al so understdod that the
het er ol agakerpeptide distabyl Esming ¢ siaple-chdireantihgsly sapabld ofisetbetivelyindingaanscri pti ona
contﬁfléy @ronnters that allow for release of the polypeptides into.the
ser um of " Ehe transgeni c aninmal. An exenplary 20 pronoter for non-tissue

speci fi c pr odiotikd &pecdbf the lpess@it dlvegion propided & mathbd fdr e Ehdcsroinzher . |1 n one

enbodi ment of this nmethod of the present inventjon, the transgene conprises
o R S ORGP S RN AT RF ST S B T FOBRB | 1
pol ypepsihdify £P8%iadn cbRbNsind theliigfboftodacihd ARGRERIAVIA ifkbPOREIRY at ledst

transcription term nator and, optionally, an internal rjbosone entry site
(| RES) (&edrangesre, @herpip|the, trapsaene qngpdsh ot ingst ong heigrpiogois nolypeptidedsitsisdy et al .

25 e t.en s LS GO h i ¥=Yr LR its

ot 10, S i Abo G ek UBROIPREIR <biior Oh SRR ERT bl |10

i sol at echripeisieg o vaxipblegegipr oidei qengtant sagioa v ivoumogiehphib light ghais girablei vel y

bi nding to an .anti ..In.this enbodi nent. .t he . antj body. nay .be generat ed
wi thi n EEign 28, btk et sy SHRRRmR S el eeiat At £ Rkl ERO8, 0 by
conbi ni #g a%tngle&;ﬁﬁh afiibedy svmprisigs WeptideNinkedyimahadglobvin aiable ragigs.on and at

| east one  -44 19 July 2005 WO 02/063293 PCT/ US02/ 02454 i mrunogl obulin

i ght chéditinglstepa sl Bemetiod f ths pespe dpyprjiop inshide feparieg g haierologdst one

cysyei Ny B 4ethe TWARe SORPEARIHRY e of M adidlD AEHADINE nLBIhNSiaM | | generate
a blndln&,s te capable of binding an antigen. It 1s, however, contenplated
t o be wigghthns praducsd aplearpharvested, pné sselating the/katarplogous pelypeptiderpapablegifobul i n heavy

and i gtgltmlgg giil Qu?tibo% fr\ér%rthg ﬂ%r%es%ﬁ egg.r iItV@tais\cfeu%detrQ(?ordet%t’thé Retgrglog&rg ressed in
polypeptides may also be expressed under the transcriptional control of promoters that aliow
for release of the polypeptides into the serum of the transgenic animal. An exemplary
20 promoter for non-tissue specific production of a heterologous proteiri is the CMV promoter.
In one embodiment of this method of the present invention, the transgene comprises a
transcription unit encoding a. first and a second immunoglobulin polypeptide operatively
linked to a transcription promoter, a transcription terminator and, optionally, an internal

ribosome entry site (IRES)(see, for example, U.S. Patent No. 4,937,190 to Palmenberg ef al.,

25  the contents of which is incorporated herein by reference in its entirety).
In an embodiment of this method of the present invention, the isolated heterologous
protein is an antibody capable of selectively binding to an antigen. In this embodiment, the
antibody may be generated within the serum of an avian or within the white of the avian egg

by combining at least one immunoglobulin heavy chain variable region and at least one
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separate transgenic avians, and therefore isolated from separate nedi a

i ncludi ng serum or eggs, each isolate conprising a single speci %s ‘g(y 05
i mrunogl obul i n pol ypeptide. The nmethod nay further conprise thél s‘g %P

conbining a plurality of isolated heterol ogous inmunogl obulin

pol ypepti des, thereby produci ng an anti body capabl e of sel ectively binding
10 to an awbibgmses | n this enbodi nent, two individual pearssgenss«c avi ans may
be generated wherein one transgenic produces serum or eggs having an

i mmunogl obul i n heavy chain variable region, or a polypeptide conprising
such, expressed therein. A second transgenic aninmal, having a second
transgene, produces serum or eggs having an i munogl obulin Iight chain

vari abl ‘?m@ﬁa%l%ﬂin% LR VRBRL e sh, GRIERAISHaE-ikid by 61t @ssediclaber ei n. The
pol ypepil es rra% be 1solated fromtheir respective sera aﬁl}d eggs and

combi nebridga The combinatigreofghetwe variably fegipigvill igereraicd Bipfing g PRI Mg an
antigen,. l.n one.enbodi nent of this nethod of the present invention, the
transgeh‘i“g:“‘%l%aﬁﬁgenhavi ng a transgene encodi ng at | east one inmunogl obulin
pol ypept i deit fsphowxanebeemaplattd anbyweithio thhisekenf thesprpserida¥@HObLION nt r oduci ng
a transgeni c avian donor.nucleus into a 20. L Rl I oduce a

r ecofst Freynagobnlin fravy }?Eé)l(lé“ chaiss §§ SPTRE F ﬁ%v%tg}é%ﬁlgl?% gf% d k%r%/sg%dtqg, and

al | owi ngeothie RGNS hvike! el dyebicisdlged fvelseparacombda inchufing serewi gsi ent  cel |

may be an enucl €ated cell and may be. visualized usin t oton | aser
scanni negesi cethoiseap eomprising dNGIErSPEID Bg II?F@H‘PQB?“ b WP‘%P%%@% ahe\ﬁeﬂfg’ﬂe present

i nventi on tEANSGENLE @Y AP cofBMine o PpIACIGEHr hioldidte hepelogusedi at ed
transfefna%fftu'gl?erlEeog{sb?lg%rrlué&tsﬁc nsgecr?e, y ere?n the at |east % e transgene

_ _ 5 0N
encodes inmuriophobutinglolypeptiiles, thersby predusing ay antibady @psbleelowkiectiyrly P8 ogl obul i n
heavy chai n conprisi,ng _a,varijabl e . egi tgﬂ% t bé @eHeRid an
[ mrdﬁog?‘bﬁh?‘?tﬁg;ﬁi é%fmgfwg?(ﬁm?/ngfrﬁwgb@%glfig%i on, e]g%%?im%mﬁ%l o%ulei n light chain
CONPr i Siyfgkeid ohaliadddbic PRULES sentl @ eggohsimntn insyinoglobulin teavysiMgl e- chai n

anti body conprising two |inked i.nmunogl obul i n vari apl i , and
wher ei nvarigble regiofs gbf BOIYREPHHCOMPETRE %g’i HP5HF (ﬂ oS, o‘rQreS&S?J gg{ég%gr&rmt ozoal

cel | or .8 .r #Rink% sittind r2RBGhe, WONRY LRB2HIRERILSOR nGRubEdolprliedights or  t her eof ,
so that a génetically nodified nale ganete is produceﬁ}ebolytaguﬁgnal e avi an.
I

Br eedi nghdishearintsl¢ mgiaw,ican polypdptide foawsieg weh, exRsessgddhsrain g Sate a
St 15 e HEr Ot i oPeyf Sl and B8 ap PnbihaaaRPio B oe the
t r ansgepRding sitezapable@@biatiag ai atigent he genom ¢ DNA of an avian spermby an in
vivo method Ig%rggreim%gdqgwéth(g this method of the present invention, the transgenic avian
having a transgene encoding at least onc immunoglobulin polypeptide, for example a
transgenic chicken, is produced by introducing a transgenic avian donor nucleus into a
20 recipient cell to produce a reconstructed avian zygote, activating the reconstructed zygote, and
allowing the reconstructed zygote to develop to term. The recipient cell may be an enucleated
 cell and may be visualized using a two photon laser scanning microscope.
Tn another embodiment of this aspect of the present invention, the {ransgenic avian
may be produced by the sperm-mediated transfer of at least one transgene, wherein the at least
25  one transgene encodes an immunoglobulin heavy chain variable region, an immunoglobulin
heavy chain comprising a variable region and a constant region, an immunoglobulin light
chain variable region, an immunoglobulin light chain comprising a variable region and a
constant region, or an single-chain antibody comprising two linked immunoglobulin variable

regions, and wherein the transgene is incorporated into the genome of a spermatozoal cell or a
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steps of admnistering to an avian testis, preferably a chicken testls
gene delivery mxture conprising a viral vector that conprises Et ﬁﬁibos
one pol ynucl eotide encoding at | east one heterol ogous innunogla #

pol ypepti de; the heterol ogous pol ypeptide being selected, for exanple,
from an i munogl obul i n heavy chain variabl e region, an imunogl obulin heavy
10 chai n cwopidesdong a vari abl e region and a constant peginezsan

i mmunogl obulin light chain variable region, an inmunoglobulin Iight chain
conprising a variable region and a constant region, and a single-chain
anti body conprising two |inked i nmunogl obulin variable regions; the

het er ol ogous nucl eoti de being operatively linked to a transcriptional
PronDt efre RRBMARES, sooHs geH@Eal@ nlod RS ﬁfa]e%h&@?sl pr&lﬁbéd HyShe REIEEHaInder
conditions effective to reach a spermatozoon 15 cell “or a precursor cel

wi t hi n Breedingethe imple avian itk efriadle ot s Spepiay WHk ewetateca tiensgenisnpregeey gr oup

consi st l. ells, type B spernmatogonia, primary
spernat%@@?gé?ﬁﬁg%g?%pto@§%§1§;e&%&%ocytes, | ept ot ene sper nmat ocyt es,

-zygot ene spér stk otheespbodmehlytfchie aspsgia rﬂwtmcsymtésven&mcﬂlﬂctanwrsrier mat ocyt es,
sper mat.i ds t L1 Se. the st eps of
i nco poPtﬁ%‘F‘ﬁﬁ t%ﬂ”&&?‘i}?f&&%?fad‘e“gﬁé%?’n‘a Ha véf’ nl"eg]g’g nﬁé“% het er ol ogous
pol ypepsdpsiof Adatigisterdr® tgam avitn ﬁénstﬂa&ersmjaa aRitlen esfts, agkle delivinhaixarecur sor cel |,
so that a.genetjcally nodified ganete i s produced by the nale avian,
and br SEBPRTNG A ITHEIEEfor o] SOMPHFCE A lsost dnpalvigFiopls cacorioe §bé&§‘ @& such that a

t 1 ans gefetoldoRIfMunbslobls "p@@i{epﬁ&éaﬂié%féml&ghﬁ’st po@ﬁ@ﬁtld@%elh ?e]ééféh)’ﬂ‘dfld eotide in
its genone. In yet another énbodi nent hi's "aspect he present

i nvent i aspmple.Heom pm ingereslobain f%vydésler\fﬁm Tegion, g npirnewgblbglnehqmdl ment above

maylé) N clherﬁ;l %grﬁ}ﬁsbr% i %%bfe &eglﬁrgt ﬁongm rgél?xﬁgn & Xahﬁ%{éloﬁ&l@r tt%ﬁa?rpn cell or a

precur sor contacting the
sper matvadahddregion, Ianomnmnqsylmhtr Bt cleaid éompnmhg a vgriable refidn and raycomstant ur e
conpr|S|n V|r ectaq at about or. lom1t V|an bod .tenperature
a1 oreh af btk etk SR e €S rarogRa Bl BN Uit | S

| ncor pakAheadolb Qnﬁdl'&ug@l&\@z[éeo pefativelieliked to a trﬁ@érmlbmp:@moteﬂ& ddhcdul y 2005 WO
02/ 063293 PCT/ US02/ 02454 F selectlng the genetically nDdlfled cell with the

ai d of sachgtbﬁ@ttraéscgeﬂl@ekwns &aﬁwﬂ%ﬁm@w&aﬁmw tpﬁ@%éﬁ@mﬁé@owy nodi fi ed
celfs t lfBPa:I egdréﬁgcélh@ﬂﬁl?me%sﬁg e ﬁbgﬁl : g'ﬂ lﬁ?ehlf%mnfﬁgﬁo]hlgd cell to a

testls ecl pi ent e avian s ges
sem ni fecemststisg tofi bmrmamgomdh estene sdliss typariid S}Errgﬂmmac aiiﬂngry rmdmﬁtoejdesnal e ganete
is pro t herein edln E@ reci |ent mal £ e nwith a fermale

avi an @feqquoengpsgﬁﬁ“@? Elscﬂeptt ST Y EOEF SHER?! stH’@ é’i‘fﬁ}e pr oduced

spermatocytes, secondary spermatocytes, spermahds and the like. The embodiment may
further comprise the steps of incorporating the polynucieotide encoding the at least one
20  heterologous polypeptide into the genome of the spermatozoon cell or the precursor cell, so
that a genetically modified male gamete is produced by the male avian, and breeding the male
avian with a female of the same species such that a transgenic progeny is thereby produced

that carries the polynucleotide in its genome.
In yet another embodiment of this aspect of the present invention, the transgene as
25  described in the previous embodiment above may be integrated into the genomic DNA of an
avian spermatozoon cell or a precursor cell by an in vitro method as, for example, by
contacting the spermatozoon cell or a precursor cell with a gene delivery mixture comprising
a viral vector, at about or below the avian's body temperature and for an effective period of

time such that the transcription unit is incorporated into the genome of the cell; isolating or
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that carries the polynucleotide in its genone. In yet another enbodi nent of
this aspect of the present invention, the transgene is integratgﬂ ig%ﬁ hge
genom ¢ DNA of an avian spermby restriction enzyne nedi at ed 'H é” 8
(REM ) conprising adm nistering to an avian spermcell or a precursor sperm
cell 10 a gene delivery mxture, wherein a heterol ogous pol ynucl eoti de may
encode an womaeeg! obul i n heavy chain vari abl e regi onpekebgaasnogl obul i n
heavy chain conprising a variable region and a constant region, an

i mmunogl obulin light chain variable region, an inmunoglobulin [ight chain
conprising a variable region and a constant region, a single- chain

anti body conprising two |inked i munogl obulin variable regions, and the
like, s . : r : j i jvely linked to
a pr oot B B A BB Y i "her e
cohesi vic aengtically nhedifipdesl]; rapsfeiniog thelisskiedeor sardted geristivally modified ¢edl tof a. DNA

cl eaved, hy.: Lyven t I bt ndonucl ease, . have been fornmed on

t he het%@%isgégb@%{ﬁ &&ﬁ%&: agg{icﬁ%# th%ﬁéelpl}q%%%%glo Sglglgnélllj'gro%sotlﬂgluﬁeu%eflﬂgg‘fs‘lnae and the

t ype | | andraggtaticalyinodifed dakipineta sseproduyedoiertinpangd beedigthe rcpieat mger mat ozoon

cell_or _a pr.ecursor cell,. 20 thereby incorporating .the heterol pgous

pol y%uc*fvéaBt‘?“g’ea feﬁtﬂ% AR 05%%%%830“1“31 %@t astbaé‘F%ﬁ’f &PEHR g@{cpy BPdeeRd " b ecur sor
cel |, swattchats tBe gypatlediat nitsgaik] ed mal e ganete is produced by the male
avi an. The nmal e avi an n%%mthen be bred with a female of the sanme species

such that aln ¥¥ apbee smeodimen ohhis Srechef BB yproserd dreriiens hatragsgeneiies t he
pol ynuGheghigGntb hé LeenddfO PFEA AR Mo %%B?Cbg Rliridildf PEEREBedib@yenti on
provides a transgenic avian producing an 25 antibody in an avian egg,
wher ei nintegretion(BRdI§eainprisng administanng tosaagivian speamsdll wperdaesaspdmgells  nucl ei ¢
aci ¢, sequence ding th | ypept i nent s.,of _an anti body nol ecul e
capabl & ugg © sdee ‘é?i%/né{ﬁ'f/e ’ b?’%%@’ﬁggaﬁ&eafﬂ?%“g‘g?"?ﬁ‘&%ﬂ?&“’r er ae%f(i ody is
del i verimghuhegldbinkin idaivi ehatif vasisbl@epion, andgehuldtldbuliichdalechain dobgridang an. -47 19
July 2005 WO 02/ 063293 PCTI | JS02/ 02454 In_ogg enpodi nent of this aspect of
the pr QB3 [SBPRART @rEonyant rqeioanaty Wwpnoglgbuliy ek weiable regoana®y i ption uni t
CONPr i Sinffinékidbakie ikt QEAK Somptist@ Of vARbIS SHRHE LORRH i a singRSt one
i mmunogl obul'l n pol ypeptide, a transcription pronoter, and a transcriptional
t er mi n@h@n aphedneommsisips twe Keked dpmurnglohuli woeble ecgivay wehthe l&acwdh ng at | east
one;: 5 4 ' i . anaqt I-men | s aspect of
et Spr AT IR R ROEREE ot BRSSP o) okl

transcriptional unit is formed, and where cohesive ends, identical to the cohesive ends

characteristic of a DNA cleaved by a given type I restriction endonuclease, have been formed

on the heterologous polynucleotide. The heterologous polynucleotide and the type II

restriction endonuclease may be transferred into a spermatozoon cell or a precursor cell,

20  thereby incorporating the heterologous polynucleotide into the genome of the spermatozoon

cell or the precursor cell, so that a genetically modified male gamete is produced by the male

avian. The male avian may then be bred with a female of the same species such that a
transgenic progeny is thereby produced that carries the polynucleotide in its genome.

Anocther aspect of the present invention provides a transgenic avian producing an

© 25 _antibody in an avian egg, wherein the transgenic avian comprises at least one heterologous

nucleic acid sequence enceding the polypeptide components of an antibody molecule capable

of selectively binding an antigen and wherein antibody is delivered to the white of an avian

egg by a female of the avian.
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transgenic avian further conprises an internal ribosome entry site (IRES)
operatively linked to a nucleotide sequence encoding at | east

i mrunogl obul i n pol ypepti de. Yet another aspect of the present iﬂ@gﬂywagop§
a transgeni c avian egg obtained froma 10 transgenic avian, wherein the
egg includes at | east one heterol ogous pol ynucl eotide encoding an anti body
capabl e ofweel®sis vely binding to an antigen, wherei npdpesosése of the

avi an egg conprises the antibody encoded by the heterol ogous

pol ynucl eoti de. Anot her aspect of the present invention provides a
transgeni ¢ avian producing an antibody in an avian serum wherein the
transgeni ¢ avi an conprises at |east one heterol ogous 15 nucleic acid
sequence engREhdembsEmaR|of REPtakde SORP PRAGHK Snvehtion tiRNtkdnheMlY sMhecul e
capabl e of selectively binding an antigen and wherein anti body is delivered
to the WSSO rAKGIPHY) Bt Compyisiap @ f@ﬁ@%@wle@tfdetsm@m&seﬁ@@engoﬁt t he present
i nventi | i QIR fi LPthQR: LG conpri sing
a heter%?%é%g?n%%%ﬁggﬁpggmgggﬁg%ég enc%@ﬁ% g%&ﬁ?ggifpgﬁgapﬁﬁﬁﬂoglobuIin
pol ypepteindeatora operattvstyr ilipkddorio pthe notcdeotidea redquender aneodmg pati deral @O t er i nat or
oper ti”th?HLQﬁﬁdoﬂe:ﬁﬂﬁ nucl eoti de sequence encoding at |east one

i nmu og?g%u R poPy B I'de. In another enbodi nent of this aspect of the
present i nvémbnotier embelitieng nf thsrepeaf oft the pretenbinsantion, cheatranagend of thher conpri ses

an internal ribos entry site (I operativ | i nked . 1. nucl eoti de
a e quen BRI AD R GBS b TRBPOR BT ORySbeseeaeey bkeet “anot her
aspect @f nhb16tiaE RGEALe dnBoRMak Rt bife iRmuhdbaRNpolypeRidem obt ai ned from a
transgeni c avi an, ‘wherein the serumincludes at |east one heterol ogous

pol ynucl eot iY¢eanothacaseichef thaprasent ipvsayoncia p slansgends avins| cgg oh13iagd fresn Adi ng to an

ant yge el i | | d by the
et 15 o1 RS SUh, Wi e SRR o SATRE: RS0 BilihOOMK. BRaRET Y

i nvent i anrantibodg clyeble ofl edactivelebinding togn spegen.fvlerein he white dfithg/av2d(Ee WO

02/ 063293 PCT/,US02/ 02454, ter devi ces,, an t hods, such description is
f or i|PﬁEPFﬁ?ﬁV@mﬁﬁabﬂ§%§ﬁg%ﬁ%ha?ﬂ%@%BPﬁ'“mgggg'are words of description

rat her than A@bthbri 4¥pdcBbf 08.prdséntiitvehonDRouitd e sine@dict dvih pRdumcigeanand
variations may be made by those of ordinary skill in the art wthout
depar t i 28§bgdy dhan Fyianggrim; Vhergin the fransgeniffviagomprises it &gt one PetsrelAgqUdn, which is

el ool B B O e o B Th whol e

or in pdstlectifélpbipdiesarntiganvedwhasin agibbdyris dadivered to tetsermmend thewviaie f ol | owi ng

exanpl es, In one embodiment of this aspect of the present invention, the transgenic avian
comprises a transcription unit comprising a heterologous nucleotide sequence encoding at
least one immunoglobulin polypeptide, a transcription promoter, and a transcriptional

20  terminator operatively - linked to the nucleotide sequence encoding at least one
immunoglobulin polypeptide.

In another embodiment of this aspect of the present invention, the transgene of the
transgenic avian further comprises an internal ribosome entry site (IRES) operatively linked
to a nucleotide sequence encoding at least one immunoglobulin polypeptide.

25 Yet another aspect of the present invention is a transgenic serum obtained from a
transgenic avian, wherein the serum includes at least one heterologous polynucleotide
encoding an antibody capable of selectively binding to an antigen, wherein the avian serum
comprises the antibody encoded by the heterologous polynucleotide.

Although preferred embodiments of the invention have been described using specific
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whi ch are provided by way of illustration and should not be construed as
limting. The contents of all references, published patents, a ggﬁwg 5
cited throughout the present application are al so hereby incorg r @
reference in their entireties. 10 Exanple 1: Transfection of cultured quail
ovi duct cells The oviduct was renoved from a Japanese quail (Coturnix
coturni x jwponicem) and the nagnum portion m nced andeenggsglisscal |y

di ssociated with 0.8 ng/m collagenase (Sigma Chemical Co., St. Louis, M)
and 1.0 ng/m dispase (Roche Mol ecul ar Bi ochemicals, |Indianapolis, IN) by
shaking and titurating for 30 mn at 37C. The cell suspension was then 15
filtered through sterile surgical gauze, washed three tines with F-12

medi um felhd Bevicke G @i Such @RS & GHushiXive PirpeRObAYS THaWols at 200 x g,
and resuspénded in OPTI VEMIM (Li fe Technol ogi es) such that the OD600 was
appr oxi vead ae yoms oRdscriptioromtherthan of fmipions It ifrio hundgisigeddratsbinggiand of a

24-wel | di p Ml wﬁﬂ}%ﬁd | ikher the
heavy chagllaﬁ&g r §?P§ﬁ?& 621’{\6??% gff( &d%%?gﬂﬁ lIIJH nﬂgﬂa@mnoc oﬁ’gﬁhgﬁg ’ii]g{i)ed{?lr_{égai nst
CTLA- 4 ¢r/\iB Odpebd the presanhiavention, evirich isokt fautth inlthe appended dddims.i Ineddippoy it ed by

reference .i.n it nti.ret ovi d i . For each
Fr anbs etiprg e sl e ishlo 5 s LRI GRaRén S g B RESERERTRANE 00 f
CDNA wewkole pf Bi pretubFHeedestf inventibres fadther dsnatsdnipethe follosvingnexiMled, of

OPTI MEMTM and t hen added ta,. the oviduct cells. Cells with DIXEA/I i posones
ver e i ntREheEPrevided DY iy of iystratias ang Sg‘@}fj‘bﬂﬁ.bez@n?@%: as gg."‘f‘@g‘m N8t DMVEM (Life
Technol QglicRS)of AU RIKGRRD tpaslishéd Patdnn?0ah@ paentd Qitbd ShrE@IbIM thé RS (AL | ant a

Bi ol ogicals, Atlanta, GA), 2X penicillin/streptonycin (Life Technol ogies),
to- 6 Mophestipn ae (IS hyrehly incarporgied pyyeferen¢edn fhelr eqtmptighrn) | and 10" 7 M
corticosterone (Si rrmii’% EF gg i%@ : %!' ncubati on conti nued
fortld}Z hours. Med 2hlfigte 11 alﬂﬂ fifh df Qe Olvldu@ﬂgdged at 110 x g for 5
m nut esTheThwdisupas nmioxed fromsa dapmhepe edaib YCdblrkiBAcotunndx Fa@Bcioand th49 19 July
2005 WO 0 210 6 3.2 93 PCT/ USD2102454 antibody content. Referring now to
o, 1. MR ouon s fal FIrapa B, SRR L L O f oL hOPeaEd S B ot
heavy céygidfical R5033) Latind MOORId €hahgm( RLPREOR&XS Msicat: Bisthahieaql anti body
detectabl e by ELI SA, however the | evels were bel ow detectable Iimts by

FAGS. HadimspelispIN) braiking epsttitnatiResr 39 gl 7°CL Thegetl spgpemsios g fchon 5 The
POV L iRES- TSR |00 d5aLanahed anpr lHild QufiOrkoShetts @REe bY

litigating t fragnen romthree separate plasmds: pl087,
PBS- | RESchipld®s. Gldné Island, NY) by centrifugation at 200 x g, and resuspended in

OPTIMEM™ (Life Technologies) such that the ODggp was approximately 2. 300 pl of cell

suspension was plated per well of a 24-well dish.
Separate vectors containing a ¢cDNA coding for either the heavy chain or light chain of
20 - a human monoclonal antibody against CTLA-4 (WO 01/14424, the contents of which is
herein incorporated by referénce in its entirety) were provided by an antibody company. For
each transfection, 2.5 ul of DMRIE-C liposomes (Life Technologies) and 1 pg of cDNA were
preincubated 15 minutes at room temperature in 100 pl of OPTIMEM™ and then added to
the oviduct cells. Cells with DNA/liposomes were incubated for 5 hours at 37°C in 5% CO,.
25 Next, 0.75 ml of DMEM (Life Technologies), supplemented with 15% fetal bovine serum
(FBS) (Atlanta Biologicals, Atlanta, GA), 2X penicillin/streptomycin (Life Technologies), 10°
6 M insulin (Sigma), 10 M B-estradiol (Sigma), and 107 M corticosterone (Sigma) was
added to each well, and incubation continued for 72 hours. Medium was then harvested and

centrifuged at 110 x g for 5 minutes. The supernatant was analyzed by ELISA and FACS for
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pl asm ds pl1087 and pl083 were obtained as descri bed above in Exanple 1,

whil e pBS-1RES was obtained fromDr. Peter Mouuntford (Uni vermhyéE@ 2005
Edi nburgh). Restriction enzynme digestion of pl087 with Xbal UH

foll owed by al kaline phosphatase treatnment, was 10 perfornmed according to
standard nol ecul ar techni ques (Sanbrook et al, supra). The resulting 6259
base pair wboplsbpagnment was gel purified by el ectroel p¢irgiazozifie second

pl asm d, pBS-1RES, was digested with EcCoORI and Ncol and the resulting 592
bp fragnent gel purified as described above. In a simlar manner, pl083 was
digested wth Ncol and Xbal and the resulting 1500 bp fragnment gel
purified. Al three of the purified 15 DNA fragnments were |igated overni ght

at 16 GuitiBodyN@nikte ReREFheHow b4 FlaNA rkduBPip@icard! 8800 Pihe bEIRRSANgMcld Ccol i DHSa,

and anpicill'in resistant col onies were screened by restriction digest. The
resul ti Wih ppéisheryy, cheimArl P83) redlight chain (HIASHY p:g:zgesggd opiRcorgl pndkpdy G agen | ne.
Val enci lAsg AEaT=Te AN Emit ol e 3: Transfection
of cul tﬁegeec E IS Oe?grtlgﬁ / feqﬁm bﬂlaggttgi@!3 218 eterm ne if antibody

was pr oduced () -,=,-‘- ,=.»u i ght chain cDNAs

on s par btan SCri Qr ncoded

t oge heraﬁ}?nB{:ﬂ%Tég%% ggesggat%feg%rpﬁg@@q‘ﬁ ‘E@% W? 8% Ken whol e
eLrbr KO Iﬁtlgbﬁ@hh:asDNA(ﬁeﬁEsﬁts féd&?ﬂﬁeﬂbﬁaﬁtd}ﬂﬁknﬂd&?p@)ﬁﬁ@@ﬁ&ﬁ&&:lﬁ&ﬁl IThes. Fertile

chi cken egq re incubated for approxi mtely 65 hqurs [VOS were

col | ect@%?"ﬁ‘islﬁgg%nf]ﬂ’g&gﬁé?ﬁe‘?bwqeﬂﬁg es?’r‘?@‘ﬁﬂé%ﬁ@&@?ﬂ?i ]P{erngHF“ﬁ 25 phosphat e
buf f er egasSetding Mint DrIPUGOTBuKBRS URIvefs?) bP ALY RE&RiibD ephei UM and
magnesi um free EDTA (CM=-EDTA). Enbryos were then incubated in fresh

CMF- EDTogestion of @L0§7% witly&pal|aad i fefowadrby3ukajinhphosphatag\fRaBIsTi WaRs r enpved,
and e I m nut es.

14 et thcblldd 9 f"and%fdﬁ*@@%c%ﬁ%%h“@%% seio @ ol e ling 1B
the try&i§9basepan(bpkﬂngm?ﬁtmaegdlburﬁ'mébpdedtmdu&ms then added -50 1 19 July
2005 V\DOZ 6329 CT/ 54 l,0Qi | ement ed
wih 209 of ThRsE e OGP B g iy yoRishd NoEioRE oo gemiihe 20 i ok
serum (59%? fiapasHt ig¥fubiledds RREbEDIOVe. NA W sImilde Xhnd? 1085 wikedigeated oet hanol ,

g

0.2 MM L utam ne, 2X penicillin/streptonycin and centrifuged. Cells were

r esus peritielol wda%mmdéhpwwmﬁwdmé@g@@g evlipyriieda Al tbree ahtie pirikedd on 6- wel |
di Si‘ses DNA Eﬁtaglﬁen(?se@é'l: thﬁatt&:lf ov%mﬁhtlgq{SE elih Ee%%seﬁ@g ok T4 DNA ligase, used to

transform E. coli DH50, and ampicillin resistant colonies were screened by restriction digest.
The resulting plasmid, pCMV-L-IRES-H, was purified by QIAGEN prep (Qiagen Inc.,

Valencia, CA) and used as described in Example 3.

Example 3: Transfection of cultured chicken whole embryo fibroblasts
20 To determine if antibody was produced by cells transfected either with heavy and light

chain cDNAs on separate plasmids, obtained as described in Example 1, or encoded together
on the same plasmid, as described in Example 2, chicken whole embryo fibroblasts (WEFs)
were obtained and prepared as follows. Fertile chicken eggs were incubated for approximately
65 hours. Embryos were collected using filter paper rings, then washed three times in
25  phosphate buffered saline with glucose (PBS-G) followed by a wash in calcium- and
magnesium-free EDTA (CMF-EDTA). Embryos were then incubated in fresh CMF-EDTA at
4°C.with gentle shaking for 30 minutes. CMF-EDTA was removed, and replaced with 0.5%
trypsin solution (no EDTA) at 37°C for 3 minutes. Cells were titurated 10 times, then 5%

chicken serum was added to inhibit the trypsin reaction. The cell suspension was then added
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For each transfection, 6 pl of FuGene 6 |iposones (Roche Ml ecul ar

Bi ochem cals) and 2 g of DNA were preincubated 15 mn at room t1 e[yeaédb%
in 100 | of OPTIMEMIM then added to the WEFs. WEFs with DNA/IngQU

were incubated S hours at 37Cin 5% CO2. The transfection nediumwas then

removed and replaced with 2 m of a-MEM 10 suppl enented as descri bed above.
Medi um waswoenmy®sl 72 hours after transfection and cepimdeisrged at 110 x g

for 5 mnutes. The supernatants were anal yzed for anti body content by ELI SA
and FACs. Referring nowto Fig. 2, results showed that co-transfection of

cells with both heavy and light chain plasm ds produced nonocl onal

anti body detected by both ELI SA and FACS anal ysis. 15 Fig. 3 shows culture

resul t Ot & : . 1 e (negative
contr oﬁowgmﬁg e@?@%%‘%@T@ﬁ%ﬁ%?WgQﬁE% iﬁ- g’%%), or

t r ansf eDighdosej $% KOS bew chig @run? (g iodctip@dvatl 500 dbmt hRES-SKILEDAPA (L- | RES-H) .
ELI SA anal ysi s indjcates that | s.transfected wjth the vector encodi ng
bot h cmp\é’éili‘é‘ioét% @iﬂutmv%éimﬁﬁ%ﬂﬁmﬁ% w3 PR GO body.
Howev eryeré ki BQdYd R 1S glngl_eman&ier lgescRRALBbRI 11 pRfled Bes-WERFSsHe@nSt ruct i's
about 10-fold | ower .t han anti body produced by co-transfected cells.

Exanpl eatadérﬁndzfacﬂoépﬁlfepermﬂan Atibody in Chick Serum by Sperm Medi at ed
Transgenesi g, NG, ﬁé}ﬂﬁt[oﬂ,cé El of FuBRaR tﬁﬂpo@ﬁn&e@%}fe RE&edufir gf&@ﬁEBlic%&? 1 and 2
I'n d the chicken g

above, were al so egra into enome usi ng spefm nedi at ed
t r ansgeiné2iyg of BMR) wae gremtadated 1§ Dmir2h rexpempaatamatin bidy of OPTRIVMEM®Y um of t he

resul ting chicks. in e transfectjon, electro tign, or

i ncubathendgad tg H’Er\ﬁﬁ%t ES%&M}‘B‘EOWAW%%W%‘&&G&S%?W @I%c}J;C‘E‘l’r?\s,ﬁ(‘;’jlJ1 ysozymne

pr onot &g, CORfd § sfe@ﬁbn%@c!i&ﬁ%@r{héﬂf relREAMYan@NEplhde@ HimCH 3 N LMEMIE MAD) and
fertilization o ovumw th the treated spermby artificial insemnation or
by thi ckeplemented ais yesspbeasaboee. sMedinm wanjreraevied 72 (hotrs @8erTinsfect®n and Jul y 2005

WO 02/ 06%[2%3 ‘@ﬁ{ JS 2/50214§4 Li posone conpl exes were formed with 5 Rg each
of MLul““Hi'{EY 1986 ° A" B1083 pl asnids and 10 pg of LI PTOFECTAM NE i n

200 R of OPfd Mpdvhdtdsits veerd @falyndl forginesody chritent 8y BEISAraat EACs bReferdifl uni ts of
D ohi i ST SIENER MR 1 XML A0 ol LDCEECTAMNE 1 200 B o
added t9,shRQ ploissh hbnRiANUhARHISRRE Y bsR FLEAMY FRCk@adMALN rooster, and
15 Fig. 3 shows culture results obtained when WEFs are transfected with pCMV-EGFP
alone (negative control), cotransfected with pl086 (L-chain) and pl083 (H-chain), or
transfected with either lpg or 2 pg of pPCMV-L chain-IRES-H chain (L-IRES-H). ELISA
analysis indicates that cells transfected with the vector encoding both cDNAs separated by an
IRES element produce detectable antibody. However, antibody production in cells containing
20  the IRES construct is about 10-fold lower than antibody produced by co-transfected cells.

Example 4: Production of Human Atibody in Chick Serum
by Sperm-Mediated Transgenesis

DNA constructs, prepared as described in Examples 1 and 2 above, were also

integrated into the chicken genome using sperm-mediated transgenesis (SMT) and shown to

25 exptess antibody in the serum of the resulting chicks. SMT may involve transfection,
electroporation, or incubation of sperm with the desired DNA construct (i.e., the lysozyme
promoter controlling expression of heavy and light chains of the MAb) and fertilization of
ovum with the treated sperm by artificial insemination or by chicken intracytoplasmic sperm

injection {chICSI™),
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i ncubated 30 m nutes at roomtenperature. The

sperni|liposone/ DNA/restriction enzyne m xture was then used to Julvy 2005
artificially insem nate four Wiite Leghorn hens. On the second é‘l?d Uty
subsequent days follow ng insem nation, eggs were collected and i ncubated
at 38C until hatched. 10 Serum sanples were collected from 40 chi cks
rangi ng i rwageosBem 3 to 6 weeks old. For each sanpl gcreppoax mately 100
Rl of chick blood was collected in heparinized capillary tubes and added
to 100 RI of phosphate-buffered saline in a 96-well plate. The plate was
centrifuged 5 mnutes at 110 x g and approximately 100 Id of supernatant
fromeach well was transferred to 0.5 m eppendorf tubes for antibody

det er ni nat i Gliposdrhd @ﬁap[eeesubetréfoﬁﬁsa\/\ﬁdl 5 ﬂéeadl%ﬂﬁhﬁ&l?@teh%‘f@ﬁ%n& pgpg/ m) of
human nmonocl onal anti bod |n five of the 40 sa 5: Ceneration

of Tr andgniscandh) eg ehlPEQPFELANRYE imdfdu! OfIQ?HB‘éEMr{hlfe 'ﬁ@ffhliﬂb%ﬁéﬁs)as‘ﬂ( MAbs) usi ng
a Retroyi | el r r t h n | eukosi s
Vi rus (%&LSE %ér:l@ol grblg]yﬁ%lnt%ﬁfngmll %%}Q‘gtﬁolﬁa ?%?a?l\}g%g%%& Gip ﬁ%e?const ruct ed
such t hialPOFBETAMGVE in(20) pbofHTHARM!. (Hd)htoﬂseamm& indubatéeiCut tdod tdferanirk| be | i nked

Y anbor Bhob aneartsy R0 M dey Serfh e renanv R koo yPOREGH ovi rus (W)

i mredi aheaibead BY @it @5dne RARBRRIe. orh@sp@ﬁ@njms&ﬁe/mwresdﬁﬁaﬂ@ﬂzmﬁes tissue
specificity for the hen oviduct (i. ysozyme pronoter, oval bum n

pr onot SRiXtE wasythenpied to Ay igellyr ingeminalsi fPl‘“ ‘W@éﬁﬂoﬂmfpﬁ Qonthe eg9ndeandi on cassette
WL DSuboc AP DYool lﬁgéaﬂlﬁagse[ﬂ}eg?sec whERARLRS G [TBdoaed P Bedch i ©1 T OVI T UIS.

St age en e ryo ansduci ng particles
cont ai rhalgged he above construct to generate transgenic chi-ckens.

native t he jheav ht ns wil.l be.included.,in eparate
et fhurt ol St pames Y sdfded b o fhGrnaednageint S i oS T
gener atmé eackaghiplé, iapfoMinktely Q00 IEST cBRIP bIBSS wh\Rllec@3Y Nep@iinized GRYillA Al n of the
MAb. Once germline transm ssion of the trans%ﬁne is established 52 19 July

2005 \ﬁ@%ﬂd)e@z@@ B 9Ephyspbatsshuticrsd splineting 96iwel Plate: nERe Mt Wabe bred to
each ,Otcgﬁﬁ Ohffes bt &fh@ %ﬁ@ﬁ)ﬁ%ﬁﬁl‘@elfﬂﬁ lgf?s#]é el fGn ea{cﬂg?fl Q\ﬁ]{_{et o meke

functi onal s in sprl reparation ci pi ent
Cyt opl a@nsfermdrtg UMSMJpeﬂdoa“ptabtatfmomtlbédya!aeanmmdnr ﬁLIS@rresuitsslmM& ation 5 Ova

Wer% I Sdoi;ec‘?‘t E(:j 1‘3@‘{130 (nb %g/}nﬂ%?héga% ntxlo%gaonaFan%oc{} ﬁ\ﬂ: 0?81%548 samp 5 ovi position of

Example 5: Generation of Transgenic Chickens Expressing Human

Monaoclonal Antibodies (MAbs) using a Retroviral Platform

A retroviral vector, based on either avian leukosis virus (ALV) or Moloney murine

leukemia virus (MoMLV), will be constructed such that the light (L} and heavy (H) chains of

20  the MAD will be linked by an i.nternal ribosome entry site (IRES) element. Both genes will

then be transcriptionally regulated by a promoter such as the cytomegalovirus (CMV)

immediate early promoter/enhancer or a promoter that demonstrates tissue specificity for the

hen oviduct (i.e. lysozyme promoter, ovalbumin promoter, etc.). The promoter-L chain-

IRES-H chain DNA expression cassette will be flanked by the long terminal repeats (LTRs)

25 of the retrovirus. Stage X chicken embryos will be injected with transducing particies
containing the above construct to generate transgenic chickens.

Alternatively, the heavy and light chains will be included in separate retroviral vectors

and separate lines of transgenic chickens will be generated. Each line will either express the

heavy or light chain of the MAb. Once germline transmission of the transgene is established
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previ ous egg. Alternatively, eggs may be isolated from hens whose ovi ducts
have been fistulated (G lbert & Wodgush, 1963, J. Reprod. & Fq(r?tlbh}éoas
451- 453 and Pander et at. 1989, Br. Poult. Sci. 30: 953-7). Bef r‘(!:
generating i mages of the avian early enbryo, DNA was incubated with a 10
specific dye according to the follow ng protocol. The al bunen capsul e was
renoved amslovhmszopvum placed in a dish with the germ pedusd/ehsd aci ng t he
top. Remants of the al bumen capsule were renoved fromthe top of the
germ nal disk. Phosphate buffered saline was added to the dish to prevent
drying of the ovum A cloning cylinder was placed around the germ nal disk
and 1.0pg/mM of DAPI in PBS was added to the cylinder. Visualization was

15 per f pirthe dvoalides, rthepyilt G ibradtie kach Mthefrinatli® So elprdsihead@bndolipht tajmsct i on of the
ger m nal dLLSk Pr.e aratilﬁg gf, thegepg was done as described for incubation.
Fol | owi 198°thE ol TrtionphMARs IR th o8P 50 nanoliters of a 0.1 pg/ni sol ution

of DAPI in PBS wasxsi@l@&tmnmﬁa‘ $RecHEMPTRBhladiuSHg YPLRM @ gl ass pipette.

Visual i zation was performed approxi mately 15 mnutes 20 after injection.
Vi sual | Z&pgretien ol@epressibrmigeraiseliratiand Enucl eati on Fol | owi ng i ncubati on,

I mages of t ke, s 89a10] b SuiiRAA HeR dekveei BIIRuGH &ﬁéb" Flie t hr ough the
use of TPLSM a‘lyﬁ;e ge?nelfnarlq g@sﬁt was pq aced u?}l}g’gr tﬁre gllrhgﬁsgopg obj ecti ve,
and t heprpriousiagk.c akltegmtivelyt gggssmayebeisglatad dlomchens whose dvitlucts daver bdenar ea of t he

N T N e e TV TSR

wer e sulyse@relndiaSct.as:a@s3medi ated ablation. In these experinents, an

A ynpus 20x/0,5NA (Nuneri cal erture) water | rsion |l ens_was used. The
x and y pl aRE&™q Brb e a7 avigfk FiheRmaRICy P%’ai HEUSHEL B 2sof t war e,

whi | tdhecific @e%&%rcﬁr%ﬂ@%ﬂé)fol%gl\%ﬁ&co}!”I»"B%ralb%%ﬂf: Suld WisSrethdR8 afdf thebj ecti ve.
Since each -53 19 July 2005 WO 02/063293 PCTI US02/ 02454 pronucl ear

st r uct urvamyplaced bo adish ovith the germingk disk facingdhaispatReomand b e fo steps (2
times . i | dy:1,0 Wi [ Lnhing of the
pr onuclcé%@e %l;?g%ngo&/gghmgﬁgé;{ga\ﬁ%ﬁ %@@?aqt%d.%ﬁ%ﬁﬁdea{)égFrE&gga\/{%?%ed to abl ate
t he pr caddal teithendish tb @tewene drydfg of the MQummA ¢lonisg dylindet was placeé bengt the of 750 nm

Fact or e ds¥and 058 pEERRRr BIHS R el e i FPon Mk (he

15  performed after approximately 15 minutes of incubation.

Injection of the germinal disk
Preparation of the egg was done as described for incubation. Following removal of
the capsule, 10-50 nanoliters of a 0.1 pg/ml solution of DAPI in PBS was injected into the
germinal disk using a glass pipette. Visualization was performed approximately 15 minutes
20  after injection.
Visualization, Nuclear Ablation, and Enucleation
Following incubation, images of the inside of the avian early embryo were generated
through the use of TPLSM. The germinal disk was placed under the microscope objective,
and the pronuclear structurés were searched within the central area of the disk, to a depth of
25  60um using low laser power of 3-6 milliwatts at a wavelength of 750 nm.
Once the pronuclear structures were located, they were subjected to laser-mediated
ablation. In these experiments, an Olympus 20x/0.5NA (Numerical Aperture) water
* immersion lens was used. The x and y planes to be ablated were defined with the two photon

software, while the z plane (depth) was just under 10pm for this type of objective. Since each
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power was increased 10-12 fold for a total intensity increase of 160-300
fold conpared to the visualization intensity of 3-6 milliwatts, Tble
ablation intensity (power density) is the functional paraneter ,1% .El.y 2995
power increase of 10-12 fold results in ablation power of 30-70

mlliwatts, but the zoom factor conpressed this power into an area 16-25x
smal | er giwomgssees 10 power density increase of 160- 30fcf@dslezafzxanpl e 7:
Preparation of a Nuclear Donor Cell and Donor Nucl eus |solation Fibroblast
cells in culture were trypsinized (0.25% Trypsin and 1M EDTA), centrifuged
twice in PBS containing 5% of fetal calf serum (FCS) and placed in a 60 nm
pl astic dish in PBS containing 5% of FCS. Using the

M Cr 0S CHBRUCEhCIHAEERE Wl bl Rk B aimﬁe‘eergﬁ@maﬁlaﬁéonb&ismwot&&ﬁ@{z thie@Nsm ssi on

| i ght, nuclear donors were then isolated by repeated pipetting of the
cell's, UhimohThe foral peintdvas heversptto pisuptind the remaiing o&the prinvdidus it wahie nucl eus
fromingj t he L. I - Prep tion of a Reconstruct Zygot e

I nj ecti %‘R&%enﬁy fartlﬁ %?% rrg}rl? %‘%’g?‘l”%nusﬁd;ltf)ta,g{a%othn%?rlo%qcﬁbW&%E‘%{’ﬁeféu%) ggoi nj ect or
and a MuHIBEbEt a MaeslaginefpAsh abor Forhbd dbldtion expetikend Ntiitzhiabeve, ther e adapt ed

to ap upright N kon Eclips E800.. This m croscop dapted to operate
unde bBER VTR L TR 4 SRS P S BORGI S TORE: TPF ¢ uni que

conf i gUscet @k ihaeasedl 1oomyereld sr ot tealTRemhPine@hse af 160-708 3318 BenpARd to @E Epar e
(isolate the nuclei, as_described above) somatic cells in suspension and to

| oad t hasuglizafiey) ivensipn ob Brfemiliwalsi nghegablation intensty (Payeerdsnsiy isehges under

di ascops,£aid ] i r : 1 (e PYPY I I vegl by pronpt

| ocal i ?g{;ﬁti’glrlldl g%ﬂ%%)lj’sﬁ?iﬂ% iow%{lg?&?%%ftlggrz rﬁ) lggﬁ% ults}_?é@aﬂ@ﬁigr&tolﬁgyﬁgcr oscope and
s ubs equeiliwafs,i aedie izogne Ecioo ponfressddethis powedr iito ere hres 16-254 smplleirgiviegnal | ong

di st ance | enses .under f| tic as well as episcopic illumnation (light
con'g(ﬂg l}%"g#ﬁ@1ﬂ°§%a§f90féh(g?({0rf&§1]gh the objectives onto the sanple

respect i vekyample h4PrkPardtibnyof 200 R1eal Bikb2 (R 2P ol NudelLIsbddsd# Exanpl e 9:
Ovum Transfer At the tinme of |aying, recipient hens were anesthetized by
wing vein i RPEREROFFIR ip Ul nYEB B (5% v B Mg Asol uti on), At
this tidRinphewidf i Phistishtiilie 595 SERA! LalSsehh FCSIAROHIARY W BYinshias not yet

ovul ated. Feathers were renoved fromthe abdom nal area, the 5 area was
scr ubbedestg dish inePBY containing) 8oraf FEEd Wsinglthey Oderastdpama¢romatipldtion dnibas pl aced in

a 15  described below, under transmission light, nuclear donors were then isolated by repeated

pipetting of the cells, which disrupted the cytoplasmic membrane and released the nucleus
from inside the cell.

Example 8: Preparation of 2 Reconstructed Zygote

Injection
20, A micromanipulation unit, comprising an IM-16 microinjector and a MM-188NE
micromanipulator, both from Nikon/Marishige, were adapted to an upright Nikon Eclipse
ESOO. This microscope was adapted to operate under both transmission and reflective light
conditions. This unique configuration has allowed us to morphologically examine and
prepare (isolate the nuclei, as described above) somatic cells in suspension and to load the
25 injection pipette using dry or water immersion lenses under diascopic illumination or
-transmitted light. This was followed by prompt localization and positioning of the germinal
~ disk under the microscope and subsequent guided injection of the somatic cells, using dry and
long distance lenses under fiber optic as well as episcopic illumination (light coming from the

side and through the objectives onto the sample respectively).
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supi ne position and a surgical drape placed over the bird with the surgical
area exposed. An incision, approximately two inches in Iength,1§ﬁ§ Cﬁﬁﬁ
begi nning at the junction of the sternal rib to the breastbone u Pﬁg
parallel to the breastbone. After cutting through the snooth nuscle |ayers
and the peritoneum the infundi bulumwas |ocated, externalized and 10
opened usiwgoglsewed hands and sterile technique. The gep@uy@¥idm was gently
applied to the open infundibulumand allowed to nove into the

i nfundi bul um and subsequently into the anterior magnum by gravity feed.
The internalized ovumwas placed into the body cavity and the incision

cl osed using interlocking stitches both for the snboth nuscle |ayer and the
skin. Recipient hen were remgl{;ﬁggg Ovimaringades and all owed to recover
with free access to both 15 and water. "Eggs |aid by the recipient hens
were col | ectAddha tinee ﬂ%barmgja‘;cmmsnébmumrmﬁh@aed wiggyein|igiectipn wiht er nat i vel y,
a hen h t ( and Pancer
ot ol . P B b A R e e

enucl eaﬂomnoxprrdmedurwt yed esxdatedaelitamr@wre 1dtheved framshesbdohingl areacthast r uct ed

enbryo to a recipien .for .the d n 20 |l egg
(destri oto Mt %’ﬁ%%ﬂlﬂl Ee?a de B cﬁvf?h y@%legln%& gbﬁdiggg gg%ﬁ%g‘ Ater ali a).
The enugipiiaipbsitivnta@d b Birgjoz dvupé bladag ouesad: Hiud veitht el mgmaaar’éaxsxpo@dl Ahent
cytoplasts and the | atter ggp&@&ge to g&oduce rec ent. to be used

i pi
r epeat edfi§ion APPRREAtENLOs iaghe n&#r gn@ﬁ%ﬁyggjmmggligﬁ@uly 2005 WO
02/ 063243 0¢ih/1d R0 R RAdbad andddnidsSafel |8 idBE bleSstbohe. Aﬁmmﬂa@ﬂ&& hihbe production

of an antibody by an avian cell conprising culturin avi an cel
t ransf ewtasth misels laers asd she paritoneuop rtesisfisAibylamt s l@cé r"r’%erfﬁ‘l;izeé #fdanscri ption

Soatby, g Ll B0A S8 ATUERAGC TRORIDIAR, JIRNRPAN Y BPo! yPePt ! de

oper ab ranscription: pronoter I'ptional
t er m nadpen infemithuladre areli zﬁnlowaiato oMet iotoebk mﬁmdnbuluml Andprubstgreey atp therrunogl obul i n

pol ypept i de capabl e of f ang i bod 0.2. Th thod of Claim1l
wher ei n23{gFar i 3 %EHHY ﬁgﬁﬁlizfj‘{e péf%ﬂﬁﬁ%gg’fﬁmﬁ’ avy chain
vari abl e (3Giof @Lose@ﬂxsiné’lﬂﬁi@&hﬂ%lﬁkdhéh Hbﬁhaﬁwth@ babdth muald 1afk endrtBgHaN and a
constant region, an inmunogl obulin |ight chain varjable region

i munogRestaint hen) wegh retusnes ta theiroages|aad allagred o reseren with it agsess i bothn and a
s n% €- feed and water. Eggs laid by the recipient hens were collected the next day, set and hatched

21 days later.
Alternatively, a hen having a fistulated oviduct (Gilbert and Woodgush, supra and

‘Pancer et al., supra) provides a method for egg coliection useful for the enucleation procedure
described above. The transfer of a reconstructed embryo to a recipient hen for the production

20  of a hard shell egg (described in Wentworth, 1960, Poultry Science, 39: 782-784, inter alia).

The enucleation technique will be used to obtain ova for recipient cytoplasts and the Jatter

technique to produce recipient hens to be used repeatedly for the transfer of reconstructed

embryos.
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chain antibody conprising two |inked inmnoglobulin variable regions. 15 3.
The nethod of Claim1, wherein the avian cell is selected from

fibroblast, an oviduct cell, an ovum a testicular cell, or qé%ﬂ”&b%p95
cell. 4. The nethod of Claiml1, wherein the at |east one expreSS|on vect or
is selected froma 20 viral vector, a plasmd vector, a linear nucleic
aci d vect owpomessmsconbi nati on thereof. 5. A nethod fopctizpueducti on in an
avi an of an heterol ogous i munogl obul in pol ypeptide, conprising the steps
of . (a) producing a transgenic avian conprising at |east one transgene 25
encodi ng at | east one heterol ogous i nmunogl obulin pol ypeptide; (b)
expressing the at |east one heterol ogous i mmunogl obulin polypeptide in a
ti ssue @fhaiReidikaffoeni c avian;, and (c) isolating the at |east one

het er ol ©gous I munogl obul i n pol ypeptide fromthe avian tissue. -56 19 July
2005 WD 02/063293 PCT/ US02/ 02454 6. The nmethod of Claim5, wherein the

avi an tjssu t avi an egg
7. The Lethghhap&gﬁpﬁk$EMLﬁﬁeré?HEF dy%?gﬁxggﬁﬁg gg%ggggggggg?ﬁanscrlptlon
uni t encodi rgan ellatrdnsfegitd withratrienyt mwpmsspmlwygemmnbemem trgnserition d

ogl obul i.n oper abl pronoter, a
t rangcrl pti SRt P%“}%yaﬁ"&‘g%?t%eé %f)frf%%%ﬁ #nmqmo 0 hB hglPEﬁl epoi’(%)rgrrgyent ry site
(I'RES). 8. Tihkdnethadsceptidel Romoi&, and\ﬁaefaﬁscnpﬂidael mmﬂmsmdw}&mrathe expresses a
first and a second 10 tragnsgene encod%ﬂﬁ afir ?econd het er ol ogous
i munogl obuCHArGdAvABSHH Prpduces an, pemupeelpili nofyaen ?ﬁﬁﬁ ?Hf HEPE @npri ses the
step of comjip,g the first and second heterol ogous i mmunogl obulin
pol ypepti des, thereby form ng an anti body. 9. The nmethod of C aim5,
wherein the transgenic avian is produced by introducing a 15 transgenic
avi 8, Conor 1BHShEHS: |2 S CTUChERRC o ShbRbSMEE ! fotflhiRt OfUGE 2
reconstfucted avian zy , activating t onstr ed zygote,
transferri ngnmﬁte:globﬂnnhavy lxmmedvanylgje)trgwmtam anmmmglpblémt heavy cthain t o produce

an e cont ai nj he reconstructed.zygo t he reconstructed
7yg 0? g to d é@rgk)ggeé@ gng a gonstant region, an D gl%bulmrl hfa chain vana%le region, |

an immunoglobulin light chain variable region and a constant region and a single-

chain antibody comprising two linked immunoglobulin variable regions.
15
3. The method of Claim 1, wherein the avian cell is selected from a fibroblast, an

oviduct cell, an ovum, a testicular cell, or an embryonic cell.

4. The method of Claim 1, wherein the at least one expression vector is selected from a

20 viral vector, a plasmid vector, a linear nucleic acid vector, or a combination thereof.

5. A method for the production in an avian of an heterologous immunoglobulin
polypeptide, comprising the steps of:
(@)  producing a transgenic avian comprising at least one transgene
- 25 encoding at least one heterologous immunogiobulin polypeptide;
(b)  expressing the at least one heterologous immunoglobulin polypeptide
in a tissue of the fransgenic avian; and
(c)  isolating the at least one heterologous immunoglobulin polypeptide

from the avian tissue.
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20 10. The method of A aim9, wherein the recipient cell is enucleated
using two photon |aser scanning m croscopy. 11. The nethod of i,m9
wherein the transgeni c avi an donor nucleus is obtained from a ﬁkgﬂGb@%pgs
avian cell, wherein the transgenic avian cell conprises a transgene 25
encodi ng at | east one heterol ogous i munogl obulin pol ypeptide. 12. The

nmet hod of Wbaiwsds wherein the transgenic avian is prpgrcasodiz

sperm nedi ated transfer of at |east one transgene, wherein the at | east
one transgene is incorporated into the spermatozoan cell or a precursor
thereof, so that a genetically nodified male 57 19 July 2005 WD 02/ 063293
PCT/ US02/ 02454 ganete is produced by the nmale avian; and breeding the male
avi an wgth ghf BRBbEcI A aim 3§, ¥hGBE HeS9ial HGMe & Blm Br hé ARRAR MG @gENY i S
produced that carries the at |east one transgene in its dgenone. 5 13. A
transgeni c advvelopingdnipr¢egi ng at | east one heterol ogous pol ynucl eoti de
sequence encoding at | east one heterol ogous i munogl obul i n pol ypepti de.
14. The transgenic avian of Cl aim 13, wherein the i mmunogl obulin

pol ypepl.i de The meitled of\@aimd, tvbertih the whnspenc@bmprisessa/ranscriptign ayt eacolmgal e of t he

tranggenic avian. 10 1 The transgenic avign. of Claim13 rein the

i rmuiogl obuf hfsgéffl@‘b‘&ﬁ%}“&}@ P‘&ypeatg G %dr éo‘sefodlgt Wgn@ggl%wﬁquw\éﬁﬁf ansgeni c
avian. - 16 opetitgy hiiked ®OLRinSeripidnAtonéterCh abidtriplion whRin@bM) add@tiatallyeast one
het er ol ogous 15 pol ynucl eoti de sequence further conprises a nucleotide
sequence, a 2% iigFebrbosemesatry sifeddtr and a transcriptional term nator
operably linked to the nucl eoti de sequence encoding the at |east one

i mmunogl obul i n pol ypeptide. 17. The transgenic avian of Caim 16, further
conpri sf.ng dhe inkthed ofallaini hoderem the transgenic ayian 2@préss@RES)rsignd rastéoned| y | i nked to
a nycl eoti de_seguence. en i.ng.at | ne . 1munogl.obul in | ypepti de.
o Mihe t r alfeBEF e rE A TaN £ a SeernS PlralBRE i FTRERRUAT B B0
produced by atilwhepdr the rfethiod figthed cotntiseatlieGiep 0f cdmbénimd tht @asindas@ntiet er ol ogous

nucl ei c acig seﬁuence accor@jg§kto. 25 the method of aim9. 19. The
transgeni c A/Fai98Y repufogloquin PRlYRGPLAS, therebyiPuMe R APWodY an i s produced by
sperm
9. The method of Claim 5, wherein the transgenic avian is produced by introducing a
15 transgenic avian donor nucleus into a enucleated recipient cell to produce a

reconstructed avian zygote, activating the reconstructed zygote, transferring the
reconstructed zygote into a recipient oviduct to produce an egg containing the

reconstructed zygote, and allowing the reconstructed zygote to develop to term.

20 10,  The method of Claim 9, wherein the recipient cell is enucleated using two photon

laser scanning microscopy.

- 11.  The method of Claim 9, wherein the transgenic avian donor nucleus is obtained from
a transgenic avian cell, wherein the transgenic avian cell comprises a transgene

25 encoding at least one heterologous immunoglobulin polypeptide.
12.  The method of Claim 5, wherein the transgenic avian is produced by sperm-mediated

transfer of at least one transgene, wherein the at least one transgene is incorporated

into the spermatozoan cell or a precursor thereof, so that a genetically modified male -
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medi ated integration of the at | east one heterol ogous nucleic acid sequence
according to the restriction enzyne nedi ated integration netho f '

WO 02/0063293 PCT/US02/02454

gamete is produced by the male avian; and breeding the male avian with a female of
its species such that a transgenic progeny is produced that carries the at least one

transgene in its genome.

5 13, A transgenic avian comprising at least one heterologous polynucleotide sequence

encoding at least one heterologous immunoglobulin polypeptide.

14.  The transgenic avian of Claim 13, wherein the immunoglobulin polypeptide is

delivered to the white of an avian egg by a female of the transgenic avian.

10
15.  The transgenic avian of Claim 13, wherein the immunoglobulin polypeptide is

delivered to the serum of the transgenic avian.

16. The transgenic avian of Claim 13, wherein the at least one heterologous
15 polynucleotide sequence further comprises a nucleotide sequence, a transcription
promoter and a transcriptional terminator operably linked to the nucleotide sequence

encoding the at least one immunoglobulin polypeptide.

~17.  The transgenic avian of Claim 16, further comprising an internal ribosome entry site
20 (IRES) operatively linked to a nucleotide sequence encoding at least one

immunoglobulin polypeptide.

18.  The transgenic avian of Claim 13, wherein the transgenic avian is produced by nuclear
transfer integration of the at least one heterologous nucleic acid sequence according to

25 the method of Claim 9.

19.  The transgenic avian of Claim 13, wherein the transgenic avian is produced by sperm-
mediated integration of the at least one heterologous nucleic acid sequence according

to the restriction enzyme mediated integration method of Claim 12.
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