; OPQRSTe3e( %<0l 6VTO2 VNO 112/0(3213 PCT/L1S(12/112~s-4 Title of the ")
| nvent | on " PRCDUCTI ON OF A MONOCLONAL ANTI BODY BY A TRANSGENI C AVI AN' The(Al~
present ((g@y ;on clainms the benefit of priori ty from ap@foyiahenal

application filed February 02, nd having U.S. Serial No. 60/266344. 5
Field of the Invention The pr etﬂ@m@mmﬁfwm on relates generally to the
production of avian eggs, spec m chi ckens, havi ng het er ol ogous
anti bodi es therein. Mirre specifical¥#yy the invention relates to methods of

generating a transgenic avian capabl e of producing an egg containing a
mamal i an anti body capabl e ofXitleefithenvention anti gen. 10 Background The

purificatiop n 0 Ie,,epltope from
serum is no?R{) E%N% lpﬂige()%ﬂg ‘*ﬁ‘fbﬁ{éﬁ“{ﬁ%ﬁ? ]%tl body species
in serum IShéSQrels@Wapimcdi’N)ﬁrc@ﬂE tﬁ&b@eﬁt @@tph@aiy fibfd FMIVIsYonahyxgﬁllch%fﬁs wer e
devel oped wherein a %@ nphocyte is fused with a nyeloma cell. The

V|

i mror fiker iFgbarany/i; QQ@h@D lngllﬂﬁes?‘m@ﬂ‘b?e%’ﬁé@%@at ed 15 indefinitely in vivo

ascites, or in vitro in ti S4S.£5 I ure.. The uni que anti body synt hesi zed
b?a hybridoma culture is th t the culture msdi um or ascites

fluid (Kohigy Ff"éthhﬁ@&itn@n r&l&%@geﬁ@ﬁﬂl&r fo ﬁéﬁproéﬂ@:ﬁ'oﬂ%?)avnd}{b QR8IGCAN | bodi es

have proven of inestinable value in therapeutics, diagnos cs and "as
resealrom tlodiess bbadug dictstologmisrantibgdies pleareini ¢ Moye fspcmﬁeaityettheamwegms I n

t hera ut| CS, E ocI onal antibodies cr osa@l i.nked to ther ageut L c agents
have ‘FF to ghefaedsr SS’"EHS‘BE% fU@n3EEPICAVIaffiapa PﬂBEPdP%‘“B@“;?&EP UYL Yise in

cancef, LBt bt B e S AGH R?Mféxﬁxr%@fﬂems focused agai nst cancer cells

rat her than nornal “ce s. MonocT ona ti bodies are al so useful for

tEr geting and neutralizing toxi cBalgiren or other antigens produced by

m cr obi al gat hogens. In di.agnostics, rmnocl onal antjbodi es_prove inval uabl e
as tool s fbke PHEiioeef # slonsslonal apdbogyy speaifiprfera sipglerkplepriromsEums deci f i c

mar kefti&’ fef? tE&ﬁcJ[ theSco EntkaW&Hrb‘?gelngb&He t%?é(ﬁfﬁéﬁ lgc%gﬂrlnten%ts? I%Q.befofor the

detection of a cell, such as a cancer ce

al t er oadreduye tHiopractibsl dsftaany| Rybridomao K develepedUahdreinad BY Bnghsayle SUCh as
an enzyme-|inked . imunoabsorbant assay (ELISA). Mnocl onal antibodies are

al so fsed it @rmé(elﬁwll eall. ofThe impyentalized Thybrdasa melt) lusr ey obe pEpagatedear ch
L T e T
ant i begda@ybRdorhs @dlttﬁﬂeQﬂﬁ{enrﬁﬁhﬁ@@?fnonhmhre in%dﬂuﬂrb&f 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
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intensive and costly. To produce sufficient antibody once the hybridoma is
isolated often 5 requires major expenditures in tissue culture facilities
or breediygoRfessvzce. In the latter case, cell transfer angtpg&izoesaf! uid
harvesting I's expensive, and still nmay not provide the quantities denanded
for nmedical 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) conpri sing inmnogl obulin heavy and 10 Iight
chain varlagwgw1£le |ons he nucl ei c .aci d sequences encodi ng,.t hese reglons

are cBitargl Ahh & andge CEEHPREBY GHANERYYY astAYP: amdIingEddSAY scAb
prot ejfy lwurpﬁng@(g&gm;se@ ﬁr@ce@H}eK systens enpl oyi ng bacteria, yeast, plant,
or ani mal l's. hod, however, has proven entirely satisfactory in
el evati ng Ehﬁ: ptmmymw ef dmnbdondhenhmchd:sbyd&sdmenhlfrﬂdsth@cttequ%&rcgrmwrc| al
production. Industry therefore now | ooki ng to transgenic aninmals 15

t hat 'c%ﬁﬁ”@ﬁpﬂ“@s"é”“f orT e RI9AR¢ e SU gﬁe@x%’é’ﬁ@(@niﬁr eivfbridaen 1adsodaiedinttebody

t f
e Lre 0] PR Bheilll L fisslk Hhodtt Pcthichs o BfccBlalfh ek ihe B8t Gec! ©F
gl ycosall @drisésr,and ﬁmxealﬂluyd hegesting ¢k dxpendivd, land Btnlqitna@ﬁ\@l ptovidefthé Gearditiet body.
The field of transgenics was initially devel oped to understand the action
of a dsmylded durfaedigal opindugtisipbyse- of t he whol e ani mal and the phenomena of
gene acti V%h&% /S Eé’sﬁ%b?’ﬂe?ng& Rﬁjélzrd‘t%? agihd B3 de}[?l'eﬁ %{iﬁgangha%y¥lﬁ s also

been used to Fous drseasss i

ani mainglhuang érﬁgnﬂa@ﬂﬂ@%in febéhaD&itibp@ee (Scilb) tOabasiay ahmakbBob@in hdaQy %.ﬁdidy of
genetics, and the understandl ng of genetic nmechanisms and functi on From an
etbnohighs’ plaig peseiablee regnaaey rhe nwséelc:s@ld)fseqmn@gequmgechﬁsol regipns areonver t

ot hor *Uiat i tEa B e R EkuERian “ott ReEVBC P Sracr BRI ke ' 7 '

Bi ot egﬂaagééagm Bulk 14y8Rmb! &rployihk BabteRh, Past, pldR0or TMiEal QIRNONAI YnelRrd,
113-123) offers signifi canEt) advant ages” ovér nore conventional nethods of
pr ot ehcmwpfeqohm proenieptigdnsatisfaooessi aevating antibaly gieidetot the katbrdebioglofos

nucl ei ¢ aci ds have ee en i neered so t at .an expr.essed roteln may be

j oi ne?ffetqlf}atﬁ OrgrEra’ 8 q] E‘%Pﬁa’t tli)ﬁr? Prey i BW’?E@?‘%% F‘bH e'i”ﬁémtmﬁﬁsgem C
or

iF3 et S Oiphs %ﬁfg%%‘a%ﬁotaﬁ.‘%a { o SR ERah AR AU SRR M 0T e

had | bffert hcghsymhiasﬁ ther chromin nreqnuarcevé: afotm.twlm@ aiuormiramgvprh ttanslafdriabndant

costs of maintaining individual anjmals, or herds of ge_speci.es,

i ncl uBTodH1cABORS, S‘éﬂli'e?érg ycgpylatiqye fyprcally raquired; fr dall If‘V‘CUPWAWéQEWPéma‘Pﬂ%I s have
b d |
Tﬁi”pféﬁuﬁﬁé.@’ (R PE b REPLUE WA whisl BB Shadfaft] ol Rube i SR8 o0

, gRNagha ebaterr ofadhe agerle aimah e thel ignomendNA geneetivattbnDbkpresiag uI es
The m croinjected fertilized eglgs are then transferred to the genital tract
020 a prebinirsentiogn dis eehnelegy (s glso begny yssd i produeermagels for yaripus digegses ipnos .
‘2 4 lljrﬁngrﬁgnst %dﬁé 35}9m ?anz? é%&ax?%%ﬁ}he r%Qst'\éo%IePfuP{o%?st Av%ﬂaﬁlé?m i Sty n‘?q“' re

0s” an vitro.
Large awﬁberaﬁad%ef@fdbtstanaﬁg SOgEhetd %d&ﬁﬂﬁﬁﬂs ae@ammh heFx@ni gn @cdtiopticr at e of
egg | oss due to lysis during mcroinjection. Mreover, manipul ated enbryos
are | perspectikel howeyer, rrfheame el ¢rassgenic viechnglagyetoo comvppi amals msnopsmn

fertilized ¢ cr.oi nj.ected t r Qduc S ¢t genic
IRl e S N T i R T T
Ppohi RirtlemelGoRtoReRei ¥e. 1@87‘eth&eéH%Mg§THB| oruselﬁmhawulaaﬂnet raanswg(r ed to
enbryos using retroviral vectors (Jaenisch, R, 1976, Proc. Natl. Acad.

Sci . WUBéid@nologs031263%) 23 )haffers hignificattradyamsagasfdver mofe oonvientietab methhdanbacks
+including that the resulting animls were nosaics with different gene
|nserPfBrr?ée"i‘ﬁrQﬂil“F‘F‘e’r@hge"Lele§g'i§é5§°“( Jaeni schLR. , 1980, Cell 19: 181-188).
20 An alte mM! éﬁtn& ou%@@élb aadehs&@maengﬁe@rea QB kha Sn RiG6R2H

- repl acenen ertili ze TotiIpotent, 1.e., I nmture undifferentiated
cel | s pragia rhaﬁrbsfjemeédmmpmtemoormgpt:dc hlnatqwélsalmnmbtyorknﬁm irangghmicart .
The transfected diploid nuclei are isolated by m cromani pul ati on and t hen
transferred into a freshly fertilized egg, after which the "native" nale
and femal e hapl oid pronuclei are renoved by suction. The egg cell then
proceeds with 25 enbryoni c devel opnment based on the transfected diploid
nucl eus that was noved into the ovum However, because extreme skill is
required for the micromanipul ation, tRe technique is costly and has a | ow
success rate. One systemthat holds potential is the avian reproductive
system The production of an avian egg begins with formation of a | arge
yolk in the ovary of the hen. The unfertilized




-3 WO 02/01r32') 3 PCT/ US02/ 02-4S-4 oocyte or ovumis positioned on top of
the yolk sac. After ovulation, the ovum passes into the infundi bulum of the
ovi duct VWiphBockieszi s fertilized, if spermare present, andedhesnmy|s into

t he magnum of the oviduct - lined with tubular gland cells. These cells
secrete the egg white proteins, including oval bum n, |ysozyne, ovomnucoid,
conal bum n and ovonucin, into 5 the |lunen of the nmagnum where they are
deposited onto the avian enbryo and yol k. The hen ovi duct offers

out standi n pot nt i. l. O |n bi o ctor beca se of the h | evel s of
ot ot e PRPTB AP F B o e B WhEHARE bieit RGP S5 st ercinel hest on

modi f heREARES ﬁzivetllﬂaﬁj hﬁl'itg@rsu&%%t @ﬂcﬂma& h@qt@@slﬁct%ngoﬁrﬁgﬁfst Wit CRY¥ Ghiknaapd the
shorter devel opnental period of chickens conpared of her potential aninal
speci essts AEmaintasmitipndiziduel srsmaksve ltwectsmfﬂ@rgﬁesdecmsonu:rlmhhgccbwarshg@nloc
chlckens expressing heterol ogous proteins in the oviduct by neans of

mi cr offf'&ction of DNA (PCT Publication WD 97/47739). Bossel man et al., in
U.$. Pat enyidirically 1 6farddehic d85iffal Q858 B@énhgﬂoa&%d' B REUEL NGk ey b
repllcatlon-defecglve retroviral vector 1nt uripotent stemtce Y of an
uni nc ubebagectinh ok therfbrtijiaed egyl Therprorcled of fertilved egts aremicrofjtctddemsimhose
cells exgéess a heterol ogous vector 15 nucleic_acid sequence. However, the

per ceMtithgloraan. ¢es %qna&%rgecnprca%qaegﬁﬂ hegerploeee PNV A obhybad O¥A pealpeulssre mal e
QO bi Ge Iy,
S e L A8 S bt M ARRGSNIBLEL Yo Bl B0GT 2 1Y
i nt egmhale(‘egsaﬂdm&nﬂaﬁrdm ih 983, Pdvblos. Raps5364, 53834341) an98; 06oand Naito et
al ., 1994, Ml . Reprod Dev. 37: 167-71 ). In addi tion, the use of viral
véltors podsromiestioat teeuquss r@%rezemtlmmtqd@ndiemwpmgnd e facilisy &6 t he

tr 3”5%’8 111&{@%%%2?7 \Qﬁe.' O?l%; %Bﬁ%%%%f'fa{lﬂzéd d%g%/ gl%tn%r e%r‘a% %tlpecr)é %ga},'li @kef or

vi ral pring Ion sgenl ns by

DNA mr:ﬁé of BjEhist aite (Slypis Ahrihg nﬂ@lbhljédﬁl@flf iNbredMer, &ﬂ%lbhlﬁﬁd%*ﬁs‘l d@lesd T ansfer
of a donor ovumto the oviduct of a recipient hen could facilitate genetic

mani plikelyi ton iinplaat iaads surfivaaka waroal Typicalin4 30Qr50(Rdprtidided aapgs Fansti bety,

| 00: 447-4 duced, chi by in.vitro fertilization (IVF) and

ot ur FugTEeeC R PoRcoShHh ERpbsesdicnibtlss ComeerBitrtrtiating 4380 mpl et o
the egginddwinalcke fleu'i@&éSQE‘proﬁmlﬁvﬁ%&?ﬂehm@t al approach suggests a useful
nodel for the production of transgenic avians. Another nethod offering

prom se f oGegamemfommirmmpalS(aﬂlas beers tramdersedalyl embryassisengt fetoviod! vekars ger m

ceIIs n wvitr t elrtrans r. 1 e Sti PCT. PubI catlonV\O
oesignifs S8 perryilionash Set Ut Sk TlosbiBL s wehavpant

tr ansfn%m hiddedtd am»\ooaeﬁd(ngrudmgofhgameqemﬁ)m}nalsme LI it @grerak | s _by

using |1 posones. Bachiller et al Repod. Devel op. 30: 194-200)

used Ige:pmmmloms-lbaisﬁdemtltpmn(dsemschz ah88GICe[NA: i 8it-088)i ce sperm and

prﬁw ded evi dence t hat éﬁp&ljg posone transfected [fNA overwhel m ng

8t ai ned it ARGINItHE B I STGALRE QuFansgERin ABYRRINS Jerlpement @

be progyRsd bya.t &bﬁp&t@ﬁtbQk.g%mawﬂg%ﬂﬁﬁﬁ%enﬁated cells, are transfected in vitro by

techniques commonly known in the art. The transfected diploid nuclei are isolated by

coul d

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



Iritani (1993, Whl. Reprod. Devel op. 36: 2S8-261) used Lipofectin-based

| i posones to associ ate heterol ogous DNA with chicken sperm which were in
turn useQyd Gy@iigsficially insemnate hens. Al though the hateosagaeis DNA
was detectable in many of the resultant fertilized eggs, there was no

evi dence of genom c integration of the heterol ogous DNA either 10 in the
DNA-| i posone treated spermor in the resultant chicks. Heterol ogous DNA nmay
al so be transferred into spermcells by el ectroporation, creating

tenmporary, short-lived pores in e cell rane of ljving cells. b
xS PRGE RRATNT i3 PESHORACE 9P WriPeyoiBe: I PUpan e She pvan GHoEs SRy
St T engldin (RPN &ST B bOMuEeIh&re iOist@KBizAP PSP YRS ITBAL HeR I m %h as
DNA, vvhlie only slightly conprom sing cell viability. Gagne 15 et ul. , (

1991, idtblthe Rapmon of Bevalidgt - Aaed G4thSybudarsglbhrobendlst Miseseseellofseatieche egmer ati on

to introduce heterol ogous DNA i nto bovi ne sperm sybsequently used to
ferti MBE OIS HHGRWEE ovakuminy 8oz me QY ekon!, pnalburaigy and; Qyemycin, jreo

el ectr, i j ] rod | eus of the egg
cuBscAornat el Ehere ey SARMRIUIAS BB b M T r  Pa 1y
devel oped e lent®@gdwdt iofifgreitetnading puenfiliisi apmtsirdssre2Qombetatdel gietheol ds,

and | ater adapted to avian sperm is restriction enzynme nedi ated
i nt eghéghi deve{sREM profeghanedistion, Hie pramisepofopropss oingapd pogt-iransiation 5

restr B gy Bl R AR B (R LS Rl Byt g

|'i nearperi6® e shivieens RegPartelibo pth@gﬁ@thmal hibrtal bhRidse s bl RBRE HAR: beead to
produce the cohesive ends, is then introduced into the target cells by

ell@ct myslsrtatciaate wansgéni¢ cipckanyexpressing baierolpgousprotainssinrthe pvignctdryzpeansi s
believed .to.cut. th ] A at S enabl e the heterol ogous DNA
to intogé‘?‘értoéll?ﬁtlgnioﬁgﬁg?&fR@@‘@HBEW@%#Q?Q)SCN estl and Petes, 1991,
Proc. Natl.gfcaflan BFhi, iHIASEPated8e- 7 BN 15, M&FibE 4 HRARKSRE MrdALARE o | Ne

has been created, the protein expressed fromthe incorporated transSgene
shoul defieapondefeetive retguiamt vectarsingna phemoteangtepostll of ansinaidubaed chisk W O

(12/11G3293 PCT/ US(12/02-45-t nodif.ication, sych as glycosylation, that may
be. ne O A GHTRAI S Ry er phigkeas coiose SR eiPrass a ELorbbRprS oAy at

| gast - di. §3i. 1 p [ i [ e
fgfaded.‘tu ?%]C?%CZ;&rsgabdg??eéc?ﬂ oﬁ?ﬁ 3%5 cr%nf F %gtqiy %%@H%gélg?gfspﬁﬂgé@%%%iﬁgr?m ne
bri dgegc@ngpotitien mad¢ €Ftadirds)owhoiow aind| vaasd beneceant Yogmm- bpprdxinmatedy 886,

Preferably, the antigen-binding antibody 5 should be produced in the white
of an GeAecElye dONA r1BIeCUPR &MO|avighagadsehassRdfar et ipopeand tngtable frasgene

d t. f di | (G b ; _
et pvanifbn ISARCL ey, 64D 1901 READIDBAL 1. SsL88) WA NIl ROEC, 6B % 1O

conparggrbd DB &7t Nnadizi).onal addniomalis usushviasl vdeeors @osesplimiatiin3gorathe
het erol ogous protein in mlk. Wat is needed, therefore, is a nethod of
i R0r odetinigpeainchidingoidn size of thearansgengrthat sar Re ipopporaied: Hite ksrvectonand e |

d : 2SS, ant i-bod nab i ndi : : whi
of o rpapatiah KPP aBier BURTARED rfe BlqdBbr B ARaBRL LR By RANTY L€
expr esgichginclidGlpan & bon incbidont afd Ameavhaimiagg, preferably a chicken egg.

What is al so needed is for variable regions of inmunoglobulin heavy and
| i ght chai nl'posfepebaiddaer, oewmiedhedvidudiofi atrginignt dientcoykst fasiitate gendicconbi ne

in an avi.an egg.or after.isolation he pndi vi dual YPeRLI er eby
a0 AN 8 ot ThaRball 0 (bad NP KDY 4P Rl PIRY! dEpatbier
gener alrhigeed chicRE B9 N #rofefillizatisBCF R dreturhdtl B Eili SR 100the ©X¥faLES ST NY
inthe white of the egg of the transgenic bird an anti body capabl e of

sel ectofvalrgcipientdhengtcanorapletegan, eggrandnshel dgirodtiani n This| sxperimienies apprazchmy

+ conbi ne, . ) )
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 vitro and their transfer to a recipient testis. PCT Publication WO



20 either in an egg or after isolation of the polypeptides therefrom to
forman active antibody. Summary of the Invention Briefly described, the
present Wyede3 relates to novel nethods of produci ng aravs@n26dd,
preferably a chicken egg, having a heterol ogous anti body protein therein
that is capable of binding to an antigen. Mre specifically, the present
invention relates to nmethods 25 of producing transgenic avians, preferably
chi ckens, wherein the incorporated transgene is expressed to give a

const | rotein of the white of a hard-shell egg. The transgene

ncor BOLSE BT a e O e R A S O 8 e B o mUAGHE FETT QAst one
i mun e : i B heayyr ouh , a

| ght o SO bR uRALRERIDAS BATNGR PR 1901 DL ROPH AL A Boh SR 2, he
i nMunagpdobipbfenti pbhycpelppdsomss 6 transfer’ DNO2intd 1320 Sperka] alBProbdRdSeidemay be

operatively linked to a transcription pronoter and a transcription
termi Het dhe hppsomge csansfeciady BALA ofias gvemdelmiaglyt eentaiged yathin thecspgrmysct or s

oot ypaats e ‘SRaE! bl FutpeBle el SR e P ERIRE b s TR g g1 on 1 6

oper atritdgil Y1993nkesl. tReppod r Bagldp. (B6: AXB8R6ANDIsed Idpefeatisbaeddifpsomes to
pol ypepti de-encoding region is operatively |inked to an Internal R bosone
Ent r y assegigtenbeterojqregy DNA| with ghicker speriy Wk tyage tin typensednioeattidigiallyit o t he

f.a bird her ei il i ndi vi,dual
run P auTS hoBor 9 finiieRiBE ERu OGS Byankes oPERGIEHT sl of iofskian and
conbi madlikdd ddas, hbretvpasQo videatdoBidbmidintkrAB8 Jrohd RéEoRFoaNDN2OEYhFapabl e

of binding to an antigen. Alternatively, the expressed pol ypeptides may be
100i s theddNArlposame todtethspegy camtltheoetviltaatcthioksvitro to form a functiona

anti body. e present.invention also relates to nethods that use expression
Vectors’ of HAeHESH DN ey afbobe TapHETEd dhocTeRt Sl bheBHEbETE her of n
MRy bereatifS W] dibf-18Rd pBR if e eI Vi POIKB Q&{)&?ﬁ"g @eraded by
the expression veCttors nmay be expressed as a proteln cohstituent of the
whi t e ackquancavel briefegectrid plitses pf bbrficld svargth. ofhgpaes ddsw rellhadwké ap t he
i ntroduction into an avi an g@ggﬂ$ of at _|east one transgene encodi ng at

ile

| east DEEOIPEANS ARAISTED 3PFhasHB daly Hlighdly copprmising fefl pdedilitye 3288 di at ed
t ransf er eb r nj .k Q<Y ed.d j ryn by

1 30S5er, MOPLEDG) [PPORTDRARR 5 1) BELRNY Bel BURABATRETD Y,
and siimtrddute RetsHus DINA imdibbiiad spqer subsayehithemsed eo fegtilienad. tHowdver,t esti s
of a male bird that may then 20 be mated wth a femal e, thereby generating
t r ans §ar¢ vapnp SpiprRg. of iinfegration ekthp slestrenasead PR cigher imhespagrnecleysasnt i on,
t he L LI e ilize the female bird by
artiP?%pgfﬁgﬁggﬁfﬁ%gg%ﬂﬁggﬂggﬁgﬁgﬁggg%%wégg%?%§%hfspring. The present

i nvention predwne@er methdadsitfally devglbpear fok iogrpdigahd &@lokolis AMNYYEMO yieddto t he
nucl eus of an avian cell cultured in vitro. The transgenic cell nucl eus may
t B8n bad shapgidds, @ad Jeerradapied &g ayipn spegmeisuestegiicangwne mettinteddnisgrationed cel |

may b onic cell. a,bi gg9.visyal ized.thr verl wi ng_yol k or

12 sodREY T RERRh e in W e Qo it Wiierd St AT RIGFLIBR e <

and asipREti§ DA bR euting IR pldsBNE® With AedtibtionR@E OHE (IR behARBALI RIE-sHRRIRA! eVi ew

of the detailed description set forth bel ow when taken in conjunction with

t he acobespeergndagThé fueasscohedivebnded DA logetherdeithe theyetirietionfesizymogised to WO

02/ 01329 Brhef scrig ion ﬁf t he Fi gures PCT/U§02ﬁ1§2}38~ - FLg. 1.

11 ustOAHEE e rafeShEn SIS R e e S sy e oBset 155116 Y P dPgiaPl Bvi quct

celsl s.1iGelrhé ARt foha B b @idtivh Eﬁzgmgw-ﬂé%\%d(@%amev 6 DA at BIQ86

(L-charn), pl083 (Hchain) or p 1083 and p 1086. p 1086 and p 1083

cont aithacnable thy hetemiedony IDNA t¢ Ghefrat viamte dnaicteng aoliegiverdnds (Sahigsticandt er

- which controll ed expression of th nt i | i ght chains and heavy chai ns,
r espedictasel 01, Bxafp éﬂ&@gw%5a59§§§§=%%P-%ﬁgxt and heavy chain content by

X ELI SA and Ff{(R a transgenic animal line has been created, the protein expressed from the

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



Fig. 2. illustrates human nonocl onal anti body expression by cul tured

chi cken whol e enbryo fibroblasts (WEFs) transfected with heavy and |i ght
chai n C%q»z/&ﬂss were 10 transfected with pCW-EG-P (negef/vveneeatrol ), p
1086 (L-chain), or p 1083 (Hchain) or co transfected with both plasm ds
carrying the light and heavy chains respectively. p 1086 and pl1083
contained the CW i medi ate early enhancer/pronoter which controlled
expression of the light chain and heavy chain, respectively. Sanples were
assayed using a fluorescence activated cell sorting (FACS) t hod and by
ELI SAmodHicatign, sgch s glysesyiatios, HahERY RSSCPSAaI Oéﬁlm%ﬂéwméx ;B‘?mé?s?aé% Ogy

| t hi ck whaol £ | . : Y | REES
vect optithadrss SORRPENE B BTEE dirsliflan B BRkidthe e L APELERI G 8D
cot r apgi@r k& dnost eBrrbct BRI kosfdahmondNdrass-1iQGadl biialysteink, bridges raadsthest ed

with either 1 ~.g or 2 ~.g of pCW-L chain-|RES-H chaj g?r%l_- | RES-H) .. p1086
and piro@act tocorded ledst omnvRntigereinding sk IPyefeahlyn der asieernbtndmaiitiondy

coptral | 20 _expression .of ' ' - 0, respegilvel y.
OO Bhn? R EAShEN e 0 o g SRR B LR R PR vel ¥
enhangedoRliO B R agdtdf Greed M3t idtks 66 trendpEfio Hirds 9ing dpps bepreysignattiveghdl chai ns
as a single transcript, with an | RES el enent positioned downstreamfromthe

1'i ght fatsional cDhfocsegl endediasdwenid theeignifieannwiice weamppedciwamarectnditierduence.
LIRES-1-1 # 1: trﬁnsfecti n.cpnt (:[li nE)d 1 ~l% ofi pl gﬁm d DNA; L-I1RES-H #2:
cont aPRGALS Sk 37the BOW, RIRIHPENDEIerelogpPLOlel} Wil ayed by ELISA. Detail ed
Descripti Or‘?[lfPfIt it ReedRl ehekisd iEThadhaest mubaienen eandpene Mtb bn Beiafpdehi n
detail to the presently preferred enbodi ments of the invention, one or nore
exanplaea afickeh] that wilbendodeahd akmdss an aibody capablensfi bigdide aniantjgen Maldg

exanpl e is provij deg (?y way of explanation of the invention, not l[imtation
of t hevhilg of a hapd-phedled 88883293 PCT/ US02/ 02- 4S~ invention. In fact, it will be
apparent t 0 ' ' ' itfol Ata8y in an

conbi nat i oﬁ‘é’?‘ﬁa‘gg’ua?@ (51#srsldndéeepee(% ?%n@léghr?gp?gf ?gﬁ%%agﬁét@gﬁgc}e i % t he

pr eseniiannygy)t preferatdly houlickkepagd.i nWhirt dmalsoensdepes dior sprirble megionheot
invention. For instance, features illustrated or described as rt of one
embodiimanmoslehubie heawwdandnlighi shaw, PAlYRSBHHSRe SEPIEESCY R 1&1“‘I§a§¥ of fO%ﬂFhrtPher

enhodi ment. 1t is.intende g ; s 4l ! ;

a1 O, 0 an il b ettt Ml rAE AN SERbLARCE ey MWiting an, |

Wi t hi nietibeasiieRg of the appended clains and their equivalents. This

description uses 9ene nonencl at ure accepted by the Cuc,urgjé Gepeti CS
Cooper at i veWhat ist futhse apesler nare Heetlpdsuph Benerating: ¢ denessa|se Pt Meter o | 8: 85

(1995), .herein 10 incorparat.ed, by ref 13 I . I IS
gene OHRSERY ARG © ggﬂ% S‘&%emgf}%%vo nl%zoedtﬁg%ggtogltb%?rgg%%b{%en’%ﬁd fntllaJt%l 'P g‘rgoscfyhlf a
nut antcag%lg of SelE@RBEYiNEng 8n bitRzeA ST TRIMUnYpRbulih polypdpeidsy thavmapoambiase  of
the nutant gene appear in italicized | ower case letters. Throu\%ggut this
af¥l i cathenin ancagizon sfipniblatien ofche pelypentideethersdiam, orlREMANSEIYSUROOANBE t hese

publ i cations are hereby incaogpaorat edfﬁ%lr % &hee intheir entireties in
this application to 15 nore %%%_state of the art to which
this invent 3oL PRAELRLES - thEQfre AN URRhEIIL GlateEtd abvelt@EtiBde 6P Iprodedingnart he
speci fication, 'exanpl es, and appended clains are coll ected here.

Def i ni aviamsgglhyeefembin 4 ahickerl tgmhavigh heserelagope priibpdy Prafein thereinefiahie
animal s, includi ng hunans, 20 d birds. |l t,also includes i ndi.y I
ani mal capablg|af biadigie® Hyigc &Bﬁ%ﬁ?ﬁcgﬁﬁﬂwﬁ? RSP ohpE s’ @g'%’é?‘g@?ages.
Thes teg r"oﬁﬁéiﬁgztﬁgﬁ%e‘d?cegviﬁ%f ‘akel"fermfyeah%l&ﬁs, AMerGiRaRE AfcorforRsP@ahaeneis r ace

of “'organtsm o axonom ¢ cl ass”ayes, such as, but not limted to, such

speci egxpéssediocgiena constikent prdtetrkof thoedhe ofjaband;shpheggsant s, parrots,

-finches, hawks, crows and ratjtes_includj strich,.e nd 25 ssowary.
The term i nEheirarseepringamPPERd RO gg?(?"é‘icﬁ%\lngfé&{FTIB?ng@F?ﬁ%ﬁﬁ%ﬁ'ﬁ??lalségkens,
(for exanple, WLt R unBplobelin ,chihS 8 8%ht Hin

- Hanps hf’?eg? %(mbt%ugﬁn;ﬁygytb%kﬂ%%tﬁ{agﬁ%?%? M noru({la,g OAm 0X, CI i for n?ga G ay,

| tal i agr fRarvatrigdsle regbey teeof. aShavehdleiaacidtenaddisg tie immuneglobulim pakypentisies

quai | s, duck, ostriches and other poultry commonly bred in comerci al
quantities. -9




WO 02/ 013293 PCT/ US02/02.15.1 The terns "nucleic acid" as used herein
refers to any natural and synthetic linear and - sequential arrays of
nucl eot i g Qg%ﬁucle03|des for exanpl e cDNA, genom ¢ DNAsT/0&MA2454 RNA,
ollgonucleotl ol i gonucl eosi des and derivatives thereof. For ease of
di scussi on, such nucleic acids may be collectively referred to herein as
"constructs," "plasmds,"” or 5 "vectors." Representative exanples of the
nucl eic acids of the present invention include bacterial plasmd vectors
includin expreSS|on cl oning, , cosm d and transformation vectors such as,

but nBwRYbeePeraavely mlp@éﬁ??ztfanaﬁiwap PIPIPRIET sk BASCHRIR GEINGQE ot | i t ed
to, nodifigg, ?ge%grﬂvlln(léiﬁron fummérur% & ¥ 1'{ lC 288NRRSS A ﬁﬁﬁs%ex’{ésrdé‘ﬁvetﬂ)m io
Vi rus, pox Vi retrovirus, t he vectors deriv from

bact et11ectmmgeha1 Uit @ripOrase nrdmuamgiolsym pelypqatxdmegcxrdmug ec:gwrtiesv}ie'rdhe al Orst
» chemi cally synthesized DNA or RNA The term "nucl eic acid" lél’t her i ncl udes
m)dl f pelypentidgenrading &0t ifcPResA vl tﬁ&if@&éﬁ’la‘&l RO8IPLesandyp pecqpd

o aBr bR ERueREAT LT C BEAVRSHEREN R b} hoRAY oy SEAREL T

p0| Y QIRHSS OtTihekenuclei® htid WoHShROWIRR inseded intouli¢ gébnRCoita Bﬁ:d]laﬁdhe}epreﬁeé used
15 interchangeably herein and include, but are not limted to, coding

sequetheesn poilly raenkratst | mé(vsquabrmmném%l@l@m @Oby@ﬁﬂféjﬁéeél)atmﬁ?ad h bgr @ost-
tr ansc“ ed aﬂgdﬁgﬁﬁeiﬁa Ocrs)m I%e‘gp?rlgﬁ‘l%e&intg%flanhélxjdt 911 % q%g to! Sorfi' Gl pl aced

under UPRE2 gul atory or con nces), ~control
Sequenp@sydySapable bf ﬁﬂalr@ttbchﬁadml@érﬁrAlté‘r'ﬁdtl\'félyaﬁh@@dﬁéb@ed Nl?ﬁéﬁtlﬂés ﬁﬁq bences,
ri bosome binding sites, polyadenylation signals, transcription factor
biladi riglaéd Fem aGvianegg @nd pombmed ér vimae fom as@lqg@qi@égntlhqést r eam and

downst ream regul at o.rz donai ns, .enhancers |

regul at or y 1HEREESHREEVETHGR sty frlaieeld MEthaHs ﬁﬁ 9 ‘F’%{’ﬁéssélrpf]p eCt(S)ﬁS ?tl %‘lr(%ros'f) b| nds
g?dngf&l{éﬁﬁd totl]% PCRe ttrgnsgg lgt?on@? BRanSotBYs OBl fif Ir%%'t&eﬁss(ﬁ@%bédxﬂ@sd thhthghgct i on)

1vel repr essi on limtation as | ength or synthetic origin
are Sug:gﬁﬁxbgldbiﬂyn pblypepides ahesddi e dhdexpiessior? SecTore may e éxprdssadeds aucl ei ¢
acid" as used herein refers to a nucleic acid with a structure (a) not

i dent |R§%LPth@n§tHH%m@fth§n‘§’/thFaﬁ FAVIY) €88curring nucl eic acid or (b) not _
g%nt' cal tﬂct&@stenp{nvé’ﬂ}’o 61891'3@§qﬁle9)f0d9fd?%é’[ﬂohﬂct%QHfor anngyige grucl ei ¢
d spanni ng ‘nore than Hree separate genes, and includes RNA, or
deri vaj i|a86 ofd traddgedd efcdditgy stoleast Dne indfunoglobelis porypepteteanﬂhese n@caﬁ:ods DNA

whi ch has the sequence of part of a naturally occurri Pﬁg@genomc - WO

(12/ ( limplgdospepumedsged tranger, whﬁﬁsbbsanséewﬁtgen%s FHINCPIPRFALRINER A a0 F@é@t one
f th di
o ndn kPR SRRR b LA PR AR beRlpt DR TR REME 4 dfuserone

i ncor pREdb&d THRodf¥E Sh&dm Bhy theh Be rdiernge nothetestis of eintal@birdl that may pirank ar yot e
or eukaryote in a manner such that the resulting nolecule is not identical

t &Oanybmeatcdwlthra feanale, alnqrszbyoge@@rarm&gassggélﬁ@rﬁsenwn qncaltegnatesnpodivenpl ecul e

such as c fr r chain
eact; Shing prsgt iFyGRER bf aroh TR ey BT R RIE R n RO HIRATE 2
festf'151Arﬁﬂcxfdr{f\gémﬂhmor(@)geﬂer&@qm@gdmmfgwﬁgeml de sequence that is part of
a hybri'd gene, i.e., a gene encoding a fusion protein, and (e) a

r econbi nant Threupresent lmns@qp@wms medodss §orp@rtherdﬂcmwbng Gt@éﬁﬁféﬁ@éo theat is
not naturally occurr ted cI ei c_aci

|
vent Pl ok ok AgPD AR SRR NED e TR et RE srY BRo ERUEAER bP bl 50°™
nugd ei g zﬁ?érglli’éﬁle‘?\%'lle%d edi firedEniested Ot eneda @ﬁb@ﬂﬁlc cdeNoErat biehsgg

i nversions, or substitutions such that the resulting nucleic acid nolecule
still gissaiaed dirdypheovedylimg yatk ormmuuigmlmgw piuotcm lgser s@mmntgh@lrcréxsﬁOpyAs used
-herein the teens " pol ypepc(il aPrc} "protein" refer. g %grrer of ﬁ

15 acids of A@Wﬂééald?bﬁféfr an ﬁ?ﬂ’?ﬁ‘s the provent wysnton Wil BRPOmE; MR AAPATBLgh
pepti de_bo i I i ;1@5@1 withtegment s,
" protei Hpoélnrla%?%g‘;”ugﬂgﬁle q%liz{;ﬂgdéb%%cl)fgﬁgﬁgﬁlﬁferﬁ?r@lﬁgﬁlegﬁg&? el{rqrsﬁon%ol ypepti de"

cont enplcah@anyify fipedes,ividsh ae biiefly dedribbbasefotloas. are encoded by



. "fragnent" as used herein my

nucl ei ¢ acids, produced through reconbi nant technol ogy, isolated from an
appropriate source such as a bird, or are synthesized. The term
" pol ypepiigiesodhsayst her contenpl ates pol ypeptides 20 as defprpeds@ioya that
i nclude chemcally nodified am no acids or am no acids covalently or
noncoval ently linked to | abeling |igands. The term "fragnent" as used
herein to refer to a nucleic acid (e.g., cDNA) refers to an isol ated
portion of the subject nucleic acid constructed artificially (e.g., by
chem cal synthesis) or by _cleaving rgl. product into nultiple pieces,
using restriction 25 endofyiel Pescd RaH&? shearing, or a portion of
a nucl el ¢ g6l 4 SHARS Gtk oS PRRIRRL YKRIASEN B Qi M) AGbiier 21 ng
t echni que "' known 1 n the art, or expressed in a host cell by reconbi nant
nucl ecgllsacCelld wefenednofgytedalith kORI EGFPanegadive Skntrdl),i pl 086 €L ahain), THOS83 term

_ also refer_ to an isolated portion of
pol yp&dtchaia) oitrd P83 ane Rd 0BG r th1 880 and 11883 6PYBIEH ithe CYleMERRIQVIE @mﬁa
natural ly occurrin ' : (VAN Mo ' ;
ot U TS A ¢ AR RAVHRTRSL Gl SBERHEE Hplcsion B meRBQTRERhaine ¢ ¢ e
nat ur ghd KeA§CHaldsNEspRiyPIgPtIatplsynirbasiazed fdnlighnand dedvyneiamoctsitasebly known
to one of skill in the art. The term "gene" or "genes" as used herein
ref er EL4BAPDEFACS. aci d sequences (including both RNA or DNA) that encode

ELIBANGIAG ‘ nel u od
iy por ti orkor? Al g BRI B R T e Tl B wufncy WHELR, Bpolet n. o

hat ur %H%@%%Fot@ist@(%ﬁ? Glahgtect&d 9N hedvy ARNUPE: Eliatn BNy edCdlle wsre
"foreign genes", "heterol ogous genes" or "exogenou$ genes" and genes t hat

ar@ natansfattby wathgeG M VeEGEP faegativaudantroby pHISiosl+chageesrd 083 éHichpigy peep-t 0 as

" “endogenopus. genes. " The term "gene product" refers to or, RLot gi ns

t hat é’?aESféﬁE‘é)g’@a‘ E?}ht @%Q%é@m“gﬁ)ﬂ@il ?ﬁgﬁg’ewyow&?ssms%%g%ﬁplodrg 6t ei ns
10 encaded Oy a‘nga ShOONIEIEScANE: cBRIQBRRAMPIEIRAE WhRHUGhECIRT Sxprd¥Sioar

pr ot ei'ns encoée by endogenous genes. "Heterol ogous gene products” are RNAs
or pr affehd gt nhaidend hyadyoetaig respbaivelyol Sagmles were etagebhagpa Sugresescand,
therefore, are not naturally gfpres%gﬂ in the cell. The term "expressed" or
" expr éstvased celksardrgi(hidy Dimeth P LSRe transcri ption froma gene to give
an sRNA nuclgl, c; g |G Emfod m;ap' Q458 By lchic@l thicRer@ whe@l on of
ogg 15 of Jﬁ '%&gh%ﬁk elc é%?g&g?ggﬁég 0 fﬁgﬁbéne.)%he tern1"%xppessed" or
" eXpr eSSHroH Tibashlase (WBFs pirandécsal nvithearsIRES vbeot r Glells atcrotrahsfested mathRNA

| ei i d | le t ield t e | tide ti
t her eqfCMYHEGE Bralone thegsiber sapti Bncotesieatedryite agtinbeehainkan BT n
\%l?lggg}qf%ﬁlzgté%%: p#%%fagéw(i' altaﬁ)dlﬁlﬂ§-h &aﬂ?&elmm' c acid

refers to nucleo%|g§
gulat’e striptional expression of the’gene.

sequer@Mng Y&l

The " t51QR8CMIASI08R iheGdddIRrOMYeHupsdien" caigyenhendesploaiceet whidhiconwolbar at ed
into a vector nucleic acid to enable regulated transcription_in appropriate

celll s exdpressioniafntbe dight lebaip exsthsaviDsiaein, TresPectiveliis RGMVibiFhagRES B gpain

" d f t Lim t.On. i . i
rord sogneheRaSs ingRi S sBineay Bty o it By Mp st BEHET ©
sequenga i Al l%ﬁg glbcﬁgrést iﬁsaﬁl ShgicheMstmitowitNA. IRES diemssicidspidneddbwhegialat ory

sequences” nay ocated within a protein coding region, in regions of
a genefrdiahe Hglet dhdimrtDN A sdquesce andt ypstieam digitotke heavy ¢hain deNApequsgreons- of

nucl ei¢c acid sequence that .arge in t r eqi 0 | gi.6,.acl gd. Th erm
" codi nREH; Bhtrags eﬁ%‘é‘bl“ﬂ’é?‘@?’cﬁl r“@fcétjr}ga gﬁ%niﬂ%ﬁ ﬁczl %é'létgmgcrl ? a%gﬁrent of
nug e%liagﬁﬁi HRat ggﬁﬁ)lg%grgggbgg@t@@ilgho a protein. Afull length coding

te

region“1s transl a Into - 1 WO 42/013293 PCTIUSWU2/112-1S. 1 a ful
| ength protein; thaDetatledDesariptiat ef the Prefeptdddémbodimantsi be translated in
-its natural state absent any gost-tr,nslational,nnqifhfatgo S. @ Qﬂbé

| engt h codi Referange dawnwi)l B 818d¢ i Aetal to 1he prasepdy REFigted Ao 8§W§H 16 any
ot her regqgion of the oL ej : ] : u ] tREnos.
'translg?'Hn%¥or%i%:n@&%hghgg%ﬂ§fco es?géﬁgﬁgﬁgggpg%é%%%@¥gﬁﬁﬂggfersgto
regi onga@ ekdigplecis rprovided byuedyebf erplanhtivol efcticemverian, aan liroativspédhéi
interactions wth one another. Cohesive ends of nucleic acids may be
generated by restriction endonucl ease cl eavage of a double strand nucleic
acid. In the specific interactions, an adeni ne base within one strand of a
nucleic acid can formtwo hydrogen bonds with thymne within a second
nucl eic acid strand when the two nucleic acid 10 strands are in opposing
polarities. Also in the specific inter&ctions, a guanine base within one
strand of a nucleic acid can formthree hydrogen bonds with cytosine wthin
a second nucleic. acid strand when the two nucleic acid strands are in
opposing polarities. Conplenmentary nucleic acids as referred to herein may




The terns "nucleic acid vector” or "vector" as used herein refer to a
natural or synthetic single or double stranded plasm d or viral nucleic

aci d mol gedlhBysthat can be transfected or transforned intopeplboard
replicate 1 ndependently of, or within, the host cell genonme. A circular
doubl e stranded plasm d can be linearized by treatnent with an 20
appropriate restriction enzyne based on the nucl eoti de sequence of the
plasm d vector. A nucleic acid can be inserted into a vector by cutting the

hicl eiryentor ofebul 81k 48 BRTERACGRON IS ea ) Geipra T HGUEE her ef n
refers tp. a.small...circ K vVect b fielindgRENAEM ihekibgat i on
Wi t hi ﬁoggmg?rgr jadpit rns’ygé{%t'o odd S’gﬁﬁ@{ong?{aﬁh‘g@t@lﬁl% 1'Bex;g)rlg&gsi on vector" as
used RaeLNddpaftRIpSiré@ the fiopt @k Gpidi bl thedavanionh&or imyante riedreres ilhstragd at

| east one regul atory sequence operably linked to a nucleotide. ngggtel ce

" codi ngr describhd aspait ofiomo gnbiodiment san e aised Heanothsg erbogiyent de yis re well
i zed in the art and t ji@Rs of th
EROTAEY L eSS B e gt o L1

_ ( ndué “experi nmentati on ose skilled
in the Akt UHBRioRS! &ildtionk NAd twkilionk3as fAWOVARNhEILGR HICHE Uppadiedl 2. | S- 4
"regul atory sequences" includes pronoters, enhancers, and other el enents

t hat rnaimeand their equeefentsssi on. St andard nol ecul ar bi ol ogy textbooks such as
Sanbrook et _al. eds "Ml ecular Coning. A Laboratory.a b2 Col d
Spring Har bidHs FIeEEPon] §8%) et ﬂ%ﬁ?%ﬁ’t‘gf 3‘f°.ept_,°8e§§. the. Wlér&l}l g% H%S!

Bi ol OQ%’OO" eﬁﬁﬁg%g 000)n ARACHAS 8 RKAE L SkRIRe Repsien 8r88neEeod)nhirtmi r 5
entire |é§, may be "Consulted to design suitable expression vectors,
prionotigscporad bytrbferenex pr gseitoety c dhingohisgieaernpmenclatires RGP areymbabizgghi zed,
however, that the choice of a suitabl.e EX{)I’ estsilon ve%ftor q§8]e{@)g§ Mggln

mul ti d?YeltﬁlﬁtﬁeérRé)m%ch%F-ngf%rﬁétaeh%‘?néés BFEPhE MG PURP] BPE BE TFanst or med
and/or_the type o [ ; Q3506 cadd BRedseful for various

applic i"BHY 02?1%6 {nlu{s%ég e?‘ggpéctr%leta I .ee. , ticsasue-gpeci fic) pronoters, i.e.,
pronot er s frigeuMoue thiexppieasibe vadGusopdilicstiqns efre refereneekd| yThedisedbswgesod! a

particul ar kind of tissue, conpared to one or_nore. other {‘1%5%@ of. t%ssue.

An exethpsegpuplitations ersshesehyfineorpergiedttyreferenge Hyheik epfirgyesifd PR to
pronoter that .is .naturall ' i s .eins of avian egg whites
i nB) udPAE %@&Pﬁfﬁgﬁﬁhq 5\?@%%%%?&%3{)/%@3%0%5,1&&%?2 gé‘?nélﬁg'and ovonuci n and t he
like. Usef ufoiiopomtiene, @ feasd edplogedigehosmtificatiaty ekdrhpleprodapmnded These
are pronoters 15 that can be "turned on" in response to an exogenously
suppl i eldinag@atoltactesithienail us, which is generally not an endogenous netabolite
or cytokine. Exanples include an anti bioticinducible pronoter, such as a

t et racPéﬁF’Hé’-?‘i nduci bl e pronoter, a heat-inducible pronoter, a

light-i “dUC'EEJ: R OIS as Use @ hbrdReFefdro eisil hegetpatormimeals, ibelnding hdadaner an et
al ., 2000, vel opnent 127(9): 1953-1960; Gener et al,, 2000, Int. J.
Hyper t bt irds.| Af 2)so ihetded an dodiRdukl arimalnin jall agse of NisyplopmeNs inLUGRE o
28(5): 1120-5; Ha~ihara et al., 1999, Cell Transplant. 8(4): 4314; Huang et
al ., 19mryoptsiandygigl stagesy - 129-37; Forster, et al., 1999, Nucleic Acids
Res. 27(2): s avidRe okl in-refels@&iny |speddse sUbRbevi@Sordaéedot oritvsit,

630- 2 (1998??%?%“036@%%?{%#%@?2?& rle)t;f r ef efegce In thei roentireti gs). The
terns 'of RBESixanoehid chseaea) such bodomeotdimited tej sueh spesiag geghigkeretuikeyefitkt 0 a

i 25 of | ei id, t i cal | | | e,.. i
Cukary @, AL PAEAsGS oRioro B FEss ko e R graes e Btk Sl S, o

end_of the RNA I l. of it oAt b By bisdhidkehd)€f@l f 2
pr g‘?ei it tggﬁ%ﬁdﬁc ué}‘ésfﬁ'? ﬁ%‘k; k/sg ,dﬁg%%@%%oﬁl subuni t, gnd
facti 0’?:x§1|nb}% aimsitee L ghofn,MByowai Megliorn,aBartddRRELK, Hafssaxe Neve dtampghiss Rgdest ar t
- codon. An "I RES" may be used to iniftiate translation.of a second cqding

r egi on Islanhshusstatorp, IMinorog Amugz/ ¢aldopya CF‘@F%@%@Q/P?TE(&@@% e #% PNs?ﬂ Todi ng

regi on, wherein each .codi regql op.i. s hardh \i onBUbradnger t he
S o i ni tiSyRnS e Ry p}é?aiqngsglqggﬂ%sc{hrc Eh%ﬁé%ﬁosﬁg%th%b%]%%b%ywée | ocat ed
in a ViJoﬂimé?Hﬁ‘l @anﬁti@ykaryoti c cellular nMRNA. The term "cytoplast” as used
herein refers to a chronosone-free recipient cell, 5 wherein chronosonal
renmoval is referred to as enucl eati on when the nucleus of a cell is renoved
or destroyed.



The terns "transformation” and "transfeciion” as used herein refer to the
process of inserting a nucleic acid into a host, preferably a cell. Mny
techni quego a@3wal | known to those skilled in the art to p@gubizai=n
transformation or transfection of a nucleic acid into a 10 prokaryotic or
eukaryotic organism These nethods involve a variety of techniques
including, but not limted to, treating the cells with high concentrations
of salt such as, but not only, a calciumor magnesiumsalt, an electric
field, detergent, or _I|ipaosonme nedi ated tfransfectio t.0 r@@&ggﬂthe ost

cel | conpetldfteriornucific apida e usad hergin sefersdp @ny dpBraAnd Sy "#)such
met hods. as.. ' _?Q@ hed rans 1AedAl Rediane. mRNaA, The
term 's?aélggtﬁéﬁ)%ﬁég% gfé@]‘&p‘aﬁ% er sﬁﬁg%ghggélf txﬁgl? I'leﬂéa@qa’ ew (;orrbi n’ar?i on of
nucl eiRNAGiollgsR@mEides, tdigbn@lesiles and\datieativiey théredfedFdroeasacii ddclssion, n
nature. A new conbination of nucleic acid segnments can be jntraduged into

" an or gaeh ancleisi asidsamay e enllegtvedt refgeedite DSEERY afm FPHUEE; o!r‘Pq‘[‘Sé‘E‘ hi dlies
ilable tg t Kj. | i i i ngl
g\lj ;r f;‘gﬁef‘%rs.g ol e%%e%gr?tsh\ée# g)gq@est Qﬁ tl?e;ﬁlgclé%‘c ra‘éfﬁl? T@*Otﬂégﬁ%sg%vﬁﬁt{bnbgcﬁdﬂrﬂg €

pr okaryotic ce an c
reconmphfenil HI&IhidARctord) il edpry@inotlonigl cosnidxdndagasformationnectors
extragenom ¢ nucleic acid vector does not insert into the cell's genone. A

r econsiictamy, buteidt licsitedftor pBRIY22h anitnat visalweetosy sush ag bybnet lonitedier wefiliedat i s
i ntragenom.c. .The term "intragenam ¢".defines.a nucleic [ 0 ct
e A Rl L N R R e
nucl eilﬁ(e?%%&;rsa&r%@%&ﬁ akeribfia8t ubRicC D] Af bpfietef olafonbgasided Jikewo

cl

nucleic a sequences that are not naturally found in a eukaryotic or
priokarchemicallg eynthesTied IDNA| @i RNAciThesemu émisdsic aeig” further theludgsmodifeedrast

linmted t | ej ¢ acid s, ' | at | ,
or 1 i FASTOISER RN ST AndSBi SHE e A, SeplcGome cempien TuEEPRIS: o
resi Sts%?g?gg,. andnby 851?', {3—.@%8%5@, S0 UENRSed hRBlebfde such CRAMBbAR Mbeled

pol ypep I's nmean 0 I'nc e a polypeptide produced by reconbi nant DNA
t echniurstgésch that it is -15 WO |12/ (163293 PCT/ U S112/02-4s~ di sti nct
froma naturally occurring polypeptide either jn its location, purity or
structure. Thegsray apqlynuclegtife ayP‘é%‘l?H‘g]Fﬂ'é‘;f{’= o Jyrﬂ)é "r?fég\ﬁﬁ’cl‘ie“‘ffe EE? 8%¥nht in a
cell i.n an amount different . t |y ryed . 5;.pat used
hgrsei Hfltef%’é‘n%e@s& "g%fﬂfl opag1Ia r&elglg?% [}%& ag%;?ft% tofln{tqﬁédap}/ogt é:ibgm hasteﬁl(%gﬁés
speci fdps%hme&id%@doﬁ Au@ic advid Regliendys)f whichngrei mimciibed amd itgesiated nidiong site
of the antibody. The term "anti body” as used herein refers to polycl onal
and nopypeptiaé iramttidotline givanwhenr plasedntnser Hier eantrol g @PPieRTIn6 I "BEHI2IOB| Aidi ng
equi val ents thereof. The . term "antibody" . refear 0 o] cul ar
enti ty‘EO"HPF QQQHGQ???B’ canoh Sfé%uegccﬁoqtejﬁr‘l %%[gllatgégglu%a%rag u%?gﬁgg%%h ﬁoéﬁa g,e
pl ur al {d¥e ks HiokemeBindiR ey lyaaehylitionssigrany wanstribtion RetorGhnding sieesany
nodi fied 10 or derivatised variant thereof that retains the ability to
Sci firmmcliptid nidrraimaiéqi t spquences, noipsiedash atnda rdgWISHGAN s regapery e dgpains,
selectively binding to a .target antigen or epitop The r .
"j m’run‘%f&!aB‘FﬁE?ﬂSﬁleB?ﬂ%p"B‘Stﬁhﬂg"k%gsa Srgg&ﬁ@%is%qugg?eér@)l\ll% giql%)e%'fé/ppteop%'Vlhgle1 Heri ved
f 1 oM ayGRIAH B ory! ARPRACGINGE RN a@iityDOKY . gohérs proimBieelcaBercpdsitively -
pol ypeptide” may be, "but is not limted to, an immunol ogi cal heavy or |ight
chai n gnguctiay) bonekguively (repressiing). 1 Mor kigitation as ¢ Vength oy syrsbgtisnorigipiang ng
region and a constant region or, any conbination, variant or truncated forth
t her eofugetsied P)éFhﬁte‘F’?fﬁﬁfﬁ?ﬂlﬁgihE‘éﬂm'pol ypeptides" further includes
S| gﬁl e-chai gy anti bod 654 GAIAE L&8Y aOlised BifeilRers LA hgdeit Qoid Mth ATHIRAGE ObUI I N
heavy chai n"variable region, an inmunoglobulin I'ight chain variable region
and opt4)aioekdeytical 6 phdt dé ahy ni@rallyDesarinpeniclesr aidon(ty noeidentisal ftothat leé
- production of cells generating antibodi es,capable 20 of ecjficall
r ecognigy fragroens ofe mw@lyd@qm@%raen@nw%f% %@@E“B‘t“gé%qrﬁ% tb"&ﬁée@b%/t‘f opes
and net hods of .iso] atd : i | tthat t
“nat i ve 8FMiuAY I”b%‘fdeis nmggr ?E\Ee)/gt %rgg%ﬁlghlé%mﬁ gi{%ngsyﬁgfggﬁse gttgﬁl?(r\?ggfrf)’oi}gt e
into e%?érﬁ@%,i 0f) ¥ EONATr Shichr Radsthecdeq@ehce eslt pars ofnd nausexdlyt ocogerivgy gerenani mal s
according to the present invention. The isolated nucleic acids may al so be
used in techniques known to those skilled in the art to generate 25
reconbi nant nucl ei ¢ acids. For the production of serumcells generating
anti bodies to selectively bind to an antigen bearing epitopes, various host
animal s may be inmmuni zed by injrection with the target protein, or a portion
t hereof. Such host animals may includelbut are not limted to humans,
rabbits, mce, and rats, to name a few. Various adjuvants may be used to
increase the -16 V1~ 0O (12/(113213 PCT/ US(12/02-45-4 i nmunol ogi c
response, dependi ng on the host species, including, but not limted to,

o, o o o, o o e



. of single chain antibodjes described i.n

In addition, techniques devel oped for the production of "chineric

anti bodies"' 20 (Morrison g---et al., 1984, Proc. Natl. Acad. Sci. 81:
6851- 68550 New3eys eg r et al., 1984, Nature 312: 604-608; pdpkeca2eds al .
1985, Nature 314: 452-454) by splicing the genes froma nouse anti body

nol ecul e of appropriate antigen specificity together with genes froma
human anti body nol ecul e of appropriate biological activity can be used. A
chinmeric antibody is a nolecule in which different portions are derived

fromdifferent .ani mal species, such t hose 25 havjng.,a.,vari ab) e.regi on

der 1 v ERplgcalsnps: ot TaoERES b fros G R SR BARHUR Mot B PrLet R

Al ternafilded Yn 1 gbRorRAQit th@Rpedifte inf Whidna it nAQHRY RRc@s; &) 4 MLIRRIkGRU! i n

vari abl e region fromone species may be exchanged with the correspondi ng

r egi omscopforated @rondvectos pe tite she gdnberinatdleielayid df ecpmkayets of enkaryae pm educt i on
[ n, rhz WO EIZIIIGB%ES .

PCT/ UStpnesueh. thatrths resyiting aolequlesis poitidrticploto any ggion pgnatgfally ocqugiag

Scken 2! 3- ; ; P t ) hant85:
6o Sugte DAAVELR et iGeulfpch o S90 T Qhonl topnfia% Ahent 2
pr odugeodiicéd eyepdlimbiaye eksinassednoPGRI hiwase deine-reictigh gLERGIor erhiibaddi es.

Single chain anti bodies are formed by |inking the heavy and |ight chain
f r agmshRtgessy, of ereptyiction Sgr@ANty (4 & FECambPHENhEvdedidr dgauenee dhif 43 Pyt Phaa

si ngl hai n poly ' ' R : rovi de
iso|a?%ﬁ“%&%FQ?%’g?ﬁ%iggﬁgﬁg?ﬁ%ﬁ§%h§@$#3@%Eggﬂﬁgﬁé%ngéggg?Ht’%qgﬁF?body of
i nteresdt i@nshriMaF Ghhyiid bequehdeatiaeds ot natuslyt bevurriny. 0 vaakdnmicleRubtidbl e
cloning techni ques are described, for exanple, in Sanbrook et al. eds

" NBI ecubleule afthapgresent invsotiern eanyinpude o exapple datud aHel®pyariantsiaa Msdraspr es s

(1989). 10 Antjbodjes may i.nclude, but are not limted to polyclaonal

ant i baWrEE, o‘Bsz‘}ﬁ‘_iFS ersn; B prblisedte  ArRint, o Gfiobty RBHHE SN bodi es,
si ngl &,6hRhibrRNEIROHAE She E@J&ltﬁ:{ggan@l@ksaciﬂxa_@re;m(efsrtaug eBRhSallyl ERGABNLE
produced by a Fab expression |ibrary, anti-idiotypic (anti-ld) antibodies,
and epimomeglobnkih nga Faregrgeteefof any of 't he above. "Gene delivery (or
transfection) mxture," in the context of the nethods of erm15 nedi at ed
transfer detHiadelersia e ,g?m}sefp@fygep%&(es ndcPafeide ﬁ%‘lt%f & ﬁa‘?@f‘f‘%ﬂ ?fl"l'rB}nO

eﬁ%ﬁp!a%ids%fﬁﬂre@'ar ﬁfofrgﬁﬁﬁn\beac‘l'f’dml'f gtseﬁsl it ﬁnﬂeBQHl%Bgﬁbbﬁ}ﬁie%Mn ThOfer@xanpl e,
a cationic or polycatironic l1prd, suc s polybrene. The anobunt of each
conpongatypeptiden @ndtuddsusreteirs, plocse fragmenthaproteireargdogies,cligodedtideatndthe by
transfection or transductjion for exanple, of %kap%fific speci es $f cell is
opt i miliked Thedern slyneptds | rtemplaies RYReptidesas defingd akaye ithat aw,epeeqetdit at i on.
The ratijn.of .20 [ Bhd.d r ; h ot her
or aportieigaady PRMAEE kRl hAR e ROBLE ek RORLin forfumifly e

t r ansfeh h9g bagest ard SetthesTid. tThe merit *Egleptidd rfgrtgeanhtengdatessmdy geptidésn

refers to a conposition of matter added to the genetic material for
erdfancasriefingd abgieatket inelude chandicd homedifid aguemendsyr ammg agids sR¥AGHN & cel |,

2;ﬁ;ﬁé@ﬁ%ﬁyﬁgggﬁkggaﬁg&kﬁgﬁgggn&?re preferably a chicken germcell. The 25

! ve'to the uptake in the absence of the
transf ect i ngh2QAAYfrafmaiiP a8 Sse@fhetdi iSfeft td BAuagiRntRl (e dDIA) refers to an
adenovi rus-transferrin-pol ylysi ne-DNA conpl exes. These conpl exes generally
augnenisolated pertiak eobfthabiceit duelpie ewd | conpaugiedd @eifiqially Ke-8aktfowheErl ng its

passage through the toplasmto,the  nycleus of.the | . e . WO
(12/ UCYBESS br?fuééf_zﬁ%.v‘f‘g- 1 8y 1809t5en 80%‘{““3"}%9‘%‘21%?’ b‘éST{tafrgse“?ég"“t o the
e gﬁd%ﬁ&!?e{sés P 'rr{b@hz%f?c%'sﬁéa‘%in?' 82RGRridIRbf @mAclERCAUD s7RResh¥d HFCRPROr S on
the ce surface of the germcell, such as the c-kit |igand or '

nodi f | DAIA poigmietsee eniny @htrepolymeizng tdhnigenwek &nowy imterars of expressed but are

-not limted fo lipofectin, Iipfectanine, DINRIE C Supeffect. and Effectin
(Q agE@lPQSt&ﬁuf"ééf"i%b‘mpf’@eﬁaﬁ{dt ,gymﬁg@w‘\a{ﬂwgeﬁ skill'in the nf
di oct a‘deg yclﬁ%gﬁag;?@'a ﬁé’édﬁ%?sé%‘ﬂ%?%x#g?%ﬁto an isolated por[t)iccg_rlg A(\)Ig a polypeptide, wherein

(1, 2-d eoyfP-sn-glycero- anol am ne), .

(1, 2- direlppeydn &-the potwpdpridannadedvedfipnop astedally DDARriag polgpéptide by proteolytic

di oct adecyt anmoni um brom de), DHDEAB (N, N-di - n- hexadecyl - N, N di hydr oxyet hyl
anmoni um brom de), HDEAB (N n-hexadecyl N, N di hydr oxyet hyl ammoni um br om de),
pol ybrene, or poly(ethylenimne) (PElI) and the |like. These non-viral agents
have the advantage that they facilitate stable integration of xenogenic DNA
sequences into the vertebrate genone, w thout size restrictions commonly
associated with virus-derived transfectling agents. The term "nmal e germ
cells" as used herein refers to spermatozoa (i.e., male ganetes) and

devel opmental precursors thereof. In fetal devel opnent, prinordial germ
cells are thought to arise fromthe enbryonic ectoderm and are first seen

Y b1 o, - P—. oy e —_-—



WO 02/ UC>>3293 PCT/ US(12/02.15. ~ species, nost preferably a chicken, in
whi ch one or nore of the cells of the bird contain ~ heterol ogous nucleic
aci d i nt paslyeRddly way of human intervention, such as by gerOS@enIk

techni ques well known in the art. The 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 ation, such as by sperm nedi ated or
restriction-enzyne mnmedi ated integration, mcroinjection or by infection

with reconbi nant virus. The termgenetic ni_pul at i on S i-ncl ude

cl assFiEayagerPsdt }!)eraétea’i‘%é’fOt?f’rse’i R ?3’8“!’%} ff F}?ezg TNy (_f)cﬁflgﬁlgt %@% P gggli rected

to they e Ei%ﬂ%g.tcherﬂicaf mBtho8E RBIP kAR WA JTRki@GHKIRs arfhi s ol ecul e may be

i nt egrat e& w thin a chrompsonme, or it may be extrachronosonmally replicating

DNA. | n th&heygircglent’t arfggees” @s Leeddierem refershie nuelaissgishaeqeengse@ndedipg t o

- express a_reconmbinant forni, of an | nagl Qbul.i n | ypepti de or vari ant
pol yp&pth BYA RePRY) thith gngode genetichin aEg’ég rnﬁ’te"syg&egﬁgﬁg Y %E%{ﬁilﬂgA "dare
usgd | r gf BrtARi SdRh oM IRMA thevERE PRRERANG 98N Ratl Srefmiind, or

ingv\hitkg{?%t Ereottér}g’cgnglfynknt ;as expressed in sone bu?) not all cells of the

-ani mahatufly fpennof ta patieulapeawidrian’s hgerenicc agnirefaired itndasc dfweighhganeg’he gene

15 is present and expressed in song tissues, but not others.

As used
her ei fheterpdogous BEMaSY AhSHORBNOUSEERES And geresitiat 35 patwally,apas of é@@&&ﬁ“ﬁf’é, for
exanpl e, an .. nmunog] .0y heawv [ i i ' Rn or
frag n@ﬁg@l%&ggmﬁg?r%g&elhgd an%t ?é?&%‘r%hg%st %rﬂ 8%' mg? %JrngI og%grs({dhigbté?i?n?f gr ei gn,
to t hRNASBSHONISs R A8 knddded B theiggh@ “Hireipn péneigodutts” adRN@, orgiroteins

hormol ogous to an endogenous gene of the transgenic aninal 20 or csll into
wHDch entoded hiynforcghugengs abt endogenpus gepreBiogRed 16 TNA s Papteiny enepded by

i nserte into the apimal,'s n I u E one of
t he ceelnﬂbge??f’gs #Hi%eh HFtef°$}0$°r!ilg§F ?ﬁ"’?‘g‘?‘g. 89 i@/}{%&l ﬁrsﬁ gﬁr%e%kggdaﬁ}{l@(rz a?rinon

whi ch flid b8k Susidrddtetd1agoRigehdiaind athere fdre, GeNRot datuirdlly dxpeesddiiathe @dlul ts in a
knockout) . transgene can include one or nore transcriptional regulatory

sequences dfie tamy “etmessediuar| “ekpresseind as sisechheseinirefersgp she Eanseriptipp fyem 2
necessary for optiml expression of a, 25 selected nucleic acid.  The terns

" ovuntgeande g'cYS_@V’E@?Ré’tuéféEsﬁéb‘f f“ﬁ[éﬁ}llgﬁéﬁﬁgacﬁw‘f%_ gy 1 Ryt Eoo%) 'Bh Q&gne ovum
MRUT & @E 1o blRic A SRAMRIorIRe BATN el @r blyftedseanbiRSpraliofas uldd avian
Spéci es, Elch as a chic en, ovulation, which is the shedding of an egg from
t he ovardianlsbatiercloahe aandationian thenRNBr mickeis agd mdlecate/toglielf @ prefewa®es a

| ut ei ni zi ng hornone., Mature follicles forma stalk -20 VI-"O 112/ 013293
PCT/USGQWFTEdﬁsﬁﬁP@POb§H¥%ﬁé of connective tissue and snmooth nuscl e.

| mredi atel y 0 hQR tGIafd |sbGlfices” DRCMSheReih NeftryVad hadles@dfe. the
post - ovul atgl?{/tteferéﬂ It:{}(j:{isgﬁbt%e €%ﬁtaudr?%a So%mc%asr upts fromli ts sac z;lnd starts its
j our neyeqhédcesighatt lve mebddlated . willy engerml hycleit heidvseqneact and thierdgnkaiméhicoul um

where fertilization occurs. Fertilizatjon nust tak? gl ace within 15, m nut es
of 2Qv utratscoptions] lseprssseon 1€ the, 8 e dBfe SARWHRHERY IERPIAPILTRAHESEY r Ty P°

fertilization,, sperm i.ans petm i Lol I rate the
bl ast ol Gied i HRHEAEY 0T s JELEr RRLKRRERETE GAbk, TRl pinsDERR B 2
begi NSaifofiefiencdss & piand ofteecr DNXQOTe:. “trahbaiptien megulatonr seqeeices’ s used
herein to describe the source of the nuclear structure that is transplanted
to themapprqsedn butareciotimitad sy tlsptegion of Amucles acid srquenseibat i PefsEE 10

i ncl udi i fetal. dul t lJ . gl udi
co | o Pn i Hi E80eft acPiten RRnb M hlerREnhd, dnd Oe° yalRilued A IOR, U 00
Cehss ??aixgééﬁtﬁ)%l Q@ngfo?yl_lﬁ&ﬁeﬁ&@ Indledsd bdestaley viakHiglal proteéi c@ling rep8H8 in

Sci'ence 125b - he term"recipient cell" as used herein refers to
the enpgli@stofd geaeitirt are identified dsridntean”egibng, onatay berin regonspfanclsifird®at ed

- metaphase | or Il opocyte, an enFcIea ed unactivated 15 oocyte, or an

enuc| estagn¢s balars %’E‘%ée%ﬁb?ft@.c ®Endfét-eati on may be acconplished by
splitting thee¢&hi “do'afn%, REHEES uddd 1R Febiks @ alcbRtiNRua PhRasarmhdreent of

" pronucl eus, or pronuclel; by irradiation;, or by any means known to_one of
or di napyclsdtides than nidydearansiatedintp agviteies Aafulldengsh eeding edgiomis trasigied into

contai ning functional nuclear genetic material while remaining suitable for
accepting donor genetic material. For exanple, one suitable neans for
enucleating a cell 20 according to the present invention is two-photon

| aser-medi ated abl ation ("TPLSM'), which is further useful to guide
mechani cal enucl eation. The term "knock-in animal" refers to an ani mal that
carries a specific nucleic acid sequent®-such as a "knock-in sequence" in a
predet ermi ned codi ng or noncodi ng regi on, wherein the knock-in sequence is
i ntroduced t hrough nethods of reconbination, such as 25 honvol ogous

reconbi nati on. The reconbi nati on event conprises replacing all or part of a

Y




Abbrevi ati ons Abbreviations used in the present specification include the
follow ng: aa, amno -21 WO 02/ (11r 3293 PCT/ L1S02/ 02-45-1 acid(s); bp,
base pai kGdinGYA DNA conplenentary to RNA; nRNA, nessepgpUs@ENAIsi- T RNA,
transfer RNA;, nt, nucleotide(s); SSC, sodiumchloride-sodiumcitrate; DMSO,
di et hyl sul foxi de; TPLSM two photon | aser scanning m croscopy; REM,
restriction enzynme nediated integration; V region, immunoglobulin variable
region; D region, 5 imunoglobulin diversity region; J region,

T
i mmnQﬁéeﬂpﬂﬁjc@g?ﬁﬁﬂsYﬁQnQHﬁlt)(ﬁhE?t%.b.d%l fRNdeRIPESRRE RIFidINAALKo MenldRiagy aci d

nol ecul'es e g 1 nmunogl obul i n pol ypeptides of the present 10 invention
can beeadacsopin sigeendendrang etHes ragsomaf tho puatein itist anayr wcaxetsed anturabiy{rom

- technol ogy. The nucleic acid nol ecul e encodi ng an anti body or a fragment
thereétfe,tfaf?ékﬁtqu)ri"ﬁgbrted into an expression systemto which the DNA

nolLecul e i sh ro I I : i h@p i n
he%’er ol ogoﬁrshe%rg eér?g;gsqﬁeer(dhea g?%egr%lgg%Mﬁﬁl@%ﬁ#?ﬁtgﬁﬁiﬁlégfﬁcgeﬁ;émg t he
expr egsiledul&yhhesanoforimegieoifici intepactipry withnee aoihent didhesivarddcof nedeicr eadi ng
frame. The vector 15 contains the necessary el er¥en s . for tge transcription
and . tecidn shatheogeneratedry Tepissionendonytledsh CL3UREFS sae‘%‘ﬂ'@ deand gugeigifitng  No.

4,237,224 to Cohen and B - Why IS | el £54 B foshetence in
its entit%e W‘,’l?@é%tgrﬁcgg%s’gﬁga%lrl%g%ag?iwcl)%"g?ﬁegg%}]gs%g?gn Systens 1 n the form of
r econtyy ARREn BbAGWAE thiShing withEt & sebh® Ruitiz WoRl tlaadwdge thntvd ngddit acidwi t h
DNA i gase. 20 These reconbi nant plasm ds are then introduced by, neans of

t riénsfsoandst drom epposingpolacidies dAlsa intecsprdifie Hiteraghang, 28UANHEI W38 WYIBYB¥ar yot i ¢
organi sms, and euykaryotic cell.s grown in tiss |t ure. . Mr [kt 1S
cogt erfead @ achligg a%dtqz}pr{ogrhg\rgeglbyﬁiéoggp%toﬁgs Bﬁﬁ&@ﬁ’?‘%ﬁ‘@%‘h@’?éﬁ& grnu lhfg vect or
to be anysFitd dRE LRI O hukiBRWRid StrddieSee o Oggésjiﬂlg bolatities. Tdmse@bntay Vviral

vectors i1 ncluding viral expression vectors. Ant | body-rel ated nucl eic

aci d seglénaads av refierddviatiievan orayt futheaoeprisamagdifies basey whereimpnagefied

i ntroduced into viruses such as Vaccjnia virus., Mthods faor .makij viral

r econmAdgRing ME M E&‘S'PE‘FH ﬁ%‘?‘%e‘%ﬁﬁé‘sg’i}'%neaﬂr F}ﬁ%ﬁ%gﬁ‘e{mﬂ%’ nanf)io"} @pogg%e?ide are
anal ogQus 1q LREheReoldidd 9.2 oG ghe. 4, 603, 11 2;

4,769, ;‘ﬁeéf‘%’?ﬁ’f‘gg‘é’?%%?%gg%ﬁ?%?33é, 6835, 494°807; 4. 722, 848, Paol etti,
E., 1996, Prigc teri¥at nuciiiadceid Seictor9dr “tedt@X9asl 1@83hereip2refertoGn mapyral1d3293

PCT/ U S02/ 02-4s~ Mbss, ~B., 1996, Proc. Natl. Acad. Sci. 93 1134] -11348;
Roi zmesynthetiocsinglgytar . donbled stranded mdasmid ja5oyural 1 aysleic meg) gpleaule;that qagde pr ¢

Natl. Acad. Sci. 93. 1137|-11377. 1SS 993ithi 1RBESE 1 N

Vi ol ofgoisctede ca3ionmad i i fng RANBHE YRiBen iy of Dtk FETRG

5, 580, 853nfee! 3 idi@ula® dNBIcCXPARIEs| slasnvgctanr be limebrizedaby ascaihentcwitheart s of
which are 5 incorporated herein by reference in theéé eg)hire i es.
Rezbnbappaonriald restission enzyne bassd qjethsrmicleqtids sequancsr ofcthe dlessid s 4 i nto
cells infected with .virus.. Suitable v rs.i . e Lt ed
to, viPuplelpapdqgRn b§u‘8ﬁ3rt§§ ot %Po\;gogtcgl?t}n%y@% é'rgn bggﬁﬂpﬂ&mg{n ?/I\%g&f LB,thhar on
4, a”dli%iéﬁ%%éipi\é&%ttegeﬁh&uqiﬂe 6c18BB31A %m0l pRIRSEA, bePITXGr IINA. pACYC 184, pUCB,
puC9, p 8, pUC 19, pLG339, pR290, pKC37, 10 pKC 101, S V 40, pBluescri pt
|1 SK +/ - ofh&Erm “plasmidanyustdrlievein refers to mesmadl cirpdeoRbiAnysstorfgpaklarts can

be introduced into cells via transformatio particularly transduction,
conj ugdepsndentygpliGasign wathin %Pacéqr@if”i%eﬁng‘rheﬁs{]%er\l: The DNA sequences are cl oned

inpp the ve & i ClsQRENHeRIPREISIEE nubleld®idiEctorthad@agr i bed
byﬁf\)/ani ati S%LI?E%P’.S,&%EJ%%I,@HS’?tﬁ/B’%CUI areCI oni ng: A Laboratory Manual ,SZCOI d
Spr i nggurtiRbanclidy yt ledstl cheSpgilagsy Isequsoce, opgably Yinked e acoirlentids ssAUGNECh i s

-hereby incorporated by reference in.its_ entirety, Differen enetic.signals
and pt cobs rgheve AEEREEPYIn FVPPIEY cREBUIOG ke Eics Se T Fapel B2
transcrj ption,and. r rgg%lé\) i ; Edtidet de@llerfet DNA
“is depé d@ﬁtanSprB ;gﬁzsgggggetﬂ%é a pregh{)e'?égﬁﬁ ?)Ee{?@illgk%a%?\ﬁ s_equeeﬁce t hat

di rect syitHoat RinAeH RYp@imENRiOby nthoses skiled in hbe ety phomstd hereRhAhsyterhesi s.
20 Once the isolated DNA nol ecul e of the present invention has been cl oned
into an expression system it is ready to be incorporated into a host cell.
Such incorporation can be carried out by the various forns of

transformati on noted above, dependi ng upon the vector/host cell system
Reconbi nant expressi on vectors can be dgasi gned for the expression of the
encoded -13-



25 proteins in eukaryotic cells. Useful vectors may conprise constitutive
or inducible pronoters to direct expression of either fusion or non-fusion
prot ei nsywyNWdds3dg4si on vectors, a nunber of ami no acids argepss@lkyssadded to
t he expressed target gene sequence such as, but not |[imted to, a protein
sequence for thioredoxin. A proteolytic cleavage site may further be
introduced at a site between the target reconbi nant protein and the fusion
sequence. Additionally, a - 23 WO 1121 063293 PCTIU S(12/02.15. region

of am _no acids such gs olynmeric histidine region m introdyced to

al | ow BigHEIGY SBRUPRE 11l P@er? %P@PEF% € a“r?‘S‘ESaf"H 8&%%‘5’]15&%&%%{5“% Eﬁl%e{f O?bonded

to a %ﬁgﬂegsiér&!pwnaard%&e&h&f 5B i avbdkdrsuél &abhRbroak of BE ddssMiledalt ei n.

Once t usion protein has been purified, the cleavage site allows the

t ar getClosiagnhilmbotatqyy Maeiual tndoel. SephSpimrHirbonPtdie (f988) and Eodisaedce.

- Enzymes suitable for use in cleavigﬁﬁﬁhe roteoléiéc,cleavggggslt? i ncl ude,
but ~ arcds-ndviojecniat Eall BeologsacFeemgry ( £Rd BieiPRrated AR byyYp F YhthBct or s

t hat usef ' . jd ' i p Cy

ver bodT i Enu D g st BOBPRRD AL ch BRI AP RS mEeT ST e

Engl angdpRsab@bsntrddeyaidnys. WMahould batredogsieed) homay i, dme tist chmief efraasgtabler ot ei n

A, or maltose E binding protein, respectively, to the taFg t re on&%nant 10

pr ot eicAPreENpR deeipbAcRsRda UpYY BUbDIg Bsiore el i e Lhaieg afd ‘hg%ﬂ? 9 ¢ host

cell s such as.avi.an |l s.The.use, of YRt . L& narti al

or corpi® OE"’E)%S’P‘:'-{/ Py g’rc‘%g?/%et oL l}aafeulrljrgocllb F’é‘g{? %%gél gf&gﬁl}s%gﬁ r&?hhgst &3{11%{[0[8

gl ycosid aisiiR0seRE(O(i.d NEssliekspaifidNpromotedhs ifeg| promadterd fioar whivh éxpréssiomhai n

di sul fide bonds. Exanples of vectors useful for expression in the chicken

Gal0l usoctirs gatfetemtinlfic fru ckdlspofed Sarticulas kind Eatisgug: icospargd. to opggr merenthero, 6:

229-234, the contents of which is.i t ed, her ei : init
ont] ¢ s ks Eoramrerplery et i ARRE Ok EanERRT oSt shEff B 1S
Di ego’dIhQA}s’ né{hfa"l’lk Desdiac® Vit 1N f AR Oviah Q%gefv@ﬁtkﬁdncﬂﬁ&h@mlﬁuﬂﬁnj n vivo

i ntroduction of hucleic acid encoding one of the 20 subject i munogl obulin
pol ypelptdzgier, dvintucaids ebalbisnibynd seonficia and thellikeect or cont ai ni ng nucl ei c
acid, e.g. a cDNA encoding E‘Be gene ‘?rod ct.,, Infecti ong?f cells with a
viral vect oyYseislaromateERishingyee chegeng! Slbéﬁré@mblrecﬂ%’inﬁebsn eS¢ ffe HFQPEEited
celd s n.recek » ' id. byl g¢lioM t hin
e e e S e R e R

expr esgadra@ll f h@i entenogenons Imesatiolied ohasyeokiek e rExamplésr alcludecsrorantibiotied ¢
acid. 25 Retrovirus vectors and adeno-associ ated virus guectors are

gener aindycibledupmoissdsuch 5@ EHacYCHBGHGUARI PIgBRET g2 e pguable (PERNEEn ¢hoi ce

for the .transf,er of heteraol i j es o] r oyinde

brt i o DARRRIE, SompRi el LA ASNARE' Brodtp (ICBlSEhOES dbf 0BT |
are st pbleVopmirednatosd19 33 DGR &bt g 07600, DWA O THyipeerhbrest .16B9c dirbi8hant
retrovirus can be constructed wherein the retroviral coding sggg)ugﬁncfzeif (gag,

pa2Q eRung and eNilp P890, hXuelelsedaids 2es. 203)y 1122063 Adaiimrarjaigia) B39, 5

repl aced by, nucl ei i4d encaodi,n i | obul.i ol ti ! reb
ender Trnaa: Sbr GoTF St e todd, MY LR RO md R EHRR, via, (e B
reconbhnan. &k RY 21802 7889 0f Qkd Lif BC&H, NDIBEBIoSedhigubs DAARI 63478, V63002 Wi t h

LT
such viruses can be found in standard nol ecul ar biology |aboratory manual s
such agl9eay, immtrpdPated bereinshbyi mfekdice uthair eBiitstieyy, Ausubel et al. , eds., 5

1989, G Publ i shi ng, Assacj at es.. Exanpl es_.of, suj tabl e ' N
cnown Lot nbs s FRAS: A Gt TRT e Botia s R R Elsh B B ST 1% b
P a”@f?%%lg@;%g%ﬁ% Q}f'pié'&l'lzta?ibkﬁApﬁﬁié@&H‘Q'hé’ﬂefnUéﬂda}yBﬂS ifi€latidH 6Pproteg bot h

ecotropi € an pi'c rétroviral systens include, but are not limted
to, pskfithddis G B dpsn@raandof dieAin enkluott the rRMA enolecule.s ApddSimstigitabon i mi t

~the infection spectrumof _retroviruses 1Q con emt | .
r et r ovcomplelomprising: Be £12pRrote beyndng &ﬁg @BrMFt' agi F% ﬁ%f!@?%@%n the

surface ,of .the,viral rt] Wl er a P ! i
- 93l 252é‘ittfur‘\‘koa@ql)fﬁfé'é?ﬂoe?i%a%AéiC %/@ ‘gjﬁ.’l@éﬁ,m %ﬁquggt ebrlze:ﬁe 2@%? %h '?gghée{%by

i ncor pep@redARYIRES ehenBeuiad tb heitisteenhilagdn ef) secbod cading rgom dostnsttayi es
for the nodification of the infection spectrumof retroviral vectors

i nclude, but are not limted to, coupling antibodies specific for cel
surface 1 S antigens to the viral env protein (Roux et al., 1989, Proc.
Natl. Acad. Sci., 1989, 86: 90799083; Julan et al., 1992, Iljirol. 73:
3251-3255; and Goud et al., 1983, Virology 163: 251 254); or coupling cel
surface ligands to the viral env protelfs (Veda et al., 1991, J. Biol
Chem 266: 14143-14146)(the contents of which are incorporated herein by
reference in their entireties). Coupling can be in the formof the chem cal
cross-linking with a protein or other 20 noiety (for exanple, chem cal

ey v S . v o




5 well known to those skilled in the art. The virus particle is relatively
stabl e and anenable to purification and concentration, and as above, can be
nodi fi ed ye@ oBee3be3 af fect the spectrum of infectivity. Addp¢toRad2yss

i ntroduced adenoviral DNA (and foreign DNA contained therein) is not
integrated into the genonme of a host cell but remains episonmal, thereby
avoi di ng potential problens that can occur as a result of insertional

mut agenesi s in situations where introduced 10 DNA becones i nt egrat ed into

t he host (e. retroviral Most re C
adenoW @ rs\,ggf geg%ma MdEeiy, \éﬁl‘crli‘ ‘iﬁ’é@lgdﬁ%fo? H\i?@rﬁﬁpsﬁé @‘68@%&5 ‘IHEFE) hesent
| nventih el &ffofist §§1¢1 Lﬁ)’étlﬁd gﬁf mA& L4y ORESENY Blocdted nfi&‘drrﬁ:'klgﬁrtﬁ% but

retain as nmuch as enoviral geneti¢ material {see, for exanple,
Jones etkagbtic cdlAFH mRAl 16: 683; Berkner et al., supra; and Graham et al.
- in Methods in Ml ecul ar Bi ol og },Vurra ed., 199 vol 11.'-'1) pp.
.109-127 (FAleaifaD CPRIRIEH, 2N, e N iy A EYPRsAREs eﬁerrepwnw
refSerWe?elhrEh}&'ﬁbsronfan #18@41%? refeBd §5 34 Qﬁ'ucf?% tlt()herllé?lS@lretIﬁQléﬁg Tled Eelfi?s' d
encodi ng an 1 munogl obul'i'n pol'ypeptide can be under control
exarrplremownaorlz‘deérr@yedrmt er, the mpjor late pronmoter (M.P) and assocr at ed

| eader sequences, the E3 prom)ter exogenqusly added pronoter sequences,

and the |i Kehe onsystransfasmatipn’y ad] ‘rﬂﬁé@ﬁ‘d?“”s%ﬁs‘isé% geeat taferr 9rthe @ressesy o of

for exa t he, _subj nu di

pol ypelﬂf r{grég ni‘lclteh éé(ggﬁ% a@éssg’ reféﬁc?%v?? gfs? ( &C%ra% %ﬂtgl{bmnnbo as
litt] ehgse d00DasthePat 16 fAflidRMraRfretiRack agadeaind fon nusieRgicdd énto Jpace
for heterologous DNA is linmted to about 4.5 kb. An AAV vector such as that
deldkr i prekaryoticoraukatyptic exganism, Thegsnethpds inalve a vaiigy of eechwigecs.igdlgdingan be
used to int cids h Ve been

i nt r odtH &gt LH’B‘S@?#‘F@P&%? %el‘?llS Vf‘)}bé hﬁgp(ﬁ:a{r %?Svoé"csf"@lsgat Eae 3 P Ong&’arrpl e,
Her mongficih (ﬁ‘lmagngfl% sal\tjaéd ele&ﬁé“i’ieldsﬁételjgeﬂiggﬂll &%me@ﬂ@cﬁat@é?ﬁnsfgétﬂinsfd“ n et
al ., 1985, : ; Wbndi sford et al., 1988,
bl . Eredderthadios2cell c&ﬁpﬁ@nt fﬁr ahes uhﬂahe of tlw nycldioguid tolegles] amll by such 619;
and Flotte et al., 1993, J. ) 368 3781-3790), incorporated

her ei ntShOii%rSeﬁpéHEé“fidrrat%@rdrfeﬂﬁﬁl%w@éte 18geratioy 02/ 0G32) 3 PCT/ USI ) 2/ 02~~~
Qper viral TlYeeEe I SYoHhG BNt [aAT rdTBY (DaV&IPRRL hadh 'n@»'i’/ do%bﬁrkﬁ?ro%fhﬁfél%lc
according to the present 1nvention have been derived from but are not

i mi t egtid eegniaiPehat Werrios covaaniyrliked its vach @hiéran laeweogi sew combinatodogever al
RNA viruses. For exanple herpes virus vector variants may r%r ovj de a uni que
strat egb}ﬁlffl@ramééﬁgmgmtéﬁé‘éb%im’é’ Q%ﬁ@é“@f an W’Gé‘%‘é@tus&gﬁr wideeray pf awpleie a5d { e
central VO i e: egt i

met ho d@ag@u%&ﬂg%chﬁ?@%? E‘JJadeE'ﬁfé th tﬁ?ﬁn s?(xlpé’d %St'hgr& an{isr%éoﬁg%? grbb}ﬂ Bedd

eukar yghple eiRirysid @i, bh@sﬂi@lﬁa@k@(awuﬁclcﬂm rcﬁl@ehdmﬂnalﬁart dfeﬂingmﬁrrécoﬁﬁbmant cell

macr onol écul es. In alternafe enbodi nents, non-viral gene delivery systens
of 29 hecaprl@g@ﬂa Veatos that drextapgnasic. eﬁa@égrammr%c nyslgig PClﬁi ectapdask @Ogm%fhe

subj ect nucl e aci d encodi ng..an_.i Iy i I rget ed
ol | - okt E0s Bl eGof e Bhy AR Hhbopa BEP Sh SRt B

deri Ve%a§Y§1§1€’rH§enoﬁﬁé Y Thy sdrieif eH&ﬁfce%eﬁﬁé'sda Alidiéit |a§1'd&ion§thio@|mc©ﬁ)(ﬁét6@es In
a representative enbodi nent of e present invention, a nucleic acid

encodi mgthanthe meoombipanbcdll’ mgcpmlngppepti de can be ent rapped in |iposones

b i t f d
Copti onal | y ke, Tarcd agg sl &t toptrae a5 o BT et Phad®t: i gens
Of he, Lahg@kict dc%'s'a %%Q%L{Hﬁ AL ndl natud¥E) FUAARI a ERRyotiE X pro ot§,4<gerl]g51;

puE)I Ication 09; Japanese patent appl Ication 10473
Eur opedhe patkeftt agidistqueatésomaFmotude3Gubarei mut dimpitedatoenuicheae @cid Yeptarsfgenence in

~their entireties). In simlar fashion, the gene dellve stem,co i ses
gn gnt Fbﬁd%ﬁl%rreééllaro%ﬁref@t?@ opging G Fplicaion. Saugness hat ‘Y{%@d‘&meﬁ?d ngeﬁ

WO
- 031 ouran G w3HEDeE RnB Yol RORRIAS R percSs.  BHEERA Srectirhinglh iR plaSis

i ncor pekeaheth hrnhricna bylypejtiieeproduded yheicombimtnt BNAe sgchniquesnsidh ﬁnlas'd ive
appreci ated that effective delivery of the subject nucleic acid constructs
via receptor-nedi ated endocytosis can be inproved using agents which
enhance escape of a gene fromthe endosomal structures. 25 For instance,
whol e adenovirus or fusogenic peptides of the influenza HA gene product can
be used as part of the delivery systemto induce efficient disruption of
DNA- cont ai ni ng endosonmes (Mulligan et-85-, 1993, Science 260: 926; Wagner
et al., 1992, PNAS 89: 7934; and Christiano e~ al., 1993, PNAS 90: 2122,

i ncorporated herein by reference in their entireties). -27 WO 02/ (1(i 3213



Transgenic birds PCT/LISO02/112.is-4 Another aspect of the present

i nvention concerns transgenic birds including, but not limted to, chickens
havi ng aty ga6d2930ne transgene and that preferably (thoughcpptianad y)
express the subject nucleic acid encoding an i nmunogl obul i n pol ypeptide in
one or nmore 5 cells in the animal as, for exanple, the oviduct cells of the
chi cken. I n enbodi nents of the present invention, therefore, the expression
of the transgene is restricted to specific subsets of cells, tissues, or
devel opnental stages utilizing, for exanple, cis-acting sequences that

cont r distiestpfremsa onaturallyt hecuddeg petypppitdectifher TBVIET IPCRPETs R Of iSEYER- S peci fi ¢

regul af ory, seguences, tissuesspeci r ; Ild Ifrek&RuUl atory
seque%@?%génsq’ﬁg aurseggmtugxaléto%qu%el%ﬁq% @Qg’re gﬂs?g%eggﬁ]’o? %'?l ﬁéﬁ:? ?gﬁdﬁgﬂg in certain
spat i @lonPaht f5rinily ¥Bs@eMah nafuetpor 2l patterns of expression can be provided
by, for exanple, conditional reconbination systens, prokaryotic

transcri pt iAsnased herpir, aboteym <'epjtensd aefersdnc pareof] thg rotets ibaticap Aegcifcliis genes

can be provided usin r okar yot i r ter.s at require

pr ékarb)'/‘%ﬁW&"@“BP@%@QQ@H%E“%?hﬁﬁ“?’ﬁﬁggf?gm 8?2’2?’%?51%??)0 acilitate expression
of the 15 Uiansgerendaee & a5 RiemoiFerd b PoI9KBAA Gntiomeid dhahatibodaan
extensively characterized in vivo and in vitro and can be readil

mani puhatfegnicatsphaeef, tand imimnalogicpbisiling mquivplenisetherest: ofe @ﬁimvx‘iamgww’a gene

by standard techni ques. Such operators conpris ronpt er region
r egi orfsfershigt a bpmessncent F&QF@SPlﬁH e e & ?1§“§'E‘E%S‘§§ agc?t ﬁ%‘ﬁ%?asl %%H% §ré’§p gejtssor s.

One exanmpl e | QP 9 | XfayOfRBe0dontprise @hy nfodifwddli ch t he
LexA d'B"f’ plg’p(%fisad}gnﬁﬂllgpdgﬁz@%gg ﬁg!(egﬂn%rgl}%}&g’oéngr ok}gryoti c ITr‘EpeguI atory sequences
ang thg EQIvVaBSAoNsHMY théragfsthac rdtuiat ithe apilok do yspediticadlyobiaid ran epitopdi sél osed
by Brent and Ptashne in U S. Patent No. 4,833, 080. Tr ansgree}ni c animals can
be cr eavextloval attitiody isosapete of saigcsipely rndingOrctaigshdteeR QhEROPHt i onal cont r ol

of a prokaryotic seguence that | AP ecd acteratigd, Byek@de/ot i C
proteins. B%éeeé‘?rﬂb g?mf‘ﬂ?%oquilgnééléﬁ%gldg’nParsra\?ge\?\nb%%elgn%g grlga%i%rrg)ﬁk hat is
transggnived £Qm 4 BonsHRIhESNAPHAY oPAD&AILYOY.I Ant irAmandbgiasitfolgeptideanayper i t
activation of the nucleic acid encoding an i munogl obulin p@é}éﬁpe ti ge.

Mor eovies, bueispmedsniosd of am inwudelozisalbbeayy g dighintharhsndomay iR b§ i3hkhe

t herapy-|i ke pethods .(such.as described ve). j . Lhg the
L e By A Bree erlo R R B g o AL soie ST BB RaRiaRRs, EREACLAY | 2
delive I STUSThe RmCamaRAoldRidAEpa deedurtherdficladesisinge-calin - t ype
speci ffrg&ﬁ%eﬁnfé?stﬁééﬁ' q\}}?/O %12/ I 1( 339 1 P /fﬂlwgﬁlzl 112. ~5-4 Additionally,

i nduci htebodtcs wotn@Fiseccalh bbence timitedleld, arcinomunogiotudinthavipehaine Hariabls Eg1anen.
Exanpl es_of inducibl e pronot er% i ncJ ude, but i\re nott llii 'e;,ed to, the tet
oper at n iramanegiebulia: Liaht shain wable [5EhGEl PPHRRalll PSR XS uced by treat ment
Wi th tetracygcli b G IRPs - LEYSH of LB sERMARY adlibodids2ABablPNAS
89: 5547-55 fsghgd&gggg%Qg%ét%,fmrltgggf,%ﬂGetne t;l: 317- 27,l [ n.corgor ated
hep@i n obypecEicang reeghibingat or ate diéferensiplly Spoesseld or PRtlvaygeanE epitopes @nd
Knock-in Animals and Their Eggs Met hods, of 2ﬁrodgiei ﬂ% a fransgenic.anl ml,
as contetidataldiserpting drog decellsi mplsis japids thatgng t PG L NS gene

to an anj mal . using: a vir r = V] VEHd Skpre SRR Deciddl aiftecgione
t ransf é’Pl,pr%téctéFia@ﬁi %ﬁlc nrgéjrrggr%%lj g(?gl&&%r%(tﬁgtgrlati o nucl ear transfer,

I ncl udiv'agoﬂsoanaq@é@af odnkARSiTnals Stagdingoe fiqiresentinseralnz ditiedselatedinucleic
optionally, |aser-nediated abl ation; ovum transf nd the |jke,.

, [, .a ke. In the
case ofacils muy aiso dehesedr vl HRYBUQUETTIIAWEI b those Sgélegplé‘ptﬂ?edéﬂo 88PBEpt i des
encoded by the trqns%ﬁ ic nucleic acid may be secreted into the oviduct
| uden dECAHUNa PHFIEICHRI9%al and deposited as a constituent conponent of the
egg whi te | 1) EO950dRiifh R sefifn A0i1Taknerhiing anitodtes condebseibely dind oo bie
-within the scope the 15 present invention for the heterolqgfﬁf

i munogineiber bearipglephenssi demus bossenimalsimer e immunized §y yeatiengith e fHeSser um
of a transgenic avian. In_.ope . e di.nment cont I t f the
. pr esentPrpigie 9 RARrtien thereel SYW@?{“%W%?&% %&/%gplﬁ)%r%o gerd%n}gl;ﬂ/%gg’
operabl y |.i nked t Earfeul ViaABud RdjBYME Rl OB Qfedt Reincrans gene in
many, i%bwg%r%??,ﬁgﬁﬁﬁﬁggﬁggghgggﬁf ?Egg%ragsgenic gvian, resulting in
production of imunogl obulin pol ypeptides in 20 the serum Transgenic

avi ans produced by the present invention will be able to |lay eggs

contai ning one or nore desired heterol ogous protein(s), including for
exanpl e, an i munogl obulin Iight or heavy chain, an anti body or vari ant
thereof, and the like. A transgene nay fige i ntroduced into the ovum of an
animal, according to the present invention, by nuclear transfer via

t wo- phot on vi sual i zati on and abl ati on, wherein the nuclear 25 donor
contains a desired heterol ogous DNA sequence in its genone, such as a DNA

o, o,



V1' O (12/f1C3293 PCT/11S02/02-ts.t one or nore transgene{s) encodi ng at

| east one pol ypeptide chain of an anti body, may be delivered into the

nucl ear Res0GE3l through the use of a delivery vehicl e.pdbhesézoamagene is
then transferred along with the nucl ear donor into the recipient ovum
Fol | owm ng zygote reconstruction, the ovumis transferred into the
reproductive tract of a recipient hen. In one 5 enbodi nent of the present
invention, the ovumis transferred into the infundi bulumof the recipient

hen. After reconstructjon, the ryo containi t.he transgene devel ops

i nsi démpvaologis issRAASS. HiSRenskRg o g\?ngwét %H??lswﬁcqtlﬁﬂ‘ggo‘%}i‘aﬂbf‘l‘“ﬂ‘ﬁ‘g}% feUNifer e it

. s encapsul ated, b I i1t e pf ofel : deak,gag shrkl . The
egg | Ccﬁ%‘:ﬂateaﬁ%d clé%oqﬁéely%ﬁcﬁ]b%%?ael\g@g%ds ulelgtgéshg tlg&grg}aﬂ?gug’ tSLrl ansgeni ¢ chi ck.

The r ggMtdrcBgsichal $geicihiahplotonid pdlyaarpojyaaivas qreptideseoid esiuisehs1Keyhole

- transgene(s) inits germline. Follow ng maturation, the transgenig_.avi an
may | dimpegdemoszanisoginirapheind. and ﬁﬁ%tlég’s pely Awnah oAByBRIS Sﬁplb?“éﬁaés} t hat

can be, easi har vest ed. an : jyent of the present invention, a
nugl eépacg@%{#lnb%ﬁ ‘fe§m??%Ang?'gg?[se%?%ut%ﬂp%%'ggt or construct that contains a
transgene Q’N%dw afibdB@Sire Heere@hyRapidpdiatioha o andbaly moletilesiderpveda

variant or truncated formthereof. Methods for transfection of somatic cell
15 nudteh the seramiflankmaeoriminunized veith am aatigenc Sudeas dyargelyeeHe Né |%,2% he use

f retroviral_vectors, .ret _ i i - i at ed
Vi r UseTEr UM ORA PR FbTaTd NP AR B e Doy Shis DA RSRARYR, 20,
;B{o ffteﬂ kDO of hBBMEELCHS a ARyl Carkibke mSHEB dbeahvd Byesy wdmiqueuhar | y as

to avians, are disclosed in Bossel man (U.S. Patent No. 5,162, 215),
Et1ohesproHdds Rubhé paticionNs. anibrdomoRsais) by Fordissons ¢all iespacakigrend hese
6,027,722), Hughes 20 (U.S. Patent No. 4,6 997 Mt .

DDl | CAERES b ATt 597ited 4 fhe R Aerniage-pt Kople 1905 e 739),
P~ (U. 5. Paje 4 POl 8, it1he thd)hemaRak et idoma3@ehnide: and

5, 656,#459)‘,?&55??3’ ha, Pt 1()%8% b, G De e namaRaB g | 5) the di A A res
of whi @dbsBbEeri d1GAORDI iinatholvgy Tetiey 4ntz, Bae ei al i 1988hBiac. dntli dead s 8Rucl ear

Transfeér and TPLSM 25 Nucl ear transfer allo e clani ng . of ani.mal.
speci e2026xHB0eand tha diBN -Hykmdosmadgshragys (g&kﬁqﬁéﬁ-t i)glgtshél %2‘“&%‘5”5
enpryonic,. fetal, and adult .cel] clonming: ' Hiroag € not
limte “ﬁ&anﬁﬁr?ﬁ\ﬁa@ﬁar P&%‘IL(S ’L{ICC@)‘ gfglh% tﬁrﬁ%;ﬂ? %geggjceggﬁquﬁz&sgu; (nucl ear
donor) 4 SRhfhiA0 @BEseChnd fhRASKER igfmdridizignelsniel, abgelomatdelisc it gpldist to
produce a reconstructed -30 WO 02/11C3293 PCT/ US02/ 02. 4s~ ,%ﬁ)ré’o.

Opt i onattibpdy-pdatiucingniabrisiomes i Hdiridemag \can dg| sciqeaed imppeosheaneallyy (96 1BY
enbryo and e). ! trapsfer of the r SLI - r 0 a synchroni zed
host aﬁi%iﬁ?t.‘(?”i o C&‘Fﬁﬁ?ﬂtﬁ@wtes 8‘?“??%3“%%%@@‘%?‘9 ﬁtlﬁg;gﬁ%‘ﬁ%%]n t he nucl ear
transfer apgf oaaRions aechnity RS dRERpEIHoPYEe NBt68 &t VoS Uahinfaici antitvgies)) a

t wo- phot on m croscope. The aninmal used for , 5 nuclear transfer may be an
avp@an (Motrisdhrg al b1A84nBtod iNailt ddad Sci. 8hi e8dreBS Sulerbkergen el by K984 Ygiure

h d i | i h f ili d f il :
P od 17 a6y Takeraier ahot Hamp B o s 42 S0 b Mo o etistdrh w36ls€00 19
mat eri al ;of; 1 18,200 {)f ap 8%&?4& Z6f g@N dp SN e gBthe it BhedNEorh he hablaat ed

reﬁilyacecf W t a C{O (0] F

nucl eu§" r nuclfeus. Optionally, the donor nucl eus nmay be
genet i galibadynmadiebile dfvippiopribierbietogivel ativity tcaarbsgised Arrbbuenigantibodp is a

i mmunogl obul i n pol ypepti de. Two-photon | aser,. scanning,n croscopy {.JPLSM
1y be TBeRbla B Whish Bk Herent TR aNS F oS G Y GIEE BT APSS PO (OSE: on,
the_nucl eus in t [ ecl Al l,,, ] f hd 3 oldbuligcbhdtamted
egg? i aY‘é‘ﬁSvVea&‘agg rg@ﬁg@éﬁ?&oﬁ .3n“z;{ﬁ‘f"‘§éj‘3}§?’na3’dvﬁ%“i l?g?lilong by TPLSM  TPLSM
IS basggyign ARTRINERD of X bdditlod,| thokesaan demamsvdfi avhinmonqgietivinsvariebkei de

region from one species may be exchanged with the corresponding regions of a second

species.
Alternatively, techniques for the production of single chain antibodies described in,
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15 sinmultaneously with a fluorescent nolecule. Their conbined energy is
absorbed by the fluorophore, inducing fluorescent em ssion that is detected
by a phoiaymdesplsi er tube and converted into a digital inmnmgeusaesssquirrell
et al., 1999, Nature Biotechnol. 17: 763-7 and Piston et al., 1999, Trends
Cell Biol. 9: 66-9, incorporated herein by reference in their entireties.
TPLSM generates i nmages of |iving, optically-dense structures for prol onged
20 periods of tine while not affecting their viability. TPLSM utili zes

bi ol ogi cal Iy i nnocuous pul sed r-inf ed, Light, . usya t | engt h
of abder expolein So Patssl 0166966:}23; @HBC@%SS%QW% %ﬁ)ng#éjfir%tkgu—sﬁggleixﬁlﬁto

i ght - tteri S I EBNS:. R gi fdger apkurk 3581 su4-s6Cdanas a
mde-llgggeﬁcrof'a]g‘glrl' vﬁ%g'r‘ggtﬁsé 5&/2%? e%%ﬁ%a, or autrunab_l e | aser nt hat
gan bg;_etétﬁhﬁfédt @t \dngeeragfdis;utba]?gfm@ms_edzbut pr?ﬁ/amngmdix@?ut;ammbn@TS- .-
- dependi ng upon the 25 range of em ssiqn o e, dye used. For _ ex , W

t he usanglé ciriplantibetipiors datmesdnbnipe the heays grd géﬁt"ﬁd‘&fﬁaﬁﬁpﬁﬁaﬁﬁﬁs
preferred. New fl.uorophor . hei ng.: C 1 i fferent ranges of
enPssi'BA ANt %“’P?\98§E?lg§g’ir?“ﬁb@%?%ﬁ%%?@@%? ggent |y availabl e dyes
and their rgsRestdisleeHessdRNmarbgased 48 providd/oldal (LA8RIFids encoding

PCT/ US02/ (12-1~-4 Furthernore, |asers used in TPLSM ca(gq beaﬂ ou&%d. into

f ent oseesiderd polypeptides cdribe antibedy of intgrggsand) whigh may b Qhtaipg é%i‘ B oy
their pul se durgtion. fent gsecaond | 13Se I - sdqdhce it
is parIPYOCYﬂCéPrr?'ygB‘ﬁ‘? %BII%B’“EB[%C %‘S%gfcz%g :c?rébne dV\nfOt?ﬁg%ﬁB%’a?ﬁmﬂlng&tg ﬂgegtgagegi men. 5
TPLSM ‘R{l&l@%&ﬁ&é CISHIhEVAS L Moratblyy S&mihImenai edalCold §pting iHuborBgss (698D he
optically dense avian egg. In contrast to mammalian cells, vi sualal ation of
t hi® meAagitaiss phatrelde, Priome obelimitedta paydonal anidbpdiesumongelatal | BHPOYIES NS f er

has been h d d_by.the. | arge. i h
i GRS MBI b HEERS art bt ineft Oin AREe ¥ig ratificts, [P0t On
al | oyl SHAL IE2ALIAR (A6 RY) B0ATY bRtessRin MakY! RIS i ghtigdbal | ul ar

10 con uent's. odi nent of the présent invention, specinens nmay
be i ncuppdR@pebindnigefigentd éfanPhifttembovd.i ¢ dyes, such as DAPI (4',

6' - di am di no- 2- phenyl i ndol e hydraochl ori (;l,ei) &r ‘Hoesch¥ 3334ﬁ]8gbi §-s§gr%i m de)
prior to TPIGmeviidivan kit transtechon BiRdwreny it BrgPRIEXLPT {HeMsMOdRoh BEISul e
and_ pl acenent, of .t he o L0 i ' ] Gbiseafitd, Rait e top.
Re anﬁ?g’ﬁ*eﬁttﬁaé’sglr@ﬁs l\rél’%@gﬁ%ﬁ ’égfﬁgsgt O\t,!ﬁteegteggg% r g‘rrnrcrol\li/lﬁel%?i]l€1 1r’omthe_ﬁ)?égnq) of the 15
ger m nakeive moARt GRIHEE HensTedting iagent Sfioe bxamsple faoratieniawp belycastonipliid subluf f er ed
saline (PBS) may be added to the dish or_directly onto the oyumto prevent
dryi ngappolybreney (e amaindof gachcsampRIERt pfalpe MHEHIGHE &Oéﬁféa" Q}%E*}ng‘i"r‘?gc

germ nal disk and DAPI. in PBS added.to i r eddagiet Wel¥l id

DAPI - pEAEHRatioR.o By rtfﬁﬁ}SfB 100 BT, S‘lgthtnofotg hhez(.a &ELCF %g%afpegi%kgﬁ\%ma%i\bg dél ass 20
pi pettg tié{l/&%a.elmfap o?hﬁliEB(i%nQ&ﬁLﬁfé rohBoreUBArE Asutiaé kxpdrimasatioRior Tidymtio of
injection, renoval of the al bunen capsule is not necessary ereasl.

i npect DA @b lipitisebroadytpoefetablydibskt i, plfiugh oshes Proneriens BRSERCRS BilizEfe
capsul e. I mages of the _.nsjde of .the early avian enbryo can be generated
througlﬁ‘eP"rﬂél”lﬂs‘é”gFtyﬂglﬁﬂhp“{ﬁr%%ﬂ"}%?geé’ﬁuﬁ?éy be performed after about 10 to
L5 M Ut es Gl liBinkbaldsR it bPerts BRadieiftedRayl cbihpoitioh o6 nakieaddie

i njection. ring visualizatron, the germnal disk is placed under the

M cr 0sq@nke @bhetict mukeriahfort énbapsingntitd epieks of beterregousrRNAetseBRUS WD t he

central area of the disk using relatively |ow. aser powers utm3- 6
mi | 1 i weenkaryotgh eellt prefesatly @pavdan a?lﬁ andumare Pﬁé‘vgﬂw E‘B\‘,‘E%’I %%“e“d@% uTshu%ng

hi gher | aser power ' I r'ﬁ{{frﬂ%e [ Yof Rk SPdnvfcstid agati on.
-3 g ﬁ@ﬁ[@%&"‘%@?%g@?\%g{otéﬂ uclglaglléta?)gﬂlsc?e? t echni qugkzér%%ﬁi re
the desteé08r Qinsf@uRY aberts Mttldeaidennyinatiranisferrin-polylysiok dUNA rohtexcs

-nucl ear donor can be introduced into the 00&6 c%ﬁt opgastIl T\ﬁo-%pot olgs

| aser - rMBdisatw@ohpdeat ganaradly igmeshrthe tuntgkeup Ig‘?‘o tQde L5 afl%rRatt Ve to

m crosurgery to,visualize i n o greadlh tipeseovun s
“vitell mg%ﬁ%‘r g‘?fé“gwl‘atf iﬁaﬁsaéggh%{lglg#% ﬁ'gﬁ% pgsIngkQ) E?gﬁﬁecrle?‘%améﬂejr power s t han

t hose used for imagi ng can be used for enucleation, with mninmal collateral
damage to the cell. The wavel ength for abl ation generally ranges from about
700 nmto about 1000 nm at about 30 to about 70 mlliwatts. TPLSM and two
photon | aser-nedi ated abl ation are nore efficient than alternative nethods
known in the art because they are | ess operator-dependent and | ess
invasive, resulting in inproved viability of 10 the recipient cell. A

nucl eus froma cultured somatic cell (18 ear donor) may then be injected
into the




enucl eat ed recipient cytoplast. In one enbodi nent of the present invention,
the nucl ear donor is injected using a mcromani pulation unit conprising a
m Cr oi Nj ¢S ¥/ 0@Bss a m cromani pul ator. The donor nucl eus igct/béedyaed i nto
the germ nal disk though guided 15 injection using episcopic illumnation
(i.e., light comng through the m croscope objective onto the sanple).
Alternatively, a donor cell may be fused to the recipient cell using

nmet hods well known in the art, e.g., by neans of fusion-pronoting

chem cal s, such as pol yethyl ene glycql; by inactjvated viruses,.sych as
Sendaicomplatss casy ba IEslsgHo HieaBale €N cals UHEAPFOHC FHES That BiSETAERIEE Py got o

may then be surdical r f t Lidue f el Ren to 20
or Soudeeatdts i B st R B TP Qe 2R or el e eT b
cul tured i et rPeflb@ePetdisfecstd eganBgincheeebbr ye fror  Pmaedrtoddpefeopment

. prior to transfer into a recipient. For exanple, one enbodi me t he
pr esenipféctansinei BIMRYACo typafifecs, and) Effeating Qiagen). spdfaeity da C%Bﬁ?ﬁ%r about

24 h ior t i . | ]
ot oS bt aRE B0l M SR T AR DBPER L L LA B BER O, | i ng
of a choGihoc@anbldfid§r DOTUPAt @h-Hi0]@eRStiethglafingsiftn C irctene pptDDABI |y a

cloned chick that has been genetically nodified. The cloned chick nmay carry
a trardgenbyli n dodtadenpemmonruna f brongifie), t s DEEPEAB  AlNEY-dirathgxadeednlN:-N-he

t i c chick | t hat i -
et or HBSEOHMG of nS ARG ng HRTURY body RIS o o NSEMEEEIR b1 ndi ng
to an cﬁwdégﬁ%ﬁlg?z{mrﬁgnihm?’.%rorrﬂidéﬁp(?@%/bi@n'e; 32931 RS LSRR A A PES)- ahdmken tigk obul i n

pol ypep et may be isolat’ed and associated with another isolated

| MIUNOTHes® ubh-virpbigepaitavel ehe ddventegrythhvthey fagilitate stablehivtgratpp i Ixenegenic
selectively binding to an antigen. The, cl oned chi.ck ma alsq be a.Kp ck-in
chi ck BNPr 898ERGsS AMoAhe EHERTAS 2ERPBRoY R SI2eEHI SO HRORN 59  havi ng
an het erpl ogoys.. pr i in. The 5 reconstructed egg may al so be

cul tur‘359tvgg%g%ﬁ‘lpeggaﬁéﬁgﬁl&gg\%hﬁét hod of culture. For exanple, the ex ovo
cul ture nethpdiedaserdldgenbyeliSeas sedtheadin r¢ferspo apermatozom{ienphat gdmesshe
within the scope of the nethod of the present invention, O/um Trﬁnsfer

Anot heandadpetepragntal nprepraare hereofy erdp | il slevcipprmenty rimordial geep s 2Bduci ng

a cloned 10 ani mal. conprising nuclear t ek oiby EOL M um
FrEhar Bpuenhid- ey b urs capPoul Sh% 8 AT B! R R E R oF
nucl eag,doamsdi Soik A8 afBeEY 8. ahemaherdels ighge yhrotidtethe didgaeselotieraf t he
reci pient cell”s nucleus with the donor cell's nucleus results in a

r econstorthe eudta yigets . Inltie sersalbnibadramale, vepeyateaning!, bergee sgygtal &8s 0Sed as
reci pient cytopl asts al ready activated. fertili i ALt i Y,
inact | Galsatet Brse ST SRsagges 4Ry Sighran 36 ik, ARl S RahEdE

act| Vaéh ﬂide“gb&ﬁﬁto%%i%r sfeBNushEakicWh ad NRO/AEUMHIEY diftergitlatelied typa Bvum
transfer, wherein thie ovum containing the reconstructed zygote is

t r amsf epermatogonia. TaeilgieefurtherdiffFieatide uenfpen puingire aperpatocyiesf aidr et dt o t he
ovj duct of the recipient hen,shortly after oviposition. This,I -
acconpProdenagd JBeigHE DEeP EW%I‘W‘I‘@SB%{H@P%OQ% gﬁgxamo&es(%% B’E)%ir Gobine.

1 on,

i nCUb%Q@%p@EﬁSQ@&? iap&;veﬁgﬁlo@g?dﬁca%e@lo enpi Bfagds ard AlsMldisBhf\atiabR). y, the

ovum ured to stage rror to transfer rnto a recipient hen.

More spegdgibend | spernieyns] nemotent spagetdcyesbrzygmersr eparmatagyiest pashylene 48
hours to stage X. This allows for dev Iopge t%l Scree inxg ofl t he
I econs SparoatEY eRhIFENGATY.oTPeEBRLDGYAGSs ABY thes s@@ | SPEFBRYASs &PE 1AHGE B8O wi t hi n

a thic | bumen ,capsul e this N u ; S i's
rehgveﬁ‘;“'t t@?%ﬁ‘%ﬁca! ﬁga'lr{%?:lcg%l?lgd%\rég#at?é&%%g’e({:nt%}auéﬁrlrgﬁ{d? ?éﬁgﬁgggﬁ‘?ng}eﬁdi sk.
25 Sub$QEEENtthY . fothichads iresonty agerassembly difsthe asié rBeofihdlneainges ol thei ng
-the thick capsule in contact with the germ nal disk on t10p of the, yol k.
Enbr y ospeteatdzopnt (bestragje gamste)siakg piace riarthe geaitelhBagt fuheufear!aniRtifT tRei r
capsules intact. At stage X, the enbryo is transferred to the oviduct of a
- reci pi éRGAIPN-_34 WO W2/ (1C3293 PCT/USU2/ 1 12-tS.| Once transferred, the
embryo deve'q\i}ﬁste}nw{r% LN ahiGfd PhiNed MSRirFert kaMB] ikl ptegérablian’avami duct
of the lien ere it ié encapsul ated by natural egg white proteins and a
natural egg shell. The egg, containing endogenous yol k and an enbryo from
anot her hen, is laid and can then be incubated and hatched |ike a nornal
chick. The resulting chick may carry a transgene 5 in all or nost of its
cells. In one enbodi ment, the transgene is at least in the oviduct cells of
the recipient chick. Follow ng maturatiijon, the cloned avian may express a
desi red phenotype or may be able to | ay eggs that contain one or nore
desired, heterol ogous protein{s). Spermmnedi ated integration of

het er ol ogous transgenes Detail ed descriptions of nethods of sperm nedi ated

Y o AN r oy




15 in vivo transfection or transduction). Alternatively, an in vitro nethod
of incorporating heterol ogous genetic material into the genone of an avian
i nvol ves we®/@zhddd mal e germcell's ex corpora, deliveringpar/psdyaual eotide
thereto, and then returning the transfected cells to the testes of a
recipient male bird. In vivo nethod 20 One in vivo nethod contenpl ated for
use in the present invention enploys injection of the gene delivery

m xture, preferably into the sem niferous tubules, or into the Pete testis,

and nost preferably into the vas efferens or vasa efferentia, using, for
exanpsEECies, mast Bpsfiably e ehigked, pn MGhchpncgar mpss ioigheacﬂﬁe%f? &‘GMa%QE\I%H vol une
under troll : i S i

non- ¢ S5 RRRs FERIC AL nEPquBEE BE W o by TR, I Ve, Rontusitf iipnig

conf i fgpheRiuby MMl lafvidirs gRmarnatihenicieid beidsienhtioduzed tstotaibeil, edireofly tdne

. testis. The genetically nodified germcells differentiate in their own

ni | i edndirctyely iamodngtien drtei Bi preagrsehef nhie| el Bicivarysof wlebbsralei 8¢netifto its
germcel lLs (transgenic .animals) are sele ;T I pr an then
oo P PR A e BhRrSl SELRT e S, PR B
fertilhizalihieRtidnQrfyadetor With AQEcHMIBIMIIrQNSTRE teth BS@RNhanipIlagandoes- 35

WO 02/(IGB£'I3 In vitro nmethod PCT/USU2/02.t5~ In an alternative nethod,

mal e get imdedd slassical shesaibmesdings of ok | viee dertiligaiian; et auhesr isndirested; odthsy any
means .known .in the art, suc , for ex | e, transection,of - es. The
germ d%‘l"i"ﬁﬂﬁ% ﬁe‘i?c%‘}?B‘cS‘%’éthﬁz\ H‘%&H@- (?Iﬁlﬁl'is\ﬂé?1§0 A ks mﬁergé?téér]gﬁfh??\savi t hin
sever it5m&Y SRSty BhIRatiHE DN ANER thd &/ pidl Grageniccel | s
are o%%g?ﬁgﬁﬁngﬂﬁﬁﬁgyggﬁgﬁ vertebratglﬁg ?#a%section of%Fﬁg teggés, t he
cabl s apénalbehd nardpahedaises aelleny grpress x trecoentkinaouwfofo rof geninhmuirgbetiiling up
the tissue matrix and releasinglun amaged cells such as, for exanple,

pancr e¥iyRePHAS I YarlapbpqlyrseHdg etsPhe |, pancreatic DNAse type |, as well as
bovi ne ser A R - ol f ke %%gm%ﬁp ' & 1 YRSH 1 NInikg el | s,

t hey can bgﬂgﬁégggkgﬂﬁgﬁ:ﬁ%cu é%igﬁs nme |ﬂ%?gﬁgﬁkgs bNENIén nlthe I'i ke,
and pl.ghieH t}‘{bnre@orﬁbi'nhhtr%ndii§fbuh@,ro:ﬁﬁrveltiélctmdécfmlﬁiaiﬁtcbme)hyesaxqb'msmm bat a gene
delivery mxture. Wiether enployed in the in vivo nethod or in vitro

met hodhot eHeeleoicthd enimadr Fherdenmyitissuesipee 1 shinpesisranimalpindicatesehardhe. eger m
cells, facilitates the.uptake and,tran t of heterol ogous genetic
thjerilélprqsﬁlft&“?ﬁéprﬁf)sﬁﬁbrbgqnée[téssg?;ﬁ’ Puﬁ'%’(t:gﬁ’%sh for integration into the 15
genone and RXREQSRER, tH RHADGhANHen&NHEhsOL REcleie! deidesequerieesdimn flre used
for the uptake of nucleic acid sequences into the cell. Such methods

i ncl udexantple, @ enmonoglpilinebieavy, chain, n inwupegobulinpbglnehnin oF deagmsPsr at i on,

Restriction Enzyne Medi ated |Lntegration (REM di scussed. bel.ow) and, t he
ke, PEEBbURCREAY ¢ JUraY NEIFTOPEMS Het oteha ool SAERRMrETE o,

typi cally wflf?ﬁm?{ ig%?t?ocﬁelc&i? loy.N48b88ldeaes BRaedl nbﬁtﬁge‘ﬁ@%f fiRGrdnkgdnic AHimBr oduct
(for exanple, 20 i nmunogl obulin polypeptides) and a suitable pronoter
segengecediuat wisich ftds irtrodngede butawhick sudesigpet tof becingariedperds jnsared, REStheand t he

| i ke and, optionally, agents that increase fhe t ake, of .or .co | se the
pol ynu#h i'fwog@qné%\ea%%%to tey 1%@5%%&%?&2%‘9 &P‘%éh%’ﬂ%gg%&ovi ral

vect or 12 is %ggr@%av t%‘l8?a?i'8ﬂ%¥qg&{jdiﬂ%&efr&ﬁ 'tlixa‘{ of Mxe%ﬁrfﬂr%ne 3P fls tf3ertioh ¥&us in

conbi n ons thereo porter construct, 1ncluding a genetic selection
mar ker 3 §46¢koas). tAeragsiae encadiwlg dneror Giere raBScriptional esgdaibryPrequeicas andin

further be added to the ene_deliv&ré m'ryi)téure. Targetin | ecul es,. such as
t he c- &yt otheyaweleic agifl, sachagi adrang. thaemge %@Fﬁswrfgf APtnak eXesSIORfr e t he
transfer of, genetic.,material into the male germcell. An i munosuppressing
ag t,Seg?fgﬁdlg‘éc?eég/ﬁﬁlg‘spori n or a corticosteroid, may al so be added to the

gene del i verye frmk ¥oQurdS akNoydtyten atdigsedlifiterchdfpeabBefel?/ ALESRMZ0nly one
-PCT/ US02/ 02~5.1 Any of a nunber of conunercially avail abl e gene delivery

i Xt ur esuroamatixes atsetmet an animelis bhwm wish ¢ finse sumberoione ol #yamsreeisssueh ¢ r ai t

or product ig further adm. xed.  Th .. nal . gene delivery m xt C LSing
“the poBY AUNEER: ﬂ@q@éﬂ?’t ﬁethgcfﬁ?ciffér&g o ?rheg’%groc%l\/qesg\gﬁlgﬁaf#{hg{fég%g

| nt er ag,of e &a@%{jﬂiﬁﬁjta f oI BRE }RAEes3DRINIAnp Bfriorded MBRLY follfclddufih a stilk a
tenperature 5 o etweeén about 33C to about 37C. After this period, the

cells are preferably placed at a | ower tenperature, of about 33 C to about
34C, for about 4 hours to about 20 hours, preferably about 16 to 18 hrs.

| sol ati ng and/ or selecting genetically transgenic germcells (and
transgenic somatic cells, and transgenic vertebrates) is by any suitable
nmeans, such as but not limted to, -20 -



10 physi ol ogi cal and/or norphol ogi cal phenotypes of interest using any

sui tabl e neans, such as biochem cal, enzymatic, imunochem cal, histologic,
el ect r opRysi9h@9dsc. bionetric or |ike nethods, and anal ysp&rbomghdsul ar

nucl eic acids, as, for exanple, the presence or absence of specific DNAs or
RNAs of interest using conventional nolecul ar biological techniques,

i ncl udi ng hybridi zati on analysis, nucleic acid anplification including, but
not limted to, 15 polynerase chain reaction, transcription-nedi ated
anplification, reverse transcriptase nedi ated Ji?as chain.re ng@ﬂ’ and/ or
el ect vopbdicletdfconnestiveltisgiecand sopothinpde dymediialyalld ByHatne tE? £

invention for _isolatin r..selecting, ' ; ri ses

obt ai &?FW?&@W'W@F}%F%’ ggr%s%%ﬁlétg%p@%ﬁ gﬁi%gﬁk%oggﬁgt récﬁgl'?lolggég%iga, from

a m xggd REPU! it joRedf thiRghi thelbajduee! Eseroyallgx tifeusion eaferd the inélrdgoulurom t he

. 20 sem ni ferous tubul es and enzyme di gestion. The sper mat ogoini a,, or other
mal e gdrem detilizaiopudesuisonEertibagionemigiolake @lRce rBE I RuRteEPT O¥WAEP ™AL on by

known t hods such as the utilizati of - . Se hati 4

paci HEBAF I S7BcpaEiey apyiree o dubiiierty Bty HRERISE WARE GV nd

popul ?%%E&mi@%ﬁﬂﬁhﬁorgr SRRl e Sthé NslhdietiscB- Wherpthe spaeciddges prithimttkis, such

as th -ki't pronmoter region, c-raf 1 promoter, ATM (ataxia-telangieetasia)

pr ondtgerminabdisiaga eprioymbegins tRENN 28 HO¥easleynner RyeMSt i ) pronoter, DAZ

(del eted in_azoosperm a) pronmoter, XRCG 1.promoter, HSP ock
gene) pr o_rmpEr‘F”EyéiPP?f 7 13 eé?‘fﬁgﬁe?—ﬁbgt ¢ POEP ];g}el rgg;?(ﬂ Eig?%‘)t&%r onot er
and the |k ansélaﬁ%hel]%t &¢ r@EingHf ShudiBYedPtbpiat AT Ocells IRl kagospeuct

e, ac

i ncl udi'ng,” Tor exanple, nstruct conprising a gene encoding G een
Flgor eigelading Ritbrgimic, {fotal, BGFRYylt Yehdtoveel, roddudkertingdpdingicells B 4 QUESCERr escent

Protein, a -37 V'O (12/11(3293 PCT/US02/(12~5 1 phycobil i i h
p[})c/)cg;ﬁr{]%,ﬁmiah bsrnyske (S‘é?%ﬁsri #fheo‘fseaﬂfym(?fqlr‘éffsc%}]foctegf A° \?\HIX@% degé; gésgléés]enzﬁger aZ
sui t able W) @RGNNAL I oiscighle BReosa | ight-emitting protein. such

Y
as | uciT€ ase or apoaequori n. The uni que pronoter sequences drive the
expressi on Phe tde HeREIsRT cetlOnst nsedt hoveinyreders i tngths percicleried steeigisat sellmal e
germcel | developrment (e.g., Miiler et al., iEQQ, 5J BLiK%l. Chem.\@g%‘a( 16):
11220- eludBeHnanst Bnited trarsenugleated pptpphased] 5 4t 99f3ic g cnusFatesdgRcREdH

i ncor por at ed her ej refer Nt hei [ ' catmid a

1 Cor ceatts o apontar bR Soke, EFpAeAR S} bERconiishupr BRIy B

for examEpb@l iaoFAsSeseby aspiritihgapier aptdphase phwe| progediss, wr prohegieicaby be

sel ected by chem cal nethods. Male germcells that have the DNA nodif ed in
the destadetionpomer argrmedns dnawade one aloordisprcskdbin haartithal REAIesE et pehe

testis a suitabl e.r.eci.pi ent ,ani . It . 5e i . t ted
Lfer - Bbpay obRer Gututing (ot apal THSTERL el HAEARCHRAG (AfiARY SiRaRlL (6P

exam .nQ&‘e?ﬁ'ng?Boﬁ&ege%@iig?t{dtéiia@l Foplerirapla)1phd fuiabldometiivefop@hyeteatargea ctlai n
reaction to confirmthat the desired nucleic acid seguengﬁ Egﬁl”sge@g

i NgOr pacatdidg tothe meseat invantion wswpfphetwndasermediated ablgion €dP IWRUERd as
descri bed above ?re la E{? feraﬁéﬁ(] grﬁnsferred to a testis of a recipient

mal e avs Fhersgiul 1o,gwfe LA be, but need not be, the same donor
ani mal . Bef gig t%ﬁ@ﬂ SilihnGihie reerelol sahlimamadi theids ardpecifiermclesd hddt o t he
recipient animal, the testes of the recipient can be depopul ated of
endogerejigngesuohcay b $knodtkemetpguénmeT lin papredrierariecd ePHng LAMOBFPIME F4REON,

recipient testis by the genetjcall dj fied rmc 3 i t.abl e
ooy, Theesinann Enegk-tnadencer Bankedusy tpiyuEhanids Gotfonlitad SbbLR2E
%IBPL al Ié);i])o Pg?&%ﬁnfbiﬁ#ﬁh. eV ick oS BRati G et RUiBHERURElaciap! it sroparDbf By

of

co ereo n one enbodi nent of the present invention, the
testis defie GERRPUhiaiat byus furgtiandl heatolegous gonbipnigene segment of raethenaimabn
-al kyl at1ng agent with gamma irradlatio%{ ﬁp met hod knogn in the art for
depopulwheratherpspetivs knockny saquense dyplacedip %%"88%% sequence.

Abbreviations

Abbreviations used in the present specification include the following: aa, amino
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i nvention provided that the basic rigid architecture of the gonad should
not be destroyed, nor 25 significantly damaged by the treatnment. For
exanpl e, wih §/4B3d30n of the seniniferous tubules may | ead p@pisRaRIAd
transport of testicular spermand result in infertility. Nor should the
treatment chosen irreversibly danmage the sertoli cells, as they provide a
base for devel opnent of the germcells during maturation, and for
preventing the host i mune defense system from destroying grafted foreign
sper rrato onia. -38 WO 02/ 0G3293 PCT/ US112/ Oﬁp&gw on errbodi t of the
pr eseﬁ@l Sr)vbhtb@ﬁ Pag(Qy EBNOxi N2 sempie My g8 Qs Mfienee imted
to, n 4 t.ape h S n a g
cycl 0;5 hé?r[l{s# RM ﬁ[aﬂ&él(r%leog?gat ﬁ?aﬁ%@ggf glﬁlllg%:ld%g@&%o?%tuﬁe LIall\/lkseO is
conbi Iaetelewjlt hum@(ma TPL8MKH, atroophotbo lbeer atanming treicedicopy; REMér restepiionce. The
. dose of the alkylating agent_and the 5 dose of. ga radiation are in an
arrounten?,m¢ i Dpdatedt antegipaanani Ap4ign.d SpBYDPEPRim apialle eeiop Do re8IP %t i ng

nt .can be adm n any r TRGSH : Lk MER.Y
sy tedﬂnﬁgﬁoﬁlcﬁ’% 1m %u%rgrr;?gt lerrlﬁ ?e{fg[b% |ntragfeb?)|utl% ggﬂq&p ﬁ?lrng’vgﬁ(;ugé, or
i nt ramﬁmo?r bllml e€dris@Rt regionf rmANBNaNenodidnpl antibddnt WERsansbide meinboo

transmucosal delivery systems. The isolated or selected genetically
nodi fiféﬂo@eﬂm cells can be transferred into the 10 recipient testis by

direct_injection usin u c ell's, such as
Leydi deé’&PJ"%@’F%ﬁ’ﬂmlg’é’ﬂﬁ?”mf‘ﬁl ”veé)"r%'c ¢l %C(I’?I%ID%? ggsmpme@#e cally nodified can
be tranSferN@xgelEOaéidrﬁ%le@hl@@%r&@&ilgsmiﬁh@ﬁtﬁglwtﬁlh bbigp émdlb§lcffdtl@erpm&seeﬂ ls. A
uni on of nmale and fenale ganetes to forma transgenlc zy%ote i s brought

abiut ibyertiopuaattieomcorpotaesl mid eclisnesing pervenyeral etsoabirang Nﬁqée@&ﬁlé)gg peC| es,

or by in vitro or, i VIVOl artifi me artifici S
chosenlhe peseis ﬁ%‘érrﬁ‘gF%ﬂl? ABCY ngoa"t ! 8&%8%%3%15“ &hergogéﬁx e % 18%3—%% Eer t hat
IS expye e%ﬁ)? sfoFl § LS tS%HT&kF{?J: ISNA Sndléduld BWHerk oS el &lnot Soriniadlglpresent)i fi ci al
means 1 nc are not limted to, artificial insemnation, in vitro
ferti |Fdradxlpm351(>h Whetartdlo&gmus oydtems, dnd hétcr@icwous' @M&quuvew@s@ﬁ%mguﬂafs such
as intracyoplasmc spermjnjection (/CS| zonahgeag nat kg vgc%JlZI ), or

part i agXPESSNEYEEB AT VEFIOY IBABPPET APRSS SENRRAR Fm R ame

as c oni nhg and
A SPiplibh L@ traddslionh6F the kiert€@ Brdiéin-
E‘E %Odltae} ﬂ necg{ g@ﬁ&?éﬁﬂgﬁg&eg@%t :prgventl org Tlhe transgeni cﬁvertebr ate
pr ogenyodiddsequéndesir n, be bred by natural mating, artificial insemnation,

by in vitro fertl lization (NF) and/or ot her art reproductl
t echnol ogi e¥.S. F&teﬁxﬁﬁpﬂé3§ ﬁ‘{r’f L 1ﬁﬁ1§ £sby JRCQTPea %d Bhd

chi cken i ntracyt opl m 0 TNstenSURZ Q2K f

i nsem FATFR %ﬁ?l n“e dese f|$easl %??oﬂr’]]gh‘gp%tsogeﬁ IE%B?‘L%E% %osg:ean be used to obtain
furt heFecgﬁl'Bﬁfaﬂi 'p%ﬁud%f u§1ﬁ§ﬁ§gﬂﬂicﬁ1 pringenyleavige hamdg higativa gfﬁhe&)Neﬁ\ hgeser i al is
originally inserted solely into the germcells of %Pg_@gent Lt owill

ul 20 railTbese roeonpinans nv!asmrdsm«i@thgem@mdsbbmemqj frgn @\%B‘%’Qq‘ejent
gener at L O0R e B0t ik fbidaot NEcARRR b BBRETOR cagy%famnbﬁssggegem

in cel paicgiulptgu 3R get m ce e., somatfc cel
WO | 124, 11%89%/1&@8}1&#% 1R{Memplatéd ReBE Withid B sE@;itrdﬂtBe Medératimebntion égrthei on
(REM) "The hod for stably integrating heterol ogous DNAlnto t he
genom @ethbeaanye&tmtpblemecwellqnowastod@gﬁﬁr pﬁé’gl“bl)ﬂ @ﬁeﬁﬁaﬂFhef‘S Yiral yepipigT
Publ i cati OCQ %9/ 42569 a¥ i ncorporated herein by reference inits
entl r etREIUHPERIRLERISHOM T N adapt ati on of the REM 5 techni ques
l osed by, @gﬂ?g&lat@@%uaﬁ&&d E&génceg’ NASIeklvaivi 0BBuncad5vafai) tharedf, Kuspa
Looms A U SA 89: 8303-8807), both incorporated herein by
ref erengg be intreduceeninia eiruses. sutheasRVaminigevived i Metharls do1 @akae PnYiFdlduci ng
-het er ol ogous DNA into the_genone

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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nucl eic acid of spermand sperm precursor cells, or ovum enbryonic cell,

or somatic cell of 10 an animal, preferably an avian, nore preferably a

chi cken. wWihehgigar ol ogous nucleic acid to be integrated iptgusf@riAxanpl e,
the spermnuclear DNA is converted to a linear double stranded DNA
possessi ng singl e-stranded cohesive ends by contacting the heterol ogous DNA
wth a type Il restriction enzyne that upon scission, generates such ends.
The nucleic acid to be cut can be a circular nucleic acid, such as in a 15

| asm d or_a yir vegt or r.alin cl.eic. aci d,t ha ossesses,at | east
gne r ddeaBe il gRo: rféfc'cﬁu?’?iArf@g‘s‘?Ct"ed%ﬁfgldgﬁc‘)‘%; gﬂ%@n@%"%&”&’@ﬁfféﬁ%’r%ﬁr egi ons
cri ti Gahod 91302 FdaslePar.Pesds: PRACHAL omy f9inaist aM I 379, igiiiye egl d, and

no recognition g sites within the critical regions. Alternatively
t he heli9es oinoSminaldNA Vieolbgy BnREG25R extl UnS.cPaténe Nagse 559108 P 2 &5 8DHEG cead  be
- prepared by chem cally_and/or enzymatical |y addi ng cohesive en

s.to a
| i neard, 50s eclating to JPNAy S¥PIesSIh VEFIobK Ble o971 1| e & BhIChgrea
LaRor at 2N : ikng Harbor Laboratory, Cold Spring
Ha boﬁ?&ké%%%@?%h?ﬁ5%8§§gﬁﬁ1?%%%??@%§?gd herein by reference in its
entirety). R&emsided viohssianealsnde geustitcdebyalbassfeadionybir pdsmalst iotat bells
cohesi ve ends, characteristic of a wcl eic acid .clegved by a tﬁpe Ihl
rest riipfectsd witll aitue| Suitable geciormelude Yut 8ot Jader ve. WrsVeERs B¥atded by
conbi ni ng .t he ne e -kype r [oGlid RZNEE a6 WhRi3ng, and
chenicﬁwgg%ﬁ?%?rg%%%ﬁ%&?i’%ﬂﬁ@??ﬁgfCké@ﬁ?%fﬁg&%%ﬁ%%gaﬁgesentai#vention, a
‘het er obmrDIsS R @i 77, PAICY,C 193¢ PUTBOPACY ) [HaG 18, phEC I9ypLGAFP ofRANNPK C37,
pol ypepti de, and the appropriate restriction enzynme can be introguced into
splér m peC16!, 53440 reBluescriged Rnt-ar1KS By anéwnbsfd,erlvw%ﬁmﬂfeﬁecom Inant

el ectroppration or |ipofection. ver, eng I i tenpl at es
t hat aﬂgféﬁ@% fagudec H’B@E}P%edoflrﬂf) r g%ss f &1y itﬁ%@f?g@ﬁf%%%% th&smtoﬁ

PCT/ US&ﬁ{' &%fi@ﬁfmolhﬁ&ﬁfoﬁ! 896 rdFBiatibh. 2lThé INA enideg @t clofkal ideetle vectbong as
the tec |J1| que preserves enough of the sperms fertilization functions, such

that tising emntiardntlosiperprovidutesbio tigl art,tas escribed by Manlatinge atbs i 1988, dbcytes.
the gelbkeur Soniags b katoratam ViouirorCad Srsgs S aBfishsdrdcurPRE HaBsS ' " O
SPRJ M08 Ofe 3y RL B AN i? htgxﬁ:Hf inchRoratdPSeeeficelif a9sh@eyl 0 an enbryo or to

the testicul'ar material o e recipient male animal, preferably a chicken.
It is furt hBifferatareattoodgrasadndtmnecesatg eehtsgongolmanycicrelaef gengwypiestione
integrated_into the genone of the Cj pi cell.(e.g., carrie .

epi SoniyPNATUCEHGTT AT B E SRR RN AL SEaidS; rinsEileni e is

appl i cgt | ' | b Yigh Yo DBNADEqUBL ARt i rebis ARSHifdihE 00
hetero?%éfgg%nt%gggkqégﬂe%%%o% }P:lgh% rgay rsesult i rcll 10 heterrgl Sgous nu%l eic

aci d bRINYpslymbtage himd @gredy ebrateomBdiFossintheBNA of a high fraction of the
treated sperm while not_dimnishing to an great.ex ené, tqe viability of
t hd0 sper m oPnetdhe isglsied PPA golespis of g RS%? ég’.cmE‘%hh?ﬁ cenqFlonsd Nk, P

met hods _for.the jntr i f. ' AR {6 SR Fatb b

cper mae e SefgFadyl R inddt R RhisT e AR}t RBBlon canbe |

avi an, cpiRfiesabby the Chirioke formy of agandfsmniidrehorddowbove] Slepending apnt ethp! at ed
to be wthin the scope of the present invention for nucleic acids encoding
i mmunogkabuhdshcgbsypisapt i des, and t he i nmunogl obul i n pol ypepti des and

anti body nolecul es formnmed ¢ 0 rg YofSHE A Rd
speci es i ncRYGPR {na?to?’(pé?élﬁgle\yee?tfogs gadl n%ér)lfipsggl{r%gufg}e/?&a )n{'pa?ée,%g Orag%i t, a goat,
a gheep  @in§ WeulkAryddit T8N Use il vebtorsTgy edthprixedtoastitutive orindwilde aminasters
encodi ng thereof, 'may be nonoclonal antibodies. It is further within the
scope 20 ditctieRpregsies eheithienfusinn asmondhsiomprateint nWEthdysip Negiersy» Bynbeed and

-ant i bodi derived t b i fi f ,.b i
001 ondming S PEdHR st TS SPiTRohfateS o Yeq SehRF B as BuGiER RGN
regi 0n%?,H)Eﬂ&?Qéci%%ﬁcesﬂa?@ﬂi%doﬁiﬁ. iaSprotéotyiRrcldanaley siteansl fubdier Bdintroduced

i mmunog I'i'n potypeptide fromone ani mal species nmay be conbined with an
i MMuNogik absilei betwedny thephigde rdoooirant prdgin and rf@t fuspere pesences SAditigBHBER of

the present invention is a nethod for the production of an antibody by an
avian cell conprising 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 conprising a nucleotide
sequence encodi ng at | east one inmunogl obulin polypeptide, a transcription
promoter, and a transcriptional term nador operatively linked to -41 WO
02! 0G3293 PCTI L1S02102-45.1 the nucl eotide sequence encoding at | east one

i mmunogl obul i n pol ypepti de and wherein the cultured avian cell produces an
anti body selectively binding an antigen. Illustrative exanples of this

Y " oy o M. p—



10 i munogl obul i n vari able regions. In another enbodi nent of the nethod of
the present invention, tile avian cell is transforned with an expression
vect or ceyiphi/Gdsig a transcription unit encoding a first ipomoegepul in

pol ypepti de and a second i munogl obul i n pol ypeptide, the first and second
i mrunogl obul i n pol ypepti des being sel ected from an i mmunogl obul i n heavy
chai n variable 15 regi on, an i mmunogl obulin heavy chain conprising a
variable region and a constant region, an inmunoglobulin |ight chain

vari abl e region, Iobum.li h chaln co sing a.v rlale region
and ar%%togrﬁp“ﬁ%@clﬁfﬁ sug cP £ 3 PPHBIETIE JRHYIRG AeRih t%ﬁ“ r\rgﬁj PP BosbAE Bnt ry
site &E@%‘PV\%SM %%ﬁbh}_’p%%m t'orl'ﬁflglllt: %ﬁshﬁlcﬁ%Qmel BOAHRA b sl iy 961)1/ peat i de.

The | all'ow for translation of the second i mmunogl obu
pol ypeldréisiealasy porificulioni afubé fystinypefrin.dOnce thel flllSE)tll prbtemnlmsmr:n @mjﬁdﬁl ment of

. the nethod of the present |nvent|ong‘ t he indivi &u % ﬁ_g 81 gj

pol ypébﬁ |°Efév%ﬁyS‘F?a9]é°‘ﬁ%;51?q REest FEFURLNAH RO ' Pt SRR o PPN E 851%8t i on of
the i 91% EIHHH%S%MQS%H&%ﬁaeatlﬂ{; t@ﬁ%wogmca;lmhg&mtlhaua@ Hept de for
bi nd| ¥ contalning colum. In the enbodi nents of the fEitrlesent
i nventﬂoonnﬁgﬂtt@nﬂfdcairech wid thromtiihe Fasiop expriesdidrevForp thed emy benwsend iimHe t he
avian cell may be a cell froma chicken

turke oose
quai | ,presephéwention inglydgt peex (Amragy ﬁéﬁ%n%ﬂ’%‘?‘}ed ‘%“r“trghasepé"ﬂgi( fmﬁ‘Bé’t

preferably fro i ene®)l et ¢thel J1QMhidtatsd s not
limt dsc[%awag g&ﬁrﬁﬁ]gﬂé@wsu%ﬁyga?@%%’ogi as Nﬁﬁ ovi dugt cell. an

enbr y qpingfeefk] pratieh her Ind®sOE, biadihg rpnettial yespdei velyg e theltinget meombipanta
testicul ar cel?, preferably froman enbryonic cell, or an oviduct cell. -
420 pre@ir92/ (1C3293 PCT/ US02/02~5.~ It is contenplated to be within the
scope of ti rﬁ%}?)en({f.r %’e?@t 0N hiPbe F)thln% rt)lglﬁ %hl@zﬂ‘yotr Iﬁatfst AR sﬁf’rleém&me but

not be Iim ors tors near nuclelc acid

VeCt or &jsOr Thieudd ke &ka@oﬁ@rﬂvsn@al@rpehharmﬁal Thecomyyte simisomrangational may be
any suitable viral vector as, for exanp an avian 5 | eucosis virus

vect or modificatiterowh ag|buy ect anly, wsﬁﬁmd(m-thﬁ)foym%@lh‘éf Bp K@t e Abvi r al

b1 on el T Ty (TP Y YESISRo SR or sRprefiot 1 HECllbRE Pl oy,
vi {5"5 gcﬁfds 1ﬁgu%5{n¥>§@él afSQE'ﬂSdlaﬁi & Bp! yoRrc et de GUQQQKZ@MWhe emtentebfase

e cytop gerns cells. Transcriptional pronoters of an
ex pr esghieh i¥dat@porafedt leeeiprigsefdrencevienits gmtlrm!y afd cami@radneactarg speie by

active pronoter, such as_t t gal oviral pronoter, or a tissue-specific
pr onot g?ES?téIrnV@%ﬁ%C@m &@hﬁﬁ%dﬁ{gnt of the present invention contenpl ates

t he usg:/lrg dél?ﬁy'% SPegihi ¢ promoter operable in oviduct cells of an avian
speci es |nc u 6ut not limted to, the pronoters of the genes encodi ng
oval bum n, lc\yp&igrm appveuth cfot dy vivedntradistien raf mucetm a¢i iemceding oporpidher and

the like. Optionall the transcriptiqpal, pronpter f ane ressi.on
630 or Swriget pamanpelghilin BYEPRBBICER TR RS RLE Frpt VeSO PR SRR Cor at
| east qgn expr 0 r i [ EREQL I3 @

t ranscff' g’t?%naﬁﬁﬁéj‘r %‘nn(?cﬁﬁghef%}ﬂ%fpgfs&g@ Ig\%‘%ﬁgﬁ ng%%h\svﬁgra%?e t ranscrtl et i onal

t er m nai@tageNthahe Yapé qispatibodifmamrt sargdted Hoiels a:spen:'cewé tht enysteds exgtd.

i nvention, an 20 i nmunogl obul i n pol ypepti de encod t he transcriptional
uni t o%ddttldmbﬁtmohwlé&ml@éé(ﬂ ovithire EheoYiralgiFeiee Ynﬁﬁm{"o‘lﬁﬁ‘ﬂ”ﬂsdh@a\% chai n

pol ype “ngﬁ‘}fqr r%é 'g%fﬁgggg i(')"f%réng\? célﬁs%eﬁ haPd téﬁeﬁ/ g;IE LRAtvebPh&QLic 28R MRY

furthe or a conbi nation

thekeof . An QARURQOL QR iahd Iﬁ@édb%@édlﬂ@d ena@de.dorbyaret gmlefarllanmdensmod aodke unit
of an expression vector may al so be an i munogl obulin |jight chain

pol ypepitd reombimpnti gene, gelaVGVIaBXSm ef fﬂwgqeofﬁf ts teansfsr QhatHAloRPREEESF 17 WY may

-further_conprise a J,reqi I o be
Wlut hi n hee "cf’lb%é pHT"“ﬂ%%f%ﬁ E@‘ﬂfvefyn?/ ?Sofr%l] S%ﬂf ‘3“ ?’ﬁﬁr%ﬁg%ﬁgﬁﬁp {:l%k?dgg(fsons to
be der 'aYeeQ 619 ﬁbéﬁ?ed%ﬁ%ﬁh@@hxfé&{os&ﬂ@lqbﬁ% ofohe Bodti Redb@bbniseacvias dandeudi ng,

- but not nouse, rat, rabbit and chicken. - 43 W O 02/ 0G3293
constructed wherein the retroviral codmg sequences (gag, pol, env for example) have been
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PCT/ US112/ 02~5.1 I n other enbodi nents of the present invention, the
i mmunogl obul i n pol ypeptide ' encoded by the transcriptional unit of at
| east ongy&¥PH@SSHI On vector conprises an i mmunogl obul i n hpawys@hRiy
vari abl e region, an imunoglobulin light chain variable region, and a
| i nker peptide thereby formng a single-chain anti body capabl e of
sel ectively binding an 5 antigen. Another aspect of the present invention
provi des a nethod for the production in an avian of an heterol ogous protein
capabl e of form ng an. antibody suitable r sel ectivel i ndi ng. an_antigen
conpr irghlaggdt bie nu¢leis foda SReding ARy '@%Waﬂgé@m PolypeRije; H%’B&é’o‘ieafl%fﬂ? e | east
one t rr?tpoigﬁ'gerele%ﬁ'd%feEp%t PRAS A0 G0 PoAdGRg dconfRfint QBP0 HREE! MPERUS
pol ypeptide selected 10 from an 1 mmunogl obul T n heavy chain vari abl e region,
an i minfieoggodalis iim vineae yn eivaiwithcamaip virsies garabe/foundii gandagd melesnldr hiokagyst ant
. region, an innunoqlobulin | i ght _chain varj blg &gg'on, an i n?glﬁpulin

| i ght lebesataryc mapyalsisueh as \%ﬂrrieatbl’@t?cggﬁ Bn VintFugr ésné%%m#aﬁ "a
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i mmunogl obul i n heavy chain conprising a variable region and a constant
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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 ef al., 1993, PNAS 90: 2122, incorporated herein by reference in their

entireties).
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Wi t hout departing fromthe spirit or the scope of the present invention,

which is set forth in the appended clains. In addition, it 5 should be

understood that aspects of the various enbodi nents nay be interchanged both
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25 phosphate buffered saline with glucose (PBS-G followed by a wash in
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di shesmBtapéthond@ngbingted whachxcah@is indided bydreatmdnt withdetrayychng srdrgine®nson, 6

. p,I of FuGene 6 |iposones (Roche Ml eg r. _Bio i.cal s 2.D. f DNA
wer e piesend vt Easses eAgh, 335592? SO Mﬁg&éﬁg apﬁlﬁgé%ﬁéﬂ"a%%ﬁ ﬁ%ﬁ% " then
added . A ENALL - nwene incubated 5 hours at 37C in

5%%002§.ﬁ1#e)7?fl}ca§)§ae%}ﬁ%ﬁwr$§gfum \?\g!srpt‘tﬁﬁlggﬁt?reerm\)ed and replaced with 2 m of

a- VNEM &0Rnsap pkeapaiedamb K descnidadehlabod EheiEdgum was removed 72 hours after

transfection and centrifuged at 110 x for 5 mnutes.  The supernatants
wer e anal yzi¥gthogs ohRIIdyERE admERaHC Wm%‘:laéﬂo%fﬁ‘ﬁpg}fég?y ‘i&gfé?sf"iﬂr}av W'to Fig.

2, resul showed. t h - ection cel 1 ; and i ght
chain Pf ﬁi'ﬂgg%pg}fuggrc?%%%gpgdﬁa {g%lt P%%%lygggtﬁleg gg’ CW dﬁl}lcl)[1 ﬁ@tél)fl A and FACS
anal yShRdiatkd dehd tradsfeh Qusirictiont dizeme-esodidiad middgaitivad miskar Wikgeraimeluding

transfected with pCW-EG-P al one (negative .control), cotrapsf ctbid. wth p
1086 ( hudémai mgnstencdusingl 088-phetopheswalization epdnepianellyy lerrmenigiae abpalog. or 2

.g of pCW-L chain- 1 RES:H chain (L-1RES- EL| s i ndi t hat
el o pPimsrgEleds0 (e K \BCiBr CBRcUaFhnt R DORALTRts AP GEEERES | e
el emnhylﬁgé)ﬂg@@?ﬁ%%f@%% @nédteli DY dNe riiibBNiE MuckRRt dctD ey beadereted dmoithe cel | s

cont ai construct "is about 10-fold |ower than antjbody
pr oducedidoyt lamenrafnt evdter andinplsandEsenenites 23 a peBYieent CAMPPNGN, P thaEBHody i n

Chick S by Sperm Medi ated T ~ ' S,
doscr | DS PoLsaghyF8ebY hergp el U scgontepied S Bhr il o BRI AU e

gﬁ?g”e 8%;%%{31{#91{1}2&%9%}9G{eaﬂé?ﬁrgwrggﬁbs Qﬁrﬂﬁégﬁo&ﬁ&{"_ﬁol%a"\é)#tiﬁi}%d BrodfcedXprass

I bo e serumof t sul ting chicks. y involve

t ransf eg iyolk, oelretier sepan aifiaotansgeni¢ agiabat Inosneofmizqsémentygantemmeted dyithed DNA
construct (i. e., the lysozyme pr(i(lm)ter cont r%l | i ﬁﬂ%\/\ﬁw essi on of h%glvy and
|i ght okedhadsobthe peeswbNVEHans arleakyi BIOMobH: S¥ChotRy PRI P dP8d *Eper m
by artificial.in i I hi : M eaBParF Abi 4], 0Ft 1 on
(chl CSIO?enak’@-lglf eﬁ?@e?%}xgkgsf élsf?glﬁ’gg eP%Jl('lzglgs LXJJ)SI({)]E2)$< g‘lgxiag%fafl poso%e conpl exes

ver e f grdBeudd $thd rptsgenichviah, dbullinglingerstediop bf 86mancglptdBcpatypestidessnand 10

g of LIPTOFECTAM NE in 200 pl of OPTIMEM (Life TEChnOLﬁ?%i ;’i%j%lln a
sepdr atthe serbm,  Tomsganic 8vighs Modhcadely Fhecpiesint dmEpHRN WHS Bri 3080 W PheBE ~. g

o oL PEESCIA! 6y 15 R B TR RS, ey beiain goon
Wi te Legheopiob@Rs light ord@&hy 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
75 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 able 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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i ncubated 30 m nutes at roomtenperature. The

sperni|liposone/ DNA/restriction enzyne m xture was then used to artificially
i nsem natyo {9kd;204hi te Leghorn hens. On the second and subpefSitogys

foll owi ng insem nation, eggs were collected and i ncubated at 38C until

hat ched. 10 Serum sanpl es were collected from40 chicks ranging in age from
3 to 6 weeks old. For each sanple, approximately 100 p,| of chick bl ood was
collected in heparinized capillary tubes and added to 100 p.| of

h hat e- buf f d | i ina96-well plate., Th I trif d>5
i mt €aechr 0T WAERRE)EPORE Ahdery oo BOBPFPE Daiksind AROKP oMLY wel |
. t - f j ] hon. ELI SA
sl 1 PSR 1Ot R R O o SR B ThRREPR ooy

in fiwaewkrahdterrdd apapphiels theEmeigr elobor BenehatdcipiernfovinanFodowmgChigoteens
. Exnressi n~ Human Monocl onal Anti bodies (MAbs) using a Rctroviral PlatformA
r et r oViEpQiIstryetianp the pyaspis Enstsrief drtodls Kprodig %IY§CI\HfraLF§°‘PIQE\/I'err In®coney

mur.d ne_|.eukeni.a Vi / - Whl onst S haght (L
Thd eGSRl dresAONbeon hic! iy FPRAHFUREHCHE TobdBiulAF of Wt 1)
entry gtipeent hEBESA (e} REBMtructist, thagenByowohiainifethe hentgenn slevélpps iaidet khe

regul ated by a pronoter such as the Cééomegal ovirus (CW) immediate early
pr onot wseibeanh heicand Baveds treiebithe ovidugt thrspefn Sherstib s ancapsylatedducnatyrg] €8¢ f or

the hen. oviduct (i,e. |lysoz r er. | ] r The

or oot 8Pt PR e et 2B TR DALt B e B B BB R Riono B 0 ¢ e
long t GLALARRS tafRRAcScHidk! Rehe 2BuRingtRMsgedid Oivitk Wll cBraGe XorahbrekiBir@iTbr yos
will be injected Wth transducing particles containing the above construct

t ol (yenearsRene(s)ansyegero litei Fadlowingamairatian; the fansgenic Reay ynaynay leeghthat hai ns
wll be included in se ac{ te retroviral wvectors and sgpaLaye |l i nes of

t r ans g&RIEN ORF BKBRY ‘I%SI%? @eéera&lggpsaxgrg .m(@atﬁﬁt CIaIlﬁgeW'Iyl ABPKEr express the
heavy or |ight,hai dhidirhé® J¥hbe \AB{%aefﬁ i#6iohNE nhERASANDS ice i frahdfected

transgene is established -sz U2/ 1113293 PCT/USU2/02.1S-t in the two

| i nes, witheyvesiok korstrubtrthak dontagmatrasgae encodimgiatrleast omexprlgsplideahain ahah | i ‘ght
chai ns together to make functiqnal MAbs i h ffspring. >Cxamml.e 6;

Pr epar 8RtiR9dY oF 2 VL (9F éthCflf,VI g‘HFhéIte“i?z'i rIQetI‘PESS&rIﬂFEE'ﬁI?Fg‘?‘? Gﬁéﬁmatéfv F‘gh
enpryo fQar. Vi I I : S QAL ' iRARS:(BAL Wween
2[725 hoﬂ‘rlcselaafrI %ﬁ&ﬁggéﬁﬁe%ﬁ%@ IIIIﬁIal&eﬁIbZ&Ia u°§qé%’33@AI% tIEl EI%II‘?IIQI'% eggs’ may be
i sol at pdrotrafspob@iss Adeasenaed, duddrm-disatatbibevindsest nhledde DS | bpidim&iseddgush,
1963, .1. Reprod. & Fertility 5: 451-453 and Pandrg*' ehl, al .. 1989,. Br.

Poul t . traesfecto; elogmppyatiopedisick injestiop -t e nwrlepssanst the ke 5 Fugh techpigyesenpr yo,
DNA was_i.ncubated w. a_l Ciyf N o] I k

pr ot oc B?Y.UC"I'IﬁI%Iy aa% balfl)\ﬁ%%\(p é°a6§‘8?53%§%§ Isklg?r%ylgldggg Iﬂ%e@ééu%gtgﬁaggdkﬁﬁk’ggs i sh

Wi th t ipecHe(PaT PubHeasion Nk iwio I9NEDS08R Hddesora(Ul.S. BdterithiNo. &, 0A7A22) ddnget e wer e
renoved fromthe top of the germ nal disk. Phosphate buffered saline was

adl@d (Jd.S Pategt No. #993:769k Avarierafialg(PEIT PrlicatommNoa WP &7 19G 78y IMacddthuha s

pl aced .t he rg j d | f i to
the cyﬂﬁéﬁﬁgl"iﬂtlgﬂﬁq;{gpﬂgﬁg\@é%%ép%?ﬁgat Igf) t g@%{)%@b%% e Sﬁ/ (rgn nut es
of i “C‘}Lhﬁt isoya0,740] &t 586919, had ISHKIRAPCHT PubRePANRST WO 0J0/1 13855 9@e Was
done as described for 1ncubation.” FolTowi ng renmoval of the capsule, 10-50
nanol i désclosores af @hich-agy imcorpotatad yrrefstenpppereiminpiBsy qisetiesj ected into t he
germ nal di sk usi.ng I pi pette. Visualization was perforned

appr oxiNIﬁIIeé‘r rqnsfewﬂa&?’é@;o after injection. Visualization) Nuclear'
Abbation, a § QMo wOlHeOMb Mo iR GHRRL PBoied, WAL Qhdividgall stspsigreof the
avIzgn earl yII\gIlﬁgﬁIAygIa\?\g%e Ig%nergt ed t%rough théea LISG of TPLSM The SIIarn‘i nal

di sk wasmph@acedhe pieediee ofiembrysnep éetabaret adulecellioninge Thesendiepsaaelude,
-structures were searched within the central area of the disk, &E’Hgépth of

to
25 60prhutigrensot wtedhtos @) pgRaralion of CyPPIRThyBY rdonak cell fhelas dRYGisAr 0 nm

isolation and ¢). transfer of the donor nucleus to the cytoplast to produce a reconstructed
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Once the pronuclear structures were |ocated, they were subjected to
| aser-nedi ated abl ation. In these experinents, an O ynpus 20x/0. SNA

(Nureri caloApREhey €) water immersion | ens was used. The xpap@isyy@lignes to
be abl ated were defined with the two photon software, while the z pl ane

(depth) was just under | O-mfor this type of objective. Since each -53
WO f12/()13293 PCT/ US(12/02. 15-4 pronucl ear structure was about 20 pmin
di aneter, the ablation conprised two steps (2 times ' 1 Opn). The focal
point was |owered to visualize the repaining [of t he pronu | eus whig\g1 was
subs ecpuenyd.y Optipaal e addifienal steps Mebiderd) (UYre ol e IreioaSTYRELTBINR 281 Chas
between 30 tpe,70 m |liwat fani nm For the ablation
experitﬁélﬁgéogtggé?ﬁoﬂgetaj Q oevgl?'eir?({) hoga %%l}éﬁ]nggfelg%vggﬁ%bmnéd by a factor of 4 to 5,
gi ving an apesheCanbidementost Bt pléseRbinventibn, The nudlte troefer approa¢h usedaived
. 10-12 fold for a total intensity increase of 160-300 faql.d con@aregl to the
vi sualanimasls smployseweleas,visyalgagomusing asye-#hotpRanigseqneont NeAERd] Y559 (Fower -

densi t i s the. funct, onal r. [, W . LNCE e 0 12 fold
ool tlciea” safSiet BRS AOAT sBRLATBHERE, bl for hERePICCHILSE CARRs Hurkds,
conpr e@?aﬂ@', PHRh$nROMA Tafited. Olrothisahethod, b REiHizRdBE Linfertilized rog & rthopadpmdensi ty

increase of 160-300 fold. Exanple 7: Preparation of tg Nucl| ear nor Cel |
and DomaniNatreumanigulatediionirrd, brhsrimthe geastismpisrialof the segus asualigetsand zed

0.25% Tr in and 1 EDT centrif A i o] Al % of
et EHIVEL of afpteecefl hrablplel G e HEEE st Saddi STERUE CARRRUBG RSP g
5% of e diRldlY e b8l EHARGAPIEUISEO TN MY} Bkiuaplelinl karkerdeannilingdabel ow

gnt,

under transm ssion nucl ear donors were then isolated by repeated
pi [t t ingusdglsbubingelypeptidehi Tho-gheton pasescanming yrierpseesbi EP et riad de e

| dth | f I nsi t h | 1. | P
Raconstor ekabae Sy B ATRRAEDn SRR GBS et e ot Blhng an
IM16 m %{a%i Ikt 2k 0?%{?%1%]%%!\% B QNBNARAMEAL QtionSIBL Bsitd Gigualization

Ni kon/ V&7 SHi ge, were ada an upright N kon Eclipse E800. This
m crosgpEeLBRE adapted to operate under both transmission and reflective

l'i ght di tions, Thi i fi tj on h | | qued :

mor phol g1 cAPLS MeitabiAa OAriborpraiRll BXHES GBTSCRRE Thavlial v eheleas eellids

0 & il ! oo ' b, as o e
ofhg SPoBRGPEME A TSR ShAC R fitir SAAIbP chctey s A6IIrBEL BY Rt L €
trans mﬂhb{%%hblie? i ducitigi Suoresehiobrhiavien that isrdetqated! b al photdnndtipléarduposnd i oni ng

of the germ nal disk under the m croscope and subseguent gﬁl g_eg :{ gj egti on
of t he converteil dntoel digitalumiagey 8eg Savirrell ghgl ol BPaleare Sirtechngndéy 93-bep optic
as wel | as episcqpig il lumnatpon £ILgRt . ' QI Sk angd dbsough
t he objAPé%?li—\iEé'—'oﬁ?%&t tﬁf"ésaﬁ%?[eb & és%’eé@?\/g}ccg@oqggi h@%( 121063293 Exanpl e
9: Ovur,drapsf erpiRE/ bSRAHds1 Anddes lofAlivihfleoptioatly akndeaytruvgures dari piodartgetiens
were anesthetized by wing vein injection wth . . .
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 fluorophores 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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pentobarbital {0.7 nml of a 68 ng/mM solution). At this time, the

i nfundi bulumis receptive to a donor ovum but has not yet ovul at ed.
Feathers\Mgbgmﬁggpved fromthe abdom nal area, the 5 areapgpgsenyhbed wth
bet adi ne rinsed with 70% et hanol. The bird was placed in a supine
position and a surgical drape placed over the bird with the surgical area
exposed. An incision, approximately two inches in |ength, was made

begi nning at the junction of the sternal rib to the breastbone and running
parallel to the breastbone Afterwﬁuttl 3Pthrou h.the snooth nuscl e | ayers

and the pefiUFBFEIATE. logees wsef i AR BE?'Qt‘E  femiqsgeqnd) and dicosreendo
- Openeg dsléf' n@rhgieo\/a%grshsﬁ'? gﬂ%ﬁsﬁ&?%h“ﬁe?%' @Mﬁtloﬂr hex deR@sseHdMay@sisgent | y

appl i 0 the openin umadalovvedto nove into the infundi bul um
and Sqﬁés@ﬁ]t%e@tdfb'rrd:mtsﬁndehﬁ ispagticutar]y nagrabie fobyigmbizdtion Wekelit Hemming the

. internalized ovumwas placed into the body cavity and the incision closed
usi ng spedimen.ocki ng stitches both for the snooth nuscle layer and the skin.

Regi pi ent "Eod Gk B ISy, ML b RORTAN de Al Bl dragO VBl N Fr oo

accdess to d an e recipient hens were

col | ecfensk a\h@n REKt 1ﬂa:wmr§s@ttoanﬂnﬂnammealszmsdamnbmoénhe Ademhmtplum of, a hen
having a fistulated oviduct (Gl bert and Wod~ush, supra and Pa[]cer et al.

supr a)prpnusldudan the At ege rlgmn@ggcl%maééﬂer bas bess hampegrd Qe

rocedure descrihed [
Feci pi B SBEOF BYAR KO Ror SHLEET oy it oS ERARFAL EhERURER! 8 skt 2
Veent woib frBned 119(@9@%19 Qo tvs Wisaaligies of 8%ian AlcleaiSbruciundsewitiadut dimagihg celllula‘d eation
technique will be used to obtain ova for recipient cytoplasts and the

| altox ercdnemrchentquén tooe prmbddineent @f |tlpﬂ relﬁ'éerﬁem\senﬂ@n bRpcUmEers may st '@G‘P%ﬁtqdo‘i” t he

t f f te / 013 dIs:
Pg?asgrm%dz %@‘Onﬁy 5 eﬁ&ichn% ’orsuf}heaspr QM?’( |‘§ éf’g laé\h‘? n)gfln?ogﬁ av;San
cel | lgmg&h%rﬂg GHHLECHNS3 7D (BléLiRAziIRRES) frloR s TPEERAviYhdIfatién, |f@lﬁﬁi'ed0t5'},e

expres n vect r conprising a transcri'ption 5 unit having a nucl eotide
sequenggorhicsithe glbamen reapsubg hrabpibcameno bfy ﬂeptwudemoq)éls]abht)h the gemanalgligk
transcription pronoter and a transcriptional m nat or, 5 (é{ wherein the
cul tur@dmﬁ\ih%lwpcehmfﬁ”éﬁ%@é aél?P“i‘er‘i‘rﬁ?ﬁg‘ﬂ? éﬂ?ﬁlthfﬁ‘ oISHYSH ’0‘5“ 1698198 (g
fm % kbody 10 2. The nmethod of Caiml, wherein the

nogff il N pol ypeptide is an i mmunogl obulin heavy chain variabl e
reg| on, , aAnldamwxsgdonhmhl suchagavigr em;ﬁievphosp}hﬂtebnﬁfgedmalamd(PQSOGm@t bant
regi on, an imunoglobulin [i ht chai n vari abl e reglon |nnunqﬂlobulln

|i ght edeeido ﬂ@rdl%tmredufeétjy ertoZhrIoWINE IRE RN dpvdRg ot QAU  FlefrBe ERHYAT
ant i bog%? t%ng |ﬁ1 SI%L N9 \gha\{vgun d qﬁgeﬁnﬂmf“&% %PB"IB RPIV ippll £ ?({eggfoomg cy]-lﬁdé- The

nmet hod erein avi an cel i's se ected froma fibroblast, an

ovi ducmteﬁﬂa{we@na QYAPI-PBS t@fitiofiliay beehjectedrinantiengerymnil cliskebiith 4 glafhe
nethod of Caim1l, wherein the at | east one exg@es& on vector |s se| ected

f r20n ap@tie whdrenottbe dye eplezssive ducleat Bructuges. | heradyenintertion gupwelidher | or

a conbi pation t hod for..the i 4N an
et or of BG5S PRI QPbBTFFRmp B e rieaulT SOl ik R g e Rl ingls
produci,pg,a 5frtﬁ@§gigmec avi an conprising at |east one transgene 25 encodl ng

at | east one heterol ogous i munogl obulin polypegtlde expre55|ng t he at
| east one h(hhegaslafgbumsudﬂmmmgleeﬂulavwnpﬁmb]mpfm %gﬁﬁ?f@ied F@Q\!@ e uspof

transgenl c.avjan; and 51?% i so n he, at ast _one er
i munodiP S8M-i ‘%‘6‘1‘%?15‘85 éaefqﬁ %g fi\e\; ag%uttllogiga min %pgf" mc%a?%ﬂ%th 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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WO | 12/11632' )3 PCT/ USU2| U2- 45~ 6. The nmethod of Claim5, wherein the avian
tissue is serumor the white or the yolk of a ~ devel oping avian egg. 7.

The met hegy @3/0Ghe M 5, wherein the transgene conprises a pepuseNizpdyd on unit
encoding 5 a first imunogl obulin pol ypeptide and a second i nmunogl obulin

pol ypeptide operably linked to a transcription pronoter, a transcription
termnator, and optionally an internal ribosone entry site (IRES). 8. The
met hod of Claimb5, wherein the transgenic avian expresses a first and a
second 10 transgene encoding a firs a second heter ol ogous

rst. and
i munogl obJﬂlﬂﬂe%dra}lﬁ@btﬂ?%@}le%muﬂﬁéP"eirAHStN‘?BO‘hé’f HB‘BOYﬁr(FP\ eaigRhPf 85 t he

: : A . ' ! bl
oy pdief s hefle Gificlebf Hndh U BE TARMES ALELEIME FTRIRY! FRKBIon
wher ei|psek e didtan SBRKLE @Vhdlear SstidcReksC prbvires i ant albetnativeg tea nfifroburgerygeni ¢

. avi an donor nucleus into a enucleated recipient cell to rcr)duce,
ihe

, a
r econstisuabize theavpausieus hyng abets 2o ym heagath te ¢aRphyitsling tWithin the

reconstvibretheavoa . siipliee oe
an oo CONPLE RRn A ERE TREE HALRS (RRIRDE LB Bl B B O R bR ot o

Zygot ewit® naMBAl Rl laRrdl &laflag? € e ceThe Thewaodength Gonablafion wheraliynranges
reci pient cell is enucleated using two photon laser . scaming . m croscopy.

11. Thizomebboid? ¥ niaitaiabewd, | 00H emeiahabayé 3P teyakeys A0 midiwalis. doHoM Rag twes i s

obtained froma tr.an i.c_avian cel.l. ref.n th r i i el |
conpri O%%F?rélﬁg 8 égggt‘%@%‘i"%@ %cﬁegﬁm@& %‘ﬁeem%lé eeéqgﬁlggggg&?r}r?ryu%%&rgbul in
pol ypepi-hG&- th 108 et Hepéndeh@ind 1Sss WhRi®], FestiftiRgtin anp@eed ciabNitaof i s
produ?@% g% s%g?rﬁ} rrecgjggt ed trﬁansfer of at |east one transgene, wherein the
at 10 eatht revigientra@tisgene is incorporated into the spermatozoan cell or a

precursor thereof, so that a,genetic nodi fi ed mal.e -57 . A2/ 213
PCT/ US02/ uzAsmcgfaFréEoén P§fa‘1;5‘:‘r86|g‘?;‘86“fb§ﬁﬂ @C'ﬁﬁﬁ ‘10“8 | TRY #}%?HJ’GBPJS%%\&%%? e mal e
avi an f EOB i BPGHel Rtboltfitht bb #e pledehBiNTERIINCtHRMAEIOAYONST

pr oducge“d}cFﬁgetd rga re?teés)ﬁ?ﬂhe at | east one transgpgne inits genone. 5 13. A

t r ansggni igjededanusheTps i shio@nahiputsion amét hesnenrisingg oars npoioyNjestdre otriddea
sequence encodi ng at_| east one heterol ogous, i nogl obul i.n pol ypept.i de. 14.
The t r evergeanipulpiaranTlesy denozinpcleys ‘W@P?F%t W@%ﬂ?ﬁ@g‘?axtﬁlﬂﬁh ﬁobgﬁ)ﬁglgﬁ‘?i de is
deljvered to the white. of an avigh, eg . kiGe avi an.
1013 5. migegef e b s uRthytie SN Vo AR ED Qhe Rl P R Rve

pol ypephiodRe kampsle). | Ndraatively, & ensratellmaf bet fased wahs geiriant aell asing &@tholihe
transgeni c avian of Claim 13, wherein the at |east one heterol oce]%uF 15
pol ynusleldtrionn inela e 6.2, Ut MesnsfrigpiraPEomotingcthestirele welgepelytthyiene

0 oy . o Pt . iy dt
e uebBok P PedRlsfod . St A7 SR MRE Hr e Mical EhARIIY | TRECT 1O
pol ypepddoffiruciet zybb® fbpisacs Qrgvalgntaisfdctedi t1tA6 oviduct dfea recpipmtilenng an

internal ribosone entry site 20 (IR ES) operatively linked to,a nucl eotide
se@0enpendenc adiardgshall eggaditermatively, the reconstructed embryo may be cultured 1n vitro to

permit screening the embryo for proper development prior to transfer into 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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ex corpora, delivering a polynucleotide thereto, and then returning the transfected cells to the
testes of a recipient male bird.
In vivo method
20 One in vivo 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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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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specific DNAs or RNAs of interest using conventional molecular biological techniques,

including hybridization analysis, nucleic acid amplification including,'but not limited to,
15  polymerase chain reaction, transcription-mediated amplification, reverse transcriptase-
mediated ligase chain reaction, and/or electrophoretic technologies.

One method contemplated by the present invention for isolating 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) prombter, 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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reporter construct, the cells can be sorted with the aid of, for example, a FACS set at the
appropriate wavelength(s), or they can be selected by chemical methods.
Male germ cells that have the DNA modified in the desired manner are isolated or
10  selected, and transferred to the testis of a suitable recipient animal. Further selection can be
attempted after biopsy of one or both of the recipient male's testes, or after examination of the
animal's ejaculate amplified by the polymerase chain reaction to confirm that the desired
nucleic acid sequence had been incorporated.
The genetically modified germ cells isolated or selected as described above are
15  preferably transferred to a testis of a recipient male avian, e.g., a chicken, that can be, but
need not be, the same donor animal. Before transferring the genetically modified male germ
cells to the recipient animal, the testes of the recipient can be depopulated 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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including, but not limited to, intraperitoneal, intravenous, or intramuscular injection, .

intravenous drip, implant, transdermal or transmucosal delivery systems.

The isolated or selected genetically modified germ cells can be transferred into the
recipient testis by direct injection using a suitable micropipette. Support cells, such as Leydig
or Sertoli cells, that can be unmodified or genetically modified can be transferred to a
recipient testis along with the modified germ cells.

A union of male and female gametes to form a transgenic zygote is brought about by
copulation of the male and female vertebrates of the same species, or by in vitro or in vivo
artificial means. If artificial means are chosen, then incorporating into the genome a genetic
selection marker that is expressed in male germ cells is particularly useful.

Suitable artificial means include, but are not limited to, artificial insemination, in vitro
fertilization (IVF) and/or other artificial reproductive technologies, such as intracytoplasmic
sperm injection (1CSI), subzonal insemination (SUZI), or partial zona dissection (PZD). Also
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
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  techniques disclosed by Schiest and Petes (1991, PNAS U.S.4. 88: 7585-7589) and Kuspa and

Loomis (1992, PNAS U.S.A. 89: 8803-8807), both incorporated herein by reference in their

entireties.
The REMI method is suitable for introducing heterologous DNA into the genome
nucleic acid of sperm and sperm precursor cells, or ovum, embryonic cell, or somatic cell of
10 an animal, preferably an avian, more preferably a chicken.
The heterologous nucleic acid to be integrated into, for example, the sperm nuclear
DNA is converted to a linear double stranded DNA possessing single-stranded cohesive ends
by contacting the heterologous DNA with a type II restriction enzyme that upon scission,
generates such ends. The nucleic acid to be cut can be a circular nucleic acid, such as in a
15 plasfnid or a viral vector, or a linear nucleic acid that possesses at least one recognition and
cutting site outside of the genes or regulatory regions critical to the desired post-integration
function of the nucleic acid, and no recognition and cutting sites within 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 II 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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appropriate oocytes. It is understood that the heterologous nucleic acid may be integrated into
the genome of a recipient cell, such as a spermatogonial cell or a spermatogonial precursor
cell, for subsequent transfer to an embryo or to the testicular material of the recipient male
animal, preferably a chicken. It is further understood that the heterologous nucleic acid may
not be integrated into the genome of the recipient cell (e.g., carried episomally).

The combination of REMI, as described in the present application, combined with a
relatively benign method of transferring heterologous material into a cell may result in
heterologous nucleic acid being stably integrated into genomic DNA of a high fraction of the
treated sperm, while not diminishing to any great extent, the viability of the sperm or their
ability to fertilize oocytes. Examples of suitable methods for the introduction of the
genetically modified sperm, spermatogonial cells, or precuror spermatogonial cells into a
recipient avian, preferably a chicken, are as described above.

It is contemplated to be within the scope of the present invention for nucleic acids
encoding immunoglobulin polypeptides, and the immunoglobulin polypeptides and antibody
molecules formed therefrom, to be derived from any suitable species including, for example,
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
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 species. It is further understood that
an immunoglobulin polypeptide from one animal species may be combined with an
immunoglobulin polypeptide from another animal species.

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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| In one embodiment of the method of the present invention, the avian cell is

5 transformed with at least one expression vector comprising a transcription unit encoding at

least one immunoglobulin polypeptide selected from 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, and a single-chain antibody comprising two linked

10  immunoglobulin variable regions.

In another embodiment of the method of the present invention, the avian cell is
transformed with an expression vector comprising a transcription unit encoding a first
immunoglobulin polypeptide and a second immunoglobulin polypeptide, the first and second
immunoglobulin polypeptides being selected from an immunoglobulin heavy chain variable

15 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, 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, a pheasant, a ratite, an ornamental bird or a feral bird, most preferably from a chicken.
The avian cell 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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leukemia virus-derived vector, and the like or, alternately, virus-derived DNAs that facilitate

polynucleotide uptake by, and release into, the cytoplasm of germs cells.
Transcriptional promoters of an expression vector of the present invention may be a
10  constitutively active promoter, such as the cytomegaloviral promoter, or a tissue-specific
promoter. For example, one embodiment of the present invention contemplates the use of a
tissue-specific promoter operable in oviduct cells of an avian species including, but not
limited to, the promoters of the genes encoding ovalbumin, lysozyme, ovomucoid,
ovotransferrin (conalbumin), ovomucin and the like. Optionally, the transcriptional promoter
15  of an expression vector may be a regulatable promoter.

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 polypeptide 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

75  or a variant thereof, and may further comprise a J region and a C region. It is also
contemplated 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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Another aspect of the present invention provides a method for the production in an

avian of an heterologous protein capable of forming an antibody suitable for selectively
binding an antigen comprising the step of producing a transgenic avian incorporating at least
one transgene, wherein the transgene encodes at least one heterologous polypeptide selected
10 from 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,
and a single-chain antibody comprising two peptide-linked immunoglobulin variable regions.
Additional steps of the method of the present invention include depositing the heterologous
15  polypeptide in the white of the developing eggs of the avian, harvesting the hard shell avian
eggs thus produced and are harvested, and isolating the heterologous polypeptide capable of
forming an antibody from the harvested egg. It is also understood that the heterologous
polypeptides may also be expressed under the transcriptional control of promoters that allow
for release of the polypeptides into the serum of the transgenic animal. An exemplary

20  promoter for non-tissue specific production of a heterologous protein 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 et 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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eggs, each isolate comprising a single species of irrm'mno'globuli/r(13 gﬁyégpujdg./‘ﬁ%% n(xgtﬁod
may further comprise the step of combining a plurality of isolated heterologous
immunoglobulin polypeptides, thereby producing an antibody capable of selectively binding
10 to an antigen. In this embodiment, two individual transgenic avians may be generated
wherein one transgenic produces serum Or €ggs having an immunoglobulin heavy chain
variable region, or a polypeptide comprising such, expressed therein. A second transgenic
animal, having a second transgene, produces serum or eggs having an immunoglobulin light
chain variable region, or a polypeptide comprising such, expressed therein. The polypeptides
15 may be isolated from their respective sera and eggs and combined in vitro to generate a
binding site capable of binding an antigen.
In one embodiment of this method of the present invention, the fransgenic avian
having a transgene encoding at least one 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.
In another embodiment of this aspect of the present invention, the transgenic 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 administering to an avian testis, preferably a chicken testis, a gene delivery mixture

comprising a viral vector that comprises at least one polynucleotide encoding at least one
heterologous immunoglobulin polypeptide; the heterologous polypeptide being selected, for
example, from an immunoglobulin heavy chain variable region, an immunoglobulin heavy
10 chain comprising a variable region and a constant region, an immunoglobulin light chain
variable region, an immunoglobulin light chain compriéing a variable region and a constant
region, and a single-chain antibody comprising two linked immunoglobulin variable regions;
the heterologous nucleotide being operatively linked to a transcriptional promoter sequence
such that a transcriptional unit is formed under conditions effective to reach a spermatozoon
15 cell or a precursor cell within the testis. The precursor cell may be selected from the group
consisting of spermatogonial stem cells, type B spermatogonia, primary spermatocytes,
preleptotene spermatocytes, leptotene spermatocytes, zygotene spermatocytes, pachytene
spermatocytes, secondary spermatocytes, spermatids and the like. The embodiment may
further comprise the steps of incorporating the polynucleotide 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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a testis of a recipient male avian such that the cell lodges in a seminiferous tubule of the testis
and a genetically modified male gamete is produced therein; and breeding the recipient male

5 avian with a female avian of its 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 1s
integrated into the genomic DNA of an avian sperm by restriction enzyme mediated
integration (REMI) comprising administering to an avian sperm cell or a precursor sperm cell

10 a gene delivery mixture, wherein a heterologous polynucleotide may encode 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, a single-
chain antibody comprising two linked immunoglobulin variable regions, and the like, such

15 that the heterologous polynucleotide is operatively linked to a promoter sequence such that a
transcriptional unit is formed, and where cohesive ends, identical to the cohesive ends
characteristic of a DNA cleaved by a given type Il 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.

Another 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 encoding 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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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.

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

Another aspect of the present invention provides a transgenic avian producing an
antibody in an avian serum, wherein the transgenic avian comprises at least one heterologous
nu'cleic acid sequence encoding the polypeptide components of an antibody molecule capable
of selectively binding an antigen and wherein antibody is delivered to the serum of the avian.

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
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.

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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mg/ should be understood that aspects of the various embodiments may be interchanged both in
whole or in part. The present invention is further illustrated by the following examples,
which are provided by way of illustration and should not be construed as limiting. The
contents of all references, published patents, and patents cited throughout the present
application are also hereby incorporated by reference in their entireties.
10 Example 1: Transfection of cultured quail oviduct cells
The oviduct was removed from a Japanese quail (Coturnix coturnix japonica) and the
magnum portion minced and enzymatically dissociated with 0.8 mg/ml collagenase (Sigma
Chemical Co., St. Louis, MO) and 1.0 mg/ml dispase (Roche Molecular Biochemicals,
Indianapolis, IN) by shaking and titurating for 30 min at 37°C. The cell suspension was then
15 filtered through sterile surgical gauze, washed three times with F-12 medium (Life
Technologies, Grand 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 pl 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 p-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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Example 2: pCMV-L chain-IRES-H chain (L-IRES-H) Preparation
5 The pCMV-L-IRES-H vector (designated as pAVIWH-A149.70.1.8) was made by

litigating three DNA fragments from three separate plasmids: p1087, pBS-IRES, p1083. The
plasmids p1087 and pl1083 were obtained as described above in Example 1, while pBS-IRES
was obtained from Dr. Peter Mountford (University of Edinburgh). Restriction enzyme
digestion of p1087 with Xbal and EcoRl, followed by alkaline phosphatase treatment, was

10  performed according to standard molecular techniques (Sambrook et al, supra). The resulting

6259 base pair (bp) fragment was gel purified by electroelution.
The second plasmid, pBS-IRES, was digested with EcoRI and Ncol and the resulting
592 bp fragment gel purified as described above. In a similar manner, pl083 was digested
with Ncol and Xbal and the resulting 1500 bp fragment gel purified. All three of the purified
15 DNA fragments were ligated overnight at 16° C in the presence of T4 DNA ligase, used to
transform E. coli DH5a, 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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5 atadensity of 2 x 10° cells per well.

For each transfection, 6 ul of FuGene 6 liposomes (Roche Molecular Biochemicals)
and 2 pg of DNA were preincubated 15 min at room temperature in 100 pl of OPTIMEM™,
then added to the WEFs. WEFs with DNA/liposomes were incubated 5 hours at 37°C in 5%
CO,. The transfection medium was then removed and replaced with 2 ml of a-MEM

10  supplemented as described above. Medium was removed 72 hours after transfection and
centrifuged at 110 x g for 5 minutes.

The supernatants were analyzed for antibody content by ELISA and FACs. Referring
now to Fig. 2, results showed that co-transfection of cells with both heavy and light chain
plasmids produced monoclonal antibody detected by both ELISA and FACS analysis.

15 Fig. 3 shows culture results obtained when WEFs are transfected with pPCMV-EGFP
alone (negative control), cotransfected with p1086 (L-chain) and p1083 (H-chain), or
transfected with either lpg or 2 pg of pCMV-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 | and 2 above, were also

integrated into the chicken genome using sperm-mediated transgenesis (SMT) and shown to

25  express 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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a separate tube, 100 units of MIul restriction enzyme was mixed with 10 pg of
LIPOFECTAMINE in 200 pl of OPTIMEM. Both tubes were incubated at room temperature
for 30 minutes, added to 10° freshly-ejaculated sperm from a White Leghorn rooster, and
incubated 30 minutes at room temperature. The sperm/liposome/DNA/restriction enzyme
mixture was then used to artificially inseminate four White Leghorn hens. On the second and
subsequent days following insemination, eggs were collected and incubated at 38°C until
hatched.

Serum samples were collected from 40 chicks ranging in age from 3 to 6 weeks old.
For each sample, approximately 100 pl of chick blood was collected in heparinized capillary
tubes and added to 100 pl of phosphate-buffered saline in a 96-well plate. The plate was
centrifuged 5 minutes at 110 x g and approximately 100 pl of supernatant from each well was
transferred to 0.5 ml eppendorf tubes for antibody determination. ELISA results showed
detectable levels (~2 ng/ml) of human monoclonal antibody in five of the 40 samples.

Example 5: Generation of Transgenic Chickens Expressing Human

Monoclonal 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
the MAb will be linked by an internal 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)
of the retrovirus. Stage X chicken embryos will be injected with transducing particles
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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Example 6: Preparatlon of a Recipient Cvtoplast using TPLSM

Preparation of avian embryo for visualization

Ova were isolated from euthanized hens between 2-4 hours after oviposition of the
previous egg. Alternatively, eggs may be isolated from hens whose oviducts have been
fistulated (Gilbert & Woodgush, 1963, J. Reprod. & Fertility 5: 451-453 and Pander ef al.,
1989, Br. Poult. Sci. 30: 953-7).

Before generating images of the avian early embryo, DNA was incubated with a
specific dye according to the following protocol. The albumen capsule was removed and the
ovum placed in a dish with the germinal disk facing the top. Remnants of the albumen
capsule were removed from the top of the germinal disk. Phosphate buffered saline was
added to the dish to prevent drying of the ovum. A cloning cylinder was placed around the
germinal disk and 1.0pug/m! of DAPI in PBS was added to the cylinder. Visualization was
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 pug/ml solution of DAPI in PBS was injected into the
germinal disk using a glass pipette. Visualization was performed approximately 15 minutes
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 structures were searched within the central area of the disk, to a depth of
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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subsequently ablated. The laser power used to ablate the pronuclei was between 30 to 70
milliwatts at a wavelength of 750 nm. For the ablation experiments described above, the
5  image was zoomed by a factor of 4 to 5, giving an area compression of 16-25 fold. Then the
power was increased 10-12 fold for a total intensity increase of 160-300 fold compared to the
visualization intensity of 3-6 milliwatts. The ablation intensity (power density) is the
functional parameter, i.e. the power increase of 10-12 fold results in ablation power of 30-70
milliwatts, but the zoom factor compressed this power into an area 16-25x smaller giving a
10 power density increase of 160-300 fold.

Example 7: Preparation of a Nuclear Donor Cell and Donor Nucleus Isolation

Fibroblast cells in culture were trypsinized (0.25% Trypsin and 1uM EDTA),
centrifuged twice in PBS containing 5% of fetal calf serum (FCS) and placed in a 60 mm
plastic dish in PBS containing 5% of FCS. Using the microscope/micromanipulation unit
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 a 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
E800. 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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9! 10% () - 1&%’1198611@ b@a%lﬂfé’i lﬂ@éiﬁi}ﬁt%ns were anesthetized by wing vein injection with
pentobarbital (0.7 ml of a 68 mg/m! solution). At this time, the infundibulum is receptive to a
donor ovum but has not yet ovulated. Feathers were removed from the abdominal area, the

5  area was scrubbed with betadine, and rinsed with 70% ethanol. The bird was placed in a
supine position and a surgical drape placed over the bird with the surgical area exposed. An
incision, approximately two inches in length, was made beginning at the junction of the
sternal rib to the breastbone and running parallel to the breastbone. After cutting through the
smooth muscle layers and the peritoneum, the infundibulum was located, externalized and

10 opened using gloved hands and sterile technique. The donor ovum was gently applied to the
open infundibulum and allowed to move into the infundibulum, and subsequently into the
anterior magnum, by gravity feed. The internalized ovum was placed into the body cavity and
the incision closed using interlocking stitches both for the smooth muscle layer and the skin.
Recipient hen were returned to their cages and allowed to recover with free access to both

15 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 collection 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 latter
technique to produce recipient hens to be used repeétedly for the transfer of reconstructed

embryos.
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What is Claimed Is:

5
10 2.

15
3.
4.

20
5.

25

A method for the production of an antibody by an avian cell comprising culturing an
avian cell transfected with at least one expression vector comprising a transcription
unit having a nucleotide sequence encoding an immunoglobulin polypeptide operably
linked to a transcription promoter and a transcriptional terminator, and wherein the
cultured avian cell produces an immunoglobulin polypeptide capable of forming an

antibody.

The method of Claim 1, wherein the immunoglobulin polypeptide is an
immunoglobulin heavy chain variable region, an immunoglobulin heavy chain
variable region and a constant region, an immunoglobulin light chain variable region,
an immunoglobulin light chain variable region and a constant region and a single-

chain antibody comprising two linked immunoglobulin variable regions.

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.

The method of Claim 1, wherein the at least one expression vector is selected from a

viral vector, a plasmid vector, a linear nucleic acid vector, or a combination thereof.

A method for the production in an avian of an heterologous immunoglobulin
polypeptide, comprising the steps of:
(a) producing a transgenic avian comprising at least one transgene
encoding at least one heterologous immunoglobulin polypeptide;
(b) expressing the at least one heterologous immunoglobulin polypeptide
in a tissue of the transgenic avian; and
(©) isolating the at least one heterologous immunoglobulin polypeptide

from the avian tissue.
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10§##$f $ $$a/0%1rs|§ immunoglobulin polypeptide and a second immunoglobulin polypeptide
operably linked to a transcription promoter, a transcription terminator, and optionally

an internal ribosome entry site (IRES).

8. The method of Claim 5, wherein the transgenic avian expresses a first and a second
10 transgene encoding a first and a second heterologous immunoglobulin polypeptides,
and wherein the method further comprises the step of combining the first and second

heterologous immunoglobulin polypeptides, thereby forming an antibody.

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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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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